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TWO CASES OF EARLY NEUROSYPHILIS WITH OCULAR INVOLVEMENT:
THE NEED FOR SPECIALIST CONSULTATIONS IN PATIENTS WITH EARLY
SYPHILIS

DWA PRZYPADKI KILY WCZESNEJ OSRODKOWEGO UKLADU NERWOWEGO
Z ZAJECIEM NARZADU WZROKU — KONIECZNOSC KONSULTACIJI
WIELOSPECJALISTYCZNYCH U CHORYCH Z KIELA WCZESNA

Department of Dermatology and Venerology, Medical University of Bialystok, Poland
Klinika Dermatologii i Wenerologii, Uniwersytet Medyczny w Biatymstoku

ABSTRACT

Background. Syphilis is a systemic infectious disease caused by Treponema pallidum subspecies pallidum. The
incidence of syphilis is increasing in Europe and, similarly, in Poland, and was 9.9 cases per 100,000 inhabitants
in European Union countries in 2023. The central nervous system (CNS) involvement may occur at any stage of
untreated syphilis.

Objective. To demonstrate the need for specialist consultations in patients with early syphilis.

Material and methods. We present two, epidemiologically linked, HIV-negative cases of secondary syphilis
with CNS and, in particular, ocular involvement.

Results. The male patient had no neurological nor ophthalmic complaints, the female noticed a slight visual
acuity impairment. High titres of non-treponemal and treponemal serological tests for syphilis (STS) were
noticed (VDRL 1/128, TPHA 1/20,480 and VDRL 1/64, TPHA 1/10,240 in a male and a female patient,
respectively). Specialist (neurological and ophthalmological) consultations and the examination of cerebrospinal
fluid resulted in the diagnosis of neurosyphilis and administration of an appropriate treatment (with intravenous
benzylpenicillin G). Six month after treatment both neurological and ophthalmological examinations’ results
were normal in both patients. They continue the follow-up, the titres of STS decline appropriately. Other sexual
contacts of these patients were not identified and, thus, not tested.

Conclusions. Presented cases emphasize the need for multi-specialist consultations in patients with early
symptomatic syphilis and high titres of STS, even in the absence of complaints or concomitant HIV infection.

Keywords: neurosyphilis, treatment, cerebrospinal fluid, eye
STRESZCZENIE

Wprowadzenie. Kila jest ukladowa chorobg zakazng wywotywang przez kretek blady (Treponema pallidum
subspecies pallidum). Zapadalno$¢ na kile w Europie, takze w Polsce, dynamicznie wzrasta i wynosita w 2023 r.
9,9 przypadkéw na 100 000 mieszkancow. Do zajgcia osrodkowego uktadu nerwowego (oun) w kile moze dojs$c¢
na kazdym etapie nieleczonego zakazenia.

Cel. Wykazanie koniecznosci badan wielospecjalistycznych u chorych z kilg wezesna.

Material i metody. Opisano dwa, powigzane epidemiologicznie przypadki kity drugiego okresu z zajeciem
oun, a w szczegbdlnosci narzadu wzroku, u pacjentow bez wspotistniejacego zakazenia HIV.

Wyniki. Pacjent nie zgtaszat zadnych objawow okulistycznych ani neurologicznych, pacjentka podawata lekkie
pogorszenie ostrosci widzenia. Wyjsciowe miana odczyndéw klasycznych i kretkowych byty wysokie (odpo-
wiednio u pacjenta i pacjentki: VDRL 1/128, TPHA 1/20 480 i VDRL 1/64, TPHA 1/10 240). Rozpoznanie kity
oun oraz wdrozenie prawidtlowego leczenia (penicyling benzylowg dozylnie) byto mozliwe dzigki specjalistycz-
nym konsultacjom (neurologicznej i okulistycznej) oraz badaniu ptynu mézgowo-rdzeniowego. W badaniach
neurologicznym i okulistycznym sze$¢ miesiecy po leczeniu nie stwierdzono odchylen. Podczas kontroli obser-

This article is available in the Open Access model and licensed under Creative Commons Attribution-Non-Commercial 4.0. (CC BY-NC)
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Two cases of early neurosyphilis

Dwa przypadki kity wezesnej osrodkowego uktadu nerwowego

wuje si¢ obnizanie mian odczyndéw serologicznych. Innych kontaktow seksualnych obojga pacjentéw nie udato

si¢ zbadac.

Whioski. Opisane przypadki podkreslaja koniecznos¢ konsultacji wielospecjalistycznych u chorych na kite
wczesng objawowa z wysokimi mianami odczynow serologicznych, nawet przy braku dolegliwosci i zakazenia

HIV.

Stowa kluczowe: kita osrodkowego uktadu nerwowego, leczenie, ptyn mozgowo-rdzeniowy, narzqd wzroku

INTRODUCTION

Syphilis is a systemic infectious disease caused
by Treponema (T) pallidum subspecies pallidum.
The incidence of syphilis is increasing in Poland in
recent years (similarly, as it is in Europe), reaching
8.68 cases per 100,00 inhabitants in 2024 (1,2). The
invasion of central nervous system (CNS) can occur
at any stage of the infection with 7" pallidum, the early
one included (3,4). Treponemal DNA was detected in
cerebrospinal fluid (CSF) in as many as 30% of patients
with primary and secondary syphilis, frequently in
the absence of neurological symptoms (3,4). Early
neurosyphilis may present as acute meningitis, late
neurosyphilis — as general paresis, tabes dorsalis or
gumma. Meningovascular syphilis may occur in both
— early and late stage of syphilis (4). Ocular syphilis is
one of forms of neurosyphilis, infrequently diagnosed
in patients without concomitant HIV infection (3-9).

Hereby, we describe two, epidemiologically linked
cases of early neurosyphilis with ocular involvement in
HIV-negative patients, in whom the correct diagnosis
and adequate treatment was possible owing to multi-
specialist consultations and the examination of CSF.

MATERIAL AND METHODS

The analysis of epidemiological, clinical and
laboratory characteristics of two patients was
performed: the age, residency, marital status; clinical
picture of the disease; results of laboratory tests,
these of CSF included. The diagnosis of syphilis
was confirmed by positive results of treponemal and
non-treponemal tests: ECLIA (Elecsys®Syphilis,
Roche Diagnostics, USA), Treponema pallidum
Hemagglutination test — TPHA (Bio-Rad, Warsaw,
Poland), Venereal Disease Research Laboratory —
VDRL test (Biomed, Cracow, Poland). CSF was tested
with the same reagents and in the same laboratory. The
diagnosis of neurosyphilis was made on the ground
of abnormal findings on ophthalmological and (or)
neurological consultations and results of laboratory
tests, according to the European Guideline (10). Other
sexually transmitted infections were tested with the
molecular method performed in the first catch urine
sample (Bio-Rad CFX96®System, Bio-Rad Poland,
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WSTEP

Kita jest uktadowsa chorobg zakazna wywotywana
przez kretek blady — Treponema (T.) pallidum sub-
species pallidum. Zapadalnos¢ na kite w ostatnich la-
tach w Polsce wzrasta, osiggajac najwyzsze wartosci
wspolczynnika zapadalnosci od wielu lat (8,68 przy-
padkoéw na 100 000 w 2024 r.), podobnie jak w Europie
(1,2). Osrodkowy uktad nerwowy (oun) moze ulec za-
kazeniu na kazdym, takze wczesnym, etapie infekcji
(3,4). W badaniach wykrywajacych DNA T. pallidum
w plynie mézgowo-rdzeniowym (p m-r) wykazano, ze
do zajg¢cia oun moze dochodzi¢ nawet u 30% chorych
z kilg pierwszego lub drugiego okresu, cze¢sto bez ob-
jawow neurologicznych (3.4). Kita wezesna oun moze
przebiegac jako ostre zapalenie opon moézgowych, kita
p6zna — pod postacig porazenia postepujacego, wiadu
rdzenia lub kilakéw oun. Kita oponowo-naczyniowa
moze wystapi¢ we wczesnym 1 poznym okresie kity
(4). Kita narzadu wzroku jest jedng z postaci kity
oun stosunkowo rzadko opisywang u pacjentow bez
wspolistniejacego zakazenia HIV (3-9).

Przedstawiamy dwa, powigzane epidemiologicz-
nie, przypadki kity wczesnej oun z zajeciem narzadu
wzroku u pacjentow HIV-ujemnych, u ktorych wtasci-
we rozpoznanie i wdrozenie prawidlowego leczenia
byto mozliwe dzieki konsultacjom i badaniom specja-
listycznym oraz zbadaniu p m-r.

MATERIAL I METODY

Przeanalizowano dane epidemiologiczne, klinicz-
ne i laboratoryjne obojga pacjentow: wiek, miejsce
zamieszkania, stan cywilny; obraz kliniczny zmian
chorobowych; wyniki badan laboratoryjnych, w tym
badania ptynu mézgowo-rdzeniowego. Rozpoznanie
kity potwierdzono dodatnimi wynikami odczynow
serologicznych kretkowych i klasycznych: elektroche-
miluminescencyjnego (ECLIA) — Elecsys®Syphilis
assay (Roche Diagnostics, Mannheim, Niemcy), Tre-
ponema pallidum Hemagglutination test (TPHA) (Bio
-Rad Polska Sp. z o.0. Warszawa), Venereal Disease
Research Laboratory test (VDRL), Biomed, Krakow.
W p m-r wykonano te same odczyny przy pomocy
tych samych odczynnikoéw. Rozpoznanie kily oun
postawiono na podstawie odchylen w badaniach oku-
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Warsaw, Poland). The onward follow-up was also
assessed.

CASE REPORTS

Case 1. A 4l-year-old male patient, single, without
concomitant disorders, not treated for sexually
transmitted infections (STIs) previously, was admitted
for disseminated, itchy skin lesions involving trunk,
upper and lower extremities (palms and soles included)
and genitalia with severe oedema of penis, phimosis

Photo 1. Patient No 1. Widespread, disseminated
polymorphic maculo-papular, partially necrotic eruption
on the trunk and upper extremities

Fot.1. Pacjent 1. Rozlegta, rozsiana polimorficzna, plamisto-
grudkowa, czg$ciowo nekrotyczna osutka na skoérze tutowia
i konczyn goérnych

Photo 2. Patient No 1. Papulo-necrotic eruption on palms
Fot. 2. Pacjent 1. Grudkowo-nekrotyczna osutka na skorze
dtoni

listycznym i (lub) neurologicznym oraz w badaniu p
m-r, zgodnie z Zaleceniami Europejskimi (10). Inne
zakazenia przenoszone droga plciowa diagnozowano
metoda molekularng w probce pierwszej porcji moczu
po nocy (Bio-Rad CFX96™System, Bio-Rad Polska
Sp. z 0.0. Warszawa), Polska. Analizie poddano prze-
bieg dotychczasowej kontroli.

OPIS PRZYPADKOW

Pacjent 1. 41-letni pacjent, stanu wolnego, bez cho-
rob wspotistniejacych, nie leczony w przesztosci z po-
wodu zakazen przenoszonych droga piciowa, zglosit
si¢ z powodu nasilonej swedzacej osutki na skorze tu-
towia, konczyn gornych oraz dolnych (w tym w skorze
dloni 1 podeszew), narzadow plciowych z obrzgkiem
pracia, nieodprowadzalnym napletkiem w badaniu
fizykalnym i owrzodzeniem w obrgbie wewngtrznej
blaszki napletka (Fot. 1-3). Spod napletka wydobywa-
fa si¢ tres¢ krwisto-ropna. Przy przyjeciu w obrazie
klinicznym dominowaty bardzo liczne, rozsiane wy-
kwity grudkowe ze zluszczaniem powierzchni, cze-
$ciowo o charakterze martwiczym (Fot. 1). Pacjent nie
gorgczkowatl. Stwierdzono uogdlnione powigkszenie
wezlow chionnych. W wywiadzie epidemiologicznym

Photo 3. Patient No 1. Phimosis and ulceration of the inner
layer of the prepuce

Fot. 3. Pacjent 1. Nieodprowadzalno$¢ napletka i owrzodze-
nie wewnetrznej blaszki napletka
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and ulceration within the inner shaft of the prepuce
(Photos 1-3). A purulent and bloody exudate under the
prepuce was seen. Some skin lesions were covered
with scales and were, in part, necrotic (Photo 1).
Patient was not feverish. A general lymphadenopathy
was also noticed.

He gave a history of multiple unprotected
heterosexual intercourses, the last one three months
prior to admission. He signed the statement on
notification of partners, with whom he had contact.
Because of suspicion of secondary syphilis serological
tests for syphilis were conducted and gave positive
results in high titres (Table I). Other sexually
transmitted infections were excluded (Table I). Patients
did not have other complaints. Abnormal findings
were diagnosed on neurological and ophthalmological
consultations (anisocoriaand weakness of deepreflexes,
among others), thus CSF examination was performed
(Table II). On the ground of patient’s history, clinical
picture, results of consultations, laboratory tests’s
results, abnormalities in CSF examination included,
the diagnosis of early neurosyphilis was made and the
treatment with intravenous benzylpenicillin (24 million
units per day in 6 doses, 14 days) was introduced. The
aggravation of skin lesions with an increase in body
temperature up to 38 °C was recorded on the first day
of treatment and resolved spontaneously within 24
hours (Jarisch-Herxheimer reaction, JHR). The itch
was well controlled by emollients. The slowly healing
of cuteaneous lesions and the complete healing of
the penis, as well as an appropriate decline of non-
treponemal and treponemal tests titres were observed
during the follow-up visits (Table III). Repeated

podat liczne, anonimowe kontakty heteroseksualne
bez zabezpieczenia, ostatni przed trzema miesigca-
mi. Podpisat zobowigzanie o konieczno$ci poinfor-
mowania partnerki, z ktérg utrzymywat kontakt. Ze
wzgledu na podejrzenie kily drugiego okresu wyko-
nano odczyny serologiczne klasyczne i kretkowe, kto-
re wypadly dodatnio w wysokich mianach (Tabela
I). Wykluczono inne wspotistniejace zakazenia dro-
gg plciowa, w tym zakazenie HIV (Tabela I). Chory
nie zglaszal innych dolegliwos$ci. Podczas konsultacji
okulistycznej i neurologicznej stwierdzono odchylenia
od stanu prawidlowego (migdzy innymi: nieréwnosé
zrenic, ostabienie odruchéw glebokich), co sklonito
do zbadania p m-r (Tabela II). Na podstawie wywia-
du, obrazu klinicznego, wynikow konsultacji i badan
laboratoryjnych, w tym odchylen w badaniu p m-r
rozpoznano kite wczesng osrodkowego uktadu ner-
wowego (oun) i wdrozono leczenie dozylne penicyli-
ng benzylowa w dawce 24 miliony jednostek na dobg
(w dawkach podzielonych co cztery godziny) przez
14 dni. W pierwszej dobie leczenia obserwowano za-
ostrzenie zmian skornych oraz podwyzszenie cieptoty
ciata do 38,0 °C, ktore ustapity samoistnie (reakcja Ja-
rischa-Herxheimera, RJH). Swiad zmniejszyt si¢ pod
wplywem zastosowania emolientow. W ambulatoryj-
nej kontroli po leczeniu obserwowano powolne uste-
powanie zmian skornych, wygojenie zmian w obrebie
pracia i obnizenie miana odczynow serologicznych
— klasycznego i kretkowego (Tabela III). Wykonane
po szesciu miesigcach badanie neurologiczne i okuli-
styczne nie wykazato odchylen. Pacjent zgtasza si¢ do
kontroli klinicznej i serologicznej. Badanie w kierun-
ku zakazenia HIV pozostaje ujemne.

Table I. Initial clinical and serological characteristics of patients
Tabela I. Wyjsciowa charakterystyka kliniczna i serologiczna pacjentéw

Patle:;S SeX, C};Eg?éfllc_tr)re Ser;)}]/;‘(flli(;?sl :ﬁi;ss for Other STIs Laboratory abnormalities
VDRL: 1/128 Excluded: HIV, Elevated: C-reactive protein
Male P(?lymorphic TPHA: 1/20,48.0. C. trachomatis, cor%cstntration, transaminases
4 ye’ars old widespread papular FTA-ABS: positive M. genitalium, N. activity, GGTP,
exanthema Elecsys® Syphilis: gonorrhoeae, T. hypoalbuninaemia and
181.6 vaginalis hypergamma-globulinaemia
Excluded: HIV,
VDRL: 1/64 C. trachomatis, Elevated: C-reactive
Female quymorphic TPHA: 1/ 10,24.0' M. genitalium, protein copc.entration,
0 year’s old widespread papular FTA-ABS: positive N. gonorrhoeae, GGTP activity; decreased
exanthema Elecsys® Syphilis: T. vaginalis; haemoglobin concentration
2173 K. pneumoniae in and RBC count
vaginal swab

STIs — sexually transmitted infections, VDRL — Venereal Disease Research Laboratory test, TPHA — Treponema pallidum
Haemagglutination test, FTA-ABS — Fluorescent Treponemal Antibody Absorption test, C. trachomatis — Chlamydia
trachomatis, M. genitalium — Mycoplasma genitalium, N. gonorrhoeae — Neisseria gonorrhoeae, T. vaginalis — Trichomonas
vaginalis, K. pneumoniae — Klebsiella pneumonia, GGTP — gamma glutamyl transpeptidase, RBC — red blood cell
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Table II. Abnormalities in ophthalmological and neurological examination and results of cerebrospinal fluid examination
Tabela II. Odchylenia w badaniu okulistycznym i neurologicznym oraz wyniki badania ptynu m6zgowo-rdzeniowego

Patient’s sex, Op hthalmolggwal Neurological examination Cerebrospinal fluid examination
age examination
Elevated: total protein, IgG and albumin
Right pupil bigger than left concentrations;
Male, one; slower reaction to the ggzg::eg d}f tep uteﬁi(;n or Positive: TPHA and FTA-ABS;
42 years old light in right pupil than in > SN pupti bigg Negative: VDRL;
than left one
left one Normal: number of mononuclear cells,
glucose concentration
Elevated: total protein and IgG
concentrations, number of mononuclear
Female, . . cells;
32 years old Chrioretinitis in right eye none Positive: TPHA and FTA-ABS;
Negative: VDRL;
Normal: glucose concentration

VDRL — Venereal Disecase Research Laboratory test, TPHA — Treponema pallidum Haemagglutination test, FTA —

Fluorescent Treponemal Antibody Absorption test

Table I11. Serological tests for syphilis’ titres after treatment

Tabela III. Miana odczynow serologicznych w kierunku kity po leczeniu

Patient’s sex, age One month after treatment

Th ths aft .
fee months atter Six months after treatment

Female, 32 years old TPHA: 1/5120

treatment
Male, 42 years old VDRL: 1/64 VDRL: 1/16 VDRL: 1/4
TPHA: 1/5120 TPHA: 1/2560 TPHA: 1/1280
VDRL: 1/16 VDRL: 1/8 VDRL: 1/2

TPHA 1/5120 TPHA 1/1280

VDRL — Venereal Disease Research Laboratory test, TPHA —

neurological and ophthalmological examinations
performed six months after treatment revealed no
abnormalities. The patient continues follow-up visits,
tests for HIV remain negative. His partners, except
one, described below, were, however, not tested.

Case 2. A 31-year-old female patient, single, without
concomitant diseases, not treated for STIs previously,
reported as the only identified sexual contact of the
above patient, was admitted for diagnostics and
treatment. Similarly, she gave a history of multiple,
anonymous sexual contacts, unprotected ones included.
She noticed a rash and vulvar burning one months
prior to hospitalization. On admission, a disseminated,
polymorphic exanthema, morphologically mimicking
that seen in her partner, was noticed (Photo 4). In
addition, she presented angular cheilitis, pharyngitis
and erosions of labia majora and minora. She reported
slightly decreased visual acuity in the right eye.
Serological tests for syphilis, both treponemal and
non-treponemal ones, gave positive results, their
titre were by one dilution lower that in her partner
(Table I). Symptoms of chorioretinitis in the right
eye were found on ophthalmological examination,

Treponema pallidum Haemagglutination test

Pacjentka 2. 31-letnia pacjentka, stanu wolnego,
bez schorzen wspotistniejacych, wczesniej nie leczo-
na z powodu zakazen przenoszonych droga ptciowa,
zgtoszona jako jedyny imienny kontakt powyzszego
pacjenta, zostata przyjeta do Kliniki celem diagno-
styki i leczenia. Podata szereg anonimowych kontak-
tow seksualnych, w tym — bez zabezpieczenia. Przed
miesigcem zauwazyla rozsiang osutke na skorze cate-
go ciata oraz $wiad i pieczenie okolicy sromu. Przy
przyjeciu stwierdzono rozlegla, polimorficzng osutke,
morfologicznie bardzo podobng do zmian u partnera
(Fot. 4), ponadto zapalenie kacikow ust, zaczerwienie-
nie tukéw podniebiennych i nadzerki w obregbie warg
sromowych. Chora zglaszata nieznaczne pogorszenie
ostrosci widzenia w prawym oku. Odczyny serolo-
giczne klasyczne i1 kretkowe wypadty dodatnio, miana
odczynow VDRL i TPHA byly o jedno rozcienczenie
nizsze niz u partnera (Tabela I). Konsultujacy okuli-
sta stwierdzit stan zapalny naczyniowki i siatkowki
(tac. chorioretinitis) prawego oka, w badaniu neuro-
logicznym odchylen nie byto. W p m-r wykazano nie-
prawidtowosci (Tabela II), rozpoznano kite wczesng
oun i wdrozono leczenie dozylne penicyling benzylo-
wa w takiej samej dawce jak u pacjenta, przez 14 dni.
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the neurological examination was without abnormal
findings. Accordingly, based on clinical picture,
abnormal findings in CSF examination (Table II)
the early syphilis was diagnosed and treatment with
intravenous benzylpenicillin was introduced. JHR was
also observed. Subsequently, the antibiotic therapy
for concomitant vaginal infection with Klebsiella
pneumoniae was administered. Skin lesions resolved
gradually and titres of serological tests declined
appropriately during follow-up visits (Table I1I). Only
non-active post inflammatory lesions in retina and iris
of the right eye were found on control ophthalmological
examination conducted six months after treatment.

Photo 4. Patient No 2. Widespread polymorphic, maculo-
papular eruption

Fot. 4. Pacjentka 2. Rozlegla polimorficzna osutka plamisto-
grudkowa na skorze catego ciata

8

Obserwowano RJH. Pacjentka otrzymala réwniez ce-
lowang antybiotykoterapi¢ w zwigzku ze wspotistnie-
jacym zapaleniem pochwy (Klebsiella pneumoniae).
Podczas wizyt kontrolnych obserwowano stopniowe
ustepowanie zmian skornych oraz odpowiednie ob-
nizanie mian odczyndéw serologicznych (Tabela III).
W kontrolnym badaniu okulistycznym, sze$¢ miesie-
cy po zakonczeniu leczenia, stwierdzono pozapalne,
niecaktywne zmiany w naczyniowce i tgczéwce prawe-
2o oka. Pacjentka podpisata zobowigzanie o koniecz-
nosci poinformowania kontaktéw seksualnych, zaden
z nich, poza powyzszym, nie zglosil si¢ do badania.

DYSKUSJA

Prezentowane przypadki sg kolejnymi, opisanymi
przypadkami kily oun z zajeciem narzadu wzroku
z naszego osrodka (5,6). W przeciwienstwie do po-
przednio opisanego pacjenta (6), u obecnie prezento-
wanych pacjentow nie wspotistniato jednak zakazenie
HIV.

Kita narzadu wzroku moze rozwing¢ si¢ w dowol-
nym okresie kity i dotyczy¢ wszystkich jego struktur
(4,7,8). Moze imitowa¢ inne zapalne (infekcyjne i nie-
infekcyjne) schorzenia okulistyczne (4,8). Wykazano
w badaniu retrospektywnym, ze jedna trzecia przy-
padkow kity narzadu wzroku wystepowata w okresie
kity wezesnej objawowej (7). Zbyt pdzno wykryta lub
nieleczona moze prowadzi¢ do trwatych powiktan,
wlacznie z uposledzeniem widzenia (7,9). Najczestsza
jej postacig jest stan zapalny blony naczyniowej (lac.
panuveitis). Zapalenie tylnego odcinka btony naczy-
niowej 1 siatkowki (tac. chorioretinitis) jest wymie-
niane wsrdd czestszych postaci kity narzadu wzroku,
a jednym z najwczes$niejszych objawow moze byc
pogorszenie ostrosci widzenia, co zglosila prezen-
towana pacjentka (4,9). Pacjent nie zglaszat zadnych
dolegliwosci ze stronu narzadu wzroku. Odchylenia
w badaniu okulistycznym i neurologicznym stwier-
dzone u chorego byly bardziej typowe dla kity poznej
oun (nieré6wnos¢ zrenic, wolniejsza reakcja na §wiatlo
zrenicy prawej, ostabienie odruchéw giebokich), nato-
miast caloksztalt obrazu klinicznego wraz z danymi
epidemiologicznymi i wynikami badan laboratoryj-
nych przemawiat za rozpoznaniem kily weczesnej.

Zgodnie z Zaleceniami Europejskimi odchylenia
w badaniu neurologicznym lub okulistycznym sg jed-
nym ze wskazan do zbadania p m-r u pacjenta z kita,
niezaleznie od jej okresu — poziom dowodu: 1,C (10).
Autorzy Zalecen przyjmuja, ze przy podejrzeniu kity
narzadu wzroku badanie p m-r jest przedmiotem dys-
kusji, poniewaz wdrazane jest, i tak, leczenie peni-
cyling benzylowa — poziom dowodu: 2,C (10). Kazdy
pacjent z kita powinien by¢ zbadany przez specjaliste
neurologa 1 okuliste, nawet, gdy nie zgtasza dolegliwo-
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Despite she signed statement on the notification of
partners, none of those, except the above presented,
was tested.

DISCUSSION

Presented cases are subsequent cases of
neurosyphilis with ocular involvement reported
from our Department (5,6). In contrast to previously
described cases, in these two patients a concomitant
HIV infection was not detected.

Ocular syphilis may develop at any stage of syphilis
and involve any eye structures (4,7,8). It may mimic
other inflammatory ophthalmological conditions (both
infectious and non-infectious ones) (4,8). It has been
demonstrated in a retrospective study that one third of
ocular syphilis occurred in early symptomatic syphilis
(7). Late diagnosis or inadequate treatment may lead
to serious complications, like the vision impairment
(7,9). Panuveitis is regarded as the most frequent form
of ocular syphilis. Chorioretinitis is also a frequently
encountered form of the disease, and decreased visual
acuity is one of its earliest symptoms, as reported by
our female patient (4,9). In contrast, her partner did not
report any vison problems. Abnormalities found on
ophthalmological and neurological examination were
rather suggestive of late neurosyphilis (anisocoria,
slower reaction to the light in right pupil than in left
one, weakened deep tendon reflexes). However the
entire clinical picture, together with epidemiological
data and results of laboratory tests were consistent
with early neurosyphilis.

According to the 2020 European Guideline,
abnormalities demonstrated on neurological or
ophthalmological examination are indications to CSF
examination, irrespective of the stage of syphilis, level
of evidence 1,C (10). The Guideline’s authors state
that ‘performing CSF examination is controversial
as intravenous penicillin therapy will be initiated
anyway’, level of evidence 2,C (10). Accordingly, every
patient diagnosed with syphilis should be consulted by
a specialist in neurology and in ophthalmology, even in
the lack of subjective complaints. In presented patients
we were able to made the diagnosis of neurosyphilis
on the ground of ophtalmological (and neurological
in a male patient) abnormalities and results of CSF
examination: positive treponemal test together with
elevated protein concentration and, in a female patient,
elevated number of mononuclear cells (10). The
correctness of diagnosis and treatment was confirmed
by improvement seen on specialists’ examinations six
months later.

The Jarisch-Herxheimer reaction, described
independently by Adolf Jarisch and Karl Herxheimer,
is a transient inflammatory reaction observed within

$ci (10). Do rozpoznania kity oun u opisanych pacjen-
tow upowaznily stwierdzane odchylenia oraz wyniki
badania p m-r: dodatnie wyniki odczynéw kretkowych
w plynie tacznie z podwyzszonym st¢zeniem biatka
1, dodatkowo u pacjentki, zwigkszong liczbg komorek
jednojadrowych (10). O prawidtowosci postawionych
diagnoz i adekwatnym leczeniu $wiadczyly prawidto-
we wyniki specjalistycznych badan kontrolnych pot
roku po leczeniu.

Reakcja Jarischa-Herxheimera, opisana niezaleznie
od siebie przez Adolfa Jarischa i Karla Herxheimera,
jest przemijajacg reakcja zapalng obserwowana w cia-
gu 24 godzin po podaniu pierwszej dawki antybiotyku
w leczeniu kretkowic, w tym kity (11). W jej patoge-
nezie odgrywajg role prozapalne cytokiny (glownie
interleukina 6, 8 i tumor necrosis factor-a) wydzielane
w odpowiedzi na uwalniajgce si¢ antygeny bakterii.
RJH wystepuje czesto w kile wczesnej objawowej,
jak u prezentowanych pacjentow, jest bardzo rzadka
w kile pdznej, z wyjatkiem porazenia postepujgcego
(11). Zwykle przebiega pod postacia tagodnych obja-
woOw grypopodobnych, z zaostrzeniem osutki. Moze
by¢ takze, w kile oun, przyczyng napadéw drgawko-
wych lub objawdw psychotycznych.

Podobnie jak w naszych poprzednich obserwacjach
badanie kontaktéw seksualnych pacjentéw nie bylo
skuteczne 1 pozostaje problemem w catosci postepo-
wania kliniczno-epidemiologicznego u chorych na
kite (5).

WNIOSKI

Prezentowane przypadki ilustruja koniecznosé
specjalistycznego badania okulistycznego i neuro-
logicznego u pacjentéw w kilg wczesng objawowa
i wysokimi mianami odczynow serologicznych, nawet
przy braku ewidentnych dolegliwosci ze strony narza-
du wzroku czy uktadu nerwowego, a takze wspotist-
niejacego zakazenia HIV. W przypadku stwierdzenia
kity oun u pacjenta wskazane jest jej wykluczenie
u partnera seksualnego.

Oswiadczenie dotyczace etyki: zdjecia zostaty wy-
konane i udostepnione za pisemng zgoda pacjentow.
Autorzy zdje¢: Mateusz Matwiejuk (Fot.1-3) i Kamila
Fularska (Fot. 4).
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24 hours after the initial dose of antibiotics in the
treatment of treponematoses, syphilis included (11).
It is mediated by proinflammatory cytokines (mainly
interleukin-6, -8 and tumour necrosis factor-o) in
a response of the release of bacterial antigens. JHR
was seen frequently in early symptomatic syphilis, as
it was in both presented patients, is very rare in late
syphilis, except for general paresis (11). It presents
usually as of flu-like symptoms with aggravation
of rush. In neurosyphilis may lead to seizures or
psychotic symptoms.

Similarly to our previous observations, we were
unable to trace and examine all, or at least majority
of sexual contacts of presented patients. This issue
remains a main problem in a holistic clinical and
epidemiological approach in syphilis patients (5).

CONCLUSIONS

Presented cases emphasise the need for specialist
ophthalmological and neurological examination in
patients with early symptomatic syphilis and high titres
of serological tests for syphilis even in the absence
of evident subjective ailments or in the absence of
concomitant HIV infection. In case of diagnosis of
neurosyphilis in a given patients it might be reasonable
to exclude neurosyphilis also in his or her partner.

Ethics statement. The photos were taken and shared
after receiving written consents of both patients. The
Authors of the photos: Mateusz Matwiejuk (Photos
1-3) and Kamila Fularska (Photo 4).
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SENSORINEURAL HEARING LOSS IN 29-YEAR-OLD MALE WITH CEREBRAL
TOXOPLASMOSIS AND HIV INFECTION: A CASE REPORT
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ABSTRACT

Central nervous system (CNS) toxoplasmosis represents one of the most common opportunistic complications
in patients with advanced HIV/AIDS infection. A wide range of neurological symptoms may contribute to
the clinical presentation of the disease. This paper reports the case of a 29-year-old man with untreated HIV
infection, in whom neurotoxoplasmosis led to rapidly progressive, bilateral sensorineural hearing loss and
severe disability. Appropriate neuroimaging diagnostics enabled the initiation of effective treatment; however,
neurological sequelae, including hearing impairment, persisted. To the best of our knowledge, this type of
complication has not been previously described in patients living with HIV and CNS toxoplasmosis.

Keywords: HIV, AIDS, case report, hearing loss, neurotoxoplasmosis

STRESZCZENIE

Toksoplazmoza osrodkowego uktadu nerwowego (OUN) stanowi jedno z najczestszych powiktan u pacjentow
z zaawansowanym zakazeniem HIV/AIDS. Szereg objawow neurologicznych moze sktadac si¢ na obraz klinicz-
ny zakazenia. W niniejszej pracy przedstawiono przypadek 29-letniego m¢zczyzny z nieleczonym zakazeniem
HIV, u ktérego neurotoksoplazmoza doprowadzita do zaburzen swiadomosci, niedowtadu czterokonczynowego
1 gwattownie postepujacego, obustronnego niedostuchu czuciowo- odbiorczego. Odpowiednia diagnostyka neu-
roobrazowa pozwolita na wdrozenie skutecznego leczenia, jednak powiktania neurologiczne, w tym niedostuch,
utrzymaty si¢. Wedtug naszej wiedzy, nie opisywano do tej pory tego rodzaju powiktania u pacjentéw zyjacych
z HIV oraz toksoplazmozg OUN.

Stowa kluczowe: HIV, AIDS, opis przypadku, niedostuch, neurotoksoplazmoza

This article is available in the Open Access model and licensed under Creative Commons Attribution-Non-Commercial 4.0. (CC BY-NC)
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Sensorineural hearing loss

Calkowity niedostuch czuciowo-odbiorczy

INTRODUCTION
Central nervous system toxoplasmosis (CNS
toxoplasmosis, neurotoxoplasmosis) represents

a significant challenge in the care of HIV-infected
patients. The disease, caused by the protozoan
Toxoplasma gondii, typically presents as mild
lymphadenopathy in immunocompetent individuals.
Particular attention is given to infections in pregnant
patients due to the risk of transplacental transmission
and the development of congenital toxoplasmosis (1).
Other forms of invasion include ocular toxoplasmosis,
whichmanifestsasretinochoroiditis. Inindividuals with
co-occurring immune system disorders, disseminated
disease and neurotoxoplasmosis constitute significant
clinical concerns. CNS toxoplasmosis is among the
most frequent causes of brain abscesses in patients with
AIDS (2), therefore, it should hold a primary position
in the differential diagnosis of neurological disorders
within this patient group. Epidemiological data suggest
that this form of the disease accounts for approximately
6% of hospital admissions related to AIDS-defining
illnesses in patients living with HIV (3). Disseminated
lesions within the brain evoke a variety of symptoms,
the most frequently described including: headache,
seizures, focal neurological deficits, fever, confusion,
behavioral changes, cranial nerve palsies, ataxia, and
visual disturbances (4). In this paper, we present a case
report of a young HIV-infected patient diagnosed with
bilateral, rapidly progressive sensorineural hearing
loss as a complication of the intracranial form of
toxoplasmosis.

CASE REPORT

A 29-year-old male was admitted to the infectious
diseases department due to left-sided hemiparesis
and deteriorating verbal and cognitive contact. HIV
infection had been diagnosed in 2015, however, the
patient had consistently declined antiretroviral (ARV)
therapy. At admission, the CD4+ T-lymphocyte count
was 97 cells/mm?3, the CD4/CDS8 ratio was 0.13, and
the HIV viral load was 429,000 copies/ml. Physical
examination revealed decreased muscle strength,
increased muscle tone, psychomotor retardation,
peripheral facial nerve palsy, impaired consciousness,
and bilateral hearing loss.

Serological tests, the results of which were
obtained at the end of the first week of hospitalization,
demonstrated the presence of anti-Toxoplasma
gondii 1gG antibodies without avidity testing, IgM
antibodies were absent. Additionally, the presence
of anti-cytomegalovirus (CMV) IgG antibodies
was confirmed in the absence of IgM antibodies.
Cryptococcus neoformans antigen was not detected in
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WSTEP

Toksoplazmoza os$rodkowego ukladu nerwowe-
2o (toksoplazmoza OUN, neurotoksoplazmoza) jest
istotnym wyzwaniem w opiece nad pacjentami za-
kazonymi wirusem HIV. Choroba wywolana przez
pierwotniaka Toxoplasma gondii u chorych immu-
nokompetentnych typowo wywotuje limfadenopatig
o lekkim przebiegu. Szczegolng uwage poswigca si¢
zakazeniom u pacjentek ciezarnych, u ktorych istnieje
mozliwo$¢ transmisji przeztozyskowej i rozwoju tok-
soplazmozy wrodzonej (1). Do innych postaci inwazji
nalezy posta¢ oczna toksoplazmozy, ktoéra manife-
stuje si¢ zapaleniem siatkowki 1 naczyniowki. U osob
z wspotwystepujacymi zaburzeniami uktadu odpor-
no$ciowego istotnym problemem jest rozsiana postaé
choroby oraz neurotoksoplazmoza. Toksoplazmoza
OUN nalezy do najczestszych przyczyn ropnia mézgu
u chorych z AIDS (2), dlatego w diagnostyce rdzni-
cowej zaburzen neurologicznych w tej grupie chorych
powinna zajmowac specjalne miejsce. Dane epide-
miologiczne sugeruja, ze ta posta¢ choroby odpowia-
da za okoto 6% przyje¢ na oddziaty szpitalne, jezeli
chodzi o choroby zwigzane z AIDS u pacjentow zy-
jacych z HIV (3). Rozsiane zmiany w mozgowiu wy-
wotujg szereg objawow, wsrod ktorych do najczesciej
opisywanych naleza: bol glowy, napady drgawkowe,
objawy ogniskowego uszkodzenia moézgu, goraczka,
splatanie, zaburzenia zachowania, porazenie nerwow
czaszkowych, ataksja i zaburzenia widzenia (4). W ni-
niejszej pracy przedstawiamy opis przypadku mtode-
go pacjenta zakazonego wirusem HIV z rozpoznanym
obustronnym, gwaltownie postepujacym niedostu-
chem czuciowo-odbiorczym jako jednym z powiktan
wewnatrzczaszkowej postaci toksoplazmozy.

OPIS PRZYPADKU

29-letni mezczyzna zostat przyjety na oddziat za-
kazny z powodu niedowladu lewostronnego i pogor-
szenia kontaktu. Zakazenie HIV stwierdzono u niego
w 2015 roku — dotychczas nie wyrazit zgody na le-
czenie antyretrowirusowe (antiretroviral, ARV). Licz-
ba limfocytow T CD4+ przy przyjeciu wynosita 97
kom/mm3, stosuneck CD4/CDS8 0,13, a wiremia HIV
429 000 kopii/ml. W badaniu przedmiotowym stwier-
dzono ostabienie sily mig§niowej, wzmozone napigcie
migéniowe, spowolnienie psychoruchowe, obwodowe
porazenie nerwu VII, zaburzenia $wiadomos$ci oraz
znaczny obustronny niedostuch.

W badaniach serologicznych, ktérych wyniki uzy-
skano pod koniec pierwszego tygodnia hospitalizacji,
wykazano obecnos¢ przeciwciat przeciwko Toxopla-
sma gondii w klasie IgG bez oznaczenia awidnosci,
przeciwciata w klasie IgM nie byly obecne. Dodatko-
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the serum. Screening for Mycobacterium tuberculosis
infection using QuantiFERON-TB Gold Plus yielded
a negative result.

Magnetic resonance imaging (MRI) performed
on the 7th day of hospitalization revealed multiple
supra- and infratentorial lesions suggestive of CNS
toxoplasmosis (lesions in the subcortical white
matter, basal ganglia, midbrain, middle cerebellar
peduncle, and both cerebellar hemispheres), as well
as an infiltration in the corpus callosum requiring
differentiation from primary CNS lymphoma
(Fig. 1). The largest lesions exhibited peripheral
ring enhancement following contrast administration
with mural nodules, while smaller lesions enhanced
more homogeneously. Furthermore, the lesions
were surrounded by an extensive zone of vasogenic
edema, more pronounced in the right cerebral
hemisphere. The ventricular system remained non-
displaced and non-dilated, and the subarachnoid
spaces were characteristic for the patient’s age. On
the same day, ARV therapy was initiated with 50 mg
dolutegravir (DTG), 200 mg emtricitabine (FTC), and
25 mg tenofovir alafenamide (TAF). Based on the
characteristic MRI findings, CNS toxoplasmosis was
diagnosed, and antiprotozoal treatment was initiated
with  intravenous trimethoprim-sulfamethoxazole
(TMP-SMX) at a dose of 2 g + 0.4 g twice daily,
alongside intracranial pressure-lowering therapy with
intravenous dexamethasone 4 mg three times daily.
To expand the diagnostic workup, a lumbar puncture
was performed on the 8th day of hospitalization.
Cerebrospinal fluid (CSF) analysis revealed an
elevated protein concentration (0.96 g/l), pleocytosis
(16.3 M/1, N<5) with a lymphocytic predominance
of 92% in the differential count, and normal chloride
levels. A Multiplex PCR neuroinfection panel did not
detect the genetic material of any tested pathogens,
including CMV and Cryptococcus neoformans.
Additionally, CSF PCR for 7. gondii DNA and JC
virus DNA were both negative. Due to the necessity of
excluding primary CNS lymphoma, positron emission
tomography using fluorodeoxyglucose (FDG-PET)
was performed. The absence of increased tracer
uptake in imaging argued against a neoplastic process.
To evaluate treatment outcomes and confirm the
diagnosis of CNS toxoplasmosis, a follow-up MRI was
performed 15 days after the initiation of therapy. The
imaging indicated partial regression of the lesions,
except for the infiltration in the corpus callosum, which
remained stable. The impaired consciousness resolved,
and the patient’s contact significantly improved, while
the severity of hemiparesis and hearing loss remained
unchanged. Following a 32-day hospitalization, the
patient was discharged with a recommendation to take

wo potwierdzono obecnos¢ przeciwciat w klasie IgG
przeciwko wirusowi cytomegalii (CMV) przy braku
przeciwciat klasy IgM. Nie wykryto antygenu Crypto-
coccus neofromans w surowicy. Wykonano diagnosty-
ke w kierunku zakazenia pratkiem gruzlicy za pomo-
ca QuantiFERON TB Gold Plus, wynik ujemny.
Wykonane w 7. dniu hospitalizacji badanie rezo-
nansu magnetycznego ujawnilo liczne zmiany nad-
i podnamiotowe sugerujace toksoplazmozg OUN
(zmiany w istocie biatej podkorowej, jadrach podsta-
wy, $rodmoédzgowiu, konarze Srodkowym mozdzku
i obu potkulach moézdzku) oraz naciek w ciele modze-
lowatym, wymagajacy roznicowania z pierwotnym
chloniakiem OUN (Ryc. 1). Najwigksze ze zmian ule-
galy obwodowemu wzmocnieniu po podaniu kontra-
stu, z przysciennymi guzkami, mniejsze wzmacniaty
si¢ bardziej jednorodnie. Dodatkowo zmiany otoczone
byty rozlegla strefg palczastego obrzegku, bardziej na-
silonego w prawej potkuli mozgu. Uktad komorowy
pozostat nieprzemieszczony i nieposzerzony, a obraz
przestrzeni podpajeczynéwkowych charakterystycz-
ny dla wieku pacjenta. Tego samego dnia rozpocze¢to
terapi¢ ARV za pomoca dolutegrawiru, 200 mg em-
trycytabiny (FTC) i 25 mg alefanamidu tenofowiru
(TAF). Na podstawie charakterystycznego obrazu MR
rozpoznano toksoplazmoze¢ OUN i wigczono leczenie
przeciwpierwotniakowe, decydujac si¢ na trimetoprim
z sulfametoksazolem (TMP+SMX) w dawce 2 g+0,4
g dwa razy dziennie dozylnie, oraz leczenie obniza-
jace cisnienie $rodczaszkowe — deksametazon 4 mg
3x dziennie dozylnie. W celu poszerzenia diagnostyki
wykonano naktucie ledzwiowe w 8. dniu hospitaliza-
cji. W badaniu ogdlnym plynu mézgowo-rdzeniowe-
go (PMR) stwierdzono podwyzszone stezenie biatka
(0,96 g/l), cytoze (16,3 M/, N<5) z przewaga procen-
towa limfocytow w rozmazie wynoszaca 92% oraz
prawidlowe stezenie jonow chlorkowych. W panelu
neuroinfekcyjnym metoda Multiplex PCR nie wykryto
materiatu genetycznego zadnego z badanych patoge-
néw, w tym CMV i Cryptococcus neoformans. Dodat-
kowo zlecono badanie PMR metoda PCR w kierunku
DNA T. gondii oraz DNA wirusa JC, oba wyniki bylty
ujemne. W zwigzku z koniecznoscig wykluczenia
pierwotnego chloniaka OUN, wykonano pozytonowa
tomografi¢ emisyjng z uzyciem fluorodeoksygluko-
zy (FDG). Brak wzmozonego wychwytu znacznika
w obrazowaniu przemawial za nieobecnoscig zmiany
nowotworowej. W celu oceny wynikéw leczenia i po-
twierdzenia rozpoznania toksoplazmozy OUN wyko-
nano badanie rezonansu magnetycznego po 15 dniach
od zastosowanej terapii. Obraz wskazat na czgSciowa
regresje zmian, z wyjatkiem nacieku w ciele modzelo-
watym, ktory pozostawat stabilny. Zaburzenia §wiado-
mosci ustapity, kontakt z chorym ulegt znaczacej po-
prawie, nasilenie niedowtadu i niedostuchu pozostato
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Fig. 1. MRI performed on day 7 after admission. Multiple supratentorial and infratentorial focal lesions with contrast
enhancement visible bilaterally. The largest lesion, measuring 20x27x30 mm, is located in the right occipital lobe. An
infiltrative lesion within the corpus callosum shows a different character and should be differentiated from primary CNS
lymphoma.

Ryc. 1. Badanie MR w 7. dobie od przyjecia. W obrebie mdzgowia nad- i podnamiotowo obustronnie widoczne liczne
ulegajace wzmocnieniu pokontrastowemu zmiany ogniskowe — najwigksza 20x27x30 mm w prawym placie potylicznym.
Naciek w ciele modzelowatym o innym charakterze, do réznicowania z pierwotnym chtoniakiem OUN
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oral TMP-SMX 960 mg twice daily for 2 weeks and
was referred for neurological rehabilitation.

Five weeks later, the patient was readmitted to the
infectious diseases department due to worsening left-
sided hemiparesis and total hearing loss. Neurological
examination revealed a positive Babinski sign on the
left side, horizontal-rotary nystagmus, persistent facial
nerve palsy, a weakly positive Brudzinski’s sign, and
dysmetria of the left upper limb. MRI results revealed
progression of inflammatory lesions, particularly
pronounced within the brainstem. CSF analysis showed
persistent pleocytosis (11 M/I, N<5) and an elevated
protein concentration (11 g/l). A decision was made to
switch the antiprotozoal treatment to pyrimethamine
and sulfadiazine (PYR/SDZ) at a dose of 75 mg PYR
and 2.5 g SDZ twice daily orally, supplemented with
folinic acid, while maintaining the current ARV
therapy. PYR/SDZ therapy was planned for 6 weeks.

On the 26th day of hospitalization, the patient
experienced seizures, anuria, and three episodes of
cardiac arrest. Following successful cardiopulmonary
resuscitation, the patient was transferred to the intensive
care unit (ICU). In the following weeks, a series of
complications occurred, including atrial fibrillation,
renal failure requiring renal replacement therapy, and
bacterial and fungal infections (E. coli, S. epidermidis,
A. baumanii, P. aeruginosa, C. dubliniensis). During
the first week of the ICU stay, a computed tomography
(CT) scan was performed, showing acute intracerebral
hemorrhage and partial regression of inflammatory
lesions. The scan was repeated after a week, showing
no significant changes. It was decided to switch the
treatment back from PYR/SDZ to TMP-SMX; the
toxoplasmosis therapy was completed, and the dosage
was subsequently reduced to prophylactic doses of 0.8
g + 0.16 g twice daily. After 6 weeks in the ICU, the
patient regained consciousness and logical contact.
The deafness did not resolve, and quadriparesis was
observed, more severe on the left side. The patient was
discharged with a referral to the audiology department
for further diagnostics and assessment of the hearing
deficit.

Audiometric tests confirmed total hearing loss. The
patient did not respond to sounds during pure-tone
audiometry. Acoustic stimulation with a Chirp-500
Hz stimulus did not elicit a response up to 100 dB in
either ear. Otoacoustic emissions were not recorded
bilaterally. Impedance audiometry revealed a type
A tympanometric curve and bilateral absence of the
stapedial reflex.

Two months after the last admission, the patient was
readmitted to the infectious diseases department for
a follow-up prior to a planned cochlear implantation.
Physical examination noted improvement in the
muscle strength of the upper and lower limbs, inability

bez zmian. Po 32-dniowej hospitalizacji pacjent zostat
wypisany z oddziatu z zaleceniem przyjmowania TM-
P-SMX 960 mg dwa razy dziennie doustnie przez 2
tygodnie i skierowany na rehabilitacje neurologiczna.

Pie¢ tygodni pozniej pacjent zostat ponownie przy-
jety na oddziat zakazny z powodu nasilenia si¢ niedo-
wiladu lewostronnego i calkowitej utraty stuchu. W ba-
daniu neurologicznym stwierdzono dodatni objaw
Babinskiego po lewej stronie, oczoplas poziomo-obro-
towy, utrzymujace si¢ porazenie nerwu V1I, stabo-do-
datni objaw Brudzinskiego i dysmetri¢ lewej konczy-
ny gornej. Wynik badania rezonansu magnetycznego
ujawnit progresj¢ zmian zapalnych, szczegolnie na-
silong w obrgbie pnia mézgu. W badaniu PMR utrzy-
mywata si¢ pleocytoza (11 M/1, N<5) i podwyzszone
stezenie biatka (11 g/l). Podjeto decyzje o zmianie
leczenia przeciwpierwotniakowego na pirymetaming
oraz sulfadiazyne (PYR/SDZ) w dawce 75 mg PYR
12,5 g dwa razy dziennie SDZ doustnie, jednoczesnie
suplementujac kwas folinowy i podtrzymujac dotych-
czasowe leczenie ARV. Terapi¢ PYR/SDZ zaplanowa-
no na 6 tygodni.

W 26. dniu hospitalizacji u pacjenta wystapity na-
pady drgawkowe, anuria i trzy epizody zatrzymania
krazenia. Po skutecznej resuscytacji krazeniowo-od-
dechowej pacjent zostal przekazany na oddziat in-
tensywnej terapii. W kolejnych tygodniach wystapit
szereg powiktan m.in. migotanie przedsionkow, nie-
wydolnos$¢ nerek wymagajaca terapii nerkozastepczej
oraz infekcje bakteryjne i grzybicze (E. coli, S. epider-
midis, A. baumanii, P. aeruginosa, C. dubliniensis).
W pierwszym tygodniu pobytu pacjenta na oddziale
intensywnej terapii wykonano badanie tomografii
komputerowej, gdzie uwidoczniono ostre krwawienie
srodmozgowe oraz czgSciowg regresje zmian zapal-
nych. Badanie powtorzono po tygodniu — nie stwier-
dzono istotnych zmian. Zdecydowano o ponownej
zmianie leczenia z PYR/SDZ na TMP-SMX — dokon-
czono terapi¢ toksoplazmozy, a nast¢pnie zredukowa-
no dawkowanie do dawek profilaktycznych 0,8 g +
0,16 g dwa razy dziennie. Po 6 tygodniach pobytu na
oddziale intensywnej terapii pacjent odzyskatl przy-
tomno$¢ 1 logiczny kontakt. Gluchota nie ustapita,
stwierdzono niedowlad czterokonczynowy, bardziej
nasilony po stronie lewej. Pacjenta wypisano do domu
ze skierowaniem na oddziat audiologii w celu pogte-
bienia diagnostyki i oceny ubytku stuchowego.

Badania audiometryczne potwierdzity caltkowity
ubytek stuchu. Pacjent nie reagowal na dzwigki w ba-
daniu audiometrii tonalnej. Stymulacja akustyczna
bodzcem typu Chirp-500 Hz nie spowodowata reakcji
na bodziec do poziomu 100 dB w obu uszach pacjenta.
Obustronnie nie zarejestrowano otoemisji akustycz-
nej. W badaniu audiometrii impedancyjnej wykazano
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to perform dorsal flexion of the feet, left-sided ankle
clonus, spasticity of the upper limbs and distal parts of
the lower limbs, and hyperactive tendon reflexes on the
left side. The patient was bedridden but could maintain
a sitting position and was undergoing rehabilitation
toward full verticalization. Follow-up MRI showed
no progression of lesions; involution of toxoplasmosis
lesions, residual enhancement in the parietal lobe, and
microhemorrhages were observed. Due to effective
ARV therapy, the CD4+ count increased to 456 cells/
ul, and the HIV viral load decreased to 323 copies/ml
after seven months of treatment.

DISCUSSION

In June 2021, the Joint United Nations Programme
on HIV/AIDS (UNAIDS) Program Coordinating
Board established a new strategy to combat HIV/
AIDS, with the primary goal of eliminating HIV as
a public health threat by 2030. Elimination was defined
by the “95-95-95” targets: 95% of people living with
HIV knowing their serological status, 95% of those
aware of their infection receiving treatment, and 95%
of those on treatment achieving viral suppression
(5). UNAIDS report results in mid-2024 showed
a positive trend in addressing the problem. In 2023,
the fewest new HIV infections were recorded since the
beginning of the epidemic in the late 1980s. Effective
antiretroviral treatment was received by 31 million
patients, resulting in the number of AIDS-related
deaths falling to the lowest level since 2004, when it
reached its peak. The proportion of patients aware of
their HIV infection was estimated at 86%, of whom
89% received treatment, and 93% of those achieved
full virological suppression (6). Early detection of
HIV is crucial, and increasing testing frequency
to reduce late diagnoses is necessary to achieve the
aforementioned goals in Europe and Poland (7). The
described patient belonged to the group of individuals
aware of their infection but refused treatment, which
led to the development of AIDS and severe disability.

Hearing loss is not among the symptoms typically
described in the course of CNS toxoplasmosis. The
issue of hearing impairment in patients living with
HIV is complex and depends on the characteristics
of the symptom. In the described patient, hearing
deterioration progressed rapidly over several weeks,
was bilateral, and was accompanied by severe focal
neurological symptoms and impaired consciousness.
Such a clinical presentation directs differential
diagnosis toward acute conditions. In the population
of people living with HIV, isolated hearing loss
should be linked both to acute otitis media of typical
etiology and rarer infectious causes: CMV infection,
labyrinthitis caused by herpes simplex virus or

16

krzywa tympanometryczng typu A oraz obustronng
nieobecnos¢ odruchu strzemigczkowego.

Po 2 miesigcach od ostatniego pobytu, pacjent zo-
stal przyjety ponownie na oddziat zakazny celem kon-
troli przed planowanym wszczepieniem implantu $li-
makowego. W badaniu przedmiotowym odnotowano
poprawe sity migsniowej konczyn gornych i dolnych,
niemoznos$¢ zgigcia grzbietowego stop, stopotrzas le-
wostronny, spastycznos¢ konczyn gornych i dystal-
nych czgsci konczyn dolnych oraz wygérowane od-
ruchy Sciegniste po lewej stronie. Pacjent byl lezacy,
ale utrzymywat pozycje siedzaca i byl rehabilitowa-
ny w kierunku pelnej pionizacji. W badaniu MR nie
stwierdzono progresji zmian, zaobserwowano inwolu-
cj¢ zmian toksoplazmozowych, resztkowe wzmocnie-
nia w placie ciemieniowym i mikrokrwawienia. Dzi¢-
ki skutecznej terapii ARV liczba limfocytéw CD4+
wzrosta do 456 komdrek/ul, a wiremia HIV spadta do
323 kopii/ml po siedmiu miesigcach stosowania.

DYSKUSJA

W czerwcu 2021 roku Rada Koordynacyjna Wspol-
nego Programu Narodow Zjednoczonych zwalczania
HIV/AIDS (UNAIDS) ustanowita nowg strategie wal-
ki z HIV/AIDS, ktorej nadrzednym celem zostata eli-
minacja zakazenia HIV jako zagrozenia dla zdrowia
publicznego do roku 2030. Eliminacje zdefiniowano
hastem ,,95-95-95”, ktore oznacza, iz 95% o0sob za-
kazonych HIV bedzie znato swoj status serologiczny,
95% o0s0b wiedzacych o zakazeniu bedzie leczonych,
au 95% osob objetych leczeniem wiremia HIV bedzie
niewykrywalna (5). Wyniki raportu UNAIDS w poto-
wie 2024 roku, wykazaty pewna pozytywng tendencje
w zwalczaniu problemu. W 2023 roku odnotowano
najmniej nowych zakazen HIV od samego poczatku
epidemii, czyli od pdznych lat 80-tych XX wieku.
Skuteczne leczenie antyretrowirusowe otrzymywato
31 milionéw pacjentéw, dzigki czemu liczba zgonow
z powodu zakazenia HIV/AIDS spadta do najnizszego
poziomu od 2004 roku, kiedy to osiggneta swoja naj-
wyzszg jak dotad warto$¢. Odsetek pacjentow swiado-
mych zakazenia HIV szacowano na 86%, spos$rod nich
leczenie otrzymywato 89% osob, a u 93% pacjentow
udato si¢ osiagnac petng supresj¢ wirusologiczng (6).
Kluczowe jest wezesne wykrywanie HIV, a zwigksze-
nie czestosci testowania zmniejszajace poézne diagno-
zy jest konieczne by osiagnac wyzej wyznaczone cele
w Europie i w Polsce (7). Opisywany pacjent nalezat
do grupy oséb swiadomych zakazenia, jednak odmo-
wit leczenia, co doprowadzito do rozwoju AIDS 1 po-
waznej niepetnosprawnosci.

Utrata stuchu nie nalezy do objawow opisywanych
w przebiegu toksoplazmozy OUN. Problem niedostu-
chu u pacjentéw zyjacych z HIV jest ztozony i zalezy
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varicella-zoster virus, syphilis, tuberculosis, and other
mycobacterioses (8-10). Additionally, current and
past pharmacological treatments must be analyzed
for potential ototoxicity. An analysis of complications
in the treatment of multidrug-resistant tuberculosis
with regimens containing aminoglycosides showed
that HIV-infected individuals are more likely to
develop auditory complications than those without
HIV (11). In the described patient, the history for
potentially ototoxic drugs was negative, and the
clinical presentation did not suggest conductive
hearing loss. Due to the presence of focal neurological
symptoms, it is crucial in the differential diagnosis
to consider AIDS-defining CNS diseases such as
toxoplasmosis, cryptococcal meningitis, progressive
multifocal leukoencephalopathy (PML), primary
central nervous system lymphoma (PCNSL), CMV
encephalitis, and CNS tuberculosis (12). Among
the aforementioned diagnoses, only in cases of C.
neoformans, CMYV, and tuberculous infections are
there reports of symptoms involving hearing damage
(13-15). Detection of cryptococcal antigen, anti-CMV
antibodies in serum and CSF, basic CSF analysis
expanded by a neuroinfection panel and PCR for JCV
DNA, as well as QuantiFERON, allowed the diagnosis
in the described patient to be based on the MRI results.
Neurotoxoplasmosis presents with characteristic
changes in T2-weighted and T1-weighted sequences
with gadolinium contrast. Depending on the degree of
abscess organization and the volume of necrotic tissue,
the T2-weighted sequence presents areas that are
both hyperintense (necrosis) and isointense (abscess
organization). The visible target sign (T2) undergoes
enhancement after gadolinium administration,
forming a characteristic ring around the lesion in
the Tl-weighted sequence (16). In this patient, the
localization of toxoplasmosis lesions was typical
for this infection and included the subcortical white
matter, basal ganglia, cerebellum, and midbrain.
Regarding hearing, within the brainstem, the most
crucial roles are attributed to the cochlear nuclei, the
superior olivary complex (in the medulla oblongata
and pons), and subsequently the inferior colliculus (in
the midbrain). Most of the aforementioned changes
on MRI do not involve hearing centers or sound
processing sites; however, the midbrain was involved
by the infectious process. If it included the inferior
colliculus, it could lead to hearing loss (17). Secondary
hemorrhage within the lesions, which was found
during the patient’s second hospitalization, is a known
factor for poorer response to therapy and likely
exacerbated the neurological symptoms (18). The main
challenge in interpreting MR1 results is differentiating
toxoplasmosis lesions from primary central nervous
system lymphoma (PCNSL). This neoplasm is the

od charakterystyki tego objawu. U opisywanego pa-
cjenta pogorszenie stuchu postepowato szybko, w cia-
gu kilku tygodni, byto obustronne oraz towarzyszyto
powaznym ogniskowym objawom neurologicznym
1 zaburzeniom $wiadomos$ci. Taki obraz kliniczny
ukierunkowuje diagnostyke réznicowa w strone roz-
poznan o ostrym przebiegu. W populacji osob zyja-
cych z HIV izolowany niedostuch nalezy wigza¢ za-
réwno z ostrym zapaleniem ucha $rodkowego o typo-
wej etiologii, jak i rzadszymi przyczynami infekcyjny-
mi: zakazeniem CMYV, zapaleniem blednika wirusem
opryszczki lub wirusem ospy i potpasea, kita, gruzlica
i innymi mykobakteriozami (8-10). Dodatkowo nale-
zy przeanalizowac przyjmowane przez pacjenta leki
i leczenie farmakologiczne w przesztosci pod katem
mozliwej ototoksycznosci. Analiza powiktan leczenia
gruzlicy wielolekoopornej schematami zawierajacy-
mi aminoglikozydy wykazata, ze u oséb zakazonych
wirusem HIV czgsciej dochodzi do rozwoju powiklan
stuchowych niz u oséb bez HIV (11). U opisywanego
pacjenta wywiad w kierunku lekow o potencjalnej
ototoksycznosci byl ujemny, a obraz kliniczny nie
sugerowat niedostuchu o charakterze przewodzenio-
wym. Ze wzgledu na obecno$¢ ogniskowych objawow
neurologicznych, kluczowe w diagnostyce réznicowe;j
jest rozpatrzenie chorob OUN wskazujacych na AIDS
takich jak toksoplazmoza, kryptokokowe zapalenie
opon mozgowo-rdzeniowych, postepujaca wieloogni-
skowa leukoencefalopatia (PML), pierwotny chtoniak
osrodkowego nerwowego (Primary CNS lymphoma,
PCNSL), zakazenie OUN o etiologii CMV (CMV en-
cephalitis) oraz gruzlica OUN (12). Sposrod powyz-
szych rozpoznan, jedynie w przypadku zakazen C.
neofromans, CMV 1 gruzliczych istnieja doniesienia
o przebiegu z objawami uszkodzenia stuchu (13-15).
Oznaczenie antygenu kryptokokowego, przeciwciat
przeciwko CMV w surowicy i PMR, badanie ogdlne
PMR poszerzone o panel neuroinfekcyjny oraz PCR
w kierunku JCV DNA, a takze Quantiferon pozwolity
na oparcie rozpoznania u opisywanego pacjenta o wy-
nik MR. Neurotoksoplazmoza przebiega z charakte-
rystycznymi zmianami w sekwencjach T2-zaleznych
i T1-zaleznych z kontrastem gadolinowym. Sekwencja
T2-zalezna prezentuje, w zalezno$ci od stopnia orga-
nizacji ropnia i objetosci martwiczo zmienionej tkan-
ki, obszary zaréwno hiperintensywne (martwica) jak
1 izointensywne (organizacja ropnia). Widoczny objaw
tarczy strzelniczej (T2) po podaniu kontrastu gadoli-
nowego ulega wzmocnieniu tworzac charakterystycz-
ny pierscien wokot zmiany w sekwencji Tl-zaleznej
(16). U tego pacjenta lokalizacja zmian toksoplazmo-
zowych miala typowe umiejscowienie dla tej infekcji
i obejmowata zwoje podkorowe istoty biatej, jadra
podstawy, mozdzek i srddmoézgowie. W kontekscie
stuchu w obszarze pnia mdzgu najbardziej kluczowa
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Sensorineural hearing loss

Calkowity niedostuch czuciowo-odbiorczy

second most common cause of focal brain lesions in
AIDS patients, in whom the risk of PCNSL reaches
15% compared to 1% in the general population (19).
Although rare, hearing damage has been described as
one of the symptoms of PCNSL (20). The differentiation
of these two diagnoses should begin with CSF analysis
if lumbar puncture is not contraindicated. Assessment
of pleocytosis and potential flow cytometry is
justified due to the molecular characteristics of the
lymphoma and the link between its etiopathogenesis
and the Epstein-Barr virus (21). Nevertheless, frequent
inconclusive CSF results require the use of nuclear
medicine imaging. FDG-PET is effectively utilized
(22). Increased tracer uptake associated with the high
metabolism of the neoplastic lesion correlates well
with a diagnosis of PCNSL. In the described case,
a PET scan was chosen due to the better availability of
the method at the facility.

Evidence linking hearing deterioration with
Toxoplasma gondii infection depends on the clinical
form of the disease. In congenital toxoplasmosis, the
occurrence of sensorineural hearing loss is estimated
at 4-30% of cases (23). Conversely, a cohort study
conducted by the Dortmund Vital Study indicated
that a correlation may exist between latent infection
and hearing quality deterioration in young adults (24).
Sudden hearing loss in the course of toxoplasmosis has
been described twice in patients without HIV infection:
the case of a previously healthy 9-year-old boy with
a sudden increase in temperature and headache, with
symptoms of encephalopathy and deafness (following
treatment, most symptoms resolved except for
deafness), and an 18-year-old woman who, in the acute
state of toxoplasmosis, experienced sudden hearing
loss and vestibular system disorders in both ears — after
treatment, the patient was able to communicate via
body language and lip-reading (25,26). The dramatic
worsening of opportunistic infection symptoms after
5 weeks of ARV use raises the question of the possible
occurrence of immune reconstitution inflammatory
syndrome (IRIS) in the patient. CNS toxoplasmosis is
a very rare cause of IRIS. Van Bilsen et al., in a cohort
study involving 143 patients, described 5 cases (3.5%)
of paradoxical IRIS, where the course of toxoplasmosis
exacerbated between 45 and 75 days after ARV
implementation (27). In another case series, attention
was drawn to the appearance of new inflammatory
lesions or the enlargement of existing ones in
neuroimaging (28). These observations coincide with
the course in the patient we described. Additionally,
there was no suspicion of non-adherence to 7. gondii
secondary prophylaxis after hospital discharge. Due to
the lack of sufficient data, we are unable to evaluate
the patient according to the French criteria, used by
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rol¢ przypisuje si¢ jadrom $limakowym, komplekso-
wi oliwkowemu gornemu (w rdzeniu przedtuzonym
1 moscie), a nastepnie wzgorkowi dolnemu (w $§rodmo-
zgowiu). Wigkszos¢ z wymienionych zmian w MR nie
zawiera osrodkow stuchowych ani nie jest miejscem
przetwarzania dzwickéw, jednakze Srodmozgowie
byto zajete przez proces infekcyjny. Jezeli obejmowat
on wzgorek dolny, moégt doprowadzi¢ do utraty stuchu
(17). Wtorne ukrwotocznienie zmian, ktore stwierdzo-
no podczas drugiej hospitalizacji opisywanego chore-
g0, jest znanym czynnikiem gorszej odpowiedzi na
terapi¢ i prawdopodobnie nasilito objawy neurologicz-
ne (18). Gléwnym wyzwaniem w interpretacji wyniku
badania MR jest r6znicowanie zmian toksoplazmozo-
wych z pierwotnym chloniakiem osrodkowego ner-
wowego (Primary CNS lymphoma, PCNSL). Jest to
nowotwor bedacy drugg najczestsza przyczyng zmian
ogniskowych w mézgowiu u pacjentow z AIDS, u kto-
rych ryzyko wystapienia PCNSL si¢ga 15% w porow-
naniu z 1% w populacji ogdlnej (19). Cho¢ nalezy to
do rzadkosci, opisano uszkodzenie stuchu jako jeden
z objawow PCNSL (20). Rdéznicowanie tych dwodch
jednostek chorobowych nalezy rozpocza¢ od analizy
badania PMR, jezeli naktucie ledzwiowe nie jest prze-
ciwwskazane. Ocena pleocytozy oraz ewentualne wy-
konanie cytometrii przeptywowej jest uzasadnione, ze
wzgledu na molekularng charakterystyke chtoniaka
1 powigzanie jego etiopatogenezy z wirusem Epsteina
-Barr (21). Niemniej, czgste wyniki nierozstrzygajace
badania PMR wymagaja zastosowania badan obra-
zowych z zakresu medycyny nuklearnej. Skutecznie
wykorzystywane jest badanie pozytonowej tomografii
emisyjnej z uzyciem fluorodeoksyglukozy (FDG) (22).
Zwigkszony wychwyt znacznika zwigzany z wysokim
metabolizmem zmiany nowotworowej dobrze korelu-
je z rozpoznaniem PCNSL. W opisanym przypadku
zdecydowano si¢ na badanie PET ze wzgledu na lepsza
dostepnos¢ metody w osrodku.

Dowody na powigzanie pogorszenia stuchu z zaka-
zeniem Toxoplasma gondii zaleza od postaci klinicz-
nej choroby. W toksoplazmozie wrodzonej wystgpo-
wanie niedosluchu czuciowo-nerwowego szacuje si¢
na 4-30% przypadkow (23). Natomiast w kohortowo
dokonanym badaniu przeprowadzonym przez Dort-
mund Vital Study wskazano, ze moze istnie¢ zalez-
no$¢ miedzy zakazeniem latentnym a pogorszeniem
jakosci stuchu u mtodych dorostych (24). Nagta utrate
stuchu w przebiegu toksoplazmozy opisano dwukrot-
nie u pacjentow bez zakazenia HIV: przypadek 9-let-
niego dotychczas zdrowego chlopca, z nagtym wzro-
stem temperatury i bolem glowy, z objawami encefa-
lopatii 1 ghuchoty (po wdrozeniu leczenia wigkszos¢
objawdw ustgpita z wyjatkiem gtuchoty), jak 1 18-let-
niej kobiety, ktora w stanie ostrym toksoplazmozy do-
$wiadczyla naglej utraty stuchu oraz zaburzenia ukta-
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the aforementioned papers for diagnosing paradoxical
IRIS in CNS toxoplasmosis.

Primary treatment of neurotoxoplasmosis should
last no less than 6 weeks. According to the latest
recommendations of the Polish AIDS Clinical Society
and Recommendations for the Management of Central
Nervous System Infections, there are currently two
equivalent first-choice treatment regimens available
(29,30). One is based on pyrimethamine (200 mg on
the first day, followed by 50 (<60 kg) — 75 (>60 kg)
mg every 24 hours) and sulfadiazine (p.o./i.v. 2000 mg
every 12 hours (<60 kg) or 3000 mg every 12 hours
(=60 kg)) with folinic acid (p.o./i.m. 10-15 mg every 24
hours). The second drug with which primary treatment
can be initiated is trimethoprim with sulfamethoxazole
(TMP-SMX) (p.o./iv. twice daily: 5 mg TMP/kg + 25
mg SMX/kg) — in the case of this drug, the EACS 2023
recommendations brought a breakthrough, in which
cotrimoxazole was listed as a preferred rather than an
alternative treatment (31). Primary treatment, in the
case of a good clinical response after 6 weeks, should
transition smoothly into maintenance treatment — i.e.,
secondary prophylaxis. Maintenance therapy should be
used until the CD4+ T-lymphocyte count exceeds 200
cells/ul, the HIV viral load falls below 50 copies/ml
in two consecutive tests repeated 6 months apart, and
clinical symptoms resolve. Analyzing the above review
of recommendations, one very important question
from the practitioner’s perspective comes to the fore
— which first-choice treatment should be applied?
Pyrimethamine with sulfadiazine, until the publication
of a meta-analysis in Clinical Infectious Diseases, were
treated as drugs demonstrating the highest efficacy and
lowest risk of toxoplasmosis recurrence (32). Today we
know that the efficacy of TMP-SMX is non-inferior.
The most common adverse effects occurring during
CNS toxoplasmosis therapy are rash, myelotoxicity,
hepatotoxicity, and nephrotoxicity. Each of these
side effects occurs significantly more often in the
group treated with pyrimethamine and sulfadiazine
compared to those treated with cotrimoxazole.
Adverse effects affect more than half of the patients
treated with PYR/SDZ, and up to 45% are forced to
discontinue treatment (4). In contrast, in a Brazilian
study, discontinuation of cotrimoxazole treatment
was required in only 4% of cases (33). Considering
the above data and the limited access to PYR/SDZ
therapy (available in Poland through targeted import),
antiprotozoal treatment in the described patient was
initiated with the TMP-SMX regimen. The treatment
was well tolerated, and a follow-up MR on the 15th day
of therapy confirmed its efficacy. Unfortunately, the
improvement was not lasting; neurological symptoms
and hearing loss intensified, forcing the patient to
return to the department after 5 weeks. A follow-up

du przedsionkowego w obydwu uszach — po zastoso-
waniu leczenia pacjentka byta w stanie porozumiewac
si¢ za pomocg mowy ciala i czytania z warg (25,26).
Dramatyczne pogorszenie objawow infekcji oportu-
nistycznej po 5 tygodniach stosowania ARV nasuwa
pytanie o mozliwe wystgpienie zespotu rekonstrukeji
immunologicznej (immune reconstitution inflammato-
ry syndrome, IRIS) u chorego. Toksoplazmoza OUN
jest bardzo rzadkg przyczyng IRIS. Van Bilsen i wsp.
w badaniu kohortowym z udzialem 143 pacjentow
opisali 5 przypadkéw (3,5%) paradoksalnego IRIS,
gdzie przebieg toksoplazmozy zaostrzyt sie miedzy
45. a 75. dniem od wdrozenia ARV (27). W innej serii
przypadkow zwraca si¢ uwagg na pojawienie si¢ no-
wych zmian zapalnych lub powigkszenie wcze$niej
juz istniejagcych w badaniach neuroobrazowych (28).
Powyzsze obserwacje pokrywaja si¢ z przebiegiem
u opisywanego przez nas pacjenta. Dodatkowo, nie
podejrzewano braku adherencji do profilaktyki wtor-
nej T gondii po wypisie ze szpitala. Ze wzgledu na
brak wystarczajacej ilosci danych, nie jestesmy w sta-
nie oceni¢ pacjenta wedtug kryteriow Frencha, stoso-
wanych przez cytowane wyzej prace do rozpoznania
paradoksalnego IRIS w toksoplazmozie OUN.
Pierwotne leczenie neurotoksoplazmozy powinno
trwac nie krdcej niz 6 tygodni. Zgodnie z najnowszymi
rekomendacjami Polskiego Towarzystwa Naukowego
AIDS oraz Rekomendacjami Postepowania w zakaze-
niach o$rodkowego uktadu nerwowego do dyspozy-
cji obecnie sa dwa rownorzedne schematy lecznicze
pierwszego wyboru (29,30). Jeden z nich oparty jest
o pirymetaming (200 mg w pierwszym dniu, a na-
stepnie 50 (<60 kg) — 75 (=60 kg) mg co 24 godziny)
i sulfadiazyng (p.o/iv. 2000 mg co 12 godzin (<60 kg)
lub 3000 mg co 12 godzin (=60 kg)) w ostonie kwasu
folinowego (p.o./im. 10-15 mg co 24 godziny). Dru-
gim lekiem od ktérego mozna rozpoczaé pierwotne
leczenie jest trimetoprim z sulfametoksazolem (TM-
P-SMX) (p.o./iv 2% na dobg: 5 mg TMP/kg + 25 mg
SMX/k) — w przypadku tego leku przetom przyniosty
rekomendacje EASC 2023, w ktorych kotrimoksazol
zostat wpisany w poczet leczenia preferowanego, a nie
alternatywnego (31). Leczenie pierwotne, w przypad-
ku dobrej odpowiedzi klinicznej po 6 tygodniach po-
winno przej$¢ pltynnie w leczenie podtrzymujace — tj.
profilaktyke wtorng. Terapi¢ podtrzymujaca, nale-
zy stosowaé do czasu gdy liczba limfocytéw T CD4
przekroczy 200 kom/ul, wiremia HIV spadnie ponizej
50 kopii/ml w dwoch kolejnych badaniach powtarza-
nych w odstepie 6 miesiecy, a objawy kliniczne ustg-
pia. Analizujac powyzszy przeglad rekomendaciji,
na pierwszy plan wysuwa si¢ jedno, bardzo wazne
z punktu widzenia lekarza praktyka pytanie — ktore le-
czenie pierwszego wyboru zastosowac? Pirymetami-
na z sulfadiazyng do czasu publikacji metaanalizy na
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MRI this time showed progression of CNS lesions
(enlargement of post-contrast enhancement areas,
particularly in the brainstem), which correlated with
the patient’s clinical state and prompted a change in
the treatment regimen to PYR/SDZ. After a month,
the less burdensome and less frequently side-effect-
inducing TMP-SMX regimen was resumed, dictated
by a significant deterioration in the patient’s general
condition (acute kidney injury, significant increase in
aminotransferases, anemia). Primary treatment with
TMP-SMX was continued for 3 weeks, after which the
dose was reduced to initiate maintenance therapy.

CONCLUSIONS

Severe neurological complications of AIDS-
defining illnesses should serve as a reminder of the
necessity for effective antiretroviral therapy in patients
with confirmed HIV infection. Appropriate patient
education, responsibly and professionally presenting the
potential consequences of not undertaking treatment,
appears crucial in reducing the incidence of forms of
Toxoplasma gondii infection that threaten life or lead
to significant neurological disability. Also significant,
from the perspective of the case described above, is
a correctly performed neurological examination,
allowing for the observation of increasing auditory
deficits, and cooperation with specialized centers such
as audiology and neurorehabilitation departments.
Knowledge regarding appropriate neuroimaging when
CNS toxoplasmosis is suspected, differential diagnosis,
and currently used therapies remains key, as patients
in critical condition may require a combination or
sequential use of different methods.
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famach Clinical Infectious Diseases traktowane byty
jako leki wykazujace najwyzsza skutecznos¢ i naj-
mniejsze ryzyko nawrotu toksoplazmozy (32). Dzis$
wiemy ze skuteczno$¢ TMP-SMX jest nie gorsza. Naj-
czestsze dzialania niepozadane wystepujace w prze-
biegu terapii toksoplazmozy OUN to wysypka, mie-
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do terapii PYR/SDZ (w Polsce dostgpna na import
docelowy), leczenie przeciwpierwotniakowe u opisy-
wanego pacjenta rozpoczeto od schematu TMP-SMX.
Leczenie bylo dobrze tolerowane, a kontrolne badanie
MR w 15. dniu terapii potwierdzito jego skuteczno$¢.
Poprawa niestety nie byta trwata, objawy neurologicz-
ne i niedostuch nasility sie¢, przez co pacjent po 5 tygo-
dniach zmuszony byl ponownie zglosi¢ si¢ na oddzial.
Ponowna kontrola w badaniu MR tym razem wykaza-
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dnie, po czym zmniejszono dawke rozpoczynajac te-
rapi¢ podtrzymujaca.

WNIOSKI

Ciezkie powiktania neurologiczne choréb wyste-
pujacych w przebiegu AIDS powinny stuzy¢ jako
przypomnienie o koniecznosci stosowania skutecznej
terapii antyretrowirusowej u pacjentow z potwierdzo-
nym zakazeniem wirusem HIV. Odpowiednia eduka-
cja chorego, przedstawiajgca w odpowiedzialny i pro-
fesjonalny sposéb potencjalne konsekwencje niepod-
jecia leczenia, wydaje si¢ kluczowa w zmniejszeniu
zapadalnosci na zagrazajacg utratg zycia lub znaczng
niepetnosprawnosciag neurologiczng posta¢ zakazenia
Toxoplasma gondii. Istotne, z punktu widzenia opi-
sanego wyzej przypadku, okazuje si¢ rowniez prawi-
dtowo wykonane badanie neurologiczne, pozwalajg-
ce na obserwacje narastajacego deficytu stuchowego
1 wspotpraca z osrodkami specjalistycznymi takimi


https://www.zotero.org/google-docs/?s4BjP0
https://www.zotero.org/google-docs/?s4BjP0
https://www.zotero.org/google-docs/?s4BjP0
https://www.zotero.org/google-docs/?s4BjP0
https://www.zotero.org/google-docs/?s4BjP0
https://www.zotero.org/google-docs/?s4BjP0
https://www.zotero.org/google-docs/?s4BjP0
https://www.zotero.org/google-docs/?s4BjP0
https://www.zotero.org/google-docs/?s4BjP0
https://www.zotero.org/google-docs/?s4BjP0
https://www.zotero.org/google-docs/?s4BjP0
https://www.zotero.org/google-docs/?s4BjP0
https://www.zotero.org/google-docs/?s4BjP0
https://www.zotero.org/google-docs/?s4BjP0
https://www.zotero.org/google-docs/?s4BjP0
https://www.zotero.org/google-docs/?s4BjP0
https://www.zotero.org/google-docs/?s4BjP0
https://www.zotero.org/google-docs/?s4BjP0
https://www.zotero.org/google-docs/?s4BjP0
https://www.zotero.org/google-docs/?5e913U
https://www.zotero.org/google-docs/?o9c4DO
https://www.zotero.org/google-docs/?sF37a5

Stanistaw Krolak, Mikotaj Filipiak, Kacper Andruszkiewicz, Radostaw Siemionek, Iwona Mozer-Lisewska

10.

11.

12.

13.

14.

15.

16.

Pathog Glob Health. 2023 Feb;117(1):14-23. doi:10.
1080/20477724.2022.2083977.

Global task team on 2030 targets recommendations.
Global HIV target setting for 2030: live document
as of 28 March 2025. Geneva: UNAIDS; 2025.
Dobbs L. UNHCR. [cited 2026 Feb 26]. World
AIDS Day: HIV and AIDS remain a policy priority
for UNHCR. Available from: https://www.unhcr.
org/news/stories/world-aids-day-hiv-and-aids-
remain-policy-priority-unhcr

Collins S, Namiba A, Sparrowhawk A, Strachan
S, Thompson M, Nakamura H. Late diagnosis of
HIV in 2022: Why so little change? HIV Med.
2022 Dec;23(11):1118-26. doi:10.1111/hiv.13444.
Sebothoma B, Khoza-Shangase K. Middle
ear Pathologies in Adults Living with Human
Immunodeficiency Virus: A Systematic Review.
Ann Otol Rhinol Laryngol. 2020 Aug;129(8):821—
8. doi:10.1177/0003489420909847.

Ensink RJH, Kuper H. Is hearing impairment
associated with HIV? A systematic review of data
from low- and middle-income countries. Trop Med
Int Health. 2017 Dec;22(12):1493-504. doi:10.1111/
tmi.12993.

de Jong MA, Luder A, Gross M. Main Aspects
of Peripheral and Central Hearing System
Involvement in  Unexplained HIV-Related
Hearing Complaints. Front Neurol. 2019;10:845.
doi:10.3389/fneur.2019.00845.

Hong H, Budhathoki C, Farley JE. Increased risk
of aminoglycoside-induced hearing loss in MDR-
TB patients with HIV coinfection. Int J Tuberc
Lung Dis. 2018 Jun 1;22(6):667-74. doi:10.5588/
ijtld.17.0830.

Le LT, Spudich SS. HIV-Associated Neurologic
Disorders and Central Nervous System
OpportunisticInfectionsinHIV.SeminNeurol.2016
Aug;36(4):373-81. doi:10.1055/s-0036-1585454.
Meynard JL, el Amrani M, Meyohas MC,
Fligny I, Gozlan J, Rozenbaum W, et al. Two
cases of cytomegalovirus infection revealed by
hearing loss in HIV-infected patients. Biomed
Pharmacother.  1997;51(10):461-3.  doi:10.1016/
s0753-3322(97)82326-8.

Tan IL, Smith BR, von Geldern G, Mateen FlJ,

McArthur JC. HIV-associated opportunistic
infections of the CNS. Lancet Neurol.
2012 Jul;11(7):605-17. doi:10.1016/S1474-

4422(12)70098-4.

He RL, Liu Y, Tan Q, Wang L. The rare
manifestationsintuberculousmeningoencephalitis:
a review of available literature. Ann Med. 2023
Dec;55(1):342—7. doi:10.1080/07853890.2022.2164
348.

Masamed R, Meleis A, Lee EW, Hathout
GM. Cerebral toxoplasmosis: case review
and description of a new imaging sign. Clin

jak oddziaty audiologii i neurorehabilitacji. Kluczo-
wa pozostaje wiedza odnosnie odpowiedniego neuro-
obrazowania przy podejrzeniu toksoplazmozy OUN,
diagnostyki r6znicowej i obecnie stosowanych terapii,
gdyz pacjenci w ciezkim stanie moga wymagaé pota-
czenia lub sekwencyjnego stosowania réznych metod.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Radiol. 2009 May;64(5):560-3.
crad.2008.09.016.

Eftekharian K, Sharifi G, Eftekharian A, Bidari-
Zerehpoosh F. Contralateral tinnitus and hearing
loss dueto atumorattheregion ofinferior colliculus:
illustrative case. J Neurosurg Case Lessons. 2022
Feb 21;3(8):CASE21624. doi:10.3171/CASE21624.
Hosoda T, Mikita K, Ito M, Nagasaki H,
Sakamoto M. Cerebral toxoplasmosis with
multiple hemorrhage lesions in an HIV infected
patient: A case report and literature review.
Parasitol Int. 2021 Apr;81:102280. doi:10.1016/].
parint.2020.102280.

Brandsma D, Bromberg JEC. Primary CNS
lymphoma in HIV infection. Handb Clin Neurol.
2018;152:177-86. doi:10.1016/B978-0-444-63849-
6.00014-1.

Ensari N, Biten F, Cetinkaya EA, Gencer ES,
Gomeeli YB, Uyar R, et al. Primary central
nervous system lymphoma mimicking an otitis
media complication: an unusual presentation
with sigmoid sinus thrombosis. Eur Arch
Otorhinolaryngol. 2025 Nov 23. doi:10.1007/
$00405-025-09850-7.

Han CH, Batchelor TT. Diagnosis and management
of primary central nervous system lymphoma.
Cancer. 2017 Nov 15;123(22):4314-24. doi:10.1002/
cner.30965.

Marcus C, Feizi P, Hogg J, Summerfield H,
Castellani R, Sriwastava S, et al. Imaging in
Differentiating Cerebral Toxoplasmosis and
Primary CNS Lymphoma With Special Focus
on FDG PET/CT. AJR Am J Roentgenol. 2021
Jan;216(1):157-64. doi:10.2214/AJR.19.22629.
Corréa C de C, Maximino LP, Weber SAT.
Hearing Disorders in Congenital Toxoplasmosis:
A Literature Review. Int Arch Otorhinolaryngol.
2018 Jul;22(3):330-3. doi:10.1055/s-0037-1605377.
Getzmann S, Golka K, Brode P, Reinders
J, Kadhum T, Hengstler JG, et al. Chronic
Toxoplasma gondii Infection Modulates Hearing
Ability across the Adult Life Span. Life (Basel).
2024 Jan 29;14(2):194. doi:10.3390/1ife14020194.
Rosch D, Handrick W, Lietz R, Blatz R, Konig E.
[Acquired toxoplasmosis with cerebral involvement
and subsequent hearing loss]. Klin Padiatr.
1998;210(3):125-7. doi:10.1055/s-2008-1043863.
Katholm M, Johnsen NJ, Siim C, Willumsen
L. Bilateral sudden deafness and acute

doi:10.1016/j.

21


https://www.zotero.org/google-docs/?s4BjP0
https://www.zotero.org/google-docs/?s4BjP0
https://www.zotero.org/google-docs/?s4BjP0
https://www.zotero.org/google-docs/?s4BjP0
https://www.zotero.org/google-docs/?s4BjP0
https://www.zotero.org/google-docs/?s4BjP0
https://www.zotero.org/google-docs/?s4BjP0
https://www.zotero.org/google-docs/?s4BjP0
https://www.zotero.org/google-docs/?s4BjP0
https://www.zotero.org/google-docs/?s4BjP0
https://www.zotero.org/google-docs/?s4BjP0
https://www.zotero.org/google-docs/?s4BjP0
https://www.zotero.org/google-docs/?s4BjP0
https://www.zotero.org/google-docs/?s4BjP0
https://www.zotero.org/google-docs/?s4BjP0
https://www.zotero.org/google-docs/?s4BjP0
https://www.zotero.org/google-docs/?s4BjP0
https://www.zotero.org/google-docs/?s4BjP0
https://www.zotero.org/google-docs/?s4BjP0
https://www.zotero.org/google-docs/?s4BjP0
https://www.zotero.org/google-docs/?s4BjP0
https://www.zotero.org/google-docs/?s4BjP0
https://www.zotero.org/google-docs/?s4BjP0
https://www.zotero.org/google-docs/?s4BjP0
https://www.zotero.org/google-docs/?s4BjP0
https://www.zotero.org/google-docs/?s4BjP0
https://www.zotero.org/google-docs/?s4BjP0
https://www.zotero.org/google-docs/?s4BjP0
https://www.zotero.org/google-docs/?s4BjP0
https://www.zotero.org/google-docs/?s4BjP0
https://www.zotero.org/google-docs/?s4BjP0
https://www.zotero.org/google-docs/?s4BjP0
https://www.zotero.org/google-docs/?s4BjP0
https://www.zotero.org/google-docs/?s4BjP0
https://www.zotero.org/google-docs/?s4BjP0
https://www.zotero.org/google-docs/?s4BjP0
https://www.zotero.org/google-docs/?s4BjP0
https://www.zotero.org/google-docs/?s4BjP0
https://www.zotero.org/google-docs/?s4BjP0
https://www.zotero.org/google-docs/?s4BjP0
https://www.zotero.org/google-docs/?s4BjP0
https://www.zotero.org/google-docs/?s4BjP0
https://www.zotero.org/google-docs/?s4BjP0
https://www.zotero.org/google-docs/?s4BjP0
https://www.zotero.org/google-docs/?s4BjP0
https://www.zotero.org/google-docs/?s4BjP0
https://www.zotero.org/google-docs/?s4BjP0
https://www.zotero.org/google-docs/?s4BjP0
https://www.zotero.org/google-docs/?s4BjP0
https://www.zotero.org/google-docs/?s4BjP0
https://www.zotero.org/google-docs/?s4BjP0
https://www.zotero.org/google-docs/?s4BjP0
https://www.zotero.org/google-docs/?s4BjP0
https://www.zotero.org/google-docs/?s4BjP0
https://www.zotero.org/google-docs/?s4BjP0
https://www.zotero.org/google-docs/?s4BjP0
https://www.zotero.org/google-docs/?s4BjP0
https://www.zotero.org/google-docs/?s4BjP0
https://www.zotero.org/google-docs/?s4BjP0
https://www.zotero.org/google-docs/?s4BjP0
https://www.zotero.org/google-docs/?s4BjP0
https://www.zotero.org/google-docs/?s4BjP0
https://www.zotero.org/google-docs/?s4BjP0
https://www.zotero.org/google-docs/?s4BjP0
https://www.zotero.org/google-docs/?s4BjP0
https://www.zotero.org/google-docs/?s4BjP0
https://www.zotero.org/google-docs/?s4BjP0
https://www.zotero.org/google-docs/?s4BjP0
https://www.zotero.org/google-docs/?s4BjP0
https://www.zotero.org/google-docs/?s4BjP0
https://www.zotero.org/google-docs/?s4BjP0
https://www.zotero.org/google-docs/?s4BjP0
https://www.zotero.org/google-docs/?s4BjP0
https://www.zotero.org/google-docs/?s4BjP0
https://www.zotero.org/google-docs/?s4BjP0
https://www.zotero.org/google-docs/?s4BjP0
https://www.zotero.org/google-docs/?s4BjP0
https://www.zotero.org/google-docs/?s4BjP0
https://www.zotero.org/google-docs/?s4BjP0
https://www.zotero.org/google-docs/?s4BjP0
https://www.zotero.org/google-docs/?s4BjP0
https://www.zotero.org/google-docs/?s4BjP0
https://www.zotero.org/google-docs/?s4BjP0
https://www.zotero.org/google-docs/?s4BjP0
https://www.zotero.org/google-docs/?s4BjP0
https://www.zotero.org/google-docs/?s4BjP0
https://www.zotero.org/google-docs/?s4BjP0
https://www.zotero.org/google-docs/?s4BjP0
https://www.zotero.org/google-docs/?s4BjP0
https://www.zotero.org/google-docs/?s4BjP0
https://www.zotero.org/google-docs/?s4BjP0
https://www.zotero.org/google-docs/?s4BjP0
https://www.zotero.org/google-docs/?s4BjP0
https://www.zotero.org/google-docs/?s4BjP0
https://www.zotero.org/google-docs/?s4BjP0
https://www.zotero.org/google-docs/?s4BjP0
https://www.zotero.org/google-docs/?s4BjP0
https://www.zotero.org/google-docs/?s4BjP0

Sensorineural hearing loss

Calkowity niedostuch czuciowo-odbiorczy

27.

28.

29.

30.

31.

22

acquired toxoplasmosis. J Laryngol Otol. 1991
Feb;105(2):115-8. doi:10.1017/s0022215100115099.
van Bilsen WPH, van den Berg CHSB, Rijnders
BJA, Brinkman K, Mulder JW, Gelinck LBS, et al.
Immune reconstitution inflammatory syndrome
associated with toxoplasmic encephalitis in HIV-
infected patients. AIDS. 2017 Jun 19;31(10):1415—
24. doi:10.1097/QAD.0000000000001492.
Rb-Silva R, Nobrega C, Reiriz E, Almeida S,
Sarmento-Castro R, Correia-Neves M, et al.
Toxoplasmosis-associated IRIS involving the
CNS: a case report with longitudinal analysis of T
cell subsets. BMC Infect Dis. 2017 Jan 13;17(1):66.
doi:10.1186/512879-016-2159-x.

Parczewski M, Witak-Jedra M, Aksak-Was B,
Ciechanowski P. Zasady opieki nad osobami
zyjacymi z HIV: zalecenia PTN AIDS. Szczecin:
Polskie Towarzystwo Naukowe AIDS; 2024.
Albrecht P, Bober-Olesinska K, Czajka H,
Dzierzanowska-Fangrat K, Fiszer U, Garlicki A,
et al. Rekomendacje postepowania w zakazeniach
osrodkowego uktadu nerwowego: leczenie,
profilaktyka, nadzor nad zakazeniami. Warszawa:
Narodowy Instytut Lekow; 2023.

Ambrosioni J, Levi L, Alagaratnam J, Van
Bremen K, Mastrangelo A, Waalewijn H, et al.
Major revision version 12.0 of the European AIDS
Clinical Society guidelines 2023. HIV Medicine.
2023;24(11):1126-36. doi:10.1111/hiv.13542

32. Prosty C, Hanula R, Levin Y, Bogoch II,
McDonald EG, Lee TC. Revisiting the Evidence
Base for Modern-Day Practice of the Treatment of
Toxoplasmic Encephalitis: A Systematic Review
and Meta-Analysis. Clin Infect Dis. 2023 Feb
8;76(3):e1302-19. doi:10.1093/cid/ciac645.
Pellegrino D, Gryschek R, de Oliveira ACP,
Marcusso R, Correia A, Vidal JE. Efficacy and
safety of trimethoprim-sulfamethoxazole in HIV-
infected patients with cerebral toxoplasmosis
in Brazil: a single-arm open-label clinical trial.
Int J STD AIDS. 2019 Oct;30(12):1156—-62.
doi:10.1177/0956462419865829.

33.

Received: 31.10.2025

Accepted for publication: 03.04.2026
Otrzymano: 31.10.2025 1.
Zaakceptowano do druku: 03.04.2026 r.

Address for correspondence:

Adres do korespondencji:

Stanistaw Krolak Studenckie Koto Naukowe

Chorob Zakaznych i Hepatologii

przy Katedrze i Klinice Chorob Zakaznych,
Hepatologii i Nabytych Niedoboréw Odpornosci
Uniwersytet Medyczny im. Karola Marcinkowskiego
w Poznaniu

email: stanislaw.krolak@autonomik.pl


https://www.zotero.org/google-docs/?s4BjP0
https://www.zotero.org/google-docs/?s4BjP0
https://www.zotero.org/google-docs/?s4BjP0
https://www.zotero.org/google-docs/?s4BjP0
https://www.zotero.org/google-docs/?s4BjP0
https://www.zotero.org/google-docs/?s4BjP0
https://www.zotero.org/google-docs/?s4BjP0
https://www.zotero.org/google-docs/?s4BjP0
https://www.zotero.org/google-docs/?s4BjP0
https://www.zotero.org/google-docs/?s4BjP0
https://www.zotero.org/google-docs/?s4BjP0
https://www.zotero.org/google-docs/?s4BjP0
https://www.zotero.org/google-docs/?s4BjP0
https://www.zotero.org/google-docs/?s4BjP0
https://www.zotero.org/google-docs/?s4BjP0
https://www.zotero.org/google-docs/?s4BjP0
https://www.zotero.org/google-docs/?s4BjP0
https://www.zotero.org/google-docs/?s4BjP0
https://www.zotero.org/google-docs/?s4BjP0
https://www.zotero.org/google-docs/?s4BjP0
https://www.zotero.org/google-docs/?s4BjP0
https://www.zotero.org/google-docs/?s4BjP0
https://www.zotero.org/google-docs/?s4BjP0
https://www.zotero.org/google-docs/?s4BjP0
https://www.zotero.org/google-docs/?s4BjP0
https://www.zotero.org/google-docs/?s4BjP0
https://www.zotero.org/google-docs/?s4BjP0
https://www.zotero.org/google-docs/?s4BjP0
https://www.zotero.org/google-docs/?s4BjP0
https://www.zotero.org/google-docs/?s4BjP0
https://www.zotero.org/google-docs/?s4BjP0
https://www.zotero.org/google-docs/?s4BjP0

PRZEGL EPIDEMIOL 2026;80(1): 23-37 Problems of infections / Problemy zakazen

https://doi.org/10.32394/pe/217293

Mateusz Gumienny, Nikodem Swiderski

UNWANTED TENANTS: DOES THE INTRODUCTION OF A PREVENTIVE
DEWORMING PROGRAM IN POLAND MAKE SENSE?

NIECHCIANI LOKATORZY — CZY WPROWADZENIE PROGRAMU
PROFILAKTYCZNEGO ODROBACZANIA W POLSCE MA SENS?

Faculty of Medicine in Katowice, Medical University of Silesia, Poland
Wydziatl Nauk Medycznych w Katowicach, Slaski Uniwersytet Medyczny

ABSTRACT

The article analyzes the situation of parasitic diseases in Poland, with particular emphasis on pinworm infection,
ascariasis, and giardiasis. It points to gaps in the monitoring of these infections following legal changes in
2008. It discusses nonspecific clinical symptoms that hinder diagnosis, as well as the mechanisms of action of
antiparasitic drugs (benzimidazoles, pyrantel, nitroimidazoles), their side effects, and the problem of increasing
parasite resistance. The need for an individual approach to therapy instead of mass prevention programs and the
need to improve epidemiological surveillance and health education are emphasized.

Keywords: parasitic diseases, epidemiology, antiparasitic drugs, side effects, resistance, Poland
STRESZCZENIE

Artykut analizuje sytuacje chorob pasozytniczych w Polsce, ze szczegdlnym uwzglednieniem owsicy, glistnicy
i lambliozy. Wskazuje na luki w monitorowaniu tych zarazen po zmianach prawnych w 2008 roku. Oméwiono
niespecyficzne objawy kliniczne, utrudniajace diagnostyke oraz mechanizmy dziatania lekéw przeciwpasozyt-
niczych (benzimidazoli, pyrantelu, nitroimidazoli), ich dziatania niepozadane i problem narastajacej opornos$ci
pasozytow. Podkreslono potrzebe indywidualnego podejscia do terapii zamiast masowych programoéw profilak-
tycznych oraz konieczno$¢ poprawy nadzoru epidemiologicznego i edukacji zdrowotne;.

Stowa kluczowe: choroby pasozytnicze, epidemiologia, leki przeciwpasozytnicze, dziatania niepozqdane,

opornos¢, Polska

INTRODUCTION

Intestinal parasitic diseases caused by soil-
transmitted helminths (STH), such as ascariasis,
trichuriasis, as well as enterobiasis and giardiasis, are
one of the most common health problems in the world,
affecting approximately 1.5 billion people, mainly in
tropical and subtropical regions with limited access
to clean water and sanitation (1). The World Health
Organization (WHO) estimates that these infections
contribute to a significant disease burden, particularly
among children, causing malnutrition, anemia, and
physical and cognitive developmental disorders (2). In
response to this problem, the WHO recommends mass
drug administration (MDA) in populations where the

WSTEP

Choroby pasozytnicze jelitowe, spowodowane
przez nicienie przenoszone droga glebowa (soil-trans-
mitted helminths, STH), takie jak glistnica, wtoso-
glowcezyca, a takze owsica i lamblioza, stanowiag jeden
z najpowszechniejszych problemoéw zdrowotnych na
swiecie, dotykajac okoto 1,5 miliarda oséb, glownie
w regionach tropikalnych 1 subtropikalnych o ograni-
czonym dostepie do czystej wody i sanitacji (1). Swia-
towa Organizacja Zdrowia (WHO) szacuje, ze infekcje
te przyczyniajg si¢ do znaczacego obcigzenia choro-
bowego, szczegblnie wsrdd dzieci, powodujac niedo-
zywienie, anemi¢ oraz zaburzenia rozwoju fizyczne-
go 1 poznawczego (2). W odpowiedzi na ten problem
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infection rate exceeds 20%, mainly albendazole or
mebendazole in a single dose, repeated every 6-12
months (3). In Poland, there are currently no guidelines
or recommendations from scientific societies for such
a course of action.

In developed countries such as Poland, the
epidemiological situation is significantly different —
thanks to high levels of hygiene, access to drinking
water, and sanitary infrastructure, the prevalence of
STH infections is low. Data from before 2008 indicated
an increase in reports of ascariasis, strongyloidiasis,
and giardiasis, but after legal changes excluding many
intestinal parasites from mandatory registration,
monitoring became difficult. Contemporary local
studies confirm a low incidence of infections (e.g.,
6.8-12.5% in selected groups, mainly commensal
protozoa or enterobiasis in children), with no evidence
of endemicity requiring mass interventions.

The aim of this literature review is to assess the
current epidemiological situation of intestinal parasitic
diseases in Poland in a global context, to analyze the
efficacy and safety of antiparasitic drugs (including the
risk of adverse reactions and increasing resistance), and
to justify the advisability or lack thereof of introducing
mass deworming programs in conditions of low
endemicity. The review aims to answer the question
of whether, in Poland, given the current sanitary and
hygienic conditions and low prevalence, routine MDA
is justified, or whether an individual diagnostic and
therapeutic approach combined with health education
and strengthened epidemiological surveillance should
be preferred.

METHODS

This article is a narrative review of the literature
on the epidemiology of intestinal parasitic diseases
(with particular emphasis on ascariasis, enterobiasis,
and giardiasis), preventive deworming (mass drug
administration, MDA), mechanisms of action, adverse
effects, and increasing resistance to antiparasitic
drugs, with an emphasis on the situation in Poland
in the global context. Unlike a systematic review,
a narrative review does not use rigorous, repeatable
methods to minimize the risk of bias, but serves as
a selective, descriptive summary of key publications
in order to synthesize knowledge and identify practical
conclusions.

The literature search was conducted in the PubMed
database (as of December 2025), without limiting
to a single search strategy. A combination of key
phrases was used in the title, abstract, and keyword
fields (MeSH where applicable), linked by Boolean
operators:
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WHO zaleca masowe podawanie lekow przeciwpaso-
zytniczych (mass drug administration, MDA) w po-
pulacjach, gdzie czesto$¢ zakazen przekracza 20%,
gtéwnie albendazolu lub mebendazolu w pojedynczej
dawce, powtarzanej co 6-12 miesigcy (3). W Polsce,
jak na razie brak jest wytycznych oraz wskazan towa-
rzystw naukowych do takiego postepowania.

W krajach rozwinigtych, takich jak Polska, sytu-
acja epidemiologiczna jest znaczaco odmienna — dzie-
ki wysokiemu poziomowi higieny, dostepowi do wody
pitnej i infrastrukturze sanitarnej prewalencja zaka-
zen STH jest niska. Dane sprzed 2008 roku wskazy-
waty na wzrost zgloszen owsicy, glistnicy i lambliozy,
jednak po zmianach prawnych wykluczajacych wiele
parazytoz jelitowych z obowiazkowej rejestracji, mo-
nitorowanie stato si¢ utrudnione. Wspodlczesne bada-
nia lokalne potwierdzajg niska czesto$¢ zakazen (np.
6,8-12,5% w wybranych grupach, glownie pierwot-
niaki komensalne lub owsica u dzieci), bez dowodow
na endemiczno$¢ wymagajaca masowych interwencji.

Celem niniejszego przegladu literatury jest ocena
aktualnej sytuacji epidemiologicznej chorob pasozyt-
niczych jelitowych w Polsce na tle globalnym, analiza
skutecznosci i bezpieczenstwa lekow przeciwpasozyt-
niczych (w tym ryzyka dzialan niepozadanych oraz
narastajacej opornosci), a takze uzasadnienie celowo-
sci lub braku podstaw do wprowadzenia programéw
masowego odrobaczania w warunkach niskiej ende-
miczno$ci. Przeglad ma na celu udzielenie odpowie-
dzi na pytanie, czy w Polsce, przy obecnych warun-
kach sanitarno-higienicznych i niskiej prewalencji,
rutynowe MDA jest uzasadnione, czy tez preferowane
powinno by¢ indywidualne podejicie diagnostycz-
no-terapeutyczne potaczone z edukacjg zdrowotng
1 wzmocnieniem nadzoru epidemiologicznego.

METODY

Niniejszy artykut stanowi przeglad narracyjny
(narrative review) literatury poswigconej epidemiolo-
gii chordéb pasozytniczych jelitowych (ze szczegdlnym
uwzglednieniem owsicy, glistnicy i lambliozy), pro-
filaktycznemu odrobaczaniu (mass drug administra-
tion, MDA), mechanizmom dziatania, dziataniom nie-
pozadanym oraz narastajgcej opornosci na leki prze-
ciwpasozytnicze, z naciskiem na sytuacj¢ w Polsce na
tle globalnym. Przeglad narracyjny, w odréznieniu od
przegladu systematycznego, nie stosuje rygorystycz-
nych, powtarzalnych metod minimalizujacych ryzyko
stronniczos$ci, lecz stuzy selektywnemu, opisowemu
podsumowaniu kluczowych publikacji w celu syntety-
zowania wiedzy i wskazania wnioskow praktycznych.

Wyszukiwanie literatury przeprowadzono w bazie
PubMed (stan na grudzien 2025 r.), bez ograniczenia
do jednej strategii wyszukiwania. Uzyto kombinacji
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— Basic group of epidemiological phrases: (“intestinal
parasites” OR “soil-transmitted helminths” OR
enterobiasis OR ascariasis OR giardiasis OR
“Giardia lamblia”) AND (epidemiology OR
prevalence OR incidence OR control OR “mass
drug administration” OR Poland)

— Group concerning drugs and resistance:
(“anthelmintic ~ drugs” OR  “anti-parasitic
agents” OR albendazole OR mebendazole OR
metronidazole OR pyrantel) AND (“adverse
effects” OR “side effects” OR “drug resistance”
OR “anthelmintic resistance” OR “parasite drug
resistance”)

Individual searches were combined using AND/
OR operators as needed, with additional filters (e.g.,
“Poland” for local data). A rigid, single search formula
was not used for all aspects of the topic, which is
characteristic of narrative reviews. The inclusion
criteria were:

— original articles, reviews, or epidemiological
reports in English or Polish,

— publications from 1980-2025,

— addressing the epidemiological situation of
intestinal parasitosis (especially in Poland),
preventive/mass deworming, mechanisms of

action of antiparasitic drugs, their adverse effects,

and parasite resistance.

No formal quality assessment of the included
publications or meta-analysis was performed, which
is consistent with the characteristics of a narrative
review. Additionally, the data was supplemented with
reports from the World Health Organization (WHO),
Cochrane Reviews, and official epidemiological data
from the National Institute of Public Health NIH —
NRI (for giardiasis, the only intestinal parasitosis still
subject to mandatory registration in Poland).

PREVENTIVE DEWORMING AROUND
THE WORLD

Areas and programs. Preventive chemotherapy is
a public health strategy involving the periodic, routine
administration of safe and effective antiparasitic
drugs (mainly albendazole or mebendazole in a single
dose) to entire groups of exposed children, without
prior individual diagnosis of infection. This strategy
is recommended by the World Health Organization
(WHO) primarily against soil-transmitted helminths
(STH), including: ascariasis trichuriasis, hookworm
infection (infestations with Ascaris Ilumbricoides,
Trichuris trichiura, Ancylostoma duodenale or
Necator americanus), as well as in integrated programs
against schistosomiasis, lymphatic filariasis, and
onchocerciasis. This article focuses on soil-transmitted
helminths (STH), which, although they occur at low

fraz kluczowych w polach tytutu, abstraktu i stow klu-

czowych (MeSH, gdzie stosowne), polaczonych opera-

torami Boole’owymi:

— Podstawowa grupa fraz epidemiologicznych: (“in-
testinal parasites” OR “soil-transmitted helmin-
ths” OR enterobiasis OR ascariasis OR giardiasis
OR “Giardia lamblia”) AND (epidemiology OR
prevalence OR incidence OR control OR “mass
drug administration” OR Poland)

— Grupa dotyczaca lekéw 1 opornosci: (“anthelmin-
tic drugs” OR “anti-parasitic agents” OR albenda-
zole OR mebendazole OR metronidazole OR py-
rantel) AND (“adverse effects” OR “side effects”
OR “drug resistance” OR “anthelmintic resistan-
ce” OR “parasite drug resistance”).

Poszczegdlne wyszukiwania taczono operatorami
AND/OR w zaleznosci od potrzeb, z dodatkowymi
filtrami (np. ,,Poland” dla danych lokalnych). Nie sto-
sowano sztywnej, pojedynczej formuly wyszukiwania
dla wszystkich aspektow tematu, co jest charaktery-
styczne dla przegladéow narracyjnych. Kryteriami
wlaczenia byly:

— artykuty oryginalne, przeglady lub raporty epide-
miologiczne w jezyku angielskim lub polskim,

— publikacje z lat 1980-2025,

— podejmujace tematyke sytuacji epidemiologiczne;j
parazytoz jelitowych (szczegdlnie w Polsce), pro-
filaktycznego/masowego odrobaczania, mechani-
zmoOw dziatania lekéw przeciwpasozytniczych, ich
dziatan niepozadanych oraz opornosci pasozytow.
Nie przeprowadzono formalnej oceny jakos$ci wig-

czonych publikacji ani meta-analizy, co odpowiada

charakterystyce narrative review. Dodatkowo uzupet-
niono dane o raporty Swiatowej Organizacji Zdrowia

(WHO), Cochrane Reviews oraz oficjalne dane epi-

demiologiczne z Narodowego Instytutu Zdrowia Pu-

blicznego PZH — PIB (dla lambliozy, jako jedynej na-
dal obowigzkowo rejestrowanej parazytozy jelitowej

w Polsce).

PROFILAKTYCZNE ODROBACZANIE NA
SWIECIE, OBSZARY ORAZ PROGRAMY

Profilaktyczne odrobaczanie (preventive che-
motherapy) to strategia zdrowia publicznego polega-
jaca na okresowym, rutynowym podawaniu bezpiecz-
nych i skutecznych lekow przeciwpasozytniczych
(gtownie albendazolu lub mebendazolu w pojedynczej
dawce) catym grupom narazonych dzieci, bez uprzed-
niego indywidualnego diagnozowania zakazenia.
Strategia ta jest zalecana przez Swiatowa Organizacje
Zdrowia (WHO) przede wszystkim przeciwko hel-
mintozom przenoszonym przez glebe (soil-transmitted
helminths, STH): glistnicy, wtosoglowczycy, ankylo-
stomatozie (zarazeniom glista ludzka (Ascaris lumbri-
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levels in Poland (mainly sporadic ascariasis and
enterobiasis), can be a problem in high-risk groups, e.g.,
among children in communities. In low-endemicity
settings, such as Poland, mass deworming programs
(MDA) are not epidemiologically justified.

They are used in areas where gastrointestinal
parasitic infections are endemic, where the prevalence
rate in the community exceeds 20%. According
to WHO recommendations, the basic drugs are
albendazole (administered in a single dose of 400 mg),
and mebendazole (administered in a single dose of
500 mg). This treatment, repeated regularly — usually
every 6 or 12 months depending on the severity of the
problem in a given community — aims to reduce the
overall parasite burden in the population (4).

Mass drug administration (MDA) is one of the
most commonly used public health tools in developing
countries, aimed at reducing widespread infections
with intestinal parasites such as human roundworm,
hookworm, and whipworm (5) (Fig. 1). The World
Health Organization (WHO) recommends such
measures in populations where more than 20%
of children are infected with intestinal parasites,
especially in regions with limited access to clean
water, poor sanitation infrastructure, and low levels of
hygiene (Poland does not meet these criteria). One of
the best-known examples of effective intervention is
the National Deworming Program in India, launched
in 2015. With the support of Deworm the World and
the WHO, the program has treated over 240 million
school-age children (6). Antiparasitic drugs (most

coides), wtosogtéwka ludzka (Trichuris trichiura) lub
tegoryjcem dwunastniczym (Ancylostoma duodenale
i Necator americanus)), a takze w programach zinte-
growanych przeciwko schistosomatozie, filariozie lim-
fatycznej i onchocerkozie. Niniejszy artykut skupia si¢
na helmintozach przenoszonych przez glebe (STH),
ktore — cho¢ w Polsce wystepuja na niskim poziomie
(gtéwnie sporadyczna glistnica i owsica) — mogg sta-
nowic¢ problem w grupach podwyzszonego ryzyka, np.
wérod dzieci w zbiorowiskach. W warunkach niskiej
endemicznosci, jak w Polsce, masowe programy odro-
baczania (MDA) nie znajduja uzasadnienia epidemio-
logicznego.

Stosuje si¢ je na obszarach endemicznego wystgpo-
wania zarazen pasozytniczych przewodu pokarmowe-
g0, gdzie wskaznik ich wystegpowania w spotecznos$ci
przekracza 20%. Zgodnie z rekomendacjami WHO,
podstawowymi lekami sg albendazol (podawany
w pojedynczej dawce 400 mg) oraz mebendazol (po-
dawany w pojedynczej dawce 500 mg). Zabieg ten,
powtarzany regularnie — zwykle co 6 lub 12 miesigcy,
w zalezno$ci od nasilenia problemu w danej spotecz-
nosci — ma na celu redukcje powszechnego obcigzenia
pasozytami w populacji (4).

Masowe programy odrobaczania (ang. mass drug
administration, MDA) to jedno z najczes$ciej stosowa-
nych narzegdzi zdrowia publicznego w krajach rozwi-
jajacych sie, majace na celu ograniczenie powszech-
nych zarazen pasozytami jelitowymi, takimi jak glista
ludzka, tegoryjec czy wlosogtowka (5) (Ryc. 1). Swia-
towa Organizacja Zdrowia (WHO) rekomenduje takie

Figure 1. Countries with current/past mass chemoprophylaxis programs
Rycina 1. Panstwa realizujace aktualnie/w przesztosci programy masowej chemoprofilaktyki
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commonly albendazole) were administered in schools
twice a year. The program not only significantly
reduced the incidence of parasitic infections in the
regions covered by the intervention, but also improved
school attendance and overall academic performance
among children (7).

Similar activities were carried out in Kenya,
Ethiopia, Nigeria, Pakistan, and Malawi, among
others, with these programs reaching tens of millions
of children annually (8-10). In Kenya, mass deworming
led to a decrease in parasitic infections of up to 90%
in regions with particularly high incidence rates. In
Nigeria, 1.3 million children in Lagos State alone
were treated. The key to the success of these programs
was their simplicity and scalability — one drug, one
dose, one day, and population effects felt for years.
The WHO indicates that regular preventive treatment
in high-risk areas is much more cost-effective than
individual treatment after symptoms appear. A single
dose of albendazole costs only a few cents, and the
potential benefits in terms of reducing malnutrition,
anemia, and developmental delays are enormous (4).

Mass deworming of children remains one of the best-
documented successes of public health interventions
in low-income countries. However, it is crucial to
understand that its effectiveness and relevance depend
directly on the epidemiological context and living
conditions of a given population.

It should be noted, however, that meta-analyses of
mass deworming studies, including Cochrane reviews,
indicate that in populations with moderate and low
endemicity, the benefits of routine drug administration
are limited. Under such conditions, this intervention
has little or no effect on average body weight, anemia
rates, or academic performance in children (11).

THE IDEA OF PREVENTIVE DEWORMING
IN POLAND

When considering the possible introduction
of preventive deworming programs (mass drug
administration, MDA) in Poland, it is crucial to provide
a reliable summary of the current epidemiological
situation of intestinal parasitic diseases, taking into
account the potential difficulties in their diagnosis
resulting from nonspecific clinical symptoms, as
well as to weigh the population benefits against the
risk of adverse drug reactions and increasing parasite
resistance.

According to practitioners, the most common
parasitic infections in Poland include pinworm
infection, giardiasis, ascariasis, and trichinellosis
(12) . Unfortunately, due to the entry into force of the
Act on the Prevention and Control of Infections and
Infectious Diseases in Humans of 2009, many items

dzialania w populacjach, gdzie ponad 20% dzieci jest
zarazonych pasozytami jelitowymi, szczeg6lnie w re-
gionach o ograniczonym dostepie do czystej wody,
ubogiej infrastrukturze sanitarnej i niskim poziomie
higieny (Polska nie spetnia tych kryteriéw). Jednym
z najbardziej znanych przyktadow skutecznej inter-
wencji jest Narodowy Program Odrobaczania w In-
diach, uruchomiony w 2015 roku. W jego ramach,
przy wsparciu organizacji Deworm the World i WHO,
objeto leczeniem ponad 240 milionow dzieci w wie-
ku szkolnym (6). Leki przeciwpasozytnicze (najcze-
$ciej albendazol) byly podawane w szkotach dwa razy
w roku. Program ten nie tylko znaczaco zmniejszyt
czesto$¢ zarazen pasozytniczych w regionach obje-
tych interwencja, ale rowniez poprawil frekwencje
szkolng oraz ogdlne wyniki w nauce dzieci (7).

Podobne dziatania realizowano m.in. w Kenii,
Etiopii, Nigerii, Pakistanie i Malawi, a w sumie pro-
gramy te objely dziesiagtki milionow dzieci rocznie
(8-10). W Kenii, masowe odrobaczanie doprowadzito
do spadku inwazji pasozytniczych nawet o 90% w re-
gionach ze szczegdlnie wysokim wskaznikiem zacho-
rowan. W Nigerii leczeniem objeto 1,3 miliona dzieci
w samym stanie Lagos. Kluczem do sukcesu tych pro-
gramOw byla ich prostota i skalowalnos¢ — jeden lek,
jedna dawka, jeden dzien, a efekty populacyjne odczu-
walne przez lata. WHO wskazuje, ze regularne, profi-
laktyczne leczenie w obszarach wysokiego ryzyka jest
znacznie bardziej efektywne kosztowo niz leczenie
indywidualne po wystgpieniu objawéw. Jednorazowa
dawka albendazolu kosztuje zaledwie kilka centow,
a potencjalne korzysci w postaci redukeji niedozywie-
nia, anemii i zahamowan rozwoju sg ogromne (4) .

Masowe odrobaczanie dzieci pozostaje jednym
z najlepiej udokumentowanych sukcesow interwencji
zdrowia publicznego w krajach o niskich dochodach.
Kluczowe jednak jest zrozumienie, ze jego skutecz-
no$¢ 1 zasadno$¢ zaleza bezposrednio od kontekstu
epidemiologicznego i warunkéw zycia danej popula-
cji.

Nalezy jednak zauwazy¢, ze metaanalizy badan
nad masowym odrobaczaniem, w tym przeglady
Cochrane, wskazuja, iz w populacjach o umiarkowa-
nej i niskiej endemicznosci korzysci z rutynowego po-
dawania lekéw sg ograniczone. W takich warunkach
interwencja ta ma niewielki lub zaden wptyw na $red-
nig mas¢ ciata, wskazniki niedokrwisto$ci czy wyniki
w nauce u dzieci (11).

IDEA PROFILAKTYCZNEGO
ODROBACZANIA W POLSCE

Rozwazajac ewentualne wprowadzenie w Polsce
programow profilaktycznego odrobaczania (mass drug
administration, MDA), kluczowe jest rzetelne podsu-
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concerning parasitic diseases occurring in Poland
have been removed from the obligation to report
infectious diseases and infections. These include
tapeworms, ascariasis and other invasive nematodes of
the gastrointestinal tract, as well as pinworms (13,14).

Therefore, the most widely available and
comprehensive population data covers only the period
up to 2008. Based on data from the NIPH NIH - NRI
(National Institute of Public Health NIH — National
Research Institute) compiled in cooperation with the
GIS (Chief Sanitary Inspectorate), an increase in the
number of reported cases of ascariasis was observed in
2008 (5,817) compared to 2007 (4,922) — a difference
of 895. The incidence also increased from 12.9 to
15.3. A similar situation can be observed in the case
of ascariasis, with an increase of 971 (5,666 people in
2008 and 4,695 in 2007). In this case, the incidence also
increased to 14.9 from 12.3. No deviation was recorded
in the statistics for giardiasis. Here, the increase was
171 (3,182 in 2008 to 3,011 in 2007) and the incidence
rate was 8.3 compared to 7.9 in 2007(15). In the context
of giardiasis, which is still subject to mandatory
registration, data for 2021 show 559 confirmed cases
(incidence rate of 1.5/100,000). Although this figure is
higher than in the pandemic year 2020 (358 cases), it
is still 29% lower than in 2019 (784 cases), and three
times lower than the median for 2008-2018 (1,746
cases) (16). These data indicate a long-term downward
trend in the incidence of giardiasis, which may have
been disrupted by factors related to the COVID-19
pandemic.

Contemporary  data, although fragmentary,
confirm the continued presence of parasitic
infestations in Poland, with a simultaneous change
in their epidemiological picture. Studies from later
years indicate a significant decrease in the number of
registered infections compared to data from before
2008, which is due both to a real improvement in
the sanitary situation and to the fact that currently
only selected parasitic diseases (echinococcosis,
cysticercosis, congenital toxoplasmosis, giardiasis,
trichinosis, and malaria) are currently subject to
mandatory registration.

This is confirmed by a study conducted in 2023
among Border Guard officers serving on Poland’s
eastern border, who have frequent contact with
migrants from countries with a high incidence of
parasitic diseases. It showed a low overall incidence
of intestinal parasite infections, only 6.8%, with
all detected pathogens being protozoa Blastocystis
spp. (6.6%) and Dientamoeba fragilis (0.5%) (17).
Not a single case of nematode, tapeworm, or fluke
infestation was found, which the authors consider
a sign of a satisfactory epidemiological situation and
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mowanie aktualnej sytuacji epidemiologicznej chordb
pasozytniczych jelitowych, uwzglednienie potencjal-
nych trudnosci w ich rozpoznawaniu wynikajacych
z niespecyficznych objawow klinicznych, a takze wy-
wazenie korzysci populacyjnych wobec ryzyka dzia-
fan niepozadanych lekow oraz narastajacej opornosci
pasozytow.

Wedtug praktykow, do najczesciej wystepujacych
zarazen pasozytniczych na terenie Polski nalezy owsi-
ca, lamblioza, glistnica oraz trychinelloza (wtos$nica)
(12). Niestety, ze wzgledu na wejscie w zycie ustawy
,»O zapobieganiu oraz zwalczaniu zakazen i chordb
zakaznych u ludzi” z 2009 r., z obowigzku zglasza-
nia chorob zakaznych i zakazen zostato usunigte wiele
pozycji dotyczacych chordb pasozytniczych wystgpu-
jacych na obszarze Polski. Mowa tu migdzy innymi
o tasiemczycach, glistnicy i innych inwazyjnych nicie-
niach przewodu pokarmowego, czy owsicy (13,14).

W zwiazku z powyzszym, powszechnie dostgpne
oraz najbardziej obszerne dane populacyjne obejmuja
okres jedynie do 2008 roku. Na podstawie danych NIZP
PZH - PIB (Narodowy Instytut Zdrowia Publicznego
PZH - Panstwowy Instytut Badawczy) opracowanych
wraz z GIS (Gtowny Inspektorat Sanitarny) mozna
byto zaobserwowa¢ wzrost liczby zgloszen oséb cho-
rych na glistnice w 2008 (5817) w poréwnaniu z 2007
(4922) — roznica wynosilta 895 zgloszen. Zwigkszyta
si¢ rowniez zapadalno$¢ z 12,9 na 15,3. Analogiczng
sytuacje mozna zaobserwowaé¢ w przypadku owsicy
—wzrost 0 971 (5666 0s6b w 2008 roku 1 4695 w 2007
roku). W tym wypadku rowniez zapadalno$¢ wzrosta
do 14,9 z 12,3. Brak odstgpstwa zarejestrowano takze
w statystyce dotyczacej giardiozy. Tutaj wzrost wy-
niost 171 (3182 w 2008 roku w poréwnaniu do 3011
w 2007 roku), a zapadalno$¢ 8,3 w poréwnaniu do 7,9
w 2007 roku (15). W konteks$cie lambliozy, ktora nadal
podlega obowiazkowi rejestracji, dane za rok 2021 po-
kazuja 559 potwierdzonych przypadkoéw (zapadalnosé
1,5/100 000). Cho¢ liczba ta jest wyzsza niz w roku
pandemicznym 2020 (358 przypadkow), to wciaz jest
0 29% nizsza niz w 2019 roku (784 przypadki) i trzy-
krotnie nizsza od mediany z lat 2008-2018 (1746 przy-
padkow) (16). Dane te wskazuja na trend spadkowy
zapadalno$ci na giardioze w dtuzszej perspektywie,
ktory mogt zosta¢ zaburzony przez czynniki zwigzane
z pandemig COVID-19.

Wspotczesne dane, cho¢ fragmentaryczne, po-
twierdzaja utrzymujaca si¢ obecno$¢ inwazji pasozyt-
niczych w Polsce, przy jednoczesnej zmianie ich ob-
razu epidemiologicznego. Badania z lat p6zniejszych
wskazuja na znaczacy spadek liczby rejestrowanych
zarazen w porownaniu z danymi sprzed 2008 roku, co
wynika zaro6wno z realnej poprawy sytuacji sanitar-
nej, jak i z faktu, ze obecnie obowigzkowej rejestra-
cji podlegaja wylacznie wybrane choroby pasozytni-
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the effectiveness of the personal protective measures
used.

In contrast, a 2024 study of preschool children in
Zachodniopomorskie Voivodeship showed an infection
rate of 12.5%, with only enterobiasis ( caused by
Enterobius vermicularis) — 9.09%, and blastocystosis
(caused by Blastocystis hominis ) — 3.41%, being
identified (18).

THE USUAL UNUSUALNESS
— NONSPECIFIC SYMPTOMS OF PARASITIC
DISEASES IN POLAND

The range of symptoms that may occur during
infections parasitic is wide, and many of them are not
specific to a given helminth. This can lead to diagnostic
difficulties and disregard for seemingly non-alarming
symptoms.

In up to 40% of cases, pinworm infection may be
asymptomatic or have few symptoms. At the onset of
the disease, and in the case of infection with a small
number of parasites, most cases are asymptomatic or
have few symptoms. Symptoms appear over time and
with increasing infestation.

Due to itching in the anal area, sleep disturbances,
bedwetting in children (up to 53% of cases),
concentration disorders, and developmental disorders
in children may occur (19). In women in particular,
pinworms can contribute to the development of
urinary tract infections. Sometimes the disease can
resemble inflammatory bowel disease (19). Non-
specific symptoms also include bruxism, which can
occur in the course of infestation pinworm and human
roundworm (20).

With the growing popularity of meat-based
diets, in which the amount of raw meat consumed
increases dramatically, it is worth paying attention
to trichinosis — a disease that can be contracted by
eating raw meat. There are two phases of trichinosis:
intestinal and systemic. Low-intensity infections may
be asymptomatic, while the early intestinal phase
manifests itself as inflammation of the stomach and
intestines, accompanied by diarrhea and abdominal
pain (21). In the systemic phase, the primary symptom
is tissue swelling, particularly around the eyes and
face, or even hives, mediated by a mechanism similar
to that of allergies. Flu-like symptoms such as fatigue,
muscle pain, and fever are typical (21). According
to the Centers for Disease Control and Prevention
(CDC), nonspecific symptoms can often precede the
full picture of the disease by up to several weeks (22).

In the clinical course of ascariasis, we distinguish
between the intestinal phase and the pulmonary phase.
Symptoms in the pulmonary phase are caused by
the destruction of the walls of the alveoli and blood

cze (bablowica, wagrzyca, toksoplazmoza wrodzona,
giardioza, wlo$nica czy malaria).

Potwierdza to badanie przeprowadzone w 2023
roku wérod funkcjonariuszy Strazy Granicznej pet-
nigcych stuzbe na wschodniej granicy Polski, maja-
cych czesty kontakt z migrantami z krajow o wyso-
kiej zapadalnosci na choroby pasozytnicze. Wykazato
ono niska, bo zaledwie 6,8%, ogdlng czestos¢ zarazen
pasozytami jelitowymi, przy czym wszystkie wykry-
te patogeny to pierwotniaki Blastocystis spp. (6.6%)
i Dientamoeba fragilis (0.5%) (17). Nie stwierdzono
ani jednego przypadku inwazji nicieni, tasiemcow czy
przywr, co autorzy uznajg za oznake satysfakcjonujg-
cej sytuacji epidemiologicznej i skutecznosci stosowa-
nych srodkéw ochrony osobiste;.

Z kolei badanie z 2024 roku wsrod dzieci w wieku
przedszkolnym z Zachodniopomorskiego wykazato
12.5% czgsto$¢ zarazen, przy czym identyfikowano
wylacznie owsice (zarazenie owsikiem ludzkim (Ente-
robius vermicularis)) — 9.09% 1 blastocystozg (zaraze-
nie pierwotniakiem Blastocystis hominis) — 3.41% (18).

ZWYKLA NIEZWYKLOSC
— OBJAWY NIESPECYFICZNE CHOROB
PASOZYTNICZYCH W POLSCE

Przekrdj objawow mogacych wystgpowaé podczas
zarazen pasozytniczych jest szeroki, a wiele z nich nie
jest specyficznych dla danego helminta. Moze rodzié¢
to trudnos$ci diagnostyczne oraz zlekcewazenie pozor-
nie niewywotujacych niepokoju objawow.

Owsica, w przypadku nawet 40% zachorowan,
moze przebiega¢ bezobjawowo lub skapoobjawowo.
Na poczatku choroby oraz w przypadku zarazenia
mata liczbg pasozytéw u wigkszosci przebiega ona
bez lub skapoobjawowo. Objawy ujawniaja sie wraz
z uptywem czasu i zwigkszaniem infestacji.

Z powodu $wiadu okolicy odbytu mogg wystapi¢
zaburzenia snu, moczenie nocne u dzieci (do 53%
przypadkow), zaburzenia koncentracji czy rozwoju
u dzieci (19). Szczegolnie u kobiet owsica moze przy-
czynia¢ si¢ do rozwoju zakazen uktadu moczowego.
Czasami choroba moze przypomina¢ nieswoiste zapa-
lenie jelit (19). Do niespecyficznych objawow nalezy
réowniez bruksizm, ktory moze wystapi¢ w przebiegu
infestacji owsikiem jak i glistg ludzka (20).

Wraz z rosngca popularnoscia diet migsnych,
w ktorych ilo$¢ spozywanego surowego migsa wzra-
sta drastycznie, warto zwrdci¢ uwage na wlosnice —
chorobe, ktérg mozna si¢ zarazi¢ podczas spozywania
surowego miesa. Wyrdzni¢ mozna dwie fazy wlosni-
cy: jelitowa oraz systemowa. Zarazenia o matej inten-
sywnos$ci moga przebiega¢ bezobjawowo, natomiast
wczesna faza jelitowa objawia si¢ zapaleniem zotadka
oraz jelit z towarzyszaca biegunka i bolem brzucha
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vessels by the parasite. The journey from the intestines
to the lungs appears to be asymptomatic, but once
the destination is reached, a dry cough, shortness of
breath, or wheezing may appear — resembling asthma
(23). Respiratory symptoms usually last up to 14 days,
which is an important diagnostic clue that allows
differentiation from asthma, which is a chronic disease.
In the intestinal phase, the symptoms are nonspecific:
nausea, abdominal pain, or diarrhea. More surprising
symptoms, occurring very rarely and usually in cases
of massive infection, but also not directly indicative
of the disease entity, include intestinal obstruction,
inflammation of the bile ducts, pancreas, or even the
appendix (24-26).

In the case of infection caused by Giardia lamblia,
the course may also be asymptomatic. In the case of
gastrointestinal symptoms, the main symptom will
be watery, foul-smelling diarrhea accompanied by
flatulence, abdominal pain, nausea, and vomiting.
This can often resemble the symptoms of irritable
bowel syndrome, which can delay proper diagnosis
(27,28). Less common extraintestinal symptoms
include maculopapular rash, fever, lymphadenopathy,
urticaria, and reactive arthritis (28).

In immunocompetent individuals, toxoplasmosis is
largely asymptomatic. Symptoms may include fever,
cervical lymphadenopathy, weakness, or muscle
pain — fairly nonspecific infectious symptoms, often
resembling mononucleosis (29). An interesting attempt
has been made to link the role of toxoplasmosis with
psychiatric disorders, particularly schizophrenia.
It turns out that 7. gondii cysts are capable of
synthesizing dopamine, the main neurotransmitter
involved in the pathogenesis of schizophrenia. Cells of
the central nervous system infected in this way showed
a threefold increase in dopamine release, and among
patients who were not in remission, Ig-G antibodies
against 7. gondii antigens were observed in the serum
in as many as 72% of cases (30).

HOW TO GET RID OF UNWANTED TENANT?

Classification of drugs. In the pharmacotherapy
of parasitic diseases, there are several key classes
of chemical compounds, each with a characteristic
mechanism of action. The benzimidazole group —
heteroaromatic derivatives containing a condensed
benzene and imidazole ring system — includes,
among others, proton pump inhibitors, Hi receptor
antagonists, and the oral anticoagulant dabigatran.
In the context of parasitology, albendazole and
mebendazole are of particular importance. Thanks
to the presence of benzene and imidazole rings, both
drugs exhibit a broad spectrum of activity against
nematodes, tapeworms, and flukes.
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(21). W przypadku fazy systemowej podstawowym
objawem bedzie mediowany, w podobnym mechani-
zmie jak w alergii, obrzek tkanek, szczegdlnie okolicy
oczu i twarzy czy nawet pokrzywka. Typowe sa ob-
jawy grypopodobne, takie jak zmegczenie, bol migsni,
gorgczka (21). Wedtug Centers for Disease Control
and Prevention (CDC) objawy niespecyficzne czgsto
potrafia wyprzedzi¢ petny obraz choroby nawet o kil-
ka tygodni (22).

W przebiegu klinicznym glistnicy wyodrebnia
si¢ z kolei faze ptucng oraz jelitowa. Objawy w fazie
ptucnej spowodowane sg niszczeniem §cian pecherzy-
kow oraz naczyn przez pasozyta. Sama droga z jelit
do ptuc wydaje si¢ bezobjawowa, natomiast po osig-
gnieciu celu pojawic si¢ moga suchy kaszel, dusznosc,
czy $wiszczacy oddech — przypominajace obraz astmy
(23). Objawy z uktadu oddechowego trwaja zazwy-
czaj do 14 dni, co stanowi istotng wskazoéwke diagno-
styczng, pozwalajaca na réoznicowanie z astma, ktéra
jest choroba przewlekla. W przypadku fazy jelitowej
objawy sa niespecyficzne: nudnosci, bol brzucha czy
biegunka. Te bardziej zaskakujace, wystepujace bar-
dzo rzadko i zwykle przy masywnych zakazeniach,
ale rowniez niewskazujace bezposrednio na jednostke
chorobowa, to niedrozno$¢ jelit, zapalenie drog zo6t-
ciowych, trzustki czy nawet wyrostka robaczkowego
(24-26).

W przypadku zarazenia wywotanego przez Giar-
dia lamblia, przebieg rowniez moze okaza¢ si¢ bezob-
jawowy. W przypadku objawdw ze strony uktadu po-
karmowego podstawowym bedzie wodnista, cuchnaca
biegunka wraz ze wzdgciami, bolem brzucha, nudno-
$ciami oraz wymiotami. Czg¢sto moze przypominac to
objawy zespotu jelita drazliwego, co w konsekwencji
moze opdzni¢ whasciwa diagnoze (27,28). Wsrod rza-
dziej wystepujacych objawow pozajelitowych mozna
wyrozni¢ wysypke grudkowo-plamista, goraczke,
limfadenopati¢, pokrzywke czy reaktywne zapalenie
stawow (28).

U os6b immunokompetentnych, toksoplazmo-
za przebiega w znacznej wickszosci bezobjawowo.
W przypadku objawow pojawi¢ si¢ moze goraczka,
szyjna limfadenopatia, ostabienie czy bol migsni — do-
sy¢ niespecyficzne objawy infekcyjne, czesto przy-
pominajace przebieg mononukleozy (29). Interesuja-
cym wydaje si¢ by¢ proba powigzania toksoplazmozy
z zaburzeniami z obszaru psychiatrii — szczegdlnie ze
schizofrenia. Okazuje si¢ bowiem, iz cysty 7. gondii sa
w stanie syntetyzowa¢ dopaming, glowny neuroprze-
kaznik biorgcy udziat w patogenezie schizofrenii.
Zainfekowane w ten sposob komorki OUN wykazy-
waty 3-krotny wzrost uwalniania dopaminy, a wsrod
pacjentéw niebedacych w stanie remisji choroby zaob-
serwowano wystgpowanie w surowicy Ig-G przeciw-
ko antygenom T gondii — az w 72% przypadkow (30).
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The sole representative of agents with depolarizing
neuromuscular junction blockade is pyrantel, a drug
that causes permanent depolarization of the parasite’s
muscle cell membrane, leading to spastic paralysis.

The family structurally related to benzimidazoles
is expanded by compounds from the nitroimidazole
group, including tynidazole and metronidazole. They
are characterized by the absence of a benzene ring
and the presence of a nitrogen atom in the imidazole
ring, which determines their antiprotozoal activity.
Thiazolides, represented by nitazoxanide, contain
a conjugated system of benzene and thiazole rings
connected by an amide bond. They are effective in the
treatment of giardiasis, and their antiviral activity has
also been reported.

In the group of aminoglycosides, known mainly
for their antibacterial properties (e.g., gentamicin,
tobramycin), paromomycin has found antiparasitic
use, inhibiting protein synthesis at the level of the
30S subunit of the parasite ribosome. Among the
macrolides of antiparasitic importance, ivermectin
stands out — a macrocyclic lactone that acts on GABA-
regulated chloride channels and glutamate receptors,
resulting in paralysis of the parasite. Sulfadiazine,
classified as a sulfonamide, acts as an analogue of
para-aminobenzoic acid, competitively inhibiting folic
acid synthesis in protozoa.

Finally, pyrimethamine, a representative of
diaminopyrimidines, should be mentioned, which,
through selective inhibition of dihydrofolate reductase
in combination with sulfonamides, forms the basis
of therapy for toxoplasmosis and other protozoal
infections.

Side effects. Nothing is neutral to our body —
especially antiparasitic drugs. However, due to the
nature of pharmacotherapy in deworming, i.e., short-
term exposure of the body to the drug, this procedure
carries a low risk of side effects, which occur
sporadically in this case. As with any drug, the risk
increases with the dose and duration of exposure to
the drug. Side effects can include a very wide range
of symptoms, from abdominal pain or nausea to life-
threatening neutropenia. We will focus on effects that
may cause permanent damage or those that carry
arisk of health loss or even death among people taking
the drug.

According to the characteristics of the medicinal
product, mebendazole may very rarely, i.e. in less than
1 in 10,000 people (at high doses and with prolonged
use), cause agranulocytosis, neutropenia, convulsions,
hepatitis, glomerulonephritis (GN), toxic epidermal
necrolysis (TEN), or Stevens-Johnson syndrome. The
risk of the latter two increases with the simultaneous use
of metronidazole (31). Of particular note in the context
of the prophylactic use of mebendazole is a study

JAK POZBYC SIE NIECHCIANEGO
LOKATORA?

Klasyfikacja lekow. W farmakoterapii chorob
pasozytniczych wyrdznia si¢ kilka kluczowych klas
zwigzkow chemicznych, z ktérych kazda cechuje cha-
rakterystyczny mechanizm dziatania. Do grupy ben-
zimidazoli — heteroaromatycznych pochodnych zawie-
rajacych skondensowany uktad pierscienia benzenu
i imidazolu — nalezg migdzy innymi inhibitory pompy
protonowej, antagonisci receptorow Hi oraz doustny
antykoagulant dabigatran. W kontekscie parazytologii
szczeg6lne znaczenie maja albendazol i mebendazol.
Oba leki, dzigki obecnos$ci pierscieni benzenowego
oraz imidazolowego, wykazuja szerokie spektrum ak-
tywnosci przeciw nicieniom, tasiemcom i przywrom.

Samotnym reprezentantem $rodkéw o depolary-
zujacym blokowaniu ptytki nerwowo-mig$niowej jest
pyrantel — lek wywotujacy trwata depolaryzacj¢ bto-
ny komorkowej miesni pasozyta i prowadzacy do jego
spastycznego porazenia.

Rodzing strukturalnie spokrewniong z benzimi-
dazolami poszerzaja zwigzki z grupy nitroimidazo-
li, w tym tynidazol i metronidazol. Charakteryzuje
je brak pierScienia benzenowego, przy jednoczesnej
obecnos$ci atomu azotu w pier§cieniu imidazolowym,
co warunkuje aktywno$¢ przeciwpierwotniakowa.
Tiazolidy, reprezentowane przez nitazoksanid, zawie-
rajg sprzezony uktad pierscienia benzenowego oraz
tiazolowego potaczonych wigzaniem amidowym. Wy-
kazujg skutecznos¢ w leczeniu giardiozy, a ponadto
odnotowano ich dziatanie przeciwwirusowe.

W grupie aminoglikozydow, znanych glownie
z wlasciwos$ci przeciwbakteryjnych (np. gentamycy-
na, tobramycyna), zastosowanie przeciwpasozytnicze
uzyskata paromomycyna, ktéra hamuje synteze bial-
ka na poziomie podjednostki 30S rybosomu pasozyta.
Wsrod makrolidéw o znaczeniu przeciwpasozytni-
czym wyroznia si¢ iwermektyng — makrocykliczny
lakton oddziatujacy na kanaty chlorkowe regulowane
przez GABA i receptory glutaminianowe, co skutkuje
paralizem pasozyta. Z kolei sulfadiazyna, zaliczana
do sulfonamidow, dziata jako analog kwasu para-a-
minobenzoesowego, kompetycyjnie hamujac syntezg
kwasu foliowego u pierwotniakow.

Na koniec nalezy wymieni¢ pirymetaming — przed-
stawiciela diaminopirymidyn — ktéra poprzez selek-
tywne hamowanie reduktazy dihydrofolianowej w po-
faczeniu z sulfonamidami stanowi podstawe terapii
toksoplazmozy i innych zarazen pierwotniakowych.

Dzialania niepozadane. Nic nie jest obojetne dla
ludzkiego organizmu — tym bardziej leki przeciwpa-
sozytnicze. Ze wzgledu na charakterystyke farmako-
terapii w przypadku odrobaczania, tj. krotkotrwatej
ekspozycji organizmu na lek, postgpowanie to jest
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published in the American Journal of Gastroenterology,
which showed an association between an increased
risk of ulcerative colitis and exposure to mebendazole
before the age of 5 (an increase in risk of up to 32%). No
such effect was observed on the risk of Crohn’s disease
or inflammatory bowel disease (IBD) with exposure
in children under 18 years of age (32). In the case of
albendazole, side effects include erythema multiforme,
Stevens-Johnson syndrome, alopecia areata, and
hypersensitivity reactions (33). Acute albendazole-
induced hepatitis has been observed in both adults and
children (34,35).

Metronidazole has an even broader profile of adverse
effects. In this case, we can observe agranulocytosis,
neutropenia, thrombocytopenia, and pancytopenia.
Next, we should mention anaphylaxis, confusion
and hallucinations, encephalopathy, liver failure (in
combination with antibiotics), TEN, Stevens-Johnson
syndrome, and visual disturbances (a single case) (36).
It causes qualitative changes in the gut microbiome,
reduces mucus production in the large intestine, and
increases local macrophage infiltration, leading to
an increased immune response (37). Studies have
also shown the greatest increase in the risk (5-fold)
of developing Crohn’s disease, with children being
the group most at risk of developing IBD (38). In the
case of tynidazole, the side effects are the same, but
to a lesser extent and severity. No link between IBD
and tynidazole has been demonstrated, but it is worth
noting the potential neurotoxicity.

Insomnia or drowsiness may occur during treatment
with pyrantel. It has a fairly good safety profile, but have
been reported isolated cases of proteinuria (without
other symptoms of nephrotic syndrome) and ocular
myasthenia gravis after administration of pyrantel
in children (39-41). In the second case, myasthenia
gravis was confirmed only after administration of
pyridostigmine, as both imaging and serological tests
were normal.

Ivermectin may contribute to the development of
acute hepatitis, hematuria, TEN, Stevens-Johnson
syndrome, coma, or encephalopathy (with the
coexistence of more than one infection, especially
Loa Loa) (42). There have also been reports of drug
reaction with eosinophilia and systemic symptoms
DRESS) (43).

RESISTANCE MECHANISMS

Each of the above-mentioned drugs has its own
unique or common mechanism of action for a given
group. In the case of prophylactic or unjustified use of
a given substance, the parasite against which we are
directing treatment may develop mechanisms that allow
itto survive and reduce the effectiveness of therapy. The
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jednak obarczone niskim ryzykiem dziatan niepoza-
danych, ktore wystepuja w tym przypadku sporadycz-
nie. Ryzyko, jak w przypadku kazdego leku, rosnie
wraz z dawka oraz czasem ekspozycji na dziatanie
leku. Dziatania niepozadane moga obejmowac bardzo
szerokie spektrum objawow, od bolu brzucha czy nud-
nos$ci do zagrazajacej zyciu neutropenii. Skupimy si¢
na dziataniach mogacych wywota¢ trwate skutki lub
takie, ktore niosa za sobg ryzyko utraty zdrowia czy
nawet zycia, wérdd osob zazywajacych lek.

Wedtug charakterystyki produktu leczniczego, me-
bendazol moze bardzo rzadko, czyli ponizej 1 osoby
na 10 000 (przy duzych dawkach oraz dtugotrwalym
stosowaniu), powodowa¢ agranulocytozg, neutrope-
ni¢, drgawki, zapalenie watroby, kigbuszkowe zapale-
nie nerek (KZN), toksyczng nekroliz¢ naskorka (ang.
toxic epidermal necrolysis, TEN), czy zesp6t Steven-
sa-Johnsona. Ryzyko ostatnich dwoch wzrasta wraz
z jednoczesnym stosowaniem metronidazolu (31). Na
szczegodlng uwage, w kontekscie profilaktycznego sto-
sowania mebendazolu, zastuguje badanie opublikowa-
ne w American Journal of Gastroenterology, ktore to
wykazato zwigzek pomigdzy zwickszonym ryzykiem
wrzodziejacego zapalenia jelita grubego, a ekspozycja
na mebendazol przed 5 rokiem Zzycia (wzrost ryzyka az
0 32%). Nie zaobserwowano takiego wplywu na ryzy-
ko wystgpienia choroby Les$niowskiego-Crohna, czy
wystgpienia nieswoistego zapalenia jelit (ang. inflam-
matory bowel disease, IBD) przy ekspozycji w wieku
dziecigcym ponizej 18 roku zycia (32). W przypadku
albendazolu dziatania niepozadane obejmujg rumien
wielopostaciowy, zesp6t Stevensa-Johnsona, tysienie
plackowate czy reakcje nadwrazliwosci (33). Zarowno
wérod dorostych jak i dzieci obserwowano ostre zapa-
lenia watroby indukowane albendazolem (34,35).

Jeszcze szerszym profilem dziatan niepozadanych
cechuje si¢ metronidazol. W tym wypadku mozna za-
obserwowac¢ agranulocytoze, neutropenie, trombocy-
topenie, pancytopeni¢. Nalezy wymieni¢ rowniez ana-
filaksje, splatanie i omamy, encefalopati¢, niewydol-
no$¢ watroby (w potaczeniu z antybiotykami), TEN,
zespoOt Stevensa-Johnsona, czy zaburzenia widzenia
(pojedynczy przypadek) (36). Powoduje on zmiany
jakosciowe w mikrobiomie jelit, zmniejsza produk-
cje $luzu w jelicie grubym oraz zwigksza miejscowa
infiltracje makrofagéw, co prowadzi do zwickszonej
odpowiedzi immunologicznej (37). W badaniach wy-
kazywat rowniez najwiekszy wzrost ryzyka (5-krot-
ny) rozwoju choroby Le$niowskiego-Crohna, a naj-
bardziej narazong grupa na rozw¢j IBD byty dzieci
(38). W przypadku tynidazolu dziatania niepozgdane
sg tozsame, 0 mniejszym zakresie 1 nasileniu. Nie wy-
kazano zwigzku pomiedzy IBD a tynidazolem, nato-
miast warto zwroci¢ uwage na potencjalng neurotok-
sycznos¢.
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widespread use of antiparasitic drugs in animals, both
for therapeutic and prophylactic purposes, has a key
influence on the development of parasite resistance.
This phenomenon is further exacerbated by incorrect
practices, such as administering drugs in too low
doses or without proper indication, which leads to the
selection of more resistant strains (44). The incorrectuse
of antiparasitic drugs in humans — especially without
medical consultation or in inappropriate doses — can
further contribute to the development of resistance. As
with the overuse of antibiotics in bacterial infections,
the more frequently and less rationally we use therapy,
the greater the chance we give parasites to adapt and
survive subsequent treatment cycles.

Benzimidazoles, which include albendazole,
work therapeutically by inhibiting microtubule
polymerization as a result of binding to B-tubulin
molecules, which disrupts cytoskeletal function. In
this case, amino acid substitutions, i.e., the replacement
of amino acids in the polypeptide chain at positions
F200Y and F167Y, were sufficient for the parasites.
This results in the appearance of tyrosine in place of
phenylalanine, which effectively reduces the affinity of
this group of drugs for tubulin (44).

Ivermectin, by acting on GABA and GluCl
chloride channels, causes paralysis of the parasite
which ultimately leads to its death. These channels
are proteins composed of subunits, and it is within
these subunits of the GluCl channel that mutations and
resistance occur. Studies have also found increased
expression of Pgp (P-glycoprotein) genes, which are
responsible for removing ivermectin from the cell.
There is also an increase in the activity of CYP450
enzymes responsible for drug metabolism (44).

Pyrantel acts by stimulating nicotinic receptors,
leading to paralysis of the intruder. Resistance
mechanisms include changes in nicotinic receptors
such as reduced expression of genes encoding receptor
subunits (e.g., acr-8, unc-63) and the formation of
truncated receptor isoforms (e.g., acr-8b instead of acr-
8a) that do not respond properly to the drug (44).

SUMMARY

The above analysis reveals significant gaps in
the system for monitoring parasitic diseases in
Poland. The introduction of new legal regulations, in
particular the aforementioned Act on the Prevention
and Control of Infections and Infectious Diseases in
Humans, resulted in the removal of many invasive
parasitic diseases from the list of notifiable diseases,
which makes it difficult to accurately assess the scale
of the problem. Despite these limitations, it should be
noted that the epidemiological situation in Poland with
regard to gastrointestinal parasitic diseases is currently

Podczas stosowania pyrantelu mogg wystapi¢ bez-
senno$¢ lub senno$¢. Cechuje si¢ on dosy¢ dobrym
profilem bezpieczenstwa, natomiast opisano wsrod
dzieci pojedyncze przypadki proteinurii (bez innych
objawdw zespotu nerczycowego) oraz napadu miaste-
nii ocznej po podaniu pyrantelu (39-41). W drugim
przypadku miastenia zostata potwierdzona dopiero po
podaniu pirydostygminy, poniewaz zar6wno badania
obrazowe jak i serologiczne byty prawidlowe.

Iwermektyna moze przyczyni¢ si¢ do rozwoju
ostrego zapalenia watroby, krwiomoczu, TEN, zespo-
hu Stevensa-Johnsona, $piaczki czy encefalopatii (przy
wspotistnieniu wigcej niz jednego zarazenia — szcze-
golnie Loa Loa) (42). Odnotowano tez przypadki reak-
cji polekowej z eozynofilig i objawami ogolnymi, tzw.
Zesp6t DRESS (ang. Drug Reaction with Eosinophilia
and Systemic Symptoms, DRESS) (43).

MECHANIZMY OPORNOSCI

Kazdy z wymienionych wyzej lekow posiada swoj
unikalny badz wspdlny dla danej grupy mechanizm
dziatania. W przypadku profilaktycznego lub nieuza-
sadnionego uzycia danej substancji, pasozyt, wobec
ktorego kieruowane jest leczenie, moze wyksztalcic
mechanizmy pozwalajagce mu na przezycie i zmniej-
szenie skutecznosci terapii. Na rozwdj opornosci pa-
sozytow kluczowy wplyw ma szerokie stosowanie
lekdéw przeciwpasozytniczych u zwierzat — zar6wno
w celach leczniczych, jak i profilaktycznych. Zjawi-
sko to jest dodatkowo nasilane przez nieprawidtowe
praktyki, takie jak podawanie lekow w zbyt niskich
dawkach lub bez wilasciwego wskazania, co prowa-
dzi do selekcji bardziej odpornych szczepow (44).
Nieprawidtowe stosowanie lekow przeciwpasozytni-
czych u ludzi — zwlaszcza bez konsultacji lekarskiej
lub w niewlasciwych dawkach — moze dodatkowo
przyczynia¢ si¢ do narastania opornosci. Podobnie
jak w przypadku naduzywania antybiotykow w zaka-
zeniach bakteryjnych, im cze¢$ciej i mniej racjonalnie
stosujemy terapie, tym wicksze stwarzamy pasozytom
szanse na przystosowanie si¢ i przetrwanie kolejnych
cykli leczenia.

Benzimidazole, do ktorych nalezy albendazol,
dzialajg terapeutycznie poprzez hamowanie polimery-
zacji mikrotubul w wyniku wigzania si¢ z czastecz-
kami B-tubuliny, co zaburza funkcje cytoszkieletu.
W tym wypadku pasozytom wystarczyty substytucje
aminokwasowe, czyli zamiana aminokwasow w tan-
cuchu polipeptydowym, w pozycji F200Y i F167Y.
Skutkuje to pojawieniem si¢ tyrozyny w miejscu fe-
nyloalaniny, a to natomiast skutecznie obniza powino-
wactwo tej grupy lekow do tubuliny (44).

Iwermektyna, dzigki oddziatywaniu na kanaty
chlorkowe GABA oraz GluCl, pozwala spowodowac
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good. The situation is slightly less favorable in the case
of tissue parasitic diseases, such as toxoplasmosis,
toxocariasis, and trichinosis, although it does not
reach the level of an epidemic threat. The relatively
low incidence of parasitic diseases in Poland is due to
widespread adherence to hygiene rules, access to clean
water and sewage systems, and effective veterinary
supervision. However, it is still necessary to pay
attention to appropriate animal husbandry conditions,
mandatory testing of meat intended for consumption,
avoiding meat from illegal slaughter, and refraining
from consuming raw or semi-raw meat and foods that
may be contaminated with cat or dog feces. However,
the lack of up-to-date, systematically collected
epidemiological data still prevents a full assessment
of the situation and effective planning and evaluation
of prevention programs, which poses a challenge to
public health.

Migration and globalization, on the other hand,
favor the introduction of rare species of parasites into
the country, previously unrecognized in the native
environment. Despite improved sanitary conditions,
ascariasis remains a common problem (most likely
due to the route of transmission and the effectiveness
of preventive measures), especially among children in
nurseries and kindergartens, where transmission of
infection is easier.

In the context of preventive deworming in the
course of gastrointestinal parasitosis, awareness of the
adverse effects associated with the use of antiparasitic
drugs is of key importance. Mebendazole, although
generally safe, may increase the risk of developing
ulcerative colitis, especially in children (by up to 32%
when exposed before the age of 5). Metronidazole,
commonly used to treat giardiasis, disrupts the gut
microbiome and increases the risk of Crohn’s disease
fivefold in the youngest patients. Even seemingly safe
pyrantel can cause rare but serious complications, such
as ocular myasthenia gravis. These data, combined
with the generally favorable epidemiological situation,
indicate the need for individualized therapy.

The introduction of a wuniversal preventive
deworming program in Poland seems unjustified
in light of current evidence. In populations with
low endemicity, such as Poland, routine mass
administration of antiparasitic drugs is not supported
by studies on efficacy and cost-effectiveness (11). Such
a course of action would involve unnecessary exposure
to the side effects of drugs and the risk of selecting
resistant strains of parasites, with no measurable health
benefits for the population. A reasonable alternative
is to strengthen epidemiological surveillance, health
education, and the implementation of an individualized
diagnostic and therapeutic approach. This would
include parasitological diagnosis and possible
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paraliz pasozyta, co w konsekwencji prowadzi do jego
$mierci. Kanaty te to biatka zbudowane z podjedno-
stek 1 to wlasnie w obrebie tych podjednostek kana-
tu GluClI dochodzi do mutacji i powstania opornosci.
W badaniach stwierdzono réwniez zwigkszong eks-
presje genéw Pgp (P-glikoproteiny), ktora odpowiada
za usuwanie z komorki iwermektyny. Oraz podwyz-
szenie aktywnos¢ enzyméw z grupy CYP450 odpo-
wiadajacych za metabolizm leku (44).

Pyrantel, dziatajac poprzez pobudzanie receptoréw
nikotynowych, prowadzi do paralizu intruza. Mecha-
nizmy oporno$ci obejmujg zmiany w receptorach ni-
kotynowych takie jak: zmniejszona ekspresja genow
kodujacych podjednostki receptorowe (np. acr-8, unc-
63) oraz powstanie skroconych izoform receptoréw
(np. acr-8b zamiast acr-8a), ktore nie reaguja prawidto-
wo na lek (44).

PODSUMOWANIE

Jak wynika z powyzszej analizy, mozna zaobser-
wowac¢ znaczace luki w systemie monitorowania cho-
rob pasozytniczych w Polsce. Wprowadzenie nowych
przepisow prawnych, w szczegdlno$ci wspomnianej
wyzej Ustawy ,,0 zapobieganiu oraz zwalczaniu za-
kazen i chorob zakaznych u ludzi”, skutkowalo wy-
kresleniem wielu inwazyjnych chorob pasozytniczych
z listy chorob podlegajacych obowigzkowi zglasza-
nia, co utrudnia rzetelna ocen¢ skali problemu po
2008 roku. Mimo tych ograniczen nalezy zauwazy¢,
ze sytuacja epidemiologiczna w Polsce w zakresie
parazytoz przewodu pokarmowego jest obecnie do-
bra. Nieco mniej korzystnie przedstawia si¢ sytuacja
w przypadku parazytoz tkankowych, takich jak tokso-
plazmoza, toksokaroza czy wlosnica, cho¢ nie osigga
ona poziomu zagrozenia epidemicznego. Utrzymanie
stosunkowo niskiej zapadalno$ci na choroby pasozyt-
nicze w Polsce zawdzigczamy powszechnemu prze-
strzeganiu zasad higieny, dostgpowi do czystej wody
i kanalizacji, a takze skutecznemu nadzorowi wete-
rynaryjnemu. Nalezy jednak nadal zwraca¢ uwage na
odpowiednie warunki hodowli zwierzat, obowiazko-
we badanie migsa przeznaczonego do spozycia, unika-
nie migsa z nielegalnego uboju, a takze rezygnacje ze
spozywania surowego lub potsurowego migsa oraz po-
karméw mogacych by¢ zanieczyszczonych kocimi lub
psimi odchodami. Brak aktualnych, systematycznie
gromadzonych danych epidemiologicznych nadal jed-
nak uniemozliwia pelng oceng sytuacji oraz skuteczne
planowanie i ewaluacj¢ programoéw profilaktycznych,
co stanowi wyzwanie dla zdrowia publicznego.

Migracje i1 globalizacja sprzyjaja natomiast za-
wleczeniu do kraju rzadkich gatunkéw pasozytow,
nierozpoznawanych dotad w rodzimym s$rodowisku.
Mimo poprawy warunkow sanitarnych, owsica nadal
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treatment of individuals with symptoms suggestive of
infection. Prophylactic administration of drugs may
be considered in groups at increased risk of exposure.
Such groups include immigrants and refugees from
endemic regions, children adopted from countries with
high incidence rates, and individuals with documented
environmental exposure, especially in the case of
ascariasis due to its high infectivity. For example,
The CDC recommends stool testing for parasites in
asymptomatic internationally adopted children (45).
In summary, Poland primarily needs up-to-date
epidemiological studies to assess the actual scale of
the problem of parasitic diseases. Only on this basis
will it be possible to further discuss the rationale for
developing a rational prevention program that takes
into account both the potential benefits and risks
associated with the preventive use of antiparasitic
drugs among particularly vulnerable groups. Of
course, education on hygiene and improving sanitary
conditions remain key in this regard. Meanwhile, it is
crucial to promote basic hygiene rules and increase the
vigilance of doctors in diagnosing parasitic diseases,
whose nonspecific symptoms are often overlooked.
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pozostaje powszechnym problemem (co najprawdo-
podobniej wynika z drogi transmisji oraz skuteczno-
$ci wdrazania dziatan profilaktycznych), szczeg6lnie
wsrod dzieci w zlobkach i przedszkolach, gdzie ta-
twiej dochodzi do transmisji zakazenia.

W  kontekscie profilaktycznego odrobaczania
w przebiegu parazytoz przewodu pokarmowego, klu-
czowe znaczenie ma $wiadomos¢ dziatan niepozada-
nych zwigzanych ze stosowaniem lekéw przeciwpa-
sozytniczych. Mebendazol, cho¢ ogdlnie bezpieczny,
moze — zwlaszcza u dzieci — zwigkszaé ryzyko rozwoju
wrzodziejacego zapalenia jelita grubego (nawet o 32%
przy ekspozycji przed 5. rokiem zycia). Metronidazol,
powszechnie stosowany w leczeniu lambliozy, zabu-
rza mikrobiom jelitowy i pigciokrotnie zwicksza ry-
zyko choroby Les$niowskiego-Crohna u najmtodszych
pacjentow. Nawet pozornie bezpieczny pyrantel moze
wywota¢ rzadkie, ale powazne powiktania, takie jak
napad miastenii ocznej. Te dane, przy korzystnej ogol-
nie sytuacji epidemiologicznej, wskazuja na potrzebe
indywidualizacji terapii.

Wprowadzenie powszechnego programu profilak-
tycznego odrobaczania w Polsce wydaje si¢ nieuza-
sadnione w $wietle aktualnych dowodow. W popula-
cjach o niskiej endemicznosci, do ktorych nalezy Pol-
ska, rutynowe, masowe podawanie lekow przeciwpa-
sozytniczych nie znajduje potwierdzenia w wynikach
badan skutecznos$ci i optacalnosci (11). Takie postepo-
wanie wigzatoby si¢ z niepotrzebnym narazeniem na
dziatania niepozadane lekow oraz ryzykiem selekcji
opornych szczepoéw pasozytow, przy braku wymier-
nych korzysci zdrowotnych dla populacji. Rozsadna
alternatywa jest wzmocnienie nadzoru epidemiolo-
gicznego, edukacja zdrowotna oraz wdrozenie indy-
widualnego podejscia diagnostyczno-terapeutyczne-
go. Obejmowaloby ono diagnostyke parazytologiczna
i ewentualne leczenie 0sob z objawami sugerujacymi
inwazj¢. Profilaktyczne podanie lekow mozna rozwa-
zy¢ w grupach o podwyzszonym ryzyku ekspozycji.
Do takich grup naleza m.in. imigranci i uchodzcy
z regionéw endemicznych, dzieci adoptowane z kra-
joOw o wysokiej zapadalnosci, czy osoby z udokumen-
towanym narazeniem S$rodowiskowym, szczegodlnie
w przypadku owsicy w zwiazku z wysoka zakazno-
$cig. Przyktadowo, CDC rekomenduje badanie katu
w kierunku pasozytow u bezobjawowych dzieci adop-
towanych migedzynarodowo (45).

Podsumowujac, Polska potrzebuje przede wszyst-
kim aktualnych badan epidemiologicznych, ktore
pozwola oceni¢ rzeczywistg skale problemu chorob
pasozytniczych. Dopiero na tej podstawie mozliwa
bedzie dalsza dyskusja dotyczaca sensu opracowania
racjonalnego programu profilaktycznego, uwzgled-
niajacego zardwno potencjalne korzysci, jak i ryzy-
ko zwiazane z profilaktycznym stosowaniem lekow
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ABSTRACT

The use of antibiotics by health care professionals has benefitted mankind to a great extent in achieving adequate
control of infections. However, there has been a tremendous rise in the use of antibiotics among medical and
dental professionals during the last 10-15 years which has given rise to a serious global problem of antibiotic
resistance (AMR). There is a significant problem of antibiotic misuse by dental professionals in India, with
antibiotics being prescribed inappropriately for clinical and non-clinical reasons. There are no dedicated antibiotic
prescribing guidelines for dental practitioners in key Indian policy documents. Despite, many studies reporting
inappropriate use of antibiotics by dentists, the full extent of this problem is still unknown and reasons for such
prescription patterns are unclear and need further investigation. The present paper attempts to provide the most
recent information regarding antibiotic misuse by dentists in India and recommends appropriate measures to

combat this public health threat.

Keywords: antibiotic, dental practice, misuse, prescription, India

INTRODUCTION

Antibiotic resistance (AMR) is emerging as one
of the deadliest public health crisis across the world.
Resistant microbes (‘super bugs’) tend to spread easily,
turning once-curable infections or illnesses into deadly
conditions and making surgeries, cancer treatment,
delivery of complex medical procedures and routine
care far more riskier (1). Approximately 5 million
deaths are reported annually across the globe due to
AMR. In South Asia alone, deaths directly linked to
AMR are projected to reach 11.8 million between 2025
and 2050 (2). More than 2.5 lakh deaths were reported
in 2021 only in India that were directly linked to AMR
(3). Moreover, about 10 lakh deaths were associated
with drug-resistant infections.

Studies have suggested a clear link between the
levels of antimicrobial use and development of AMR
4,5). Between 2000 and 2010, global antibiotic
consumptionrose by 40% and BRICS countries (Brazil,

Russia, India, China and South Africa) accounted for
about three-fourths of this consumption. The overall
prescription rate of antibiotic for any ailment in India
was estimated to be 412 prescriptions per 1000 persons
per year and prescription rate for dental problems
was approximated to be 89.21 prescriptions per 1000
persons per year (6).

There is widespread use of antibiotics in dental
practices across India. Several studies conducted across
different parts of India among dental practitioners,
indicated inappropriate prescription of antibiotics
(5,7,8). Prescription rate of dental practitioners in the
Indian urban population varied between 27% and
77% (5). Dentists who were postgraduates (MDS)
prescribed significantly fewer antibiotics to their
patients compared to dentists who were graduates
(BDS).

There is no need for systemic antibiotics in
oral conditions such as toothache caused by pulpal
or periapical inflammation as they are localised
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conditions and are best treated by dental interventions
such as tooth extraction or removal of the pulpal
tissue (8). Additionally, prophylactic use is no longer
recommended for routine dental procedures (9). The
data on antibiotic use in dentistry is still lacking in
middle and low income counties like India. The
objective of the present study was to provide the
most recent information regarding antibiotic misuse
by dental professionals in India so that appropriate
measures can be taken to combat this global public
health threat.

METHODS

A narrative review of literature was done which
engaged most of the recent articles published in
different journals in the last 10 years relating to the
subject of antibiotic misuse among dentists in India.
The review itself began with the search of relevant
key words — like antibiotic misuse, dentists, private
dental practitioners, India, in various search engines
including Google, Pubmed, Medline. The search
examined both the original studies and reviews having
any significant information relating to the study.
Pubmed and Medline search provided 18 articles from
which relevant information was extracted. Conference
proceedings were also explored in order to find any
relevant literature on antibiotic misuse. The authors
also searched World Health Organization (WHO)
website to obtain additional information on the
topic. In addition, other website like ‘Indian Dental
Association’ and ‘The Ministry of Health and Family
Welfare, Govt. of India’ were also consulted to extract
any important information on the subject.

TYPE OF ANTIBIOTIC PRESCRIBED

A recent study was carried out to study the relevance
of the prescriptions by analysing the antibiotic types
associated with different dental diagnoses, using
a large-scale nationally representative data set (10).
The results of this survey indicated that beta-lactam,
penicillin and cephalosporins were the most commonly
prescribed antibiotics by Indian dentists to treat dental
diseases like toothache, dental abscess, gingivitis,
periodontitis, pulpitis etc. followed by macrolides
and quinolones. Almost one-third of the subjects
primarily prescribed beta-lactams and cephalosporins
for ‘diseases of pulp and periapical tissues’. Other
antibiotics like tetracyclines were also found to be
prescribed for ‘disorders of tooth development or
eruption’, ‘discoloration of teeth’ and ‘abrasion’(10).

ROLE OF INFORMAL SECTOR IN
PRESCRIBING ANTIBIOTICS

India, being a highly populous country, has
a low dentist to population ration (11). This problem
is compounded by the fact that there is unequal
distribution of qualified dental workforce and delivery
of oral health care is often provided by non-dental
practitioners also called as informal health care
providers (IHCP) and general medical practitioners
especially in the rural areas. In developing countries
like India, the informal sector accounts for 51-96% of
all health care providers. These providers lack good
knowledge, adequate training and skills to perform
dental procedures, and often prescribe antibiotics to
their patients especially for acute dental problems.
Patients are forced to consume medicine over and over
again until they are able to visit a qualified dentist.
According to a study conducted on prescriptions by
these IHCP, more than 85% of prescriptions for dental
problems contained antibiotics, a rate that surpasses
any other health problem (12).

ROLE OF PHARMACISTS (OVER THE
COUNTER)

Over the counter drugs (OTC) are sold without the
prescription of a registered medical/dental practitioner.
In a developing country like India, pharmacists are
often approached by patients for seeking heath advice,
including dental advice. Reports of a study revealed
that about 67% of private sector pharmacies/chemists
in India dispensed antibiotics without prescriptions
(13). Main reasons cited by patients were easy access
and convenience, cheaper cost (generic medicines),
availability of credit facility and difficulty in getting
an appointment with a dental practitioner or physician.
This could be due to the fact that in India and other
middle and low income countries, a vast majority of
population may not be able to afford visiting a qualified
dental practitioner in addition to pay for the cost of
medication. Findings of another study indicated that
22.4% of pharmacists were dispensing antibiotics for
toothache without a dentist’s prescription (14).

SELF-MEDICATION FOR DENTAL PROBLEMS

Although it legally not permitted to purchase
antibiotics over the counter, self-medication with
antibiotics is widely prevalent for dental problems in
India (5). A systematic review conducted on the misuse
of antibiotics in dental profession in India highlighted
various reasons cited by dental patients for resorting
to self-medication for their dental/oral problems,
irrespective of whether they take antibiotics or other
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Figure 1. Various reasons cited by subjects for self-medication (5)

drugs or home/traditional remedies (5). Considering
their oral/dental complaints to be a minor problem
was cited as one of the important reasons for self-
medication. The other reasons mentioned in the study
were: having fear of dental treatment, past experiences
with same medication and previous prescriptions,
long queues/waiting time in the dental practice, time
constraints, distance of the dental clinic from their
residence/work place and non-availability of dental
practitioner (Figure 1) (5).

INDIAN POLICY AND PRACTICE FOR
DENTAL ANTIBIOTIC PRESCRIBING AND
GLOBAL STANDARDS

Although overuse of antibiotics in dental profession
has been well documented by India Council of Medical
Research (ICMR), there is a lack of guidelines and tool
kits for appropriate antibiotic prescribing by dental
practitioners in India. Four key elements were taken
into consideration for comparison of Indian policy
with the global policy standards and best practice (15).
1. Therapeutic dental antibiotic prescribing.

Global guidance suggests that antibiotics are
not recommended for treating conditions like
toothache and localized dental infections. Rather,
therapeutic antibiotics are only recommended in
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case of severe dental infections having systemic
involvement such as fever and lymph node
enlargement (15). However, managing the source
of dental infection (draining an abscess, extraction
or root canal treatment) is paramount in addition to
antibiotic prescription.

According to a recent study reports, the authors
found no comprehensive document that includes
details on therapeutic antibiotic prescribing in
dentistry in India; however the dental emergencies
section of the Indian Dental association (IDA) website
does provides description of various dental conditions
and management of dental pain. The antibiotic regime/
type is not mentioned for therapeutic use in conditions
like systemic cellulitis (16). No justification is provided
in any of the policy documents for or against the
antibiotic use contrary to global guidance. It is also
not clearly mentioned in any of the documents that
antibiotics should not be used for localized dental pain.
2. Prophylactic dental antibiotic prescribing. Pre-

operative prophylactic antibiotics are advised by

global researchers for high-risk dental procedures
that involve manipulation of gingival tissue or
periapical region, in patients with certain high-risk
cardiac conditions such as prosthetic cardiac valve
or its repair, history of endocarditis, unrepaired
cyanotic or completely repaired congenital heart
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disease (CHD) within 6 months of procedure,

repaired CHD with residual defects, and in cardiac

transplant patients having heart valve problems

(15,17). Routine prophylaxis is not advised for

patients wearing any type of prosthetic joints and

for routine dental/oral procedures including minor

surgical treatments (18).

Very few Indian policy documents contain
information on high-risk dental procedures and list
of high-risk cardiac conditions (15). Prophylactic
antibiotics are indicated for simple dental extractions,
contrary to the global guidance which advice
against the use prophylactic antibiotics in cases of
simple/uncomplicated dental extractions. The IDA
website does not contain any information regarding
prophylaxis against some medical conditions and
minor surgical procedures, through it contains
a section on prophylactic use of antibiotics against
infective endocarditis and for dental treatment of
patients with joint replacement (16).

3. Antibiotic prescribing resources for dental
professionals. Several toolkits are recognized
globally that enable practicing dentists adhere to
guidelines (19). However, antibiotic prescribing
resources or toolkits for dentists in India are
very limited. The Antimicrobial Stewardship
Programme Guidelines framed by Indian Council
of Medical Research (ICMR) does not provide any
recommendations for Indian settings, though it only
gives reference to UK’s openly available tool kits
(15). The IDA’s resource centre provides a limited
range of antibiotics required for management of
dental infections especially in primary dental care
(16).

4. Stewardship advice for practising dentists.
Antibiotic stewardship refers to the systematic
approach aimed towards optimizing the use of
antibiotics to achieve the best treatment outcomes
while minimizing the unintended consequences of
antibiotic use, including toxicity, the emergence
of resistance, and other adverse effects (20). The
ultimate goal is to ensure that infections are
treated effectively while preserving the efficacy
of antibiotics for future generations. Stewardship
in dentistry is not just about reducing the use of
antibiotics but using it judiciously and effectively
when clinically appropriate and ensuring that right
drug, dose and duration are selected. This practice
supports the fight against AMR and ensures that
these vital medications remain a viable option in
providing dental and medical health care.

Globally recognized documents also provide
advice to dentists on various stewardship components
like:  self-evaluation of prescribing behaviour;
antibiotic good prescribing; infection prevention and

control in dental settings and practices; culture and
sensitivity testing where required; appropriate referral
to oral specialists and proper communication with
patients (21).

The operational guidelines for dental health care
providers advise Indian dental professionals to ensure
good record keeping (15). Some general documents
recommended good record keeping, electronic record
keeping but provide no information on the current status
of implementation of these guidelines, especially with
respect to general dentists who are mostly working or
employed in private sector in India.

WORLD HEALTH ORGANIZATION (WHO)
STRATEGY ON AMR

In its Global Action Plan on AMR, 2015, the World
Health Organization (WHO) stressed the importance
of collecting data on antibiotic use and provides
framework for countries to develop a National Action
Plan (NAP) to tackle AMR (22). This plan has the
objective to ensure the prevention and treatment of
infectious diseases with save and effective medicines.
The key strategies are:

To improve awareness of antimicrobial resistance
To strengthen surveillance

To reduce the incidence of infections
To optimise the use of antibiotics

To guarantee investment in
antimicrobial resistance

Therefore, dental practitioners in their routine
dental practice should prescribe antibiotics that are
safe and only in cases indicated and recommended by
contemporary guidelines.

RARE I S

countering

CONCLUSION AND RECOMMENDATIONS

Antibiotic misuse in dental profession is a serious
global health threat, with inappropriate use by both
medical and dental health care professionals in India.
There is a lack of dedicated antibiotic prescribing
guidelines for dentists in India which can negatively
influence practitioner attitude and awareness. Unlike
in developed nations, prophylactic use of antibiotics
for routine dental procedures like extractions
and root canal treatments (RCT) are common in
India. Therefore, there is an urgent need to develop
appropriate guidelines for dental professionals in India
and include them in key documents such as NAP and
Standard Treatment Guidelines. These guidelines
should also clarify when not to prescribe antibiotics
(for therapeutic and prophylactic use), in line with the
global guidance.

Stewardship measures like good record keeping
are essential as it is a major problem in primary
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health care in India. Information regarding AMR and
appropriate antibiotic prescribing should be included
both in the undergraduate and postgraduate dental
curriculum since it is not provided in the current
education modules. The National Dental Commission
(NDC), which will soon replace Dental Council
of India (DCI) as the topmost body concerned with
dental education and practice in India, should take
this into consideration. India’s Oral Health Policy
should also include AMR along with other programs
to address India’s common dental disorders like dental
caries, periodontal disease and oral cancer. Another
area of concern is lack patient awareness resources
regarding antibiotic use for common dental problems.
OTC antibiotic use and selling should be discouraged
by Indian Policy makers, as dental problems require
dental intervention for management rather than
resorting to self-medication.
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ABSTRACT

According to the World Health Organization (WHO), there are 4.5-5.4 million snakebites each year, and 1.8-2.7
million people develop symptomatic poisoning. Complications lead to death of 81,000-138,000 patients annually
and result in limb amputations or permanent disability in approximately 400,000 patients. This study aims to
underscore the importance of early diagnosis and treatment for patients bitten by Vipera berus, as well as the
need for education regarding the management of such cases. The paper presents the case of a 64-year-old female
patient without comorbidities who was admitted to the Department of Infectious Diseases and Neuroinfections
due to a Vipera berus bite, after antitoxin administration in a regional hospital. A physical examination revealed
severe bruising and swelling of the right upper limb, as well as numerous hemorrhages covering the right half
of the chest. In the following days, increasing swelling and spreading of the bruises were observed. Laboratory
results showed anemia resulting from hemolysis of blood components. Over time, the bruising was gradually
absorbed and the swelling of the limb decreased. This case highlights the importance of prompt diagnosis and
monitoring of local symptoms and coagulation parameters, rapid antitoxin administration, close observation of
patients due to the risk of later deterioration, and patients education on management and differential diagnosis.

Keywords: viper bite, venom, Vipera berus, antitoxin
STRESZCZENIE

Wedtug danych Swiatowej Organizacji Zdrowia (WHO) kazdego roku dochodzi do 4,5-5,4 mln ukaszen przez
weze, z czego u 1,8-2,7 mln oséb rozwija si¢ objawowa postac zatrucia jadem. Powiktania prowadza do zgonu
u 81 000-138 000 pacjentow rocznie, a u okoto 400 000 chorych skutkuja amputacjami konczyn lub trwatym
kalectwem. Celem pracy jest podkreslenie znaczenia wezesnej diagnozy i leczenia pacjentow bedacych ofiarami
ukaszen przez zmije zygzakowata, a takze koniecznosci edukacji w zakresie postepowania w takich przypad-
kach. W niniejszej pracy przedstawiono przypadek 64-letniej pacjentki, bez chorob wspotistniejacych, przyjete;
do Kliniki Choréb Zakaznych i Neuroinfekcji z powodu ukaszenia przez zmij¢ zygzakowata, po wczesniejszym
podaniu antytoksyny w szpitalu wojewodzkim. W badaniu przedmiotowym stwierdzono masywny obrzgk pra-
wej konczyny gornej z nasilonym zasinieniem oraz licznymi podbiegni¢ciami krwawymi obejmujacymi prawg
potowe klatki piersiowej. W kolejnych dniach obrzek narastat, a podbiegnigcia krwawe ulegly rozszerzeniu.
Wyniki laboratoryjne wykazaly niedokrwisto§¢ wynikajaca z hemolizy sktadnikow krwi. W wyniku zasto-
sowanego leczenia obserwowano stopniowe ustepowanie zmian chorobowych, az do catkowitego ich zaniku.
Przedstawiony przypadek podkresla konieczno$¢: wezesnego rozpoznania i monitorowania dynamiki zmian
miejscowych oraz parametrow krzepnigcia, szybkiego podania antytoksyny, §cistej obserwacji pacjentow, ze
wzgledu na ryzyko p6znego pogorszenia oraz edukacji w zakresie postepowania i diagnostyki réznicowe;.

Stowa kluczowe: ukgszenie prze zmije, Vipera berus, jad, antytoksyna

This article is available in the Open Access model and licensed under Creative Commons Attribution-Non-Commercial 4.0. (CC BY-NC)
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INTRODUCTION

According to the World Health Organization
(WHO), there are 4.5-54 million snakebites
each year, and 1.8-2.7 million people develop
symptomatic poisoning. Complications lead to death
of 81,000-138,000 patients annually and result in limb
amputations or permanent disability in approximately
400,000 patients (1). It is estimated that in Europe
there are nearly 7500 bites each year, almost 1000
of which is severe, and around 5 result in death (2).
Snake venom can induce respiratory muscle paralysis,
coagulation disorders leading to fatal hemorrhages,
irreversible renal failure, and extensive tissue necrosis.
Agricultural workers are most at risk due to the fact
that conditions are hospitable for occurrence of vipers
at rural farms. The presence of rodents like mice and
rats in hay or straw and accumulation of biowaste lead
to the higher activity and migration of viper there
(3-5). These factors play crucial role in identification
of possible endangered zones and implementing
prophylactic actions Additionally, there is a significant
threat to children, in whom — due to lower body mass
— the symptoms of envenomation typically present
a more severe course (3). The common European
adder (Vipera berus) is the only venomous reptile
naturally occurring in Poland among 14 poisonous
species of the viper family appearing in Europe (6,7).
An analysis conducted in 2010 indicates that in over
80% of patients from Lower Silesia, the envenoming
presents as moderate or severe (8). The paper presents
the case of a 64-year-old female patient hospitalized
in the Department of Infectious Diseases and
Neuroinfections at the University Clinical Hospital
in Biatystok due to extensive edema and massive
hemorrhagic changes following a common adder bite.
The aim of this study is to present a case of a bite by
a Vipera berus and underscore the importance of early
diagnosis and treatment of patients bitten by Vipera
berus, as well as the need for education on management
of such cases.

CASE REPORT

A 64-year-old female patient without comorbidities
was admitted to the Department of Infectious Diseases
and Neuroinfections due to a bite on the right hand
by a common European adder, sustained while
performing agricultural work at her place of residence.
Three to four hours after the accident, patient called
an ambulance and was transferred to the emergency
department of a Regional Hospital. She reported
suffocation, general weakness and vomiting. During
a physical examination was observed: oedema of the
almost whole right upper limb, a mark of a venomous

WSTEP

Wedhug danych Swiatowej Organizacji Zdrowia
(WHO) kazdego roku dochodzi do 4,5-5,4 mln uka-
szen przez weze, z czego u 1,8-2,7 mln oséb rozwija
si¢ objawowa posta¢ zatrucia jadem. Powiktania pro-
wadza do zgonu u 81 000-138 000 pacjentdéw rocznie,
a u okoto 400 000 chorych skutkujg amputacjami kon-
czyn lub trwatym kalectwem (1). Szacuje sig, ze w Eu-
ropie dochodzi do blisko 7500 ukaszen rocznie, niemal
1000 z nich charakteryzuje si¢ ciezkim przebiegiem,
a okoto 5 konczy si¢ $miercig (2). Jad wgzy moze wy-
wolywac¢ porazenie mig$ni oddechowych, zaburzenia
krzepnigcia krwi prowadzace do $miertelnych krwo-
tokow, nicodwracalng niewydolno$¢ nerek oraz rozle-
gta martwice tkanek. Do grupy szczegoélnego ryzyka
narazenia na ukaszenia nalezg pracownicy sektora
rolnego, co wigze si¢ z warunkami §rodowiskowymi
sprzyjajacymi wystepowaniu zmij w obregbie gospo-
darstw wiejskich. Obecnos¢ gryzoni, takich jak myszy
czy szczury, w sianie lub stomie, jak rowniez nagro-
madzenie odpadow organicznych na terenie podworzy
prowadzi do zwickszonej aktywnos$ci i migracji zmij
do tych obszaréw (3-5). Czynniki te maja istotne zna-
czenie w identyfikacji obszarow potencjalnego zagro-
zenia oraz w planowaniu i wdrazaniu dziatan profilak-
tycznych. Dodatkowo, ukaszenia zmij stanowig szcze-
golne zagrozenie dla dzieci, u ktérych — ze wzgledu na
mniejszg mas¢ ciala — objawy zatrucia majg zazwyczaj
ciezszy przebieg (3). Zmija zygzakowata (Vipera be-
rus) jest jedynym naturalnie wystgpujacym w Polsce
jadowitym gadem, sposrdd 14 gatunkow z rodziny
zmijowatych wystepujacych w Europie (6,7). Analiza
przeprowadzona w 2010 r. wykazata, ze u ponad 80%
pacjentéw z obszaru Dolnego Slaska zatrucie jadem
przebiegato w stopniu umiarkowanym lub ciezkim (8).
W niniejszej pracy przedstawiono przypadek 64-let-
niej pacjentki hospitalizowanej w Klinice Chorob
Zakaznych i1 Neuroinfekcji Uniwersyteckiego Szpita-
la Klinicznego w Bialymstoku z powodu rozlegtego
obrzeku i masywnych zmian krwotocznych po uka-
szeniu przez Vipera berus. Celem pracy jest przed-
stawienie przypadku ukaszenia przez Vipera berus
ze szczegblnym podkresleniem znaczenia wczesnej
diagnozy i leczenia pacjentow bedgcych ofiarami uka-
szen przez zmij¢ zygzakowata, a takze koniecznosci
edukacji w zakresie postepowania w takich przypad-
kach.

OPIS PRZYPADKU

Szeécdziesiecioczteroletnia pacjentka, bez chorob
wspotistniejgcych, zostata przyjeta do Kliniki Chorob
Zakaznych i Neuroinfekcji z powodu ukaszenia w pra-
wa reke przez zmije zygzakowata, podczas przerzuca-
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fangs and hypotonia. Blood was drawn for laboratory
tests, and the monovalent antitoxin was administered
immediately. Antiallergic treatment was initiated, and
the patient was transferred to a reference centre on the
third day after admission.

On admission to the Department, the patient
was conscious, in good general condition, and
hemodynamically stable, GCS (Glasgow Come
Scale) 15. A physical examination revealed severe
bruising and swelling of the right upper limb, as well
as numerous hemorrhages covering the right half of
the chest. The results of selected laboratory tests
performed during hospitalization at the Department of
Infectious Diseases and Neuroinfections are presented
in Table 1. Haemolytic anemia can be observed in the
laboratory results.

A Color Doppler (CD) ultrasound examination was
performed, demonstrating normal flow in the arteries
of the right upper limb up to the level of the subclavian
artery, with no signs of thrombosis. Due to severe
edema, visualization of the forearm veins was partial.
The maximal thickness of swollen subcutaneous tissue
was 10 mm and consists of the area from the mid-arm
to the dorsum of the hand.

In the following days, increasing swelling and
spreading of the bruises were observed, ultimately
involving the entire right upper limb, the anterior chest
wall, the right side of the abdominal wall and back,
and the gluteal region (Photos 1 and 2).

nia siana w obrebie gospodarstwa. Chora po uplywie
3-4 godzin od zdarzenia wezwata zespot ratownictwa
medycznego i zostata przetransportowana do szpital-
nego oddzialu ratunkowego szpitala wojewodzkiego.
Zglaszata duszno$¢, ogdlne ostabienie oraz wymioty.
W badaniu klinicznym obecny obrzek obejmujacy
prawie calg konczyne gorng prawa, $lady zebow jado-
wych, hipotonia. Pobrano krew na badania laborato-
ryjne i natychmiastowo podano monowalentng anty-
toksyng, wlaczono leki przeciwalergiczne, a nastgpnie
przekazano chora do os$rodka referencyjnego w 3 do-
bie od przyjecia.

Przy przyjeciu do Kliniki pacjentka byta przytom-
na, w stanie ogolnym dobrym, wydolna krazeniowo
-oddechowo, GCS (Glasgow Coma Scale) 15. W ba-
daniu przedmiotowym stwierdzono masywny obrzgk
prawej konczyny gornej z nasilonym zasinieniem oraz
licznymi podbiegnigciami krwawymi obejmujacymi
prawa polowe klatki piersiowej. Wyniki wybranych
badan laboratoryjnych wykonanych w trakcie hospi-
talizacji w Klinice Chorob Zakaznych i Neuroinfekcji
zestawiono w Tabeli 1. Parametry laboratoryjne wska-
zywaty na niedokrwisto§¢ hemolityczna.

Wykonane zostato badanie USG CD (Colour Dop-
pler), ktore wykazato prawidtowy przeptyw w tetni-
cach konczyny goérnej prawej do poziomu tetnicy po-
dobojczykowej, bez cech zakrzepicy. Ze wzgledu na
silny obrzek uwidocznienie zyl przedramienia bylo
czeg$ciowe. Maksymalny wymiar poprzeczny tkanki

— \

Photo 1. Edema of the upper limb on the 4th day from a bite. Photograph by Prof. J. Zajkowska, shared with the patient’s

consent.

Fot. 1. Obrzek konczyny gornej w czwartej dobie od ukaszenia. Zdjecie autorstwa prof. J. Zajkowskiej udostgpnione za

zgoda pacjentki
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Photo 2. Ecchymoses observed in a 6th day from the bite. Photo by Prof. J. Zajkowska, shared with the patient’s consent
Fot. 2. Podbiegniecia krwawe obserwowane w 6 dobie od ukaszenia. Zdjgcie autorstwa prof. J. Zajkowskiej udostgpnione

za zgoda pacjentki

Table 1. Selected laboratory results during hospitalization

Tabela 1. Wybrane wyniki badan laboratoryjnych w trakcie hospitalizacji

Ist day 3rd day 4th day Sth day 6th day 9th day
ALT (0-31 U/ 611 1201 o1t 941 991 1021
AST (0-32 U/l) 1427 961 541 451 421 32
APTT (25.0-36.0 sec) 197} 23.3] 23.6]
Direct bilirubin (0.00-0.20 mg/dl) 0.511 0.521
CRP (0.00-5.00 mg/1) 3.18
D-dimers (<500 ng/ml) 52551 42481 59641 65491 60437 25421
Sodium (135-145 mmol/I) 138 141 145 144 1461 141
Potassium (3.50-5.10 mmol/I) 3.78 4.17 3.32) 3.05 4.61 4.33
Creatinine (0.50-0.90 mg/dl) 0.77 0.77 0.8 0.71 0.75 0.77
Fibrinogen (200-400 mg/dl) 157] 142] 134] 180} 208 170}
WBC (4-10 x 10°3/ul) 21.58 1 14.11 1 14.541 16.921 18.991 17.581
NEU (1.60-7.20 x 10°3/ul) 1941 1 11.30 1 8.451 11.461 13.721 10.31
LYM (0.80-4.70 x 10°3/ul) 1.08 1.69 4761 3.99 3.61 5.517
RBC (4.00-5.50 x 10°6/ul) 2.67 ] 2.09 | 2.59] 3.62] 3.88] 3.87|
HGB (12-16 g/dl) 8.6 6.6 8.1} 11.2} 12 11.9]
HCT (37.0-47.0 %) 24.8] 19.5 23.7| 32.2] 354] 36]
PLT (130-350 x 10°3/ul) 146 109 | 111] 135 155 177

ALT — alanine aminotransferase, AST — aspartate aminotransferase, APTT — activated partial thromboplastin time, CRP
— C- reactive protein, WBC — white blood cells, NEU — neutrophils, LYM — lymphocytes, RBC — red blood cells, HGB —
hemoglobin, HCT — hematocrit, PLT — platelets
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TREATMENT

Upon admission to the ward, intravenous
symptomatic treatment was initiated, starting with the
administration of 100 mg of hydrocortisone. The limb
was elevated and immobilized. Additionally, antibiotic
therapy consisting of 1000 mg of amoxicillin with 200
mg of clavulanic acid intravenously was initiated,
along with 10 mg of cetirizine orally; both were
administered for the subsequent 7 days. On the second
day of hospitalization, 40 mg of low-molecular-weight
heparin (LMWH) was administered subcutaneously;
the dose was adjusted to 60 mg on the fourth day of
hospitalization. After 3 days, hydrocortisone was
discontinued, and dexamethasone was introduced
instead for the following 5 days. Because of the
severe anemia on the third day of the hospitalization
one unit of packed blood cells was administered and
then the next day two units of was given, resulting in
a gradual improvement in red blood cell parameters.
Concurrently, topical treatment was initiated in the
form of sodium bicarbonate compresses applied to
the right upper limb and the lumbar region in areas
with the most extensive ecchymoses and bruising.
Topical therapy was supplemented with heparin
gel applied to the edematous areas. Additionally,
furosemide was administered to reduce edema. During
hospitalization, hypokalemia and hypoproteinemia
occurred; consequently, the patient received oral
potassium supplementation for 6 consecutive days and
atransfusion of20% albumin solution four times during
the hospitalization. The treatment resulted in gradual
improvement, reduction of edema, and resolution of
ecchymoses. The patient was discharged after 10 days
of hospitalization in good condition; the previous
treatment was discontinued, and acetylsalicylic acid at
a dose of 75 mg (1 tablet daily) was recommended for
the subsequent 2 months.

DISCUSSION

The venom of Vipera berus exhibits primarily
proteolytic, hemolytic, and cytotoxic effects, which
are the main causes of the clinical picture of poisoning
(9,10). Serine proteases (SVSP) and metalloproteinases
(SVMP) are the two main groups of V. berus venom
proteins studied in Russia (31% and 19% of all identified
venom proteins, respectively) (11), but it also contains
phospholipase A: (PLA>), natriuretic peptides (NP),
aspartic proteases (AspP), cysteine-rich secretory
proteins (CRISPs), C-type lectins (snaclecs), L-amino
acid oxidases (LA AOs), desintegrins, and Kunitz-type
protease inhibitors (KTPis) (12). According to another
study, the most common proteins in V. berus vipers in
Slovakia were phospholipases (accounting for almost
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podskornej zajetej obrzekiem wynosit 10 mm i obej-
mowat obszar od polowy ramienia do grzbietu dtoni.

W kolejnych dniach obserwowano narastanie
obrzeku i rozszerzanie si¢ podbiegni¢¢ krwawych,
obejmujacych ostatecznie calg prawg konczyne gorna,
przednia $ciang klatki piersiowej, prawa polowe po-
wilok jamy brzusznej i plecéw oraz okolice posladkow
(Fot. 112).

LECZENIE

Po przyjeciu pacjentki na oddziat wlaczono do-
zylne leczenie objawowe rozpoczynajac od podania
100 mg hydrokortyzonu. Uniesiono i unieruchomiono
konczyng. Dodatkowo rozpoczeto antybiotykoterapie
w postaci 1000 mg amoksycyliny z 200 mg kwasu
klawulanowego droga dozylng oraz 10 mg cetyryzyny
doustnie — oba podawane przez nastepne 7 dni. W dru-
giej dobie hospitalizacji podano 40 mg heparyny drob-
noczasteczkowej podskornie, ktorg skorygowano do
60 mg w czwartej dobie pobytu. Po 3 dniach hydro-
kortyzon zostal odstawiony, a zamiast tego wtgczono
deksametazon przez kolejne 5 dni. Z powodu cigzkiej
niedokrwistosci pacjentce trzeciego dnia przetoczo-
no 1 jednostke koncentratu krwinek czerwonych oraz
2 jednostki nastepnego dnia, uzyskujac stopniowy
wzrost parametrow czerwonokrwinkowych.

Rozpoczeto rowniez leczenie miejscowe w postaci
oktadow nasgczonych wodoroweglanem sodu przy-
ktadanych w obrebie prawej konczyny goérnej oraz
na okolice ledzwiowa w miejscach najwigkszych wy-
broczyn i zasinien. Do terapii miejscowej dolaczono
takze heparyng w postaci zelu do smarowania okolic
obrzeknietych. W celu zmniejszenia obrzeku dodatko-
wo zastosowano furosemid. W trakcie hospitalizacji
wystapila hipokaliemia i hipoproteinemia, w zwigzku
z tym pacjentce uzupetniano potas przez 6 kolejnych
dni drogg doustng oraz czterokrotnie przetoczono
20% roztwor albumin. Leczenie pozwolito na uzyska-
nie stopniowej poprawy, zmniejszenie obrzeku oraz
ustepowanie podbiegni¢¢ krwawych. Pacjentka zosta-
fa wypisana po 10 dniach pobytu w Klinice w stanie
dobrym, odstawiono dotychczasowe leczenie oraz
zalecono przyjmowanie kwasu acetylosalicylowego
w dawce 75 mg 1 tabletka dziennie przez kolejne 2
miesigce.

DYSKUSJA

Jad Vipera berus wykazuje przede wszystkim dzia-
tanie proteolityczne, hemolityczne oraz cytotoksyczne,
co stanowi gtowng przyczyne obrazu klinicznego za-
trucia (9,10). Proteazy serynowe (SVSP) i metalopro-
teinazy (SVMP) stanowia dwie gltéwne grupy biatek
jadu V. berus badanych na terenie Rosji (odpowiednio
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60% of all venom proteins) and serine proteases (15%
of all venom proteins) (13). The composition of Vipera
berus venom is characterized by significant hemotoxic
and cytotoxicactivity, which wasreflected inthe clinical
picture after poisoning (6). The above-mentioned
compounds, particularly metalloproteinases that
degrade extracellular matrix components, damage the
vascular endothelium, causing plasma extravasation,
edema, and hypovolemia. Phospholipase A2 has
hemolytic, cytotoxic, and myotoxic effects (10). Malina
et al. (14) also described the neuromuscular neurotoxic
activity of V. berus venom.

Any patient suspected of having been bitten
by a viper should be hospitalized. It is necessary to
immobilize the limb, keep the patient calm, and confirm
the bite. The medical history should include the time
of the incident, the date of the last tetanus vaccination,
medications used, comorbidities, and the presence of
allergies (15). If there are no symptoms of a reaction
to the venom but signs of a bite are present, the patient
should remain in the hospital under observation for at
least 2 hours. The border of the swelling at the bite site
is marked by measuring the circumference of the limb
every 15 minutes until no further increase in swelling
isnoted. This allows the dynamics of venom spread and
the effectiveness of the administered antitoxin to be
assessed. At the same time, blood pressure, heart rate,
respiration, oxygen saturation, and the progression of
local and general symptoms are monitored. Tetanus
prophylaxis and, in selected cases, antibiotic therapy
should be considered (7,15-18). Patients with a mild
course should be observed for at least 24 hours, as
their clinical condition may deteriorate rapidly.

The most common symptoms include visible
puncture marks from venomous teeth on the skin (two
stab wounds spaced 6-8 mm apart), pain, bruising,
growing swelling and ecchymosis at the bite site,
which increase and can spread to the entire limb
after a few hours. In some cases, inflammation and
local enlargement of the lymph vessels may occur,
indicating the spread of venom to the lymphatic
system. Hemorrhagic vesicles and blisters may appear
at the bite site, usually after 12 hours (6). Systemic
symptoms include hemodynamic disturbances (hypo-
or hypertension, shock), gastrointestinal complaints
(nausea, vomiting, abdominal pain, diarrhea),
neurological disorders (ptosis, ophthalmoplegia,
diplopia, dysphagia with excessive salivation,
dysarthria, facial muscle paralysis, generalized muscle
weakness), cardiac complications (arrhythmias,
myocardial damage, cardiac arrest), coagulopathies
including (disseminated intravascular coagulation),
rhabdomyolysis with myoglobinuria and the
possibility of developing acute renal failure, stress
hyperglycemia, and increased anxiety and fear. The

31% 1 19% wszystkich zidentyfikowanych biatek jadu)
(11), ale w jego sktad wchodza réwniez fosfolipazy Aa
(PLA2), peptydy natriuretyczne (NP), proteazy aspa-
raginowe (AspP), biatka sekrecyjne bogate w cysteing
(CRISPs), lektyny typu C (snaclecs), oksydazy L-ami-
nokwasowe (LA AOs), dezintegryny i inhibitory prote-
azy typu Kunitz (KTPis) (12). Wedlug innego badania,
u zmii V. berus na terenie Stowacji najbardziej roz-
powszechnionymi biatkami byly fosfolipazy (prawie
60% wszystkich biatek jadu) i proteazy serynowe (15%
wszystkich bialek jadu) (13). Sktad jadu Vipera berus
charakteryzuje si¢ znaczna aktywno$cig hemo- i cy-
totoksyczna, a roznice w sktadzie przektadajg si¢ na
réznice w obrazie klinicznym po zatruciu (6). Wymie-
nione zwigzki, szczegolnie metaloproteinazy trawia-
ce sktadniki macierzy pozakomorkowej, uszkadzaja
srodblonek naczyniowy, prowadzac do wynaczynien
osocza, obrzgku i hipowolemii. Fosfolipaza A2 ma
dziatanie hemolityczne, cyto- oraz miotoksyczne (10).
Malina 1 in. (14) opisali rowniez neurotoksyczng ak-
tywnos$¢ nerwowo-migsniowa jadu V. berus.

Kazdy pacjent z podejrzeniem ukaszenia przez
zmij¢ powinien zosta¢ hospitalizowany. Konieczne
jest unieruchomienie konczyny, zapewnienie spokoju
choremu oraz potwierdzenie faktu ukaszenia. Wy-
wiad powinien obejmowac czas zdarzenia, termin
ostatniego szczepienia przeciw tgzcowi, stosowane
leki, choroby wspotistniejgce oraz wystepowanie aler-
gii (15). W przypadku braku objawow reakcji na jad,
ale z obecnoscig $sladow wkhlucia, pacjent powinien
pozosta¢ w szpitalu pod obserwacja przez co najmniej
2 godziny. W miejscu ukaszenia oznacza si¢ granicg
obrzeku, dokonujac pomiaru obwodu konczyny co 15
minut, do momentu odnotowania braku powigkszania
si¢ obrzeku. Pozwala to oceni¢ dynamike szerzenia si¢
jadu oraz skuteczno$¢ podanej antytoksyny. Réwno-
legle monitoruje si¢ ci$nienie tetnicze, tetno, oddech,
saturacj¢ oraz progresje objawow miejscowych i 0gol-
nych. Nalezy rozwazy¢ profilaktyke przeciwtezcowa
i — w wybranych przypadkach — antybiotykoterapi¢
(7,15-18). Pacjenci z tagodnym przebiegiem powinni
by¢ obserwowani co najmniej 24 godziny, gdyz stan
kliniczny moze si¢ gwaltownie pogorszyc.

Do najczestszych objawow nalezg widoczne $lady
wktucia po zgbach jadowych na skorze (dwie rany ktu-
te w odstepie 6-8 mm), bol oraz narastajacy obrzek
1 wybroczyny w miejscu ukaszenia, ktére po kilku
godzinach moga obejmowaé nawet cala konczyng.
W niektorych przypadkach moze wystapi¢ zapalenie
naczyn chtonnych i ich miejscowe powigkszenie, co
wskazuje na rozprzestrzenienie si¢ jadu do uktadu
limfatycznego. W miejscu ukgszenia moga pojawié
si¢ krwotoczne pecherzyki i pecherze, zazwyczaj po
12 godzinach (6). Objawy ogdlnoustrojowe obejmuja
zaburzenia hemodynamiczne (hipo- lub hipertensje,

49



Vipera berus bite at the place of residence

Ukaszenie przez zmij¢ zygzakowata w miejscu zamieszkania

severity of symptoms depends on age, gender, body
weight, and comorbidities (6,10,19-21). The case
described confirms that despite good general condition
at admission, there is still a risk of rapid progression
of edema and extensive petechiac covering the
entire upper limb, anterior chest wall, the half of the
abdominal wall and the back, and the buttocks area,
which justifies the need for close observation and
dynamic monitoring.

Basic laboratory tests should be performed for
each patient, including coagulation parameters such as
prothrombin time (PT), thrombin time (TT), activated
partial thromboplastin time (APTT), fibrinogen,
platelet count, international normalized ratio (INR),
and D-dimer levels. A complete blood count, clinical
liver function tests (bilirubin, alanine aminotransferase
(ALT), aspartate aminotransferase (AST), lactate
dehydrogenase, and creatine phosphokinase), and
renal function tests (urinalysis, urea, creatinine,
and electrolyte levels) should also be performed.
Coagulation parameters should be measured on
admission and then every six hours for 24 hours, along
with pulse oximetry and electrocardiogram (ECG).
Other tests should be performed depending on the
patient’s clinical condition. Close monitoring of blood
glucose is particularly important in critically ill patients
(6). The most common findings are leukocytosis with
neutrophilia (>15,000-20,000/ul), elevated C-reactive
protein (CRP >10 mg/L), increased creatine kinase
(CK 200-500 U/L) and AST (45-200 U/L) (8), and,
less frequently, thrombocytopenia, prolonged PT
and APTT, decreased fibrinogen concentration,
and increased D-dimers (10). In the presented case,
leukocytosis with neutrophilia, haemolytic anemia,
elevated ALT and AST activity, increased D-dimer
concentration, hypofibrinogenemia, and shortened
APTT were observed.

The treatment for viper bites is antitoxin, i.e.,
horse serum containing antibodies that neutralize the
venom of the common European adder Vipera berus
berus (22). The primary indication for administering
antitoxin after a viper bite is increasing swelling,
which indicates that the venom has entered the body.
It can present a different clinical picture depending
on the location of the bite and its severity, including
increasing swelling at the bite site, swelling of the face,
neck, or mouth with the risk of airway obstruction, or
swelling covering more than half of the bitten limb.
Other indications for antitoxin administration include
leukocytosis above 20,000/ul, hemolysis, coagulation
disorders, cardiac arrhythmias, and hypotonia. Rapid
administration of antitoxin significantly reduces the
risk of anaphylactic or anaphylactoid reactions to the
venom (23). A contraindication to its administration
is a history of allergy to equine antitoxin (24). Before
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wstrzas), dolegliwosci ze strony przewodu pokarmo-
wego (nudnosci, wymioty, bol brzucha, biegunka), za-
burzenia neurologiczne (ptoza, oftalmoplegia, diplo-
pia, dysfagia z nadmiernym $linieniem, dyzartria,
porazenie miesni twarzy, uogoélnione ostabienie mie-
$ni), powiktania kardiologiczne (arytmie, uszkodzenie
migsnia sercowego, zatrzymanie krazenia), koagu-
lopatie w tym (zespot rozsianego wykrzepiania we-
wnatrznaczyniowego), rabdomioliz¢ z mioglobinurig
i mozliwoscig rozwoju ostrej niewydolnosci nerek,
hiperglikemi¢ stresowg oraz nasilony niepokdj i Igk.
Nasilenie objawdw zalezy od wieku, pici, masy ciata
i chorob wspotistniejacych (6,10,19-21). Opisany przy-
padek potwierdza, ze mimo dobrego stanu ogolnego
przy przyjeciu, mozliwa jest szybka progresja obrzeku
i rozlegtych zmian wybroczynowych obejmujacych
calg konczyne gorna, przednig $ciang klatki piersio-
wej, polowe powlok jamy brzusznej i plecéw oraz
okolice posladkéw — co uzasadnia koniecznos¢ $cistej
obserwacji i dynamicznego monitorowania.

U kazdego pacjenta powinny by¢ wykonane pod-
stawowe badania laboratoryjne, w tym badania para-
metrow Kkrzepniecia takich jak: czas protrombinowy
(PT), czas trombinowy (TT), czas czg$ciowej trom-
boplastyny (APTT), fibrynogen, liczbg ptytek krwi,
miedzynarodowy wspotczynnik znormalizowany
(INR) oraz poziom D-dimeréw. Nalezy wykonac
takze morfologie krwi, monitorowaé¢ funkcj¢ watro-
by: stezenie bilirubiny, aminotransferazy alaninowej
(ALT), aminotransferazy asparaginianowej (AST),
dehydrogenazy mleczanowej i fosfokinazy kreatyno-
wej, oraz czynno$¢ nerek: (badanie ogdélne moczu,
stezenie mocznika, kreatyniny i poziom elektrolitow).
Parametry krzepnigcia powinno si¢ wykonywac przy
przyjeciu, a nastepnie co sze$¢ godzin przez 24 go-
dziny, wraz z pulsoksymetria i elektrokardiogramem
(EKG). Pozostate badania nalezy zleca¢ w zaleznosci
od stanu klinicznego pacjenta. Sciste monitorowanie
glikemii jest szczeg6lnie wazne w przypadku chorych
w stanie krytycznym (6). Najczesciej stwierdzane od-
chylenia w badaniach to leukocytoza z neutrofilig (>15
000-20 000/ul), podwyzszone stgzenie biatka C-reak-
tywnego (CRP >10 mg/L), wzrost kinazy kreatynowe;j
(CK 200-500 U/L) i AST (45-200 U/L) (8), a takze —
rzadziej — trombocytopenia, wydtuzenie PT i APTT,
obnizenie st¢zenia fibrynogenu i wzrost D-dimerow
(10). W przedstawionym przypadku odnotowano le-
ukocytoze z neutrofilig, niedokrwisto$¢ hemolityczna,
podwyzszone aktywnosci ALT 1 AST, zwigkszone ste-
zenie D-dimerow, hipofibrynogenemie oraz skrocenie
czasu APTT.

Leczeniem w przypadku ukaszenia przez zmije
jest antytoksyna, czyli surowica konska zawierajaca
przeciwciata neutralizujace jad zmii zygzakowatej
Vipera berus berus (22). Podstawowym wskazaniem
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administration, an intradermal test is performed.
If this is not possible, adrenaline is administered
prophylactically. The test involves intradermal
injection of 0.1 ml of antitoxin diluted 1:10 with 0.9%
sodium chloride solution. The patient is then observed
for approximately 10-20 minutes for the appearance of
erythema, and wheal at the injection site. If no such
symptoms occur, the full dose can be administered.
In the event of a positive test, a desensitization
regimen is used in accordance with the manufacturer’s
recommendations (25).

Administration of glucocorticosteroids can be
taken into consideration in the case of an anaphylactic
shock or serum sickness although the efficiency of that
kind of action wasn’t proven in a routine management
(24). In extraordinary cases it can be used for a short
period when the current treatment couldn’t reduce the
swelling or pain (26). In the presented case, due to
significant hemolysis, extensive edema and to reduce
the risk of unwanted reaction for administration of
foreign protein, glucocorticosteroids were given,
resulting in clinical improvement. Also when D-dimers
are high sometimes there is a need to include heparin
in a treatment to prevent disseminated intravascular
coagulation. Symptomatic treatment includes fluid
replacement, analgesics, and antiemetics. The issue of
antibiotic therapy remains controversial: some authors
consider it unnecessary, while others point out the risk
of wound contamination (24).

CONCLUSIONS

Each case of a Vipera berus bite in Poland
constitutes a significant source of practical data,
enabling the optimization of diagnostic procedures
and therapeutic management. Climate change favors
an increased frequency of human contacts with this
species within residential areas, which may lead to
a rising incidence of bites in the future. This case
highlights the importance of:

1. Prompt diagnosis and monitoring of local
symptoms and coagulation parameters

2. Rapid antitoxin administration

3. Close observation of patients with apparently mild
course due to the risk of later deterioration

4. Education on management and differential
diagnosis

Consent. Written informed consent was obtained
from the patient for the publication of the photographs.

do podania antytoksyny po ukgszeniu przez zmij¢ jest
narastajacy obrzek, $wiadczacy o przedostaniu si¢
jadu do organizmu. Obraz kliniczny moze by¢ rdézny
w zaleznosci od lokalizacji ukgszenia i stopnia nasile-
nia obrzeku, m.in. powigkszajacy si¢ obrzek w miejscu
ukaszenia, obrzek twarzy, szyi lub jamy ustnej z ryzy-
kiem obturacji drog oddechowych czy obrzek obejmu-
jacy ponad potowe ukaszonej konczyny. Pozostalymi
wskazaniami do podania antytoksyny sg m.in. leuko-
cytoza ponad 20 000/ul, hemoliza, zaburzenia krzep-
nigcia, zaburzenia rytmu serca i hipotonia. Szybkie
podanie antytoksyny znaczaco niweluje ryzyko wysta-
pienia reakcji anafilaktycznej lub anafilaktoidalnej na
jad (23). Przeciwwskazaniem do jej podania jest uczu-
lenie na konska antytoksyne w wywiadzie (24). Przed
podaniem wykonuje si¢ probe $rodskorna, a w przy-
padku braku mozliwosci jej przeprowadzenia — stosuje
si¢ w oslonie adrenaling. Proba polega na wstrzyknie-
ciu srodskornie 0,1 ml antytoksyny rozcienczonej 1:10
0,9% roztworem chlorku sodu. Nastgpnie obserwuje
si¢ pacjenta pod katem wystgpienia zaczerwienienia
i babla w miejscu podania przez okoto 10-20 minut.
Jesli wspomniane objawy nie wystgpia, mozna podaé
petna dawke. W przypadku dodatniej proby stosuje sig
schemat odczulajacy zgodny z zaleceniami producen-
ta (25).

Podanie glikokortykosteroidéw moze by¢ rozwa-
zone w przypadku wystgpienia wstrzasu anafilaktycz-
nego lub choroby posurowiczej, jednak nie zaleca si¢
ich w rutynowym stosowaniu (24) W wyjatkowych
przypadkach mozna je zastosowac, gdy dotychcza-
sowe leczenie nie zmniejszylo obrzgku lub dolegli-
wosci bolowych (26). W przedstawionym przypadku
z powodu znacznej hemolizy, rozlegtego obrzeku oraz
w celu zmniejszenia ryzyka reakcji na podanie obce-
go biatka zdecydowano o wtaczeniu kortykosteroidow
uzyskujac poprawe kliniczng. W sytuacji wystgpienia
duzych wartosci dimeréw D zdarza si¢ potrzeba po-
dania heparyny w celu prewencji zespotu rozsianego
wykrzepiania wewnatrznaczyniowego. Leczenie ob-
jawowe obejmuje podaz ptyndéw, leki przeciwbolowe
i przeciwwymiotne. Kwestia antybiotykoterapii pozo-
staje dyskusyjna: cze$¢ autoréw uznaje ja za zbe¢dna,
inni wskazuja na ryzyko zanieczyszczenia rany (24).

WNIOSKI

Kazdy przypadek ukaszenia przez zmije zygzako-
wata (Vipera berus) w Polsce stanowi istotne zrodto
danych praktycznych, umozliwiajacych doskonalenie
diagnostyki i1 postepowania terapeutycznego. Zmiany
klimatyczne sprzyjaja zwiekszonej liczbie kontak-
tow czltowieka z tym gatunkiem w obrgbie miejsca
zamieszkania, co w przyszlosci moze prowadzi¢ do
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ABSTRACT

BACKGROUND. Older adults constitute a particularly vulnerable demographic regarding SARS-CoV-2
infection. Effective protective measures can substantially lower the risk of transmission.

OBJECTIVE. This study aimed to evaluate the knowledge of COVID-19 vaccines among the elderly in Poland,
as well as their reported preventive practices before and after receiving their first dose of a vaccine.
MATERIAL AND METHODS. This cross-sectional study was conducted between March and April 2021
among consecutive patients aged >=60 from four randomly selected vaccination centers in Zielona Gora, Poland.
Knowledge and preventive practices were assessed through an anonymous, self-administered questionnaire.
RESULTS. The response rate was 83%, yielding 444 participants (mean age 70.24+4.7 years; 61.0% female),
of whom 83.6% reported having underlying health conditions. The average knowledge score regarding
COVID-19 vaccines was 3.50+1.72 (on a scale of 0 to 7 points), with 50.7% achieving scores above 50%. Females
demonstrated higher levels of knowledge (p=0.008). The mean score for adherence to preventive practices was
5.79+0.66 (on a scale of 0 to 6 points), with 98.9% scoring above 50%. Before vaccination, the vast majority of
respondents (93.7%) reported wearing masks, and 89.6% intended to continue this practice after receiving the
first dose (p=0.045). Additionally, 66.7% indicated that they would practice social distancing before vaccination.
They declared they would continue this practice, rising to 72.8% following immunization (p=0.23).
CONCLUSIONS. The study suggests implementing national educational campaigns to enhance knowledge of
COVID-19, particularly targeting older males and addressing misconceptions regarding vaccine protection to
encourage sustained preventive practices.

Keywords: knowledge, vaccine, elderly people, practices, COVID-19
STRESZCZENIE

WPROWADZENIE. Osoby starsze stanowia szczeg6lnie wrazliwa grupe demograficzng w kontekscie zakaze-
nia wirusem SARS-CoV-2. Skuteczne $rodki ochronne mogg znaczgco obnizy¢ ryzyko transmisji.

CEL. Celem niniejszego badania byla ocena wiedzy na temat szczepionek przeciwko COVID-19 wsrdd osob
starszych w Polsce, a takze analiza deklarowanych przez nich praktyk profilaktycznych przed przyjeciem pierw-
szej dawki szczepionki oraz po jej otrzymaniu.

MATERIAL I METODY. Badanie przekrojowe przeprowadzono w okresie od marca do kwietnia 2021 roku
wsrod kolejnych pacjentow w wieku >=60 lat z czterech losowo wybranych punktow szczepien w Zielonej Go-
rze, w Polsce. Wiedza oraz dziatania profilaktyczne zostaty ocenione za pomoca anonimowego, samodzielnie
wypetnianego kwestionariusza.

This article is available in the Open Access model and licensed under Creative Commons Attribution-Non-Commercial 4.0. (CC BY-NC)
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WYNIKI. Wskaznik odpowiedzi wyniost 83%, co dalo 444 uczestnikdéw (Sredni wiek 70,2 + 4,7 roku; 61,0%
kobiety), sposréd ktérych 83,6% zgtosito wystepowanie chorob wspotistniejacych. Sredni wynik wiedzy na
temat szczepionek przeciwko COVID-19 wyniost 3,50 + 1,72 (w skali od 0 do 7 punktéw), przy czym 50,7%
respondentéw uzyskato wyniki powyzej 50%. Kobiety wykazaly si¢ wyzszym poziomem wiedzy (p=0,008).
Sredni wynik przestrzegania praktyk profilaktycznych wyniést 5,79 + 0,66 (w skali od 0 do 6 punktow), a 98,9%
uczestnikow uzyskato wynik powyzej 50%. Przed szczepieniem zdecydowana wickszo$¢ respondentow (93,7%)
deklarowata noszenie maseczek, a 89,6% zamierzato kontynuowac t¢ praktyke po otrzymaniu pierwszej dawki
(p=0,045). Dodatkowo 66,7% zadeklarowalo przestrzeganie dystansu spotecznego przed szczepieniem, a odse-
tek ten wzrost do 72,8% po zaszczepieniu (p=0,23).

WNIOSKI. Wyniki badania sugerujg potrzebg wdrozenia ogélnokrajowych kampanii edukacyjnych majacych
na celu zwickszenie wiedzy na temat COVID-19, ze szczegolnym uwzglednieniem starszych me¢zczyzn oraz ko-
niecznoscig korygowania btednych przekonan dotyczacych ochrony zapewnianej przez szczepienia, aby wspie-

ra¢ utrzymywanie dziatan profilaktycznych.

Stowa kluczowe: wiedza, osoby starsze, szczepienia, COVID-19, praktyki

INTRODUCTION

Severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2), which causes COVID-19, has rapidly
spread worldwide, with over 778.9 million infections
reported globally by December 2025, including 6.83
million in Poland (1). Clinical evidence shows that
COVID-19 is more severe in older adults and those
with pre-existing health conditions (2,3). Therefore,
prioritizing preventive measures such as vaccination
is essential for these high-risk groups (4).

Poland has administered three two-dose vaccines
— Comirnaty, Spikevax, and Vaxzevria — alongside the
single-dose Janssen vaccine, with a booster available
since November 2021 (4). Starting December 27, 2020,
vaccination efforts focused first on healthcare workers,
nursing home staff, the elderly, primary school
teachers, and individuals with underlying health
conditions (collectively “group 17) (5,6). Vaccine
effectiveness against symptomatic infection varied by
vaccine and variant, with two doses providing higher
efficacy than a single dose (7,8). However, protection
wanes over time, particularly among older and
immunocompromised individuals (7,9).

The need for additional preventive measures, such
as social distancing and mask-wearing, is underscored
by studies showing their effectiveness in reducing
infection rates (10,11). For instance, mask mandates in
Germany decreased cases by 45% (11). It is estimated
that strict adherence to these measures could have cut
SARS-CoV-2 cases by 84% (12).

It could be hypothesized that immunized patients
may be less concerned about contracting SARS-CoV-2,
becoming severely ill with COVID-19, or transmitting
the virus. Contrarily, such individuals may begin
to interact with others more often or less carefully.
This type of behavior is known as risk compensation
(13). Although the link between vaccination and risk
compensation has been discussed in prior literature

WSTEP

Koronawirus ciezkiego zespotu ostrej niewydolno-
$ci oddechowej (SARS-CoV-2), ktory powoduje CO-
VID-19, szybko rozprzestrzenit si¢ na calym $wiecie
(). Do grudnia 2025 r. zgloszono ponad 778,9 mlin
zakazen na §wiecie, w tym 6,83 mln w Polsce (2). Do-
wody kliniczne wskazuja, ze COVID-19 ma cigzszy
przebieg u osob starszych oraz u pacjentow z choro-
bami wspotistniejagcymi (3). W zwigzku z tym priory-
tetowe traktowanie srodkow zapobiegawczych, takich
jak szczepienia, ma kluczowe znaczenie dla grup wy-
sokiego ryzyka (4).

W Polsce na poczatku epidemii stosowano trzy
szczepionki dwudawkowe — Comirnaty, Spikevax
i Vaxzevria — oraz jedng szczepionke jednodawkowa
— Janssen; dawka przypominajaca jest dostepna od li-
stopada 2021 r. (4). Poczawszy od 27 grudnia 2020 r.
program szczepien w pierwszej kolejnosci obejmowat
pracownikow ochrony zdrowia, personel doméw opie-
ki, osoby w wieku podesztym, nauczycieli szkot pod-
stawowych oraz osoby z chorobami wspotistniejacymi
(okreslanych zbiorczo jako ,,grupa 17) (5,6). Skutecz-
nos$¢ szczepionek przeciwko objawowym zakazeniom
roznita si¢ w zaleznos$ci od preparatu i wariantu wiru-
sa, przy czym dwie dawki zapewnialy wieksza sku-
tecznos$¢ niz pojedyncza dawka (7,8). Jednak ochro-
na zmniejsza si¢ wraz z uptywem czasu, szczegolnie
u 0sob starszych i z obnizong odpornoscia (7,9).

Badania wykazuja, ze stosowanie dodatkowych
srodkow zapobiegawczych, takich jak dystans spo-
leczny i noszenie maseczek przyczynia si¢ do zmniej-
szenia zachorowalnosci (10,11). Na przyktad, obowia-
zek noszenia maseczek zmniejszyt liczbe przypadkow
zachorowan w Niemczech o 45% (11). Szacuje sig, ze
Sciste przestrzeganie tych srodkow mogloby ograni-
czy¢ liczbe zakazen SARS-CoV-2 nawet o 84% (12).

Mozna postawi¢ hipotezg, ze zaszczepieni pacjenci
moga by¢ mniej zaniepokojeni mozliwo$cig zakazenia
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Wiedza 0s6b starszych

(14), evidence on whether COVID-19 vaccination
induces a behavioral response in individuals is
limited. In addition, comprehensive evidence on
potential behavioral changes following vaccination,
particularly among vulnerable populations such as
older adults, remains lacking. Do older adults have
enough understanding of the COVID-19 vaccine,
and what are their intentions to engage in preventive
measures? They may assume long-term immunity
after vaccination, potentially leading to reduced
adherence to protective behaviors. This study aims to
evaluate knowledge and examine the initial impact of
the first dose on selected risk-compensatory behaviors
among older patients.

MATERIALS AND METHODS

Study design and setting. A cross-sectional
study was conducted in March and April 2021 at
four vaccination centers selected from 12 facilities
in Zielona Gora, the capital of Lubuskie Province,
Poland. The expected sample size determined the
number of vaccination centers participating in the
study. Simple random sampling was used to choose
vaccination centers. These sites differed in size and
location. Therefore, the number of respondents at
the selected centers was as follows: 282, 74, 57, 31,
respectively. The larger the vaccination point, the
more questionnaires were collected.

Given the crucial role of vaccination centers in
administering immunizations, they were deemed
the most suitable locations for collecting data on the
impact of the first dose of the COVID-19 vaccine on
risk compensation intentions among older adults.

Study population. The study involved a consecutive
sample of community-dwelling older adults in Zielona
Gora, Poland, who had received their first dose of the
COVID-19 vaccine. Participants were informed of
their anonymity and that participation was voluntary,
including the option to withdraw at any time.

Inclusion criteria included:

— Age 60 or older
— Ability to respond to the questionnaire
— Informed consent to participate in the study

Study instrument. The questionnaire, taking about
10-12 minutes to complete, contained 16 closed-ended
questions targeting: 1) demographic information:
age, gender, residence, education, comorbidities (5
questions); 2) knowledge about the immunity of the
COVID-19 vaccine (7 questions); 3) compliance with
mask use and social distancing before vaccination (2
questions); and 4) intention to maintain these practices
after receiving the vaccine (2 questions). To justify
whether two items were sufficient for measuring
attitudes toward protective behaviors before and after
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SARS-CoV-2, cigzkim przebiegiem COVID-19 lub
transmisjg wirusa. Z drugiej strony, osoby te moga za-
czaC czesciej lub mniej ostroznie wchodzi¢ w interak-
cje spoteczne. Tego typu zachowania okresla si¢ jako
kompensacja ryzyka (13). Jednak, mimo ze zwigzek
migdzy szczepieniem, a kompensacja ryzyka byt oma-
wiany we wczesniejszej literaturze (14), dowody na to,
czy 1 jak szczepienie przeciwko COVID-19 zmienia
ludzkie zachowania sa nadal ograniczone. Ponadto,
wcigz brakuje kompleksowych danych dotyczacych
potencjalnych zmian w zachowaniach po zaszczepie-
niu, szczegdlnie wsérdd grup najbardziej narazonych,
takich jak osoby starsze. Czy osoby starsze maja wy-
starczajacg wiedzg¢ na temat szczepionki przeciwko
COVID-19 i jakie sa ich intencje w zakresie stosowa-
nia §rodkéw zapobiegawczych? Szczepieni moga za-
ktada¢ nabycie dtugotrwatej odpornosci po immuni-
zacji, co potencjalnie prowadzi do redukcji zachowan
protekcyjnych. Celem niniejszego badania jest ocena
wiedzy oraz zbadanie wptywu pierwszej dawki szcze-
pionki przeciwko COVID-19 na wybrane zachowania
okreslane jako ,,kompensacja ryzyka” wsrod starszych
pacjentow.

MATERIALY  METODY

Projekt i warunki badania. Badanie przekrojowe
przeprowadzono w marcu i kwietniu 2021 r. w czte-
rech punktach szczepien wybranych sposrod 12 placéd-
wek zlokalizowanych w Zielonej Gorze, stolicy woje-
wodztwa lubuskiego. Przewidywana liczebno$¢ proby
determinowata liczbe punktdéw szczepien wlaczonych
do badania. Dob6r punktow szczepien dokonano me-
todg losowania prostego. Punkty roznity si¢ wielko-
Scig 1 lokalizacja; w zwigzku z tym liczba responden-
tow w poszczegolnych punktach wyniosta odpowied-
nio: 282, 74, 57 1 31. Im wigkszy punkt szczepien, tym
wigcej ankiet zebrano.

Biorac pod uwage kluczowa rolg, jaka odgrywa-
ja centra szczepien w realizacji programu szczepien,
uznano je za najbardziej odpowiednie miejsca do zbie-
rania danych na temat wplywu pierwszej dawki szcze-
pionki przeciwko COVID-19 na zamiar kompensacji
ryzyka wsérdd osob starszych.

Badana populacja. Badanie obj¢to probe osob
starszych mieszkajacych w Zielonej Gorze i beda-
cych kolejnymi pacjentami, ktorzy otrzymali pierw-
sza dawke szczepionki przeciwko COVID-19 w da-
nym punkcie szczepien. Uczestnikow poinformowano
o anonimowosci i dobrowolnos$ci udziatu w badaniu
oraz o mozliwosci rezygnacji w dowolnym momencie.

Kryteria wlaczenia obejmowaly:

—  Wiek 60 lat lub wigcej
—  Mozliwos¢ samodzielnego wypetnienia kwestio-
nariusza
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vaccination, the reliability of the scale was estimated
with Cronbach’s coefficient a.

Cronbach’s coefficient a was estimated for the
main study. In our study, the coefficient for protective
behaviors before and after vaccination was o =
0.64, indicating moderate internal consistency (15).
However, this result should be interpreted with caution,
particularly given that the analyzed set comprises only
four items and that Cronbach’s alpha is sensitive to
item number. An additional reliability analysis was
performed, treating individual behaviors as separate
subscales. The alpha coefficient for covering the mouth
and nose was o = 0.71, indicating good reliability. For
questions regarding maintaining social distancing, the
coefficient was o= 0.69, indicating moderate reliability.

The authors developed a questionnaire following
consultation with experts in vaccination and
family medicine, as well as a thorough literature
review, including publications based on validated
questionnaires (16-22).

Knowledge of the COVID-19 vaccine’s
effectiveness was assessed using seven questions;
each correct answer earned 1 point, yielding a score
of 0-7. Bloom’s cutoffs for knowledge levels categorize
knowledge levels into percentage intervals: high
(>80%), moderate (60-79%), and low (60%) (23). In
our study, scores of 4-7 (57-100%) indicated adequate
(high/moderate) knowledge, while scores of 0-3
(<57%) were arbitrarily defined as poor knowledge.
This classification was established based on theoretical
considerations and pilot testing, during which the
average knowledge score was relatively low.

Attitudes toward COVID-19 were assessed by
giving 1 point for each correct answer to the two items
regarding wearing a mask with a covered nose and
social distancing. The scale measured attitudes on
a 0-4 scale. Points were assigned (before and after the
first vaccination dose) accordingly: “never” — 0 points,
“rare” — 1 point, “sometimes” — 2 points, and “always”
— 3 points, yielding a total score of 0-6, with higher
scores reflecting a more positive attitude. Individual
scores were summed to obtain a total score. Scores >3
points (>50%) were considered an adequate attitude
level.

Data collection. Data were collected using
an anonymous self-administered questionnaire
by three fifth-year medical students from the
University of Zielona Gora, Poland. During the
third-year epidemiology course in the medical
curriculum, students received training in procedural
standardization,  participant  instruction, and
minimizing interviewer influence.

A pilot study involving 20 patients helped refine the
questionnaire, resulting in essential revisions based on
their feedback. The respondents’ comments primarily

— Wyrazenie $wiadomej zgody na udziat w badaniu.

Narzedzia badawcze. Kwestionariusz, ktorego
wypetnienie zajmowato okoto 10-12 minut, zawieral
16 pytan zamknietych, dotyczacych: 1) danych demo-
graficznych: wieku, pici, miejsca zamieszkania, wy-
ksztalcenia oraz choréb wspdtistniejacych (5 pytan); 2)
wiedzy na temat odpornosci po szczepieniu przeciwko
COVID-19 (7 pytan); 3) przestrzegania zasad noszenia
maseczek i dystansu spotecznego przed szczepieniem
(2 pytania); oraz 4) zamiaru kontynuowania tych prak-
tyk po otrzymaniu szczepionki (2 pytania). W celu
oceny, czy dwa pytania sg wystarczajace do pomia-
ru postaw wobec zachowan prewencyjnych przed i po
szczepieniu, rzetelnos¢ skali oszacowano za pomoca
wspotczynnika a-Cronbacha.

W naszym badaniu wspdlczynnik ten wyniost
o = 0,64, co wskazuje na umiarkowang spdjnos¢ we-
wnetrzng (15). Wynik ten nalezy jednak interpretowac
ostroznie, zwlaszcza biorgc pod uwage, ze analizo-
wany zestaw sktada si¢ jedynie z czterech pozycji,
a wspotczynnik alfa-Cronbacha jest wrazliwy na ich
liczbg. Przeprowadzono dodatkowa analizg rzetelno-
Sci, traktujgc poszczegoélne zachowania jako odreb-
ne podskale. Wspotczynnik alfa dla zakrywania ust
i nosa wyniost a = 0,71, co wskazuje na dobra rze-
telnos¢. W przypadku pytan dotyczacych zachowania
dystansu spotecznego wspotczynnik wyniost a = 0,69,
co wskazuje na umiarkowang rzetelnosc.

Autorzy opracowali kwestionariusz po konsulta-
cjach ze specjalistami w dziedzinie szczepien i medy-
cyny rodzinnej, a takze po przeprowadzeniu szczego-
fowego przegladu literatury, w tym publikacji opar-
tych na sprawdzonych kwestionariuszach (16-22).

Wiedze na temat skutecznosci szczepionki prze-
ciwko COVID-19 oceniano za pomocg siedmiu pytan;
za kazda poprawna odpowiedz przyznawano 1 punkt,
co przektadalo si¢ na wynik 0-7 punktow. Progi Blo-
oma (Bloom’s cutoffs) dla poziomow wiedzy klasy-
fikuja wyniki w przedziatach procentowych: wysoki
(>80%), umiarkowany (60-79%) oraz niski (<60%)
(23). W naszym badaniu wyniki 4-7 punktow (57-
100%) wskazywaty na wystarczajacy poziom wiedzy
(wysoki/umiarkowany), natomiast wyniki 0-3 punk-
tow (<57%) zostaty arbitralnie zdefiniowane jako niski
poziom wiedzy. Klasyfikacj¢ te ustalono na podstawie
rozwazan teoretycznych oraz wynikow badan pilota-
zowych, w ktoérych $redni poziom wiedzy byt stosun-
kowo niski.

Postawy wobec COVID-19 oceniano przyznajac
1 punkt za kazdg poprawng odpowiedz na dwa pyta-
nia dotyczace noszenia maseczki (z zakrytym nosem)
oraz utrzymywania dystansu spotecznego. Postawy
mierzone byly w skali 0-4 punkty. Punkty przyzna-
wano zaréwno przed, jak i po pierwszej dawce szcze-
pionki) odpowiednio: ,,nigdy” — 0 punktow, ,,rzadko”

57



Knowledge of older adults

Wiedza 0s6b starszych

focused on providing more specific clarification
regarding the relatively small number of questions,
enlarging the font, and verifying the time required
to complete the questionnaire. The primary survey
incorporated these improvements.

Statistical analysis. Data were analyzed using
Microsoft Office 2019 and R (version 3.6.0) within
PSPP (24). The analysis included descriptive statistics,
such as means, standard deviations, medians for
quantitative variables, and frequencies (percentages)
for qualitative variables. Demographic characteristics
were examined in bivariate analyses, focusing on
gender, age, residence, education level, and COVID-19
knowledge. The Chi-square test or Fisher’s exact test
was used to compare categorical variables, while non-
parametric tests, including the Mann-Whitney test,
were used for quantitative variables. The distribution
of variables was assessed with the Shapiro-Wilk test,
and significant differences were determined using
the Wilcoxon test, with a p-value < 0.05 considered
significant. Effect sizes (Cohen’s d) were calculated for
pre- and post-vaccination comparisons, with values
indicating small (0.2), moderate (0.5), and large effects
(0.8) of COVID-19.

According to Statistics Poland, approximately
15,807 individuals aged 60 and older were reported in
Zielona Gora in 2020 (25). A sample size calculator
determined that a minimum of 376 participants was
needed for the study, based on a 5% margin of error
and a 95% confidence level.

RESULTS

Sociodemographic characteristics. The
study achieved a response rate of 83%, with 444
patients participating (76 declined). The average
age of participants was 72.02 years (SD=4.7 years).
A significant majority of respondents (61.0%) were
female. Approximately 73.4% of participants lived in
cities with populations of 100,000 or more, and 71.2%
had educational attainment below a higher-education
level. A considerable number of respondents reported
having underlying health conditions (83.6%); among
these, 58.3% had hypertension, 20.7% had diabetes,
25.0% had cardiovascular diseases, 20.0% had cancer,
14.4% had respiratory illnesses, 8.8% had autoimmune
diseases, and 6.3% reported other conditions, such as
kidney and nervous system disorders. The majority
of study participants (88.5%) received the Comiranty
(Pfizer-BioNTech vaccine, whereas the remaining
participants received the Vaxevria (AstraZeneca)
vaccine (Table 1).

Knowledge ofthe COVID-19vaccine effectiveness
and its determinants. Fig. 1 depicts the level of
knowledge about the effectiveness of the COVID-19
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— 1 punkt, ,,czasami” — 2 punkty i ,,zawsze” — 3 punk-
ty, co dawato wynik tagczny 0-6 punktow, przy czym
wyzsze wyniki odzwierciedlaly bardziej pozytywne
nastawienie. Poszczegélne wyniki zsumowano, aby
uzyska¢ wynik tgczny. Wyniki >3 punktow (>50%)
uznawano jako prawidlowe postawy prozdrowotne.

Zbieranie danych. Dane zebrano za pomoca ano-
nimowej ankiety dystrybuowanej przez trzech studen-
tow pigtego roku kierunku lekarskiego Uniwersytetu
Zielonogorskiego. W trakcie zaje¢ z epidemiologii na
trzecim roku studiow medycznych studenci przeszli
szkolenie obejmujace standaryzacje procedur, instruk-
taz dla uczestnikow oraz minimalizowanie wptywu
ankietera.

Badanie pilotazowe z udzialem 20 pacjentow
umozliwilo udoskonalenie kwestionariusza poprzez
wprowadzenie niezbednych zmian na podstawie ich
opinii. Uwagi respondentéw dotyczyty gtownie dopre-
cyzowania (stosunkowo niewielkiej liczby) pytan, po-
wigkszenia czcionki oraz weryfikacji czasu potrzeb-
nego na wypenienie kwestionariusza. Skorygowana
ankieta uwzglgdniata te udoskonalenia.

Analiza statystyczna. Dane analizowano przy
uzyciu pakietu Microsoft Office 2019 oraz oprogra-
mownia R (wersja 3.6.0) w ramach PSPP (24). Ana-
liza obejmowata statystyki opisowe, takie jak $red-
nie, odchylenia standardowe, mediany dla zmiennych
ilosciowych oraz czestosci (procenty) dla zmiennych
jakosciowych. Charakterystyke demograficzng ba-
dano w analizach dwuwymiarowych, koncentrujac
si¢ na pici, wieku, miejscu zamieszkania, poziomie
wyksztalcenia i wiedzy na temat COVID-19. Do po-
rownania zmiennych kategorycznych zastosowano
test chi-kwadrat lub doktadny test Fishera, natomiast
do zmiennych ilo§ciowych zastosowano testy niepa-
rametryczne, w tym test Manna-Whitneya. Rozktad
zmiennych oceniono za pomocg testu Shapiro-Wilka,
a istotne roznice okreslono za pomoca testu Wilcoxo-
na; za istotne statystycznie uznawano wartosci p <
0,05. Wielkosci efektu (d Cohena) obliczono dla po-
rownan przed i po szczepieniu; przy czym wartosci
wskazywaty na maty (0,2), umiarkowany (0,5) i duzy
(0,8) efekt.

Zgodnie z danymi Gtownego Urzedu Statystyczne-
go liczba mieszkancoéw Zielonej Gory w wieku 60 lat
lub wiecej wynosita w 2020 r. 15,807 o0sob (25). Na
podstawie kalkulatora wielkosci proby oszacowano
minimalng liczebno$¢ proby na 376 uczestnikow, przy
zatozeniu marginesu btedu £5% oraz poziomu ufnosci
95%.

WYNIKI

Charakerystyka socjodemograficzna. Zwrotnos¢
wyniosta 85%; na 520 pacjentéw zaproszonych do ba-
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Table 1. Demographic and clinical characteristics of the participants, Zielona Gora, Poland, 2021 (n=444)
Tabela 1. Charakterystyka demograficzna i kliniczna uczestnikow badania w Zielonej Gorze, 2021, (n=444)

Characteristics Frequency (%) N
60-64 6.1 27
65-69 16.4 73
Age (years) 70-74 48.9 217
75-79 25.5 113
>80 3.2 14
Male 39.0 173
Gender
Female 61.0 271
. Cities <100,000 inhabitants 26.6 118
Residence " - .
Cities >100,000 inhabitants 73.4 326
Primary school 54 24
Secondary school 0.7 3
Education Vocational degree 18.0 80
High school diploma 47.1 209
Bachelor or Master 28.8 128
) ) Yes 83.6 371
Underlying disease
No 16.4 73

vaccine among seniors. The average knowledge score
among the 444 participants was 3.5+1.72. Specifically,
19 individuals (4.3%) scored 0 points, 33 (7.4%) scored
1 point, 84 (18.9%) scored 2 points, 83 (18.7%) scored
3 points, 101 (22.7%) scored 4 points, 62 (14.0%)
scored 5 points, 44 (9.9%) scored 6 points, and 18
(4.1%) received a perfect score of 7 points. Notably,
only 50.7% of participants demonstrated adequate
knowledge.

The summary of responses to the COVID-19
vaccine knowledge questions is presented in Table
2. Notable discrepancies were evident in the rates of
correct answers. For instance, the statement ‘“Affer
receiving the first dose of the COVID-19 vaccine,
the second dose is no longer necessary” achieved
a high correct response rate of 84.0%. Conversely, the

1 2 3 4 5 6 7

point score

10,0%

5,0%

0,0% I
0

Fig.l. Knowledge of the COVID-19 vaccine among the
elderly patients, Zielona Goéra, Poland, 2021 (n=444)

Ryc.1. Wiedza na temat szczepionki przeciwko COVID-19
wsrod osob starszych, Zielona Gora, 2021, (n=444)

percentage of correct answers

dania, 76 odmoéwilto udziatu. Sredni wiek uczestnikow
wyniost 72,02 lata (SD=+4,7). Wiekszos¢ responden-
tow (61,0%) stanowity kobiety, 73,4% uczestnikow
mieszkato w miastach liczacych co najmniej 100 000
mieszkancow, 71,2% miato wyksztalcenie ponizej
wyzszego (Tabela 1). Znaczna cze$¢ respondentow
zglosita posiadanie chorob wspoélistniejacych (83,6%);
wsrdd nich 58,3% miato nadci$nienie tetnicze, 20,7%
— cukrzyce, 25,0% — choroby uktadu sercowo-naczy-
niowego, 20,0% — nowotwory, 14,4% — choroby ukta-
du oddechowego, 8,8% — choroby autoimmunologicz-
ne, 6,3% zglosito inne schorzenia, takie jak choroby
nerek czy uktadu nerwowego. Wiekszos$¢ uczestnikow
badania (88,5%) otrzymata szczepionk¢ Comiranty
(Pfizer-BioNTech), podczas gdy pozostali uczestni-
cy otrzymali szczepionke Vaxevria (AstraZeneca)
(Tabela 1).

Wiedza na temat skutecznosci szczepionki
przeciwko COVID-19 i jej uwarunkowania. Ryc. 1
przedstawia poziom wiedzy senioréw na temat sku-
tecznoéci szczepionki przeciwko COVID-19. Sredni
wynik punktacji z wiedzy wsérdod 444 uczestnikow
wyniost 3,5 = 1,72. Doktadniej, 19 osob (4,3%) uzy-
skato 0 punktow, 33 osoby (7,4%) — 1 punkt, 84 osob
(18,9%) — 2 punkty, 83 osob (18,7%) — 3 punkty, 101
0s0b (22,7%) — 4 punkty, 62 0sob (14,0%) — 5 punktow,
44 0s6b (9,9%) — 6 punktow, a 18 0sob (4,1%) uzyskato
maksymalng liczb¢ punktéw, czyli 7. Warto zauwa-
zy¢, ze tylko 50,7% uczestnikow wykazywato wystar-
czajgcg wiedzg.

Podsumowanie odpowiedzi na pytania dotyczace
wiedzy o szczepionce przeciwko COVID-19 przed-
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Table 2. Knowledge about COVID-19 vaccine among the elderly patients, Zielona Goéra, Poland, 2021 (n=444)
Tabela 2. Wiedza osob starszych na temat szczepionki przeciwko COVID-19, Zielona Gora, 2021, (n=444)

T
Statement Correct s
answer n %
Therfi: isa possibility of getting COVID-19 after receiving the first dose of Yes 248 5599,
vaccination
There isa pos51b111ty of getting COVID-19 after receiving the second dose Yes 156 35.1%
of vaccination
The first dose of the COVID-19 vaccine in the elderly gives 100% o
immunity to the SARS-CoV-2 virus No 193 43.5%
The effectiveness of the first dose of the Pfizer COVID-19 vaccine is... 60-70%' 97 21.9%
The effectiveness of the second dose of the Pfizer COVID-19 vaccine is... >80%!' 369 83.1%
After receiving the first dose of the COVID-19 vaccine, the second dose is No 373 84.0%
no longer necessary
The second vaccination against COVID-19 entirely protects elderly people No 118 26.6%
against SARS-CoV-2 virus infection D70

! Narseen, et al. (9)

question regarding the effectiveness of the first dose
of Comirnaty (Pfizer-BioNTech) vaccine received the
lowest correct-response rate, at 21.9% (Table 2).

Table 3 presents the results of the logistic
regression analysis of the predictors of knowledge of
the COVID-19 vaccine among elderly patients and

stawiono w Tabeli 2. Zaobserwowano znaczne zrézni-
cowanie odsetkéw poprawnych odpowiedzi. Na przy-
ktad stwierdzenie ,,Po otrzymaniu pierwszej dawki
szczepionki przeciw COVID-19, druga dawka nie jest
juz konieczna” uzyskato wysoki odsetek poprawnych
odpowiedzi, wynoszacy 84,0%. Z kolei pytanie doty-

Table 3. Logistic regression analysis of predictive factors related to knowledge of COVID-19 vaccine among elderly
patients and practice of mask usage, Zielona Gora, Poland, n = 444

Tabela 3. Analiza regresji logistycznej czynnikow predykcyjnych wiedzy na temat szczepionki przeciwko COVID-19 oraz
stosowania maseczek wsrdd osob starszych, Zielona Gora, 2921, n = 444

. Knowledge Practice
Variable C .
Correct answer (%) Mean (SD) Median ansxcz)vrer:z:cy) Mean (SD) Median
0
Total 50.0 3.50 (1.72) 4 96.5 5.79 (0.65) 6
Gend Female 51.6 3.61 (1.69) 4 97.5 5.85 (0.56) 6
ender
Male 47.6 3.33 (1.76) 3 95.1 5.71(0.77) 6
Significance level 0.008 0.23
Gend >72 51.0 3.57 (1.73) 4 95.8 5.75 (0.73) 6
ender
<72 50.6 3.54 (1.79) 4 97.6 5.85(0.54) 6
Significance level 0.5 0.4
Residency >100,000 51.1 3.58 (1.75) 4 96.8 5.81 (0.62) 6
by city size <100,000 47.0 3.29 (1.61) 3 95.8 5.75 (0.73) 6
Significance level 0.84 0.75
Education Higher 58.2 4.07 (1.71) 3 96.6 5.80 (0.63) 6
level Other 46.7 3.27 (1.67) 96.5 5.79 (0.66) 6
Significance level 0.70 0.94
Underlying Yes 49.8 3.49 (1.72) 4 96.6 5.80 (0.63) 6
diseases No 51.1 3.58 (1.72) 3 95.9 5.78 (0.76) 6
Significance level 0.57 0.93
Knowledge Adequate - - - 96.3 5.76 (0.64) 6
level Poor - - - 96.8 5.81 (0.68) 6
Significance level - 0.57
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Table 4. Declared frequency of mask usage before and after receiving the first dose of the COVID-19 vaccine, Zielona
Gora, Poland, (n=444).

Tabela 4. Deklarowana czgsto$¢ noszenia maseczek przed i po otrzymaniu pierwszej dawki szczepionki przeciwko
COVID-19, Ziclona Goéra, 2021, (n=444)

Variable Always Sometimes Rarely Never Iié E é E ié é °§’
n % n % n % n % |&7 |27 & |®7
Total
Before 416 | 93.69 | 25 5.63 3 0.68 0 0.00
After 398 | 89.64 | 33 7.43 11 2.48 2 0.45 1 21 0.045 | 0.18
Difference -18 | -4.33 8 32.00 8 126667 2 {200.00
Female
Before 259 | 95.57 11 4.06 1 0.37 0 0.00
After 250 | 92.25 15 5.54 5 1.85 1 0.37 0 10 022 | 017
Difference -9 -3.47. 4 36.36 4 1400.00 1 100.00
Male
Before 157 | 90.75 14 8.09 2 1.16 0 0.00
After 148 | 85.55 18 10.40 6 3.47 1 0.58 1 11 0.29 0.2
Difference -9 -5.73 4 28.57 4 1200.00 1 100.00
Age>T72
Before 231 | 91.67 19 7.54 2 0.79 0 0.00
After 221 | 87.70 23 9.13 6 2.38 2 0.79 0 11 0.14 | 0.18
Difference -10 | -4.33 4 21.05 4 1200.00| 2 200.0
Age<72
Before 185 | 96.35 6 3.13 1 0.52 0 0.00
After 177 | 92.19 10 5.21 5 2.60 0 0.00 1 10 0.08 0.2
Difference -8 -4.32 4 66.67 4 1400.00f O 0.00
City size >100 thousand residents
Before 308 | 94.48 16 491 2 0.61 0 0.00
After 294 | 90.18 23 7.06 8 2.45 1 0.31 0 15 0.10 | 0.19
Difference -14 | -4.55 7 4375 6 1300.00 1 100.00
City size <100,000 residents
Before 108 | 91.53 9 7.63 1 0.85 0 0.00
After 104 | 88.14 10 8.47 3 2.54 1 0.85 1 6 0.55 | 0.16
Difference -4 -3.70 1 11.11 2 1200.00 1 100.00
Higher education
Before 121 | 94.53 7 5.47 0 0.00 0 0.00
After 115 | 89.84 9 7.03 2 1.56 2 1.56 0 6 022 | 0.24
Difference -6 -4.96 2 28.57 2 200.0 2 1200.00
Lower education
Before 295 | 93.35 18 5.70 3 0.95 0 0.00
After 283 | 89.56 | 24 7.59 9 2.85 0 0.00 1 15 0.13 | 0.16
Difference -12 | -4.07 6 33.33 6 120000 O 0.00
Underlying diseases
Before 347 | 9353 | 22 5.93 2 0.54 0 0.00
After 333 | 89.76 29 7.82 8 2.16 1 0.27 1 17 0.12 | 0.17
Difference -14 | -4.03 7 31.82 6 |300.00 1 100.00
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Always Sometimes Rarely Never 2 & g e é’ 5 o
Variable ) -‘é = %% g % N
n % n % n % n % ~ z o,
No underlying disecases
Before 69 | 94.52 3 4.11 1 1.37 0 0.00
After 65 89.04 4 548 3 4.11 1.37 0 4 052 | 0.24
Difference -4 -5.80 1 33.33 2 1200.00 1 100.00
Adequate knowledge
Before 206 | 91.56 18 8.00 1 0.44 0 0.00
After 198 | 88.00 | 22 9.78 3 1.33 2 0.89 1 9 0.31 0.16
Difference -8 -3.88 4 22.22 2 1200.00| 2 |200.00
Poor knowledge
Before 210 | 95.89 7 3.20 2 0.91 0 0.00
After 200 | 91.32 11 5.02 8 3.65 0 0.00 0 12 0.09 | 0.21
Difference -10 | -4.76 4 57.14 6 30000 O 0.00

their mask-use practices. The findings reveal that
females had a higher knowledge score (3.61£1.69)
than males (3.33+1.76; p=0.008). However, no
significant differences in knowledge were observed
among patients by age, residency, education level, or
underlying health conditions.

Declared COVID-19-related practices before
and after vaccination. The practices regarding
COVID-19 preventive measures, specifically mask
usage and social distancing, are summarized in Table
4 and the Appendix. Before vaccination, 93.7% of
respondents wore masks in crowded places, while
66.7% maintained a distance of at least two meters.
After immunization, the rates were 89.6% for mask-
wearing and 72.8% for social distancing. Table 4 also
shows that mask use among older individuals before
vaccination did not differ significantly by age, gender,
education, residence, or underlying health conditions.

According to Table 4, 93.7% of respondents covered
their nose and mouth before their first COVID-19
vaccine dose, and 89.6% planned to continue this
practice post-vaccination, indicating a 4.3% decrease
(p=0.045, ES=0.18). Mask usage declined across all
subgroups after the first dose, with a trend toward
significance (p<0.045) but a small effect size (ES
range: 0.16-0.24). Table 1 in the Appendix reveals
no significant change in social distancing intentions
before and after vaccination (p=0.23), although seniors
aged 72 and older showed a significant increase (75.4%
vs. 65.1%; p=0.03).

DISCUSSION
Results overview. Our study is the first of its kind

in Poland, with no comparable research available. This
limited our ability to benchmark our findings against

62

czace skutecznosci pierwszej dawki szczepionki Co-
mirnaty (Pfizer-BioNTech) uzyskato najnizszy odse-
tek poprawnych odpowiedzi, wynoszacy 21,9%.

Tabela 3 przedstawia wyniki analizy regresji lo-
gistycznej dotyczacej predyktoréw wiedzy na temat
szczepionki przeciwko COVID-19 wsrdd pacjentow
w podesztym wieku oraz ich praktyk zwigzanych
z noszeniem maseczek. Wyniki wskazuja, ze kobiety
uzyskaty wyzszy sredni wynik wiedzy (3,61+1,69) niz
mezczyzni (3,33£1,76; p=0,008). Nie zaobserwowano
jednak istotnych réznic w poziomie wiedzy w zalez-
nos$ci od wieku, miejsca zamieszkania, poziomu wy-
ksztatcenia ani chorob wspotistniejacych.

Deklarowane praktyki prewencyjne dotyczgce
COVID-19 przed i po szczepieniu. Praktyki zwia-
zane ze stosowaniem $rodkow zapobiegawczych prze-
ciwko COVID-19, w szczegdlnosci dotyczace noszenia
maseczek oraz zachowywania dystansu spotecznego,
podsumowano w Tabeli 4 i Zalgczniku. Przed szcze-
pieniem 93,7% respondentdéw nosito maseczki w miej-
scach o duzym natezeniu ruchu, a 66,7% zachowywa-
o dystans co najmniej dwoch metréw. Po szczepieniu
odsetek osob deklarujacych noszenie maseczek wy-
niost 89,6%, a zachowywania dystansu spotecznego
— 72,8%. Tabela 4 pokazuje rowniez, ze deklarowana
czesto$¢ noszenia maseczek przez osoby starsze przed
szczepieniem nie roznita si¢ istotnie w zaleznos$ci od
wieku, plci, poziomu wyksztalcenia, miejsca zamiesz-
kania ani chorob wspotistniejgcych.

Zgodnie z Tabelg 4, az 93,7% respondentow de-
klarowato, ze zakrywato nos i usta przed przyjeciem
pierwszej dawka szczepionki przeciwko COVID-19,
za$ 89,6% deklarowalo zamiar kontynuowania tej
praktyki po szczepieniu, co odpowiada spadkowi
o 4,3% (p=0,045, ES=0,18). Stosowanie maseczek
zmniejszylo si¢ we wszystkich podgrupach po pierw-
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Table 1 Appendix. Declared frequency of social distancing before and after receiving the first dose of COVID-19 vaccine,
Zielona Gora, Poland (n=444)

Tabela 1 Zaltacznik. Deklarowana czgstos¢ zachowywania dystansu spotecznego przed i po otrzymaniu pierwszej dawki
szczepionki przeciwko COVID-19, Zielona Gora, Polska (n=444)

Variable Always Sometimes Rarely Never :i:’ E %ﬁ E é ;3 g
n % n % n % n % [ &7 27 x| BT
Total
Before 296 | 66.67 | 123 | 27.70 17 3.83 8 1.80
After 323 | 7275 97 | 21.85 17 3.83 7 1.58 63 34 0.23 0.1
Difference 27 9.12 26 | -21.14 0 0.00 -1 | -12.50
Females
Before 183 | 67.53 75 27.68 8 2.95 5 1.85
After 203 | 7491 55 20.30 8 295 5 1.85 42 22 0.25 | 0.12
Difference 20 1093 | -20 |-26.67 0 0.00 0 0.00
Males
Before 113 | 6532 | 48 27.75 9 5.20 3 1.73
After 120 | 69.36 | 42 | 24.28 9 5.20 2 1.16 21 12 0.85 | 0.08
Difference 7 6.19 -6 | -12.50 0 0.00 -1 -33.33
Age>T2
Before 164 65.1 73 29.0 8 3.2 7 2.8
After 190 75.4 50 19.8 10 4.0 2 0.8 41 16 0.03 | 0.21
Difference 26 15.9 -23 315 2 25.0 -5 -71.4
Age<72
Before 132 | 68.8 50 26.0 9 4.7 1 0.5
After 133 69.3 47 24.5 7 3.6 5 2.6 22 18 0.39 | 0.04
Difference 1 0.8 3 -6.0 2 222 4 400.0
City size >100,000 residents
Before 210 | 6442 | 94 | 28.83 16 491 6 1.84
After 240 | 73.62 | 68 | 20.86 13 3.99 5 1.53 54 22 0.09 | 0.16
Difference 30 1429 | -26 |-27.66| -3 -18.75 -1 -16.67
City size <100,000 residents
Before 86 | 72.88 | 29 | 24.58 1 0.85 2 1.69
After 83 7034 | 29 | 24.58 4 3.39 2 1.69 9 12 0.60 | 0.08
Difference 3 -3.49 0 0.00 3 300.0 0 0.00
Higher education
Before 91 71.09 | 30 | 23.44 5 391 2 1.56
After 97 75.78 26 | 20.31 3 2.34 2 1.56 16 7 0.81 0.1
Difference 6 6.59 -4 | -1333| -2 |-40.00| O 0.00
Other education
Before 205 | 6487 | 93 29.43 12 3.80 6 1.90
After 226 | 71.52 71 22.47 14 4.43 5 1.58 47 27 0.24 0.1
Difference 21 10.24 | -22 | -23.66 2 16.67 -1 -16.67
Comorbidities
Before 254 | 68.46 | 102 | 2749 9 243 6 1.62
After 278 | 74.93 79 21.29 11 2.96 3 0.81 51 27 0.16 | 0.13
Difference 24 9.45 =23 | -22.55 2 22.22 -3 1-50.00
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Variable Always Sometimes Rarely Never é E é):: ;f é g
n % n % n % n % | &7 27| & |®”7
No comorbidities
Before 42 57.53 21 28.77 8 10.96 2 2.74
After 45 61.64 18 24.66 6 8.22 4 5.48 12 7 0.73 | 0.02
Difference 3 7.14 -3 -1429 | -2 |-25.00 2 100.00
Adequate knowledge
Before 145 | 6444 | 68 | 30.22 9 4.00 3 1.33
After 164 | 72.89 | 47 | 20.89 12 5.33 2 0.89 40 20 0.13 | 0.3
Difference 19 13.10 | -21 |-30.88 3 33.33 -1 -33.33
Poor knowledge
Before 151 | 68.95 55 25.11 8 3.65 2.28
After 159 | 72.60 | 50 | 22.83 5 2.28 2.28 23 14 0.77 | 0.08
Difference 8 5.30 -5 -9.09 3 -37.50 0.00

other publications. Previous studies on COVID-19
vaccine knowledge and practices were conducted
elsewhere, highlighting the importance of such
evaluations for health planning, especially for the
elderly, who face a higher risk of infection (26,27).

The results showed that older patients, especially
males, had significant gaps in COVID-19-related
knowledge, with half scoring 50% or lower. However,
adherence to preventive measures, like mask-wearing
and social distancing, increased among the elderly.
Participants maintained a positive attitude toward these
practices before and after vaccination. Interestingly,
there was a slight decrease in mask-wearing after
immunization, while the intention to practice social
distancing increased, particularly among those aged
72 and older.

Knowledge about the effectiveness of the
COVID-19 vaccine. Prior research indicates that
knowledge significantly affects attitudes and practices
(16). Assessing knowledge levels among the elderly
is crucial for identifying gaps that can be addressed
through education. This study found lower knowledge
levels compared to two recent Iranian studies on
individuals over 60, which focused on COVID-19
causes and symptoms rather than vaccine information
(17,18).

No vaccine protects 100% of vaccinated people
against SARS-CoV-2 infection. How-ever, those
immunized with the full course may develop COVID-19
very rarely; if symptoms occur after vaccination, they
are usually mild (28,29). Our study results confirm
that most respondents were unable to distinguish
between protection from infection and protection from
the severe consequences of COVID-19. Nearly half
of our patients were unaware they could still contract
COVID-19 after their first dose, and almost two-thirds
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szej dawce, z tendencja do istotnosci statystycznej
(p<0,045), jednak przy matej wielkosci efektu (zakres
ES: 0,16-0,24). Tabela 1 w zataczniku nie wykazata
istotnych zmian w zamiarach zachowania dystansu
spotecznego przed i po szczepieniu (p=0,23), chociaz
wsrod seniorow w wieku 72 lat i starszych odnotowano
istotny wzrost (75,4% w pordéwnaniu z 65,1%; p=0,03).

DYSKUSJA

Podsumowanie wynikow. Nasze badanie jest
pierwszym tego typu przeprowadzonym w Polsce,
a brak dostepnych publikacji ograniczyt mozliwos¢
poréwnania naszych wynikéw z uzyskanymi przez
innych autorow. Wczesniejsze badania dotyczace wie-
dzy i1 praktyk zwigzanych ze szczepieniem przeciw-
ko COVID-19 byty prowadzone w innych krajach, co
podkresla znaczenie naszych analiz dla planowania
opieki zdrowotnej, zwlaszcza w odniesieniu do 0s6b
starszych, ktore sa bardziej narazone na zakazenie
(26,27).

Wyniki pokazaty, ze starsi pacjenci, zwlaszcza
mezczyzni, wykazywali istotne braki w wiedzy na
temat COVID-19, przy czym okoto potowa z nich
uzyskata wynik na poziomie 50% lub nizszy. Jedno-
czes$nie, wsrod osob starszych odnotowano wzrost de-
klarowanego przestrzegania praktyk prewencyjnych,
takich jak noszenie maseczek oraz zachowywanie
dystansu spotecznego po otrzymaniu pierwszej dawki
szczepionki przeciw COWID-19. Uczestnicy badania
utrzymywali pozytywne nastawienie do tych praktyk
przed, jak i po szczepieniu. Co ciekawe, po szczepie-
niu zaobserwowano niewielki spadek czestosci dekla-
rowanego noszenia maseczek, podczas gdy deklaro-
wana sktonnos¢ do zachowywania dystansu spotecz-
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were misinformed after their second dose. Additionally,
57% misunderstood the immunity provided by the
first dose, which could lead to a false sense of security
among older individuals and increase the transmission
risk (19). However, eight out of ten respondents
recognized the effectiveness of the second dose, likely
influenced by Polish media campaigns promoting this
information. Sadly, in Poland, information campaigns
aimed at increasing COVID-19 awareness did not
enhance understanding of vaccines. This suggests
that the low knowledge scores among the elderly may
stem from a poor understanding of immunization and
incomplete vaccination risks, highlighting the urgent
need to combat misinformation.

The mean knowledge score did not correlate
significantly with age, education, residence, or pre-
existing diseases among the elderly. However, females
exhibited higher knowledge levels than males,
suggesting they may have a greater perception of risk
(16,20). It’s essential to improve overall knowledge
and correct any misinformation.

Declared selected preventive practices towards
COVID-19. Our study shows that mask-wearing
among the elderly was notably high before COVID-19
vaccination, with 93.7% consistently reporting usage.
This exceeds findings from other Polish studies, in
which only 60.4% of participants wore masks in public,
and another study reported a decrease from 73.6% to
65.7% over two weeks (30,31). These studies were
conducted around the same time within the general
Polish population.

The higher rate of mask-wearing in our study
may stem from older adults’ increased awareness of
COVID-19’s severe complications, including death
(32,33). Research shows that the likelihood of wearing
amask rises with age (34), and similar trends have been
noted in Iran, Saudi Arabia, Brazil, and China (35).
Mask-wearing is also a critical preventive behavior in
many Asian countries (36).

The emphasis on mask-wearing was considered
more important than social distancing both before and
after receiving the first COVID-19 vaccine dose. This
may be due to the belief that masks significantly reduce
the risk of transmission, as supported by various studies
(37). However, there is a notable gap in research on the
effects of vaccination on attitudes and behaviors. Some
simulations in the U.S. have shown that continued
mask usage is advisable until vaccination coverage
targets are met and for a short period afterward (38).
Alarmingly, our research indicated that older adults
were less likely to wear masks after receiving their
first vaccine dose, potentially due to overconfidence
stemming from misconceptions about partial
protection from vaccination.

nego wzrosta, szczegolnie wsrdd osob w wieku 72 lat
i starszych.

Wiedza na temat skutecznosci szczepionki prze-
ciwko COVID-19. Wczesniejsze badania wskazuja,
ze poziom wiedzy istotnie wptywa na postawy i prak-
tyki (16). Ocena poziomu wiedzy osob starszych ma
kluczowe znaczenie dla identyfikacji luk, ktore mozna
uzupetni¢ poprzez dziatania edukacyjne. W niniej-
szym badaniu odnotowano nizszy poziom wiedzy
uczestnikow w poréwnaniu z dwoma niedawno prze-
prowadzonymi iranskimi badaniami, ktoére dotyczyly
0sob powyzej 60. roku zycia; jednak te badania kon-
centrowaty si¢ na przyczynach i objawach COVID-19,
a nie na informacjach o szczepionce (17,18).

Zadna szczepionka nie chroni 100% zaszczepio-
nych osob przed zakazeniem SARS-CoV-2. Jednak
osoby zaszczepione dwoma dawkami moga rzadziej
chorowa¢ na COVID-19; w przypadku wystapienia
objawOw sa one zazwyczaj tagodne (28,29). Wyniki
naszego badania potwierdzaja, ze wickszos¢ respon-
dentoéw nie byta w stanie odr6zni¢ ochrony przed za-
kazeniem od ochrony przed powaznymi konsekwen-
cjami COVID-19. Prawie polowa uczestnikow nie
wiedziata, ze nadal moga zakazi¢ si¢ SARS-CoV-2
po otrzymaniu pierwszej dawki, a niemal dwie trze-
cie miato bledne informacje dotyczace drugiej dawki.
Ponadto 57% respondentéw blednie zrozumiato od-
porno$¢ zapewniang przez pierwsza dawke, co moze
prowadzi¢ do falszywego poczucia bezpieczenstwa
wsrod osob starszych i zwigksza¢ ryzyko transmisji
(19). Jednak o$miu na dziesigciu uczestnikow popraw-
nie okreslito skutecznos¢ drugiej dawki, prawdopo-
dobnie dzigki kampaniom medialnym promujacym te¢
informacj¢ w Polsce. Niestety, jak pokazuja wyniki
naszego badania, kampanie informacyjne majace na
celu zwigkszenie §wiadomosci na temat COVID-19
nie w petni przetozyly si¢ na zrozumienie zagadnien
zwigzanych ze szczepieniem. Sredni wynik wiedzy
wsrod osob starszych nie korelowal istotnie z wie-
kiem, poziomem wyksztalcenia, miejscem zamieszka-
nia ani obecnoscig chordb wspoétistniejacych. Kobiety
wykazywaly jednak wyzszy poziom wiedzy niz m¢z-
czyzni, co moze wskazywac na wigksze poczucie ry-
zyka w tej grupie (16,20).

Niski poziom wiedzy wsrod osob starszych pod-
kresla pilng potrzebg zwalczania dezinformacji w tym
zakresie. Wazne, aby umozliwi¢ seniorom poszerza-
nie ogolnej wiedzy na temat szczepien przeciwko CO-
VID-19 i korygowanie na biezaco wszelkich btgdnych
wiadomosci.

Zadeklarowane wybrane praktyki zapobiegaw-
cze w zwigzku z COVID-19. Nasze badanie poka-
zuje, ze noszenie maseczek przez osoby starsze bylo
szczegolnie powszechne przed szczepieniem przeciw-
ko COVID-19; 93,7% respondentow deklarowato ich
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Maintaining social distance is a key strategy
for preventing the spread of COVID-19. A study in
Newcastle, Australia, found that complete distancing
can reduce the risk of illness by 90% among adults
(39). In our survey, two-thirds of older participants
consistently maintained social distance, a finding
similar to those in the US (40). Other studies reported
lower rates, possibly because respondents were
younger. Age was also identified as a significant
predictor of adherence to social distancing (41).

After the first COVID-19 vaccine dose, the
proportion intending to continue social distancing
increased to 73%, although this difference was not
statistically significant. A study in Italy showed that
attitudes toward social distancing remained stable at
about 94% before and after the second vaccine dose
(42). Italian respondents reported a higher frequency of
distancing post-vaccination, but their sample included
healthcare workers and university students, who may
be more aware of prevention measures.

Previous studies have linked vaccine willingness to
positive health behaviors (43). Our population consisted
of patients awaiting their first COVID-19 vaccine dose,
which may have influenced their intention to continue
social distancing post-vaccination.

Limitations. This study has limitations, including
a consecutive sample from vaccination centers in one
Polish city, which may limit the generalizability of the
findings. However, the diverse participants, in terms
of age, gender, and education, provide a reasonable
representation of elderly knowledge and self-reported
prevention practices. The sample consisted of patients
awaiting their first COVID-19 vaccine dose, indicating
astrong motivation for preventive behaviors. Recruiting
only individuals attending vaccination appointments
naturally restricted the sample to mobile, vaccine-
accepting participants, which may have influenced the
observed levels of knowledge and attitudes. The survey
relied on self-reported data, which may introduce bias,
and the prevalence of risk-compensating behaviors
may be overestimated, although anonymity may
mitigate this concern. Notably, the study examined
behavioral intentions regarding preventive practices
post-vaccination, rather than actual behaviors, even
though intentions are strong predictors of behavior
44).

CONCLUSIONS

This paper reports on older adults’ knowledge and
preventive practices in a Polish city before and after
their first COVID-19 vaccine dose. Findings can guide
policymakers in developing healthcare strategies
during the pandemic. The study reveals a concerning
lack of knowledge about the effectiveness of COVID-19
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uzywanie. Wynik ten przewyzsza dane z innych ba-
dan, przeprowadzonych mniej wigcej w tym samym
czasie w ogodlnej populacji polskiej, w ktorych tylko
60,4% uczestnikow nosito maseczki w miejscach pu-
blicznych. We wspomnianych badaniach odnotowano
takze spadek przestrzegania tej prewencyjnej praktyki
z 73,6% do 65,7% w ciggu dwoch tygodni (30,31).

Wyzszy odsetek noszenia maseczek w naszym
badaniu moze wynika¢ ze zwickszonej $wiadomosci
osOb starszych na temat powaznych powiktan CO-
VID-19, w tym ryzyka $mierci (32,33). Badania wska-
zuja, ze prawdopodobienstwo stosowania maseczki
wzrasta wraz z wiekiem (34), a podobne trendy za-
obserwowano w Iranie, Arabii Saudyjskiej, Brazylii
i Chinach (35). Noszenie maseczek stanowi rowniez
kluczowe zachowanie profilaktyczne w wielu krajach
azjatyckich (36).

Zardéwno przed, jak i po przyjeciu pierwszej dawki
szczepionki przeciwko COVID-19, badani przez nas
seniorzy uznali za wazniejsze dziatanie prewencyjne
noszenie maseczek niz zachowywanie dystansu spo-
fecznego. Moze to wynika¢ z przekonania, ze masecz-
ki znaczgco zmniejszajg ryzyko transmisji wirusa, co
potwierdzaja liczne badania (37). Niektore symulacje
przeprowadzone w USA wykazaty, ze kontynuowanie
noszenia maseczek jest zalecanie do momentu o0sig-
gniecia docelowego poziomu wyszczepialno$ci i przez
krotki okres po jego osiggnigciu (38). Co alarmujace,
nasze badanie wskazato, ze osoby starsze rzadziej de-
klarowaty noszenie maseczki po otrzymaniu pierw-
szej dawki szczepionki niz robity to przed szczepie-
niem, potencjalnie z powodu nadmiernej pewnosci
siebie wynikajacej z btednych przekonan o ochronie
zapewnianej przez szczepienie.

Zachowanie dystansu spotecznego stanowi kluczo-
wa strategie zapobiegania rozprzestrzenianiu si¢ CO-
VID-19. Badanie przeprowadzone w Newcastle w Au-
stralii wykazato, Zze utrzymanie pelnego dystansu
spotecznego moze zmniejszy¢ ryzyko zachorowania
0 90% wsrod osob dorostych (39). W naszym badaniu
dwie trzecie uczestnikow zachowywato dystans spo-
feczny, co jest wynikiem zblizonym do uzyskanego
w badaniu przeprowadzonym w USA (40). Wiek oka-
zat si¢ istotnym czynnikiem predykcyjnym przestrze-
gania dystansu spotecznego. Inne badania wykazaly
nizsze odsetki 0sob utrzymujacych dystans, prawdo-
podobnie ze wzgledu na mlodszy wiek respondentow
(41).

Odsetek 0sob zamierzajacych kontynuowaé dy-
stans spoteczny wzrést do 73% po otrzymaniu pierw-
szej dawki szczepionki przeciwko COVID-19 w po-
rébwnaniu ze stosowaniem tej praktyki prewencyjnej
przed szczepieniem, cho¢ réznica ta nie byla staty-
stycznie istotna. Badanie przeprowadzone we Wto-
szech wykazato, ze stosunek do dystansu spolecznego
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vaccines among older adults, underscoring the need
for national-level educational campaigns to increase
vaccine awareness, particularly among older men.
Recognizing the contagiousness of SARS-CoV-2 and
the efficacy of vaccines as essential factors, education
on these issues should be delivered to older adults by
trusted authorities, such as healthcare professionals
and government health authorities (45).

A tendency toward risk compensation in mask-
wearing has been observed among vaccinated older
adults in Poland. To address their overconfidence,
targeted risk communication strategies are needed to
clarify misconceptions about vaccine protection and
encourage adherence to preventive practices.
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ABSTRACT

Trypanosomiasis remains a major neglected tropical disease, largely uncontrolled due to rising drug resistance
and the absence of an effective vaccine. Decades of vaccine failure are primarily linked to the parasite’s immune-
evasion strategy of Antigenic Variation (AV), driven by continual switching of the Variant Surface Glycoprotein
(VSG) coat. This review proposes an integrated immuno-epidemiologic framework that moves beyond
VSG-focused strategies by targeting conserved functional vulnerabilities and incorporating population-level
transmission dynamics. The approach redirects vaccine development toward invariant, indispensable antigens
such as the Transferrin Receptor (TfR), Invariant Surface Glycoproteins (ISGs), and Paraflagellar Rod (PFR)
components. Antibodies against these molecules can induce conserved killing mechanisms — including iron
starvation or disruption of essential membrane functions — regardless of VSG switching. Advances in reverse
vaccinology enable multi-epitope and mRNA platforms to encode these structurally constrained targets, while
complementary transmission-blocking and vector-focused strategies aim to interrupt parasite development within
tsetse flies. A central argument is that partially protective vaccines (PPVs) can produce substantial epidemiologic
benefits by lowering parasitemia, shortening infectious duration, and reducing the probability of vector infection.
Such effects can meaningfully suppress transmission without requiring sterilizing immunity. A One Health
approach, coupled with realistic population-based efficacy metrics, is essential for future vaccine development.
By exploiting conserved molecular constraints and integrating immunologic, ecological, and epidemiologic
insights, this framework outlines a practical pathway toward effective trypanosomiasis vaccination.

Keywords: One Health, vaccines, antigenic variation, immuno-epidemiology, trypanosomiasis

INTRODUCTION

Trypanosomiasis is a major neglected tropical
disease caused by several species of Trypanosoma,
affecting both humans, through Human African
Trypanosomiasis (HAT, or sleeping sickness), which
threatens millions with a fatal neurological disease,
and animals through Animal African Trypanosomiasis
(AAT, or Nagana), which is responsible for massive
losses in livestock productivity and remains
a primary obstacle to agricultural development in
subsaharan Africa (1). These protozoan parasites are

primarily transmitted by tsetse flies (Glossina sp.),
although mechanical transmission by biting flies also
contributes to disease spread (2). Two subspecies of
Trypanosoma brucei cause HAT: T. b. gambiense and
T. b. rhodesiense (2,3). T. b. gambiense predominates
in West and Central Africa, causing a chronic, slow-
progressing infection that often involves the central
nervous system. In contrast, 7. b. rhodesiense, found
in East and Southern Africa, is a zoonotic parasite that
leads to an acute, rapidly progressing disease with early
systemic involvement (3). AAT, on the other hand, is
caused by multiple species — T. congolense, T. vivax,
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T evansi, T. equiperdum, T. simiae, T. suis, T. theileri,
and T. brucei — and is responsible for significant losses
in livestock productivity across sub-Saharan Africa,
with wildlife often serving as reservoir hosts (4,5). The
coexistence of competent vectors, abundant animal
reservoirs, and human populations in endemic regions
ensures the continued circulation of trypanosomes,
sustaining both the public health and socioeconomic
burden of the disease (6,7).

Current control strategies rely on chemotherapy and
vector control, but these approaches are increasingly
undermined by drug toxicity, resistance, limited
efficacy, and a stagnant drug development pipeline
(6,7). Vaccination remains the most promising long-
term solution in both animals and humans; the One
Health strategy for trypanosomiasis centers on the
idea that vaccinating livestock serves as a “human
shield” by reducing the animal reservoirs that lead
to zoonotic human infection, however, despite
extensive research, no trypanosomiasis vaccine has
reached practical deployment. The central obstacle is
the parasite’s capacity for immune evasion through
antigenic variation — its ability to continually switch its
Variant Surface Glycoprotein (VSG) coat, and escape
antibody recognition (8). While antigenic variation is
a formidable challenge, decades of vaccine failures
also reflect conceptual limitations: many approaches
focus narrowly on molecular immune evasion without
considering the broader host-parasite-population
dynamics that shape infection and transmission (9).

This manuscript therefore reviews emerging
immuno-epidemiologic frameworks for both human
and animal trypanosomiasis, bridging molecular
immunology with population-level epidemiology. By
integrating insights across these domains, we aim to
redefine vaccine target selection, evaluation criteria,
and design strategies for trypanosomiasis and other
antigenically variable pathogens.

METHODS

This manuscript is structured as a narrative
review synthesizing recent advances in trypanosome
immunology, molecular biology, structural biology,
and epidemiology. Literature was identified through
targeted searches of PubMed, Web of Science, and
Google Scholar using terms related to Trypanosoma
brucei, antigenic variation, VSG structure, invariant
antigens, and vaccine development. Priority was given
to studies published between 2015-2025, with seminal
older studies included where necessary to clarify
foundational concepts. The goal was not to conduct
a systematic evidence appraisal, but to integrate
mechanistic insights and epidemiologic frameworks
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into a cohesive conceptual model for vaccine
innovation.

BEYOND THE VSG BARRIER: MECHANISTIC
CONSTRAINTS AND OPPORTUNITIES

Recent advances in structural biology, including
high-resolution X-ray crystallography coupled with
AlphaFold predictions, have deepened understanding
of the Variant Surface Glycoprotein (VSG) coat, the
central component of Trypanosoma brucei immune
evasion (11). The VSG is a ~60 kDa homodimer
composed of an elongated N-terminal domain and
a compact C-terminal domain anchored to the
membrane by a glycosylphosphatidylinositol (GPI)
moiety (10). Although the parasite possesses an
extensive genomic archive of VSG genes, stringent
allelic exclusion ensures that only one VSG is expressed
at a time (10,11), this single-expression system,
coupled with access to a vast VSG repertoire, enables
the parasite to generate an almost inexhaustible series
of antigenically distinct coats during infection (10-13).

This architecture underlies two major evasion
strategies: antigenic switching, which enables the
parasite to stay ahead of host antibody responses by
continually replacing the dominant VSG coat, and
active suppression of humoral immunity, including
destruction of B-cell memory in the spleen, which
prevents the establishment of long-term protective
immunity (12,13). In addition, the densely packed VSG
layer facilitates rapid lateral movement and endocytosis
of antibody-VSG complexes, thereby clearing bound
immunoglobulins and complement factors before they
can trigger lysis (13). Together, these interconnected
mechanisms have historically rendered VSG-directed
vaccination ineffective (11).

Although VSG antigenic variation imposes
significantconstraints, recentdatasuggestthesebarriers
can be circumvented by shifting vaccine development
toward invariant or semi-invariant antigens essential
to parasite survival (12), these molecules either reside
beneath the VSG coat or are functionally critical
enough that their structure and sequence remain
highly conserved. One promising class includes the
Invariant Surface Glycoproteins, particularly [SG65
and ISG75 (12,13). These proteins are stable across
strains and implicated in nutrient uptake and surface
protein turnover. Antibodies against [ISG65/ISG75 may
penetrate or map through the VSG layer sufficiently to
disrupt membrane processes, induce opsonization, or
potentiate phagocytic clearance mechanisms that do
not depend on VSG identity (8,12,13).

The transferrin receptor (TfR) complex represents
another compelling target. TfR mediates high-affinity
iron acquisition, a process indispensable for parasite
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survival. Antibody-mediated inhibition of TfR would
effectively starve the parasite of iron, impairing
growth irrespective of the expressed VSG variant (14-
16). Because iron uptake is fundamental to parasite
metabolism, TfR is also less prone to diversifying
selection, making it an attractive vaccine candidate.

Finally, elements of the paraflagellar rod (PFR),
a trypanosome-specific  cytoskeletal —organelle
required for motility, offer an internal but highly
conserved target (17,18). Disruption of PFR function
compromises parasite movement and survival within
both mammalian hosts and the tsetse vector. Although
accessibility remains a challenge, PFR-derived
peptides incorporated into next-generation vaccine
platforms could stimulate T-cell-mediated clearance.
Collectively, these approaches signal a conceptual
shift: rather than confronting the VSG barrier
directly, vaccine strategies can exploit the parasite’s
conserved structural and functional dependencies,
offering a rational pathway toward VSG-independent
immunity.

IMMUNO-EPIDEMIOLOGIC RATIONALE FOR
NOVEL VACCINES

Vaccine performance reflects interactions among
pathogen biology, host genetics, and population-level
factors (19). Individual variation in immune-related
genes, including HLA alleles, cytokine profiles, and
Toll-like receptors, modulates antigen processing
and T/B-cell responses, underscoring the need for
vaccine designs that extend beyond strain matching
to incorporate host diversity, pathogen evolution, and
ecological context (19).

Trypanosome infections produce dynamic immune
disruptions — such as B-cell exhaustion and fluctuating
parasitaemia — that influence infectiousness over
time. An immuno-epidemiologic framework can link
these within-host processes to transmission potential,
prioritizing antigens that reduce peak parasitacmia,
shorten the infectious period, or lower the probability
of onward transmission (8).

A partially protective vaccine (PPV) that reduces
parasite density and compresses the infectious window
can generate substantial population-level benefits
without requiring sterilizing immunity (19,20). As
seen with the RTS, S malaria vaccine, reductions in
infectivity alone can significantly lower incidence
and confer herd effects (20,21). Incorporating PPV
effects into transmission models, as continuous
reductions in infectiousness rather than binary
protection, helps identify ecological contexts (e.g.,
reservoir composition, vector density) where modest
immunologic effects translate to large epidemiologic
gains (21).

Decades of unsuccessful VSG-based and classical
subunit vaccines highlight that future strategies must
engage with both the parasite’s immune-evasion
machinery and the broader transmission system
(9). A forward-looking framework integrates multi-
epitope or mRNA platforms with targets that exploit
conserved functional vulnerabilities and complements
these with transmission-blocking or vector-directed
approaches. Lessons from malaria, HIV, and influenza
vaccine development provide useful parallels for
designing interventions against antigenically variable
pathogens.

TARGETING FUNCTIONAL
VULNERABILITIES BEYOND VSG

Effective vaccine design must prioritize functionally
constrained antigens, targets the parasite cannot readily
modify without major fitness costs, rather than focusing
solely on “invariant” surface markers. Although
a diverse sub-VSG compartment exists, vaccinability
requires demonstrable structural accessibility, essential
function, and favorable endocytic kinetics (22). For
example, ISG75 is immunogenic but likely fails due
to rapid internalization and limited functional leverage
(22,23). Priority targets therefore include nutrient-
acquisition receptors, metabolic chokepoints (e.g.,
bloodstream-form glycolytic enzymes), and vector-
stage molecules with reduced antigenic shielding.

Next-Generation Vaccine Platforms
for Trypanosomiasis. Modern strategies for
a trypanosomiasis vaccine are shifting from

traditional methods toward a sophisticated array of
molecular platforms designed to bypass the parasite’s
complex immune evasion. Recombinant protein
vaccines have identified high-potential candidates
like the invariant glycoprotein IFX and structural
proteins such as B-tubulin and actin, though results
remain mixed as antigens like ISG75 fail to provide
protection despite their immunogenicity (24).
To overcome these limitations, mRNA and self-
amplifying RNA (saRNA) platforms — often paired
with lipid nanoparticles — alongside viral vector-based
systemsarebeingdevelopedtoenhance T-cellactivation
and allow for the rapid, cost-effective production of
multivalent vaccines suitable for field deployment (25).
These are increasingly supplemented by immuno-
informatics to design virus-like particles and multi-
epitope vaccines that focus the immune response on
the most protective fragments of the parasite. Perhaps
most promisingly, CRISPR-attenuated vaccines utilize
precise gene editing to knock out multigene virulence
families, such as trans-sialidases in 7. cruzi or
oligopeptidase B in 7. congolense, creating safe, non-
pathogenic live parasites that elicit a robust, broad-
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spectrum immunity far superior to single-subunit
approaches (26).

Transmission-Blocking and Vector-Focused
Strategies. A complementary approach is to target
transmission rather than sterilizing immunity (27).
Even modest reductions in parasitemia or vector
infection efficiency can suppress population-level

spread.
Key strategies include:
— Reducing reservoir competence: Livestock

vaccination that lowers parasitemia decreases tsetse

infection probability and can push transmission

below sustainable thresholds.

— Targeting parasite stages in the tsetse fly:
Antibodies against vector-stage epitopes may
disrupt parasite development during midgut or
salivary-gland transit.

— Anti-vector targets: Vaccines directed at essential
tsetse midgut or salivary proteins may reduce
feeding efficiency or vector competence.

Together, these host-, parasite-, and vector-focused
strategies highlight that meaningful transmission
reduction is achievable without sterilizing immunity
and should be integral to next-generation vaccine
design (27).

CROSS-DISEASE ANALOGIES AND
TRANSLATABLE PRINCIPLES

Insights from other antigenically variable pathogens
offer clear guidance for trypanosome vaccine design.
Influenza “universal” vaccine efforts redirectimmunity
toward conserved structural elements (e.g., M2e, HA
stem), HIV strategies target functionally constrained
envelope domains, and malaria transmission-blocking
vaccines show that population-level protection is
achievable without sterilizing host immunity (21,29).
Together, these examples reinforce the value of
focusing on structurally constrained epitopes and
integrating transmission-aware strategies into next-
generation African trypanosomiasis vaccines.

CONCLUSION AND RECOMMENDATIONS

Strategic Path Forward - A Framework
for Action. Advancing trypanosomiasis vaccine
development requires an integrated framework
linking molecular immunology, field epidemiology,
and computational modeling. At the molecular level,
priority should be given to conserved, functionally
indispensable antigens, such as invariant surface
proteins, nutrient-uptake complexes, and essential
enzymes, evaluated through standardized pipelines
that assess structural accessibility, immunogenicity,
and evolutionary stability.
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Field epidemiology provides the ecological context
needed to test and deploy these targets. Heterogeneity
in host species, vector density, and transmission
settings necessitates grounding antigen selection in
real-world exposure patterns and reinfection dynamics,
improving predictions of vaccine performance under
natural pressures.

Computational modeling connects these domains
by estimating how varying levels of partial immunity,
coverage, and host-vector interactions influence
transmission thresholds (30). Such models help
identify the most impactful targets and guide optimal
delivery strategies. Together, these three components
form a continuous feedback loop that aligns laboratory
discovery with ecological realities and predictive
insights.

One Health Design and Realistic Efficacy Metrics.
A sustainable vaccine strategy must adopt a One
Health perspective, recognizing the interconnected
roles of humans, livestock, wildlife reservoirs, and
tsetse vectors. Vaccines should be evaluated for their
cross-species benefits, for example, reducing livestock
parasitemia can directly lower human exposure, while
vector-stage antigens can block parasite development
before it reaches mammalian hosts. This requires
coordinated work across veterinary, public health,
ecological, and molecular research sectors.

Equally important is redefining vaccine success,
because sterilizing immunity is unlikely for pathogens
with strong antigenic variation and immune-
manipulation strategies. Instead, metrics should
emphasize reductions in parasitemia, infectiousness,
and disease progression, impacts that can substantially
decrease transmission even without complete
protection. Framing efficacy in terms of population-
level impact broadens viable vaccine options and
aligns with approaches used for other complex vector-
borne diseases.

Antigenic variation, rather than an absolute barrier,
should be viewed as a constraint that can be strategically
exploited. By targeting conserved vulnerabilities and
focusing on transmission reduction, vaccine design can
shift from chasing antigenic diversity to influencing
disease ecology. A roadmap grounded in molecular
innovation, ecological insight, predictive modeling,
and One Health collaboration provides the most
realistic and impactful path toward trypanosomiasis
control, and a blueprint for other antigenically variable
pathogens.
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ABSTRACT

BACKGROUND. Being a solid organ transplant recipient is associated with increased risk for infections.
Vaccinations are considered potent preventive procedures against numerous infections.

OBJECTIVE. The subject of our study was to assess the vaccination coverage in solid organ transplant
recipients remaining under the long-term post-transplant care at the largest Polish transplant center.
MATERIAL AND METHODS. A questionnaire on realization of vaccinations included in the operative
Polish Vaccination Programme was completed by adult recipients of solid organ transplantation during routine
outpatient visits.

RESULTS. One hundred ten patients were included. In 18% of patients, vaccination against SARS-CoV-2 has
never been performed, and booster doses of the vaccine received 47% of patients. 15% of patients reported
annual vaccination against influenza, 30% has been vaccinated against influenza less often than annually,
and in 55% vaccination against influenza has never been performed. In 7% of patients, vaccination against
diphtheria, tetanus and pertussis has been done within recent 10 years. 1 patient (1%) reported vaccination
against Streptococcus pneumoniae. No patient reported vaccinations against Haemophilus influenzae, Neisseria
meningitidis, zoster, or RSV.

CONCLUSIONS. Our results show suboptimal vaccination coverage among solid organ transplant recipients.
Urgent actions are needed to improve the current state.

Keywords: vaccinations, infections, solid organ transplantation, recipients
STRESZCZENIE

WPROWADZENIE. Biorcy narzagdéw unaczynionych maja zwigkszone ryzyko infekcji. Szczepienia sg sku-
teczng metodg zapobiegania wielu infekcjom.

CEL. Ocena realizacji szczepien ochronnych u biorcéw narzgdoéw unaczynionych, pozostajacych pod opieka
najwiekszego polskiego osrodka transplantacyjnego.

MATERIAL I METODY. Ankieta na temat realizacji szczepien uwzglednionych w aktualnym kalendarzu
szczepien byta wypelniona przez dorostych biorcéw narzadéw unaczynionych podczas rutynowych wizyt am-
bulatoryjnych,

WYNIKI. Wiaczono 110 pacjentéw. U 18% pacjentéw nigdy nie wykonano szczepienia przeciwko SARS-
CoV-2, za$ dawki przypominajace otrzymato 47% pacjentow. 15% pacjentow wykonuje coroczne szczepienia
przeciwko grypie, 30% rzadziej, niz co rok, a 55% nie szczepito si¢ nigdy przeciwko grypie. W ciagu ostatnich
10 lat szczepienie przeciwko blonicy, tezcowi i krztuscowi bylo wykonane u 7% pacjentow. 1 pacjent (1%) byt
zaszczepiony przeciwko pneumokokom. Zaden z badanych pacjentéw nie byl szczepiony przeciwko Haemo-
philus influenzae, Neisseria meningitidis, potpascowi lub RSV.

This article is available in the Open Access model and licensed under Creative Commons Attribution-Non-Commercial 4.0. (CC BY-NC)
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WNIOSKI. Wykazali$my niska realizacje szczepien ochronnych u biorcéw narzagdéw unaczynionych. Potrzeb-

ne sg pilne dziatania, aby poprawic ten stan.

Stowa kluczowe: szczepienia ochronne, zakazenia, biorcy, transplantacje narzgdow unaczynionych

INTRODUCTION

Solid organ transplantations are optimal methods
of treatment in patients with end-stage organ failure. In
some cases, e.g. heart or liver failure, transplantation
is a life-saving procedure, while in other, like
kidney or pancreas, transplantation prolongs life,
improves its quality, and yields economic benefits (1-
3). Consequently, transplantations became standard
procedures, with thousands of people living with
organ transplants worldwide, e.g. in the US, the
number of living renal transplant recipients exceeds
250 thousand (4).

Solid organ transplant recipients require
administration of immunosuppressive medicines to
sustain their transplants. This treatment is associated
with increased risk for numerous complications,
including infections (5). In fact, infections belong to
leading known causes of death among organ transplant
recipients (6). Moreover, infections in solid organ
transplant recipients are connected to substantial
increase in costs of care (7,8).

Spectrum of infectious diseases in this particular
group of patients is extremely wide, and includes viral,
bacterial, fungal, and parasite infections. The type
of infection depends on numerous factors, including
time post-transplant (5). For example, renal transplant
recipients are in special risk for urinary tract and
pulmonary infections, while liver transplant recipients
are especially prone for abdominal and pulmonary
infections. Among typical pathogens, Escherichia
coli, Klebsiella pneumoniae, Enterococcus, and
Pseudomonas aeruginosa are common in the former
group, while Escherichia coli, Klebsiella pneumoniae,
Staphylococcus aureus, Pseudomonas aeruginosa,
and Candida are specific for the latter one (9). During
the first month post-transplant, bacterial and fungal
infections connected to the surgical procedure are
common. Between the first and the sixth month post-
transplant, opportunistic infections associated with
the immunosuppression may be seen, including viral
(e.g. cytomegalovirus) and fungal (e.g. Pneumocystis
Jjirovecii) infections. Later, community acquired
infections, similar to that in the general population
are mainly observed; however, viral and opportunistic
infections should also be expected (10).

Vaccinations are considered potent preventive
procedures against numerous infections. Despite
immunosuppressive treatment, they have been proven
to be effective in organ transplant recipients (11,12).
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WSTEP

Przeszczepienia narzadow litych sg optymalng me-
toda leczenia pacjentow z krancowa niewydolno$cig
narzgdow. W niektorych przypadkach, np. w niewy-
dolnosci serca lub watroby, przeszczepienie jest pro-
cedura ratujacg zycie, natomiast w innych, takich jak
niewydolno$¢ nerek czy trzustki, przeszczepienie wy-
dtuza zycie, poprawia jego jakos$¢ oraz przynosi korzy-
sci ekonomiczne (1-3). W konsekwencji, transplantacje
staly si¢ standardowymi procedurami medycznymi;
na $wiecie zyja tysigce osob z przeszczepionymi na-
rzadami; na przyktad w USA liczba zyjacych biorcow
przeszczepu nerki przekracza 250 tysigcy (4).

Biorcy przeszczepoéw narzadow litych wymagaja
stosowania lekéw immunosupresyjnych w celu utrzy-
mania funkcji przeszczepionego narzadu. Leczenie
to wigze si¢ ze zwigkszonym ryzykiem licznych po-
wiktan, w tym zakazen (5). Rzeczywiscie, zakazenia
naleza do gtownych znanych przyczyn zgonow wsrod
biorcéw przeszczepow narzadow (6). Ponadto zaka-
zenia u biorcow przeszczepow narzadow litych wigza
si¢ ze znacznym wzrostem kosztow opieki medycznej
(7,8).

Spektrum choréb zakaznych w tej szczegdlnej
grupie pacjentow jest niezwykle szerokie i obejmuje
zakazenia wirusowe, bakteryjne, grzybicze oraz paso-
zytnicze. Rodzaj zakazenia zalezy od wielu czynni-
kéw, w tym czasu, jaki uplynat od transplantacji (5).
Na przyktad, biorcy przeszczepienia nerki sg szczegdl-
nie narazeni na zakazenia uktadu moczowego i zaka-
zenia ptuc, natomiast biorcy przeszczepienia watroby
sa szczegdlnie podatni na zakazenia jamy brzusznej
oraz ptuc. Wsrod typowych patogenéw w pierwszej
grupie czesto wystepuja Escherichia coli, Klebsiella
pneumoniae, Enterococcus oraz Pseudomonas aeru-
ginosa, natomiast w drugiej grupie charakterystyczne
sa Escherichia coli, Klebsiella pneumoniae, Staphylo-
coccus aureus, Pseudomonas aeruginosa oraz Can-
dida (9). W pierwszym miesigcu po przeszczepieniu
czgsto wystepuja zakazenia bakteryjne i grzybicze
zwigzane z zabiegiem chirurgicznym. Miedzy pierw-
szym a szOstym miesigcem po transplantacji moga
pojawi¢ si¢ zakazenia oportunistyczne zwigzane z im-
munosupresja, w tym zakazenia wirusowe (np. cyto-
megalowirus) oraz grzybicze (np. Pneumocystis jiro-
veci). W pdzniejszym okresie obserwuje si¢ glownie
zakazenia podobne do tych wystepujacych w popula-
cji ogodlnej; jednak nalezy takze spodziewac si¢ zaka-
zen wirusowych i oportunistycznych (10).
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Consequently, vaccinations are recommended in
patients after solid organ transplantation (13). In line
with this, the Polish Vaccination Programme has
been extended at the end of 2023, with numerous
vaccinations being recommended or obligatory in
transplant recipients (14). Additionally, to eliminate
economic Dbarriers, vaccinations have become
refundable in this group of patients. For example,
vaccines against SARS-CoV-2 or pertussis are
complimentary for this group, while vaccines against
influenza, Streptococcus pneumoniae, or zoster
may be available complimentary or at a discount,
depending on age, for transplant recipients (15). It is
worth mention that, currently, they are the primary
care centers who are responsible for vaccinations.

Literature data on vaccination coverage in this
group of patients in Poland are lacking. In order to
eliminate this gap in our knowledge, the subject of our
current work was to assess the vaccination coverage
in solid organ transplant recipients remaining under
the long-term post-transplant care at the largest Polish
transplant centre.

MATERIAL AND METHODS

Settings of the study. We conducted a survey study
in one transplant centre. In Poland, there are 20 renal
transplant centres in 13 cities, and 9 liver transplant
centres in 6 cities (16). Our centre is the oldest one
in Poland, with almost 40 physicians employed in the
outpatient centre, and, compared to other transplant
centres in Poland, with the largest group of transplant
recipients under the long-term care.

Study population. Adult solid organ transplant
recipients, remaining under the long-term post-
transplant care of two co-authors at the outpatient
department of the centre, were included. There
were approximately 120 patients under the care of
2 co-authors in 2024, and each of them was offered
participation in the study. Exclusion criteria were:
refusal to participate, and insufficient knowledge of
the Polish language to reliable participation.

Study instrument. A questionnaire on uptake
of vaccinations included in the Polish Vaccination
Programme was completed during routine outpatient
visits. There were 21 questions in the questionnaire,
and the filling lasted up to 5 minutes. The questionnaire
contained questions on selected demographic and
clinical parameters. The questionnaire was self-
administered, but when doubts on clinical data
occurred, clinical data were retrieved from available
case records. The following demographic data were
recorded: race, sex, age, place of residence, professional
activity, and being under the care of a primary care
physician. Clinical data recorded were as follows:

Szczepienia sa uznawane za skuteczng metode
zapobiegania licznym zakazeniom. Pomimo leczenia
immunosupresyjnego wykazano, ze sg one skuteczne
u biorcoéw przeszczepdw narzadow (11,12). W zwigzku
Z tym szczepienia sg zalecane u pacjentdw po przesz-
czepieniu narzadow litych (13). Pod koniec 2023 roku
rozszerzono polski Program Szczepien Ochronnych,
wprowadzajac liczne szczepienia zalecane lub obo-
wigzkowe u biorcow przeszczepoéw (14). Dodatkowo,
w celu wyeliminowania barier ekonomicznych, szcze-
pienia w tej grupie pacjentdw zostaty objete refunda-
cja. Na przyktad szczepionki przeciwko SARS-CoV-2
lub krztuscowi sa dla tej grupy bezptatne, natomiast
szczepionki przeciwko grypie, Streptococcus pneumo-
niae czy poétpascowi mogag by¢ dostepne bezptatnie
lub ze znizka — w zaleznosci od wieku — dla bior-
cow przeszczepow (15). Warto réwniez wspomnie¢,
ze obecnie za wykonywanie szczepienh odpowiadaja
przede wszystkim placowki podstawowej opieki zdro-
wotnej.

W literaturze brakuje danych dotyczacych poziomu
zaszczepienia w tej grupie pacjentow w Polsce. Aby
wypeti¢ t¢ luke w wiedzy, celem naszej pracy byla
ocena poziomu realizacji szczepien u biorcow przesz-
czepoéw narzadow litych pozostajacych pod dtugoter-
minowa opieka potransplantacyjng w najwigkszym
polskim osrodku transplantacyjnym.

MATERIAL I METODY

Miejsce prowadzenia badania. Przeprowadzili-
$my badanie ankietowe w jednym osrodku transplan-
tacyjnym. W Polsce funkcjonuje 20 osrodkéw
transplantacji nerek w 13 miastach oraz 9 osrodkéw
transplantacji watroby w 6 miastach (16). Nasz osrodek
jest najstarszym w Polsce; w poradni transplantacyj-
nej o$rodka pracuje prawie 40 lekarzy. W porownaniu
z innymi o$rodkami transplantacyjnymi w kraju pod
opieka dtugoterminowsg o$rodka pozostaje najwicksza
grupa biorcéw przeszczepow.

Badana populacja. Do badania wigczono doro-
stych biorcow przeszczepdw narzadow litych pozosta-
jacych pod dtugoterminowa opieka obojga wspotauto-
réw w poradni transplantacyjnej podlegtej osrodkowi.
W 2024 roku pod opieka tych dwoch wspotautorow
pozostawato okoto 120 pacjentéw i1 kazdemu zapropo-
nowano udziat w badaniu. Kryteria wykluczenia obej-
mowaty odmowe udziatu w badaniu oraz niewystar-
czajaca dla rzetelnego uczestnictwa znajomos$¢ jezyka
polskiego.

Narzedzie badawcze. Podczas rutynowych wizyt
ambulatoryjnych wypetniano kwestionariusz doty-
czacy realizacji szczepien ujetych w polskim Progra-
mie Szczepien Ochronnych. Kwestionariusz zawierat
21 pytan, a jego wypelnienie zajmowalo do 5 minut.
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height, body mass, organ transplanted, year of
transplantation, concomitant diseases, medicines used,
and serum creatinine. Estimated glomerular filtration
rate (¢GFR) was calculated according to the 2021
CKD-EPI (Chronic Kidney Disease Epidemiology
Collaboration) formula. Realization of following
vaccinations were recorded: against SARS-CoV-2,
influenza, diphtheria, tetanus, pertussis, Haemophilus
influenzae, Streptococcus pneumoniae, Neisseria
meningitidis, herpes zoster, and — only in patients over
60 years of age — respiratory syncytial virus (RSV).
Vaccination against hepatitis B virus (HBV) was
omitted in our analysis due to the fact that realization
of this vaccination is a condition for registration at
the waiting list for transplantation. Therefore, all
transplant recipients should have been immunized
against HBV. Similarly, we omitted vaccination
against mumps/measles/rubella in our analysis. It
was because vaccinations with vaccines containing
living pathogens are, in general, contraindicated in
patients receiving immunosuppressive medicines (17).
Vaccination status was recorded by the physicians
based on patients’ reports. Data were collected between
April and July, 2024.

Statistical analysis. Statistical analysis was
performed using Statistica 13.3 (StatSoft, Tulsa,
OK, USA). Data normality was assessed using the
Shapiro-Wilk test. Quantitative variables with normal
distribution were presented as means and standard
deviations (SD), while quantitative variables with
non-normal distribution were presented as medians
and interquartile ranges (IQR). Absolute and relative
frequencies were used to describe categorical variables.
A multivariable logistic regression was used to assess
the predictive factors associated with vaccinations.
Vaccination against SARS-CoV-2 with at least 3 doses
of vaccine was used as the binary outcome; and age,
sex, place of residence, professional activity, time post
transplantation, and number of chronic diagnoses were
used as covariates. Subsequently, annual vaccination
for influenza was used as the binary outcome, with
the same factors used as covariates. The results of
the multivariate logistic regression were presented
as adjusted odds ratios (ORs) with 95% confidence
intervals (Cls). Results with p<0.05 were considered
statistically significant.

Ethical issues. The study was conducted according
to the principles of the Declaration of Helsinki. The
local Ethics Committee was informed about the
study (confirmation no AKBE/259/2024). Due to the
character of the study, patients’ written informed
consent was not required.
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Kwestionariusz obejmowat pytania dotyczace wybra-
nych parametrow demograficznych i klinicznych. An-
kieta byla wypetniana samodzielnie przez pacjentow,
jednak w przypadku watpliwosci dotyczacych danych
klinicznych korzystano z dost¢pnej dokumentacji me-
dycznej. Zbierano nastepujace dane demograficzne:
rasa, pte¢, wiek, miejsce zamieszkania, aktywno$¢
zawodowa oraz pozostawanie pod opieka lekarza pod-
stawowej opieki zdrowotnej. Zbierane dane kliniczne
obejmowaly: wzrost, mas¢ ciala, przeszczepiony na-
rzad, rok transplantacji, choroby wspotistniejace, sto-
sowane leki oraz stezenie kreatyniny w surowicy. Sza-
cunkowy wspotczynnik filtracji ktebuszkowej (eGFR,
estimated glomerular filtration rate) obliczano wedtug
wzoru CKD-EPI (ang. Chronic Kidney Disease Epide-
miology Collaboration) z 2021 roku.

Pytano o realizacj¢ szczepien przeciwko: SARS-
CoV-2, grypie, blonicy, tezcowi, krztuscowi, Haemo-
philus influenzae, Streptococcus pneumoniae, Neisse-
ria meningitidis, potpascowi oraz — tylko u pacjentow
powyzej 60. roku zycia — wirusowi RSV (ang. Respi-
ratory Syncytial Virus).

Szczepienie przeciwko wirusowi zapalenia watro-
by typu B (HBV) pomini¢to w analizie, poniewaz jego
wykonanie jest warunkiem wpisania na list¢ oczeku-
jacych na przeszczepienie. Z tego powodu wszyscy
biorcy przeszczepow powinni by¢ zaszczepieni prze-
ciwko HBV. Podobnie, pomini¢to szczepienie prze-
ciwko §wince, odrze i rézyczce, poniewaz szczepionki
zawierajace zywe drobnoustroje sa zasadniczo prze-
ciwwskazane u pacjentow przyjmujacych leki immu-
nosupresyjne (17).

Status szczepien byt ustalany przez lekarzy na pod-
stawie deklaracji pacjentow. Dane zbierano miedzy
kwietniem a lipcem 2024 roku.

Analiza statystyczna. Analize¢ statystycznag prze-
prowadzono przy uzyciu programu Statistica 13.3
(StatSoft, Tulsa, OK, USA). Normalno$¢ rozktadu
danych oceniano testem Shapiro-Wilka. Zmienne ilo-
sciowe o rozktadzie normalnym przedstawiano jako
srednie i odchylenia standardowe (SD), natomiast
zmienne o rozkladzie odbiegajacym od normalnego
jako mediany i zakresy migdzykwartylowe (IQR, ang.
interquartile range). Do opisu zmiennych kategorycz-
nych uzyto liczebnos$ci bezwzglednych 1 wzglednych.

W celu oceny czynnikéw predykcyjnych zwigza-
nych ze szczepieniami zastosowano wieloczynnikowa
regresje logistyczng. Jako zmienna wynikowa przy-
jeto szczepienie przeciwko SARS-CoV-2 obejmujace
co najmniej 3 dawki szczepionki, a jako predyktory
uwzgledniono: wiek, pte¢, miejsce zamieszkania, ak-
tywnos$¢ zawodowa, czas od transplantacji oraz liczbe
choréb przewlektych. Nastepnie jako zmienng wyni-
kowa analizowano coroczne szczepienie przeciwko
grypie przy uzyciu tych samych predyktorow.
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RESULTS

One hundred ten patients were included into
our analysis. All patients were Caucasians. Table 1
summarizes the characteristics of patients.

In 20 patients (18%) vaccination against SARS-
CoV-2 has not been performed. In 2 (2%), 37 (34%), 38
(35%), 11 (10%), and 2 (2%) patients 1, 2, 3,4, or 5 doses
of vaccine against SARS-CoV-2 was administered,
respectively (Fig.1).

17 patients (15%) reported annual vaccination
against influenza. 33 patients (30%) had been
vaccinated against influenza less often than annually.
In 60 patients (55%) vaccination against influenza has
never been performed (Fig. 2).

Table 1. Characteristics of patients
Tabela 1 Charakterystyka pacjentow

Wyniki regresji logistycznej przedstawiono jako
skorygowane ilorazy szans (OR) z 95% przedziatami
ufnosci (CI). Wyniki z wartoscig p < 0,05 uznano za
istotne statystycznie.

Kwestie etyczne. Badanie przeprowadzono zgod-
nie z zasadami Deklaracji Helsinskiej. Lokalna komi-
sja bioetyczna zostata poinformowana o badaniu (nr
potwierdzenia AKBE/259/2024). Ze wzgledu na cha-
rakter badania pisemna §wiadoma zgoda pacjentow
nie byta wymagana.

WYNIKI

Do analizy wiaczono 110 pacjentow. Wszyscy byli
rasy kaukaskiej. Tabela 1 przedstawia charakterystyke
pacjentow.

Women/men, n (%) 46 (42%)/64 (58%)
Mean age in years (range, SD) 52.22 (20-87, 13.40)
Patients 65 years-old, or older, n (%) 19 (17%)
Mean BMI in kg/m? (range, SD) 26.16 (14.81-34.63, 4.39)
Patients with BMI below 18.5 kg/m?, n (%) 3(3%)
Patients with BMI between 18.5 and 24.9 kg/m?, n (%) 44 (40%)
Patients with BMI between 25 and 29.9 kg/m?, n (%) 35 (32%)
Patients with BMI above 30 kg/m?, n (%) 28 (25%)
Renal transplant recipients, n (%) 97 (88%)
Liver transplant recipients, n (%) 12 (11%)
Kidney and liver transplant recipient, n (%) 1 (1%)
Median time after transplantation in years (range, IQR) 8(0-37,9)
Median number of chronic diseases (range, IQR) 5 (1-10, 3)
Median number of systems involved with a disease (range, IQR) 3(1-6,1)
Number of patients with at least 2 chronic diseases, n (%) 108 (98%)
Patients with diabetes mellitus, n (%) 29 (26%)

Mean eGFR in mL/min/1.73 m? (range, SD)

59.82 (12-132, 23.30)

Stage of chronic kidney disease, n (%)

Gl 1 (1%)
G2 6 (5%)
G3a 28 (25%)
G3b 20 (18%)
G4 46 (42%)
G5 9 (8%)
Mean number of medicines used (range, SD) 10.44 (3-18, 3.16)
Number of patients using at least 5 medicines daily, n (%) 106 (96%)
Place of residence, n (%)

Villages 35 (32%)
Small towns (up to 20,000 inhabitants) 22 (20%)
Medium towns (20,000-100,000 inhabitants) 22 (20%)
Large towns (over 100,000 inhabitants) 31 (28%)
Professional activity, n (%) 54 (49%)

Patients under the care of the primary physician, n (%)

101 (92%)

BMI, body mass index; IQR, interquartile range; SD, standard deviation; eGFR, estimated glomerular filtration rate
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m 2 doses B 3 doses m 4 doses m 5 doses

= 1 dose

B never

Fig. 1. Vaccinations against SARS-CoV-2 in solid organ
recipients

Ryec. 1. Szczepienia przeciwko SARS-CoV-2 u biorcow
przeszczepow narzaddéw unaczynionych

In 8 patients (7%) vaccination against diphtheria,
tetanus and pertussis has been done within recent
10 years. 1 patient (1%) reported vaccination against
Streptococcus pneumoniae. No patient reported
vaccinations  against  Haemophilus  influenzae,
Neisseria meningitidis, herpes zoster, or RSV.

In multivariable logistic regression, place of
residence turned out to be associated with vaccination
against SARS-CoV-2, with the adjusted OR of
vaccination associated with living in a small town
nearly 4 times lower that of living in a large town
(Table 2). However, realization of annual vaccination

m anually = less often than anually = never

Fig. 2. Vaccinations against influenza in solid organ
recipients

Ryc. 2. Szczepienia przeciwko grypie u biorcow
przeszczepow narzaddéw unaczynionych

U 20 pacjentoéw (18%) nigdy nie wykonano szcze-
pienia przeciwko SARS-CoV-2. U 2 (2%), 37 (34%),
38 (35%), 11 (10%) i 2 (2%) pacjentow podano odpo-
wiednio 1, 2, 3, 4 lub 5 dawek szczepionki przeciwko
SARS-CoV-2 (Ryc. 1).

17 pacjentéw (15%) zglosito coroczne szczepienie
przeciwko grypie. 33 pacjentow (30%) bylo szczepio-
nych przeciwko grypie rzadziej niz raz w roku. U 60
pacjentow (55%) szczepienie przeciwko grypie nigdy
nie zostalo wykonane (Ryc. 2).

U 8 pacjentéw (7%) w ciagu ostatnich 10 lat wyko-
nano szczepienie przeciwko blonicy, t¢zcowi i krztu-

Table 2. Multivariable logistic regression analysis of adjusted odds ratios for the realization of vaccination against SARS-

CoV-2 with at least 3 doses of the vaccine

Tabela 2 Wieloczynnikowa analiza regres;ji logistycznej skorygowanych ilorazow szans dla realizacji szczepienia przeciw

SARS-CoV-2 (co najmniej 3 dawki)

Predictor of vaccination Adjustefl odds 95%. confidence p
ratio interval

Female vs. male 1.333 0.555-3.198 0.520
Professional activity vs. no professional activity 0.923 0.317-2.688 0.884
Place of residence:

Village vs. large town 0.431 0.148-1.258 0.124
Small town vs. large town 0.232 0.067-0.805 0.021
Medium town vs. large town 0.413 0.127-1.347 0.143
Age 1.037 0.994-1.082 0.093
Years post-transplant 0.982 0.926-1.042 0.551
Number of chronic diagnoses 1.066 0.828-1.373 0.618
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Table 3. Multivariable logistic regression analysis of adjusted odds ratios for the realization of annual vaccination against

influenza

Tabela 3 Wieloczynnikowa analiza regresji logistycznej skorygowanych ilorazéw szans dla realizacji corocznego

szczepienia przeciw grypie

Predictor of vaccination Adjuste'd odds 95%. confidence P
ratio interval

Female vs male 1.552 0.372-6.482 0.547
Professional activity vs. no professional activity 0.922 0.208-4.082 0.914
Place of residence:

Village vs. large town 0.665 0.153-2.889 0.586
Small town vs. large town 0.373 0.064-2.175 0.237
Medium town vs. large town 1.552 0.372-6.482 0.547
Age 0.986 0.933-1.042 0.620
Years post-transplant 0.895 0.799-1.020 0.054
Number of chronic diagnoses 1.290 0.910-1.829 0.153

against influenza was not associated with any factor
tested on multivariable logistic regression (Table 3).

DISCUSSION

Our study confirms vastly insufficientimmunisation
coverage among solid organ transplant recipients.
Vaccines belong to the landmark achievements of
modern medicine. They are among the most effective
tools in preventing infectious diseases, and drastically
reduced the global disease burden. Recently, significant
progress has been made in developing novel vaccine
design and delivery platforms (18). However, benefits
from vaccines may be observed only in case they are
used.

Our study was aimed to assess the use of
vaccinations in solid organ recipients. Participants
of our study were kidney and/or liver transplant
recipients. They represented both sexes, different age
groups, different habitations, and different professional
statuses. Although our findings based on data from
a single centre, which limits generalizability, we note
that demographic characteristics were not associated
with immunisation status, suggesting that the problem
of suboptimal immunisation may be universal.

Numerousrisk factors for severe course of infections
were reported, including older age (19,20), obesity
(21,22), immunosuppression (20,23), and chronic
diseases (22,24), including cardiovascular diseases,
chronic kidney disease (25), and diabetes (25-27).
Moreover, post-transplant infections are associated
with increased mortality (28). Due to the fact that
all patients included were on immunosuppressive
medications, and the frequency of chronic medical
problems, as well as polypharmacy, our patients
should be considered a high-risk group for severe
course of infectious diseases, with multiple risk factors

Scowi. 1 pacjent (1%) zglosit szczepienie przeciwko
Streptococcus pneumoniae. Zaden pacjent nie zglosit
szczepienia przeciwko Haemophilus influenzae, Neis-
seria meningitidis, potpascowi ani RSV.

W analizie wieloczynnikowej regres;ji logistyczne;j
miejsce zamieszkania okazato si¢ zwigzane z realiza-
cja szczepienia przeciwko SARS-CoV-2 — skorygo-
wany OR dla osob mieszkajacych w matych miastach
byt prawie czterokrotnie nizszy niz dla oséb miesz-
kajacych w duzych miastach (Tab. 2). Natomiast re-
alizacja corocznego szczepienia przeciwko grypie nie
byta zwigzana z zadnym z analizowanych czynnikow
(Tab. 3).

DYSKUSJA

Nasze badanie potwierdza bardzo niski poziom
wyszczepienia wsrod biorcoOw przeszczepOw narza-
dow litych. Szczepionki naleza do najwazniejszych
osiggnig¢ wspolczesnej medycyny. Sa jednym z naj-
skuteczniejszych narzgdzi zapobiegania chorobom za-
kaznym i znaczaco zmniejszyly globalne obcigzenie
chorobami. W ostatnich latach poczyniono znaczne
postepy w opracowywaniu nowych technologii pro-
jektowania i podawania szczepionek (18). Jednak ko-
rzys$ci ze szczepien moga by¢ obserwowane jedynie
wtedy, gdy sg one stosowane.

Celem naszego badania byta ocena wykorzystania
szczepien u biorcoOw przeszczepow narzadéw litych.
Uczestnikami badania byli biorcy przeszczepu nerki
i/lub watroby. Reprezentowali obie plcie, réozne gru-
py wiekowe, rozne miejsca zamieszkania oraz roézne
statusy zawodowe. Chociaz nasze wyniki pochodzg
z jednego osrodka, co ogranicza mozliwo$¢ ich uogol-
nienia, nalezy zauwazy¢, ze cechy demograficzne nie
byly zwigzane ze statusem szczepien, co sugeruje, ze
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for severe disease in the vast majority of patients.
Therefore, vaccinations are of special importance in
analysed group. In spite of this, we observed relatively
low uptake of vaccinations in our group.

In fact, other researchers also observed that the
rate of vaccinated solid organ transplant recipients
is lower than recommended, e.g. only 38% of solid
organ recipients were vaccinated against influenza in
Sicilia, and 48% in Denmark (12,29). However, we
note that in our case the dramatically low coverage
was observed for vaccinations that are, according
to the Polish Vaccination Programme, obligatory
(diphtheria,  tetanus,  pertussis,  Haemophilus
influenzae, Streptococcus pneumoniae) not only the
ones that are recommended (SARS-CoV-2, influenza,
zoster, RSV, Neisseria meningitidis) for this group
(14), highlighting systemic nature of the problem.

Obligatory vaccination means that a patient
who skip it may be held accountable. However, it is
a responsibility of a primary care physician, to inform
the patients on the subject and to perform vaccination.
According to our data, 92% of our patients were
registered with a primary care physician. It is, in
general, in line with data of other Polish transplant
centres (30). The fact the despite high attendance in
primary care vaccination coverage remains insufficient
merits further investigation.

It is worth mentioning that elimination of economic
barriers by reimbursement of vaccines brings no (or
low) benefits, which probably indicates that other
barriers are present, beyond the vaccine costs.

We were not able to identify factors associated
with low vaccination uptake except for the place of
residence in the case of vaccination against SARS-
CoV-2. However, we did not include the education
level as a possible factor due to the fact that data on it
were not collected. According to the literature, reasons
for low vaccination uptake in this group include fear
of adverse reaction, impaired health status, and low
vaccine efficacy (29).

Since 2019, COVID-19 is a serious epidemiologic
problem. According to the Polish Ministry of Health,
over 6.7 million cases of the disease, and over 120
thousand of deaths have been reported in Poland
between March, 2020, and November, 2024 (31). In
2023, over 334 thousand of cases were reported (32).
In renal transplant recipients, COVID-19 contributes
significantly to mortality; for example, in 2021 in the
US, 27% of renal transplant recipients’ deaths are
attributable to COVID-19 (6). In solid organ recipients,
immune response to anti-SARS-CoV-2 vaccination
may be attenuated, but it increases with booster doses
of the vaccine (33-35). However, as many as 18% of
our group has not been vaccinated at all, and only less
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problem niewystarczajagcego poziomu immunizacji
moze mie¢ charakter powszechny.

W literaturze opisano liczne czynniki ryzyka ci¢z-
kiego przebiegu zakazen, w tym starszy wiek (19,20),
otylos¢ (21,22), immunosupresj¢ (20,23) oraz choroby
przewlekte (22,24) — w tym choroby sercowo-naczy-
niowe, przewlekta chorobe nerek (25) oraz cukrzyce
(25-27). Ponadto zakazenia po transplantacji wigzg si¢
ze zwigkszong $miertelno$cia (28). Poniewaz wszyscy
pacjenci wlaczeni do badania przyjmowali leki immu-
nosupresyjne, a czestos¢ wielochorobowosci oraz wie-
lolekowosci byta wysoka, naszych pacjentow nalezy
uznac¢ za grup¢ wysokiego ryzyka cigzkiego przebiegu
chorob zakaznych. W zwigzku z tym szczepienia majg
w analizowanej grupie szczegdlne znaczenie. Pomimo
tego zaobserwowalismy stosunkowo niskg realizacje
szczepien.

W innych badaniach rowniez stwierdzano, ze odse-
tek zaszczepionych biorcow przeszczepow narzadow
litych jest nizszy niz zalecany — na przyktad jedynie
38% biorcow na Sycylii oraz 48% w Danii bylo za-
szczepionych przeciwko grypie (12,29). W naszym ba-
daniu szczegolnie niepokojacy byt jednak bardzo niski
poziom realizacji szczepien, ktore zgodnie z polskim
Programem Szczepien Ochronnych sa obowigzkowe
(blonica, tezec, krztusiec, Haemophilus influenzae,
Streptococcus pneumoniae), lub zalecane (SARS-
CoV-2, grypa, potpasiec, RSV, Neisseria meningitidis)
dla tej grupy pacjentéw (14), co wskazuje na systemo-
wy charakter problemu.

Szczepienie obowigzkowe oznacza, ze pacjent,
ktory go nie wykona, moze by¢ pociagniety do odpo-
wiedzialno$ci. Jednak to obowigzkiem lekarza pod-
stawowej opieki zdrowotnej jest informowanie pacjen-
tow o szczepieniach oraz ich wykonywanie. Zgodnie
z naszymi danymi, 92% pacjentéw pozostawalo pod
opieka lekarza POZ, co jest zgodne z danymi z innych
polskich osrodkéw transplantacyjnych (30). Fakt, ze
pomimo wysokiego poziomu korzystania z podstawo-
wej opieki zdrowotnej poziom zaszczepienia pozostaje
niski, wymaga dalszych analiz.

Warto réowniez podkresli¢, ze eliminacja barier
ekonomicznych poprzez refundacj¢ szczepionek przy-
nosi niewielkie korzysci lub nie przynosi ich wcale, co
prawdopodobnie wskazuje na istnienie innych barier
poza kosztami szczepien.

Nie byli§my w stanie zidentyfikowaé czynnikéw
zwigzanych z niska realizacjg szczepien, z wyjatkiem
miejsca zamieszkania w przypadku szczepienia prze-
ciwko SARS-CoV-2. Nie uwzglednilismy jednak po-
ziomu wyksztalcenia jako potencjalnego czynnika,
poniewaz dane te nie byly zbierane. Wedtug literatury
przyczynami niskiej realizacji szczepien w tej grupie
sa miedzy innymi obawa przed dziataniami niepoza-
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than half of our group received booster doses of the
vaccine.

Influenza is also a common infection, with 58
thousand of cases with the diagnosed influenza reported
in Poland in 2023 (32). The course of influenza may
be serious in transplant recipients (36). Additionally,
influenza preceding SARS-CoV-2 infection may
lead to severe course of COVID-19 (37). Seasonal
vaccinations improve the outcome of influenza in solid
organ transplant recipients (36). However, more than
half of our group has never been vaccinated against
influenza virus, and only 15% of our group undergoes
annual vaccinations.

In 2023, there were 927 cases of pertussis, and
13 cases of tetanus reported in Poland (32). In 2024,
number of cases of pertussis increased to 32.8 thousand,
while number of cases of tetanus decreased to 8 (38).
Additionally, 2960 cases of invasive pneumococcal
disease, 280 cases of invasive disease caused by
Haemophilus influenzae, and 154 cases of invasive
disease caused by Neisseria meningitidis were reported
in Poland in 2023. Of note, number of cases of all
these diseases was higher in 2023 compared to 2022.
Moreover, over 190 thousand of cases of varicella,
and over 12 thousand of cases of RSV infection were
reported in Poland in 2023 (32). Finally, in 2025, cases
of diphtheria appeared in Poland, after many years of
disease absence (39). These data represent the ongoing
risk of exposure to infections. However, according to
our data, the vast majority of solid organ transplant
recipients are not immunized against these pathogens.

Based on our findings urgent actions are required
to improve vaccination coverage in solid organs
transplant recipients. First, patients, primary care
physicians and transplant medicine specialists should
be widely educated on the efficacy, safety, and current
recommendations onvaccinationsinthis group. Second,
both primary care physicians, and specialists should
actively recommend vaccinations on each contact with
patients. Third, we propose that vaccination offices
should be developed at transplant centres. In that
case, patients could undergo vaccinations at scheduled
outpatients consultations in the transplant centres.
Finally, at least some patients could be vaccinated
during hospitalization at the transplant centre.
Vaccinations during hospitalization are considered
a way to improve the rate of immunization (40-42).

Limitations of our study should be acknowledged.
First, the number of patients included into our study
was relatively low. Additionally, selection of the study
group (consecutive patients treated by 2 physicians)
may be considered suboptimal, leading to the bias.
Moreover, data were collected within only a short
period of time. Second, the vaccination status was
not based on medical documentation, but only on

danymi, zly stan zdrowia oraz przekonanie o niskiej
skutecznosci szczepionek (29).

0d 2019 roku COVID-19 stanowi powazny problem
epidemiologiczny. Wedtug danych Ministerstwa Zdro-
wia w Polsce od marca 2020 do listopada 2024 roku
odnotowano ponad 6,7 miliona przypadkéow choroby
i ponad 120 tysigcy zgonow (31). W 2023 roku zglo-
szono ponad 334 tysigce przypadkow (32). U biorcow
przeszczepu nerki COVID-19 znaczaco przyczynia si¢
do $miertelnosci — na przyktad w 2021 roku w USA
27% zgondw biorcdw przeszczepu nerki przypisywa-
no COVID-19 (6). U biorcéw przeszczepow narzadow
litych odpowiedz immunologiczna na szczepienie
przeciwko SARS-CoV-2 moze by¢ ostabiona, jednak
zwigksza si¢ po dawkach przypominajacych szcze-
pionki (33-35). Mimo to, az 18% pacjentow w naszej
grupie nie bylo zaszczepionych w ogole, a mniej niz
potowa otrzymata dawki przypominajace.

Grypa jest rowniez czgstg infekcja; w 2023 roku
w Polsce zgloszono 58 tysiecy przypadkow potwier-
dzonej grypy (32). Przebieg grypy moze by¢ ciez-
ki u biorcow przeszczepow (36). Ponadto zakazenie
grypa poprzedzajace zakazenie SARS-CoV-2 moze
prowadzi¢ do ciezkiego przebiegu COVID-19 (37).
Szczepienia sezonowe poprawiajg rokowanie w prze-
biegu grypy u biorcoéw przeszczepow narzadow litych
(36). Jednak ponad potowa naszej grupy nigdy nie byta
szczepiona przeciwko wirusowi grypy, a jedynie 15%
poddaje si¢ szczepieniom corocznie.

W 2023 roku w Polsce odnotowano 927 przypad-
kow krztusca oraz 13 przypadkow tezca (32). W 2024
roku liczba przypadkow krztusca wzrosta do 32,8 ty-
sigca, natomiast liczba przypadkow tezca spadia do 8
(38). Ponadto w 2023 roku zgltoszono 2960 przypad-
kéw inwazyjnej choroby pneumokokowej, 280 przy-
padkow inwazyjnej choroby wywotanej przez Haemo-
philus influenzae oraz 154 przypadki inwazyjnej cho-
roby wywotanej przez Neisseria meningitidis. Warto
zauwazyC, ze liczba przypadkow wszystkich tych
chorob byta w 2023 roku wyzsza niz w 2022 roku.
Ponadto, w 2023 roku w Polsce odnotowano ponad
190 tysiecy przypadkow ospy wietrznej oraz ponad 12
tysigcy przypadkoéw zakazenia RSV (32). Wreszcie,
w 2025 roku w Polsce pojawity si¢ przypadki btonicy
po wielu latach nieobecnosci tej choroby (39). Dane
te wskazuja na utrzymujace si¢ ryzyko ekspozycji na
zakazenia. Jednak zgodnie z naszymi danymi zdecy-
dowana wigkszo$¢ biorcow przeszczepoéw narzadoéw
litych nie jest przeciwko tym patogenom uodporniona.

Na podstawie naszych wynikow konieczne sg pil-
ne dzialania w celu poprawy poziomu zaszczepienia
biorcéw przeszczepow narzadow litych. Po pierwsze,
pacjenci, lekarze podstawowej opieki zdrowotnej oraz
specjalisci medycyny transplantacyjnej powinni by¢
szeroko edukowani na temat skutecznos$ci, bezpie-
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patients’ responses, which could lead to recall bias.
Third, it is possible that our results do not reflect
situation in other transplant centres. Finally, important
factors contributing to low vaccination uptake were
not assessed, for e.g. lack awareness, knowledge,
vaccine hesitancy; they still remain to be identified
and eradicated.

CONCLUSIONS

Our results show that the level of vaccination
coverage in solid organ transplant recipients is low.
Urgent actions are needed to improve the current state.

Conflict of interest: none.
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czenstwa i aktualnych zalecen dotyczacych szczepien
w tej grupie. Po drugie, zarowno lekarze POZ, jak
i specjali$ci powinni aktywnie rekomendowaé szcze-
pienia przy kazdym kontakcie z pacjentem. Po trzecie,
proponujemy stworzenie punktow szczepien w osrod-
kach transplantacyjnych, dzieki czemu pacjenci mo-
gliby by¢ szczepieni podczas planowych wizyt ambu-
latoryjnych w tych osrodkach. Wreszcie czg$¢ pacjen-
tow mogtaby by¢ szczepiona w trakcie hospitalizacji
w osrodku transplantacyjnym. Szczepienia podczas
hospitalizacji sg uznawane za jeden ze sposobow po-
prawy poziomu immunizacji (40-42).

Nalezy uwzgledni¢ ograniczenia naszego bada-
nia. Po pierwsze, liczba pacjentéw byla stosunkowo
niewielka. Ponadto, sposob doboru badanej grupy
(kolejni pacjenci leczeni przez dwoje lekarzy) moze
by¢ uznany za suboptymalny i prowadzi¢ do bledu
selekcji. Dane zbierano réwniez w stosunkowo krot-
kim czasie. Po drugie, status szczepien nie byl wery-
fikowany na podstawie dokumentacji medycznej, lecz
jedynie na podstawie deklaracji pacjentow, co mogto
prowadzi¢ do btedu przypominania. Po trzecie, moz-
liwe jest, ze nasze wyniki nie odzwierciedlajg sytuacji
w innych osrodkach transplantacyjnych. Wreszcie, nie
oceniano waznych czynnikéw wptywajacych na niskg
realizacje szczepien, takich jak brak swiadomosci, czy
brak zaufania wobec szczepien; czynniki te wymagaja
identyfikacji i eliminacji.

WNIOSKI

Nasze wyniki wskazuja, ze poziom zaszczepienia
wsrod biorcéw przeszczepoéw narzadow litych jest
niski. Konieczne sg pilne dzialania w celu poprawy
obecnej sytuacji.
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ABSTRACT

Hypertension, often described as a “silent killer,” remains one of the leading modifiable risk factors for
cardiovascular disease, stroke, chronic kidney disease, and premature mortality worldwide. Its burden is rising
most rapidly in low- and middle-income countries, where health systems are least equipped to respond. Nigeria,
Africa’s most populous nation, faces a particularly severe challenge. Current estimates indicate that approximately
36% of Nigerian adults are living with hypertension, yet awareness, treatment, and control rates remain critically
low. As Nigeria undergoes rapid demographic growth, urbanization, and epidemiologic transition, the absolute
number of individuals affected is projected to increase substantially, amplifying pressure on the health system
and national workforce. This narrative review synthesizes peer-reviewed literature, national surveys, and global
health reports published between 2010 and 2025 to examine the burden of undiagnosed and poorly controlled
hypertension in Nigeria. We reviewed the trends, sociocultural and structural drivers, health system barriers,
and public health responses within the Nigerian context. Evidence highlights the role of dietary transitions,
physical inactivity, low health literacy, cultural misconceptions, and limited access to affordable primary care in
sustaining the epidemic. The review suggests that effective responses must extend beyond individual behavior
change to include community-based screening, workplace health programs, culturally tailored education,
sodium reduction strategies, and strengthened primary healthcare delivery, hence framing hypertension as a
shared public health and development challenge, rather than solely an individual clinical condition, is essential
for reducing preventable morbidity and mortality, protecting workforce productivity, and supporting Nigeria’s
long-term health and socioeconomic development.

Keywords: hypertension, public health, Nigeria, primary healthcare, cardiovascular disease

INTRODUCTION

Hypertension is a chronic, non-communicable
condition characterized by persistently elevated blood
pressure, commonly defined as systolic blood pressure
>130 mmHg or diastolic blood pressure >80 mmHg (1).
When left untreated, it progressively damages blood
vessels and vital organs, increasing the risk of stroke,
heart failure, coronary artery disease, chronic kidney
disease, and premature mortality (2). Because it is often
asymptomatic until complications arise, hypertension
has earned the reputation of a “silent killer,” carrying
serious consequences for both individual health and
wider society.

Globally, more than 1.3 billion people are living
with hypertension, with the majority residing in low-
and middle-income countries (3). While many high-
income nations have achieved modest improvements
in detection and control through sustained public
health interventions, prevalence and complications
continue to rise across sub-Saharan Africa. Nigeria
exemplifies this growing disparity, as Africa’s most
populous country, it carries a disproportionate share
of the region’s cardiovascular disease burden. Recent
national and multinational surveys estimate that
approximately 36% of Nigerian adults are living with
hypertension (4), yet more than half remain unaware of
their condition, fewer than one-third receive treatment,
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and fewer than one in ten achieve adequate blood
pressure control (5).

Nigeria’s vulnerability is shaped by a convergence
of demographic, social, and health system factors.
Rapid urbanization, dietary shifts toward sodium-
rich and ultra-processed foods, declining physical
activity, and increasing occupational stress have
accelerated hypertension risk across both urban and
rural settings (5,6). At the same time, Nigeria’s high
fertility rate and youthful population structure create
strong population momentum, meaning that even
modest increases in age-specific prevalence will
translate into a rapidly expanding absolute number
of adults living with hypertension in the coming
decades (6). This demographic trajectory threatens to
intensify demand for long-term cardiovascular care in
a health system that has already been constrained by
limited infrastructure, workforce shortages, and heavy
reliance on out-of-pocket payments.

Beyond individual risk factors, structural and
sociocultural barriers play a central role in sustaining
undiagnosed and poorly controlled hypertension
in Nigeria. Limited routine screening at primary
healthcare facilities, low health literacy, cultural
misconceptions regarding the causes of hypertension,
and inconsistent access to affordable medicines
undermine prevention and continuity of care. As
a result, hypertension frequently remains undetected
until individuals present with severe complications,
imposing avoidable costs on households, health
services, and national productivity.

AIM OF THE STUDY

This report highlights hypertension as an under-
recognized public health emergency in Nigeria,
drawing attention to misconceptions surrounding the
condition. Using a narrative synthesis approach, it
reviews peer-reviewed literature and national reports
to examine the scale of the problem, analyze its drivers,
and evaluate existing responses. It provides evidence-
based insights that can inform targeted strategies for
improved prevention, early detection, and sustainable
control of hypertension in Nigeria.

METHODS

This narrative review was conducted using peer-
reviewed literature published between 2010 and 2025,
alongside reports from global health agencies and
national surveys. Sources were identified through
searches of PubMed, Scopus, Google Scholar, and
World Health Organization databases. Articles were
included if they addressed hypertension prevalence,
risk factors, awareness, treatment, control, or health
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system responses in Nigeria or comparable low- and
middle-income settings. Opinion pieces and studies
lacking methodological transparency were excluded.

UNDIAGNOSED HYPERTENSION AS
A PUBLIC HEALTH RISK

Evidence from national surveys and multinational
screening initiatives consistently demonstrates a high
and persistent burden of hypertension in Nigeria, with
undiagnosed hypertension constituting a critical public
health threat and posing grave consequences for both
individual and population health. Essential workers,
including drivers, teachers, healthcare providers,
law enforcement officers, and airline personnel are
particularly vulnerable, as uncontrolled blood pressure
can impair cognitive performance, reaction time, and
decision-making. These impairments increase the
risk of occupational accidents, medical errors, and
workplace incidents, with implications for public
safety and workforce productivity (7). National data
indicate that more than 50% of Nigerians living with
hypertension remain unaware of their condition,
while only a small proportion achieve recommended
treatment and control targets (4,5). This diagnostic
and treatment gap translates into a substantial burden
of preventable cardiovascular disease, stroke, renal
complications, and premature mortality.

SOCIAL, CULTURAL, AND STRUCTURAL
DRIVERS OF HYPERTENSION IN NIGERTA

The burden of hypertension in Nigeria is shaped
by a complex interplay of social, cultural, and
structural determinants. Rural populations have
historically exhibited approximately 26% lower
prevalence compared with urban counterparts, largely
attributable to healthier dietary patterns and higher
levels of physical activity. However, this rural-urban
gap is narrowing as rural communities increasingly
adopt urbanized diets and sedentary lifestyles (8).
Gender-related differences are also evident: women
demonstrate slightly higher rates of diagnosis (51% vs.
42%) and treatment (30% vs. 27%) than men, although
overall blood pressure control remains suboptimal
for both sexes (11% vs. 9%) (5). Lower engagement
with preventive healthcare among men contributes to
delayed diagnosis, whereas women are more likely to
achieve improved control once treatment is initiated.

Moreover, Nigeria’s vulnerability to
a disproportionate hypertension burden compared
with other countries in the West African region can
be amplified by its rapid population growth and high
fertility — with one of the highest total fertility rates in
the world, estimated at around 5.3 births per woman,
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Nigeria’s population continues to expand quickly, and
is projected to approach or exceed 400 million people
by 2050, making it one of the world’s most populous
countries (9). This sustained demographic momentum
means that even if age-specific hypertension
prevalence remains stable, the absolute number of
adults at risk will rise sharply over time, intensifying
demand for health services and complicating efforts
to detect and control hypertension at a population
level. Consequently, strategies effective in smaller,
slower-growing countries may be insufficient in
Nigeria without explicit consideration of population
scale, fertility dynamics, and associated health system
pressures.

Lifestyle changes associated with rapid urbanization
have further accelerated the hypertension epidemic in
Nigeria; increased consumption of sodium-rich diets,
combined with low intake of potassium-rich fruits
and vegetables and rising levels of physical inactivity,
has substantially contributed to the development
and progression of hypertension (10,11). On average,
Nigerians consume approximately 5.8 grams of salt
per day, exceeding the World Health Organization’s
recommended maximum of 5 grams (10). This risk is
further amplified by widespread reliance on processed
foods, seasoning cubes, and salted traditional dishes,
which collectively elevate population-level sodium
exposure. Excessive sodium intake has been associated
with an estimated 25% increased risk of hypertension
in Nigeria and poses a significant challenge to
prevention efforts (11).

Traditional diets rich in whole grains, legumes, and
vegetables are increasingly being displaced by ultra-
processed foods high in refined sugars, trans fats, and
sodium (11). These dietary shifts promote obesity,
insulin resistance, renal dysfunction, and heightened
salt sensitivity, all of which contribute to elevated blood
pressure. Food insecurity further exacerbates this
challenge, as many households depend on low-cost,
nutrient-poor foods that increase metabolic risk and
limit opportunities for healthier dietary choices (12).

Additional drivers include physical inactivity,
occupational stress, and alcohol consumption.
Approximately 27% of Nigerian adults lead sedentary
lifestyles (5), while long working hours and irregular
schedules encourage reliance on calorie-dense, high-
salt meals. Occupational stress has been shown
to substantially increase the risk of hypertension,
and alcohol consumption further compounds this
risk. Structural features of the built environment,
particularly urban designs that discourage walking or
cycling, present additional barriers to physical activity
and cardiovascular health (13).

Low health literacy and persistent cultural
misconceptions continue to undermine both prevention

and long-term management of hypertension. Many
individuals attribute hypertension primarily to stress,
aging, or spiritual causes, limiting proactive health-
seeking behavior and adherence to treatment (14).
Only about one-quarter of adults demonstrate adequate
knowledge of beneficial lifestyle practices related to
blood pressure control (15). Routine screening is often
absent in primary healthcare settings due to shortages
of trained personnel and functional equipment (16).
Financial barriers, particularly the heavy reliance on
out-of-pocket healthcare payments, further reduce
access to consistent treatment and medication
adherence (17). Weak patient-provider communication,
compounded by healthcare workforce shortages,
contributes to poor follow-up, fragmented care, and
relapse into uncontrolled blood pressure (18,19).

RECOMMENDATIONS FOR TARGETED
PUBLIC HEALTH ACTION

Addressing the burden of hypertension in Nigeria
requires a comprehensive, coordinated, and multi-
level public health response. Community-based
screening initiatives should be expanded to include
routine blood pressure measurements in commonly
accessed settings such as markets, transport hubs,
religious institutions, and workplaces. The deployment
of mobile clinics would be particularly important for
reaching underserved and hard-to-reach populations,
especially in rural and peri-urban areas. In addition,
occupational health programs should be integrated
into high-risk professions to ensure regular screening,
stress management, and lifestyle counseling.

Culturally tailored health education campaigns are
equally critical, as information dissemination in local
languages through radio, television, social media, and
trusted community leaders can help dispel myths,
reduce stigma, and promote healthier behaviors. These
campaigns should emphasize that hypertension is
neither an inevitable consequence of aging nor solely
the result of stress, but a preventable and controllable
condition. At the organizational level, workplace
wellness programs can support healthier dietary
choices, encourage physical activity, and mitigate
stress. Flexible work arrangements and on-site
wellness initiatives may further enhance engagement
and sustainability.

Policy interventions must address the broader
structural determinants of hypertension — priority
actions should include improved access to affordable,
heart-healthy foods through subsidies, regulating
ultra-processed foods via taxation and clear nutritional
labeling, and strengthening primary healthcare
infrastructure. Sustained investments in healthcare
workforce training, standardized treatment protocols,

91



Silent pressures: the public health threats of undiagnosed hypertension in Nigeria

functional diagnostic equipment, and affordable
antihypertensive medicines are essential for long-
term control. Finally, robust monitoring and research
systems are needed to strengthen national surveillance
to improve tracking of hypertension trends, facilitate
evaluation of ongoing interventions, and guide adaptive
policy development. Building local research capacity
will also ensure that strategies remain evidence-based
and context-specific.

STUDY LIMITATIONS

This review has several limitations — as a narrative
synthesis, it does not employ systematic review
methodology and may therefore be subject to selection
bias. In addition, heterogeneity in study designs,
populations, and measurement approaches limits
direct comparability across data sources. Nevertheless,
the convergence of findings from multiple national
surveys and regional studies lends credibility to the
overall conclusions and supports their relevance for
public health action.

CONCLUSION

Undiagnosed and poorly controlled hypertension
in Nigeria represents a silent yet rapidly escalating
public health crisis. Driven by dietary transitions,
occupational stress, cultural misconceptions, and
systemic healthcare gaps, the condition threatens
population health, national productivity, and long-
term socioeconomic development. Addressing this
challenge demands sustained, multi-level action that
extends beyond individual behavior change.

Expanding community and workplace screening,
delivering culturally sensitive health education,
implementing comprehensive workplace wellness
initiatives, and enacting systemic healthcare reforms
are all essential components of an effective response.
Policy measures aimed at improving dietary
environments and strengthening primary healthcare
delivery must complement these efforts. Ultimately,
reframing hypertension as a shared public health and
development priority, rather than a purely individual
medical problem, is critical. By doing so, Nigeria can
reduce preventable morbidity and mortality, protect
workforce productivity, and secure a healthier and
more resilient future.
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ABSTRACT

Vitamin D (VD) deficiency represents a global health problem affecting populations across all age groups,
regardless of place of residence, sex, race, or body mass. Unlike other vitamins, it functions in the human body
as a prohormone. Its active form, calcitriol, regulates calcium-phosphate homeostasis and exerts pleiotropic
immunological, cardiometabolic, neuroprotective, and anticancer effects. The primary source of VD is
cutaneous synthesis induced by UVB radiation, which under favorable conditions can fully meet the body’s
requirements. Fatty fish constitute the main exogenous source of vitamin D, whereas other dietary components,
supplementation, and fortified foods play only a supplementary role. VD status is influenced by numerous
environmental factors, including latitude, season, altitude, cloud cover, air pollution, and surface albedo. Although
latitude was formerly considered the main predictor of VD levels, other determinants are now recognized as
equally important. Among biological factors, age, sex, BMI, body fat content, skin melanin level, and genetic
profile play a significant role. Melanin reduces endogenous VD synthesis, and this process further declines with
age. Obesity predisposes to deficiency, most likely due to sequestration of cholecalciferol in adipose tissue.
Behavioral factors such as diet, supplementation, wearing body-covering clothing, use of sunscreens, and sun-
exposure habits significantly affect serum 25(OH)D concentrations. Interactions between these factors further
complicate the assessment of deficiency risk. In Scandinavian countries, deficiencies related to low sunlight
exposure are effectively compensated by diets rich in fatty fish and mandatory food fortification. The most
effective preventive strategy is cholecalciferol supplementation in individually adjusted doses. Modern lifestyle,
characterized by limited sun exposure, is one of the main contributors to VD deficiency. Since measurement of
VD metabolites is not performed as a screening test in the general population, identification of risk factors and
appropriate adjustment of supplementation remain crucial in deficiency prevention.

Keywords: vitamin D, vitamin D deficiency, skin synthesis, 25-hydroxyvitamin D, risk factors
STRESZCZENIE

Niedobér witaminy D (VD) stanowi globalny problem zdrowotny, dotyczacy populacji we wszystkich grupach
wiekowych, niezaleznie od miejsca zamieszkania, pici, rasy czy masy ciala. W przeciwienstwie do innych wi-
tamin petni ona w organizmie funkcje¢ prohormonu. Jej aktywna postac, kalcytriol, odpowiada za homeostaze
wapniowo-fosforanowa 1 wykazuje plejotropowe dziatanie immunologiczne, kardiometaboliczne, neuroprotek-
cyjne oraz przeciwnowotworowe. Podstawowym zrodlem VD jest skorna synteza indukowana promieniowa-
niem UVB, ktora w sprzyjajacych warunkach moze catkowicie pokrywa¢ zapotrzebowanie organizmu. Gtowne
zrodto egzogenne VD stanowig ttuste ryby, natomiast pozostate sktadniki diety, suplementacja i zywno$¢ for-
tyfikowana petnig jedynie role uzupelniajacg. Na stan zaopatrzenia organizmu w VD wplywa wiele czynnikow
srodowiskowych, takich jak szerokos$¢ geograficzna, pora roku, wysokos¢ nad poziomem morza, zachmurzenie,
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zanieczyszczenie powietrza czy albedo powierzchni. Cho¢ dawniej to szeroko$¢ geograficzna byla uznawana
za glowny predyktor statusu VD, obecnie podkresla si¢ rowniez znaczenie innych uwarunkowan. Wsrod deter-
minantdw biologicznych istotng role odgrywaja m.in. wiek, pte¢, BMI, zawartos¢ tkanki tluszczowej, poziom
melaniny w skorze oraz profil genetyczny. Melanina ogranicza syntez¢ endogenng VD, a proces ten dodatkowo
ulega ostabieniu wraz z wiekiem. Otyto$¢ sprzyja niedoborom, najprawdopodobniej wskutek sekwestracji cho-
lekalcyferolu w tkance ttuszczowej. Czynniki behawioralne, takie jak dieta, suplementacja, stosowanie odziezy
zakrywajacej cialo, preparaty fotoprotekcyjne czy nawyki zwigzane z ekspozycja na stonce, istotnie modyfiku-
ja stezenie 25(OH)D. Wzajemne oddziatywanie wymienionych czynnikow dodatkowo utrudnia ocene¢ ryzyka
niedoboru.

W krajach skandynawskich niedobory VD zwigzane z niskim nastonecznieniem skutecznie kompensuje dieta
bogata w ttuste ryby oraz obligatoryjna fortyfikacja zywnosci. Najbardziej efektywna strategi¢ profilaktyczng
stanowi suplementacja cholekalcyferolem w dawkach dostosowanych indywidualnie. Wspotczesny styl zycia,
charakteryzujacy si¢ ograniczong ekspozycja na stonce, jest jedng z gléwnych przyczyn niedoboru VD. Ponie-
waz oznaczanie stezenia metabolitow VD nie jest wykonywane przesiewowo w populacji ogdlnej, kluczowe
znaczenie w profilaktyce jej niedoboru ma identyfikacja czynnikéw ryzyka oraz odpowiednie dostosowanie
suplementacji.

Stowa kluczowe: witamina D, niedobor witaminy D, synteza skorna, 25-hydroksywitamina D, czynniki ryzyka,

ENVIRONMENTAL, BIOLOGICAL AND
BEHAVIORAL FACTORS INFLUENCING
VITAMIN D STATUS

Vitamin D (VD) deficiency is a global health
concern affecting both individuals with clinical
symptoms of lifestyle diseases and the healthy
population. It is estimated to affect approximately
one billion people worldwide. This deficiency is
a significant risk factor for the development of rickets
in children, as well as osteoporosis and osteomalacia in
adults. Beyond musculoskeletal disorders, low levels of
VD are associated with immune system impairment,
autoimmune diseases, cardiovascular and neurological
disorders, and certain types of cancer, including
breast, prostate, and colorectal cancer (1,2). While
VD deficiency is not synonymous with the immediate
manifestation of clinical symptoms, it signals an
increased population-wide risk of their occurrence.

In developed countries, public health campaigns
advocate minimizing sun exposure, year-round use
of sunscreen products, and the wearing of protective
clothing. While these messages increase public
awareness of the risk of skin damage and skin cancer
associated with ultraviolet radiation (UVR), they
often fail to address the beneficial effects of sunlight
exposure. It should be taken into account that the
extent of sun protection required may depend on
a number of variables. An adequate level of knowledge
regarding the main sources of VD for the human body,
as well as the factors influencing the concentration of
its metabolite in the blood, may significantly affect
health-related behaviors and contribute to reducing the
prevalence of VD deficiency in the population. From
a clinical perspective, it is also important to determine
the causes of substantial interindividual differences in

CZYNNIKI SRODOWISKOWE, BIOLOGICZNE
I BEHAWIORALNE WPLYWAJACE NA
STATUS WITAMINY D

Niedoboér witaminy D (VD, Vitamin D) jest proble-
mem o charakterze globalnym, dotyczacym zaréwno
0s0b z objawami klinicznymi choréb cywilizacyjnych
jak 1 zdrowej populacji. Szacunkowo, stwierdza si¢ go
u okoto miliarda Iudzi na ziemi. Stanowi czynnik ry-
zyka rozwoju krzywicy u dzieci, osteoporozy i osteo-
malacji u oséb dorostych. Oprécz schorzen ukladu
kostnego, obnizone st¢zenie VD wystepuje rowniez
w zaburzeniach odpornosci, chorobach autoimmuno-
logicznych, sercowo-naczyniowych, neurologicznych
jak réwniez w niektdrych typach nowotwordw takich
jak: rak sutka, prostaty, jelita grubego (1,2). Niedobor
VD nie jest rdwnoznaczny z wystapieniem objawow
chorobowych, sygnalizuje jednak wzrost populacyjne-
go ryzyka ich wystapienia.

W krajach rozwinigtych, spoleczne kampanie
prozdrowotne opowiadajg si¢ za ograniczeniem do
minimum czasu przebywania na stonicu, stosowaniem
przez caty rok preparatéw promieniochronnych, jak
réwniez odziezy ochronnej. Dzigki tym przekazom
zwigksza si¢ $wiadomo$¢ spoleczna dotyczaca ryzy-
ka powstawania uszkodzen i nowotworéw skory pod
wplywem promieniowania ultrafioletowego (UVR,
ultraviolet radiation), nie uwzglednia si¢ w nich jednak
pozytywnych skutkow oddziatywania stonca. Nalezy
wzig¢ pod uwage, ze rozmiar ochrony przeciwstonecz-
nej moze zaleze¢ od szeregu zmiennych. Odpowied-
ni poziom wiedzy na temat gtéwnych zrédet VD dla
organizmu czlowieka, jak réwniez czynnikow wpty-
wajacych na stezenie jej metabolitu we krwi, moze
W sposob istotny wptywaé na zachowania prozdro-
wotne, przyczyniajac si¢ do ograniczenia wystgpo-
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VD status among healthy individuals. Currently, there
are no recommendations for routine screening of VD
levels in the general population; therefore, identifying
predictors and distinguishing groups at increased risk of
VD deficiency may be helpful in formulating guidelines
and determining appropriate supplementation doses
2,3).

This review aims to compile and summarize current
evidence on the factors affecting VD status, excluding
disease states and medications that alter its absorption
and metabolism.

Sources and metabolism of vitamin D in the
human body. Unlike other vitamins essential for the
human body, which must be supplied through diet,
the most efficient source of VD is cutaneous synthesis
occurring under the influence of ultraviolet radiation
in the UVB range (290-315 nm). The synthesis of the
active form of VD is a sequence of photochemical
transformations initiated by the absorption of
UVB radiation by 7-dehydrocholesterol (7-DHC),
a chromophore present in epidermal keratinocytes and
dermal fibroblasts. 7-DHC is converted into previtamin
D3 (pre-D3), with the peak spectral efficacy for this
process occurring at a wavelength of 297 nm. Under
the influence of body temperature, pre-D3 stored in
the epidermis undergoes isomerization into vitamin
D3 (cholecalciferol), which is then gradually released
into the bloodstream over a period of approximately
three days. This phenomenon allows for the maximal
utilization of brief skin exposures to UVB to initiate
VD synthesis, which does not require solar energy in its
subsequent stages. Cholecalciferol and its metabolites
are transported in the blood primarily bound to
a specific protein-VD binding protein (DBP); 10-15%
is carried as a complex with albumin, while the free
fraction accounts for only 1%. Cutaneous synthesis
can provide 80% to 100% of the daily requirement for
VD. The second, exogenous source is significantly less
efficient due to the limited number of food products and
their low vitamin content (1,2,4). The only significant
dietary source of cholecalciferol is fatty fish; content
per 100 g: fresh eel — 30 pg (1200 IU), fresh herring —
19 pg (760 IU), fresh salmon — 13 pg (520 IU), canned
tuna — 5.7 ug (228 [U). Other products are considerably
poorer: egg yolk — 4.5 pg (180 IU), yellow cheese — 0.3-
0.9 pg (12-36 IU per 100 g). Milk and dairy products,
in particular, contain only trace amounts of VD — 0.03
ug (= 1 IU per 100 ml) (5). Exogenous sources may also
include medications, dietary supplements, and fortified
foods. Ingested VD is transported in chylomicrons
from enterocytes to the lymphatic vessels and then via
the portal vein to the liver. In venous blood, only 60%
is transported with DBP, while the remainder is cleared
with the lipoprotein fraction. As VD is a fat-soluble
vitamin, dietary fat is required for its proper absorption
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wania niedoboréw VD w spoteczenstwie. Rowniez
z klinicznego punktu widzenia istotne jest ustalenie
przyczyn wystepowania znaczacych réznic w stanie
zaopatrzenia organizmu w VD wsrod zdrowych osob.
Na chwile obecng, brak jest wskazan do przeprowa-
dzania badan skriningowych st¢zenia VD w populacji
ogolnej, dlatego zidentyfikowanie predyktorow i wy-
odrebnienie grup ryzyka wystgpowania deficytow tej
witaminy moze by¢ pomocne dla formutowania reko-
mendacji oraz ustalenia odpowiedniej dawki suple-
mentacyjnej (2,3).

Niniejsza praca stanowi zestawienie i streszczenie
aktualnych informacji dotyczacych czynnikow wpty-
wajacych na stan zaopatrzenia organizmu w VD z wy-
taczeniem stanow chorobowych oraz lekow zmieniaja-
cych jej wehtanianie 1 metabolizm.

Zrodla i metabolizm VD w organizmie czlowie-
ka. W przeciwienstwie do pozostatych, niezbednych
dla organizmu czlowieka witamin, ktore musza by¢
dostarczane wraz z pozywieniem, najbardziej wydaj-
nym zrodtem VD jest synteza skorna, zachodzaca pod
wptywem UVR z zakresu UVB (290-315 nm). Proces
syntezy aktywnej postaci VD jest ciggiem przemian
fotochemicznych rozpoczynajacym si¢ w wyniku ab-
sorpcji promieniowania UVB przez 7-dehydrochole-
sterol (7-DHC), chromofor obecny w keratynocytach
naskorka 1 fibroblastach skory wiasciwej. 7-DHC prze-
ksztalca si¢ w prewitaming D, (pre-D,) a najwigksza
skuteczno$¢ widmowa dla tego procesu wystepuje
przy dtugosci fali 297 nm. Pod wpltywem tempera-
tury ciala, magazynowana w naskorku pre-D,, ulega
izomeryzacji do witaminy D, (cholekalcyferol), ktora
nastgpnie jest stopniowo uwalniana do krwioobiegu
przez okres okoto trzech dni. Zjawisko to umozliwia
maksymalne wykorzystanie krotkich ekspozycji sko-
ry na UVB do zapoczatkowania reakcji syntezy VD,
ktora w kolejnych etapach nie wymaga energii sto-
necznej. Cholekalcyferol i jego metabolity sg trans-
portowane we krwi gtownie w postaci zwigzanej ze
specyficznym biatkiem — DBP (vitamin D binding pro-
tein), w 10-15% przenoszone sg w postaci kompleksu
z albuming a jedynie 1% stanowi frakcja wolna. Syn-
teza skorna moze zapewni¢ 80 do 100% dziennego
zapotrzebowania na VD. Drugie, egzogenne zrodio
jest znacznie mniej wydajne ze wzgledu na matg ilos¢
produktow zywnosciowych i niskg w nich zawarto$¢
tej witaminy (1,2,4). Jedynym znaczacym zrodlem
pokarmowym cholekalcyferolu sa thuste ryby; zawar-
tos¢ w 100 g: wegorz $wiezy — 30 pg (1200 IU), $ledz
swiezy — 19 pg (760 1U), tosos swiezy — 13 ug (520
1U), tunczyk z puszki— 5,7 pg (228 IU). Pozostate pro-
dukty sg znacznie ubozsze: z6ttko jaja kurzego — 4,5
pg (180 IU), ser zotty — 0,3-0,9 pg (12-36 IU w 100
g). Szczegoblnie mleko i jego przetwory zawieraja juz
tylko $ladowe ilosci VD — 0,03 pg (= 1 IU w 100 ml)
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in the jejunum and terminal ileum. Therefore, the
exogenous source may be less effective in individuals
restricting dietary fat intake (6). Unlike the oral route,
endogenous synthesis of cholecalciferol carries no risk
of reaching toxic concentrations. During prolonged
exposure to UVB radiation, the rate of conversion of
7-DHC to VD in the skin is subject to self-regulating
mechanisms. Additionally, excessive solar exposure
results in the conversion of pre-D3 and cholecalciferol
into biologically inactive photoproducts, such as
tachysterol, lumisterol, or suprasterols I and II, which
lack the ability to bind with VD-binding protein (DBP).
These compounds may be removed along with the
exfoliating epidermis; however, they may also undergo
reconversion back to cholecalciferol in cases of systemic
deficiency. As a fat-soluble vitamin, cholecalciferol is
sequestered and stored for approximately two months
within the adipocytes of subcutaneous and visceral
adipose tissue (1,7,8).

VD is a prohormone converted into its biologically
active form through a two-step hydroxylation
reaction. In the first step, which occurs in the liver
and is mediated by 25-hydroxylase (a component of
cytochrome P450), 25-hydroxyvitamin D (25(OH)D,
calcidiol)—is formed. 25(OH)D is a biologically inactive
metabolite of VD, used in clinical practice as a marker
of the body’s VD status. Calcidiol is subsequently
converted in the renal proximal tubules, under the
influence of the enzyme 25(OH)D-1a-hydroxylase, into
calcitriol — 1,25(0OH)2D, the most biologically active
metabolite of VD. The role of calcitriol is not limited
to maintaining calcium-phosphate homeostasis. The
VD receptor (VDR) is present in most cells of the
human body, and extrarenal lo-hydroxylase activity
has been confirmed in macrophages and cells of the
pancreatic B-islets, colon, prostate, breast, and lungs,
among others. Epidemiological studies confirm the
numerous pleiotropic functions of 1,25(0OH)2D,
including immunomodulatory, anti-atherosclerotic,
neuroprotective, and anti-cancer effects (1,2). Calcitriol
is characterized by a short half-life in the blood (1-7
hours), its serum concentration reaches low values
(0.03-0.04 ng/ml) and is subject to multifactorial
regulation. The activity of 25(0OH)D-la-hydroxylase
is stimulated by an increase in blood parathyroid
hormone (PTH) levels and a decrease in 1,25(OH)2D
concentration, whereas increased levels of calcium and
phosphorus exert an inhibitory effect on the enzyme,
resulting in reduced synthesis of 1,25(0OH)2D (2).

The status of VD reserves in the body depends on
both the efficiency of cutaneous synthesis and dietary
intake. It is best reflected by the blood concentration
of the hepatic VD metabolite. Calcidiol is a metabolite
with a long half-life (approximately 21 days), its blood
concentration reaches the highest values among other

(5). Zrodlem egzogennym moga by¢ réwniez leki
i suplementy diety oraz zywnos¢ fortyfikowana. VD
przyjeta droga pokarmowa transportowana jest w chy-
lomikronach z enterocytéw do naczyn limfatycznych
a nastepnie poprzez zyte wrotng do watroby. We krwi
zylnej transportowana jest tylko w 60% z DBP, pozo-
stala jej ilo§¢ usuwana jest z frakcja lipoprotein. VD
nalezy do witamin rozpuszczalnych w thuszczach,
dlatego do jej prawidtowego wchtaniania w jelicie
czczym 1 koncowym odcinku jelita kretego potrzeb-
ny jest thuszcz zawarty w positku. Zrodlo egzogenne
moze by¢ wigc mniej efektywne u osob ograniczaja-
cych spozycie tluszczu w diecie (6). W odroznieniu
od drogi pokarmowej, podczas endogennej syntezy
cholekalcyferolu nie wystgpuje ryzyko wytworzenia
toksycznych jego stezen. Przy przedtuzajacej sie eks-
pozycji na promieniowanie UVB, tempo przemiany
7-DHC w VD w skorze podlega mechanizmom sa-
moregulujacym. Dodatkowo, nadmierna ekspozycja
stoneczna skutkuje przeksztalceniem pre-D, i chole-
kalcyferolu w nieaktywne biologicznie fotoprodukty:
tachysterol, lumisterol czy suprasterol I i II, ktdre nie
majg zdolnosci taczenia si¢ z DBP. Zwiazki te moga
by¢ usuwane ze ztuszczajacym si¢ naskorkiem, moze
réwniez zachodzi¢ ich ponowna przemiana do chole-
kalcyferolu w sytuacji wystapienia niedoboru w orga-
nizmie. Cholekalcyferol jako witamina rozpuszczalna
w tluszczach jest wychwytywana i magazynowana
przez okres okoto dwdch miesiecy w adipocytach pod-
skornej i trzewnej tkanki ttuszczowej (1,7,8).

VD jest prohormonem przeksztatcanym do postaci
czynnej biologicznie na drodze dwuetapowej reakcji
hydroksylacji. W pierwszym etapie, zachodzacym
w watrobie z udziatem 25-hydroksylazy (sktadowa
cytochromu P450), powstaje 25-hydroksywitamina D
—25(0OH)D (kalcydiol). 25(OH)D jest biologicznie nie-
aktywnym metabolitem VD, stosowanym w praktyce
klinicznej jako marker zaopatrzenia organizmu w t¢
witamine. Kalcydiol przeksztatcany jest nastepnie
w nerkowych kanalikach proksymalnych, pod wpty-
wem enzymu la-hydroksylazy 25(OH)D, do kalcytrio-
lu — 1,25(0OH),D, najbardziej aktywnego biologicznie
metabolitu VD. Rola kalcytriolu nie ogranicza si¢ je-
dynie do utrzymywania homeostazy wapniowo-fosfo-
ranowej. Receptor dla witaminy D posiada wigkszo$¢
komorek w organizmie czlowieka a pozanerkowsa ak-
tywno$¢ la-hydroksylazy potwierdzono migdzy inny-
mi w makrofagach, komoérkach B-trzustki, jelita gru-
bego, prostaty, sutka i ptuc. Badania epidemiologiczne
potwierdzajg liczne funkcje plejotropowe 1,25(0OH),D
m.in.: dziatanie immunomodulujace, przeciwmiaz-
dzycowe, neuroprotekcyjne czy tez przeciwnowotwo-
rowe (1,2). Kalcytriol cechuje si¢ krétkim okresem
pottrwania we krwi (1-7 godzin), jego stg¢zenie w su-
rowicy osigga niskie wartosci (0,03-0,04 ng/ml) i pod-
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VD metabolites and is not subject to rapid fluctuations.
According to Polish guidelines, the optimal serum
25(OH)D concentration, which prevents secondary
hyperparathyroidism and an increase in PTH levels, is
considered to be

>30-50 ng/ml (>75-125 nmol/l). Suboptimal
concentrations range from >20-30 ng/ml (>50-75
nmol/l), while deficiency is defined as values <20 ng/
ml (<50 nmol/l) (2).

The concentration profiles of 25(OH)D vary
depending on the source of VD. The dietary route
is characterized by a rapid increase in blood 25(0OH)
D levels; however, the duration of its maintenance is
shorter. During cutaneous synthesis, serum calcidiol
concentrations persist up to 2-3 times longer (8). For
humans, the endogenous source of VD is not only more
efficient but also, due to regulatory mechanisms, does
not pose arisk of hypervitaminosis. Taking into account
the risks associated with direct solar exposure, Bogh
et al. (9) established the minimum UVB dose effective
for achieving a significant increase in serum 25(OH)D
levels. The study demonstrated a positive correlation
between the 25(OH)D concentration in subjects and the
total cumulative UVB dose, expressed as the Standard
ErythemaDose (SED). 1 SEDisdefined asthe UVB dose
that induces perceptible erythema in individuals with
the highest sensitivity to solar radiation (1 SED=100
J/m? at A=298 nm). A significant increase in 25(0OH)
D was observed after only four exposures to a dose of
0.375 SED, which corresponds to a four-minute solar
exposure at noon during the summer (at the latitude of
Denmark). Increasing the duration of UVB exposure
did not lead to a more effective increase in 25(OH)D
levels among participants, which the authors attribute
to the body reaching a saturation phase through natural
regulatory mechanisms (9).

Intense exposure to UVB radiation leads to the
development of solar erythema, resulting in DNA
damage and increasing the risk of carcinogenesis
following repeated incidents of acute exposure. Some
authors advocate for regular, brief exposure to low doses
of radiation, demonstrating that effective VD synthesis
occurs well before the onset of an erythematous
reaction (3,4,7, 9-12).

Environmental factors affecting cutaneous VD
synthesis. UV Bradiation isapartofthe electromagnetic
wave reaching the Earth’s surface from the Sun. It is one
of the three main UV spectral bands, differing in their
physical properties, each of which induces different
biological effects. The effects of UVR on the skin
depend on the amount of energy absorbed and the depth
of radiation penetration. The UVB band, responsible
for both the induction of photochemical erythema and
the photoisomerization of 7-DHC to pre-D3, reaches
the Earth at approximately 5-10%, with the exception
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lega wieloczynnikowej regulacji. Pobudzajacy wplyw
na aktywno$¢ la-hydroksylazy 25(OH)D ma wzrost
stezenia parathormonu (PTH) we krwi oraz spadek
stezenia 1,25(0OH),D, natomiast zwigkszone stgzenie
wapnia i fosforu dziata na enzym hamujgco, skutkujac
zmniejszeniem syntezy 1,25(0OH),D (2).

Stan rezerw VD w organizmie zalezy zaroéwno
od efektywnosci syntezy skornej jak i podazy dro-
g3 pokarmowa. Najlepszym jego odzwierciedleniem
jest stezenie watrobowego metabolitu VD we krwi.
Kalcydiol jest metabolitem o dhugim okresie péttrwa-
nia (okoto 21 dni), jego stezenie we krwi cechuje si¢
najwyzszymi warto$ciami spos$rod innych metaboli-
tow VD i nie podlega gwaltownym zmianom. Zgod-
nie z polskimi wytycznymi, za optymalne st¢zenie
25(OH)D w surowicy, przy ktérym nie dochodzi do
wtornej nadczynnosci przytarczyc i wzrostu steze-
nia PTH, uznaje si¢ wartos¢ >30-50 ng/ml (>75-125
nmol/l). Stgzenie suboptymalne miesci si¢ w zakresie
>20-30 ng/ml (>50-75 nmol/l), natomiast niedobor de-
finiowany jest przy wartos$ci <20 ng/ml (<50 nmol/l)
).

Profile stezen 25(OH)D ro6znig si¢ w zalezno$ci
od zrédta VD. Droga pokarmowa charakteryzuje si¢
szybkim wzrostem stezenia 25(OH)D we krwi, jednak
krotszy jest czas jego utrzymywania si¢. Podczas syn-
tezy skornej stezenie kalcydiolu w surowicy utrzymu-
je si¢ do 2-3 razy dtuzej (8). Endogenne zrodio VD
jest dla cztowieka zar6wno wydajniejsze, jak roéwniez,
dzieki mechanizmom regulacyjnym, nie stwarza ry-
zyka hiperwitaminozy. Bogh i wsp. (9), uwzglednia-
jac zagrozenia wynikajace z bezposredniej ekspozycji
stonecznej, ustalili minimalng dawke UVB skuteczng
dla uzyskania znaczacego wzrostu stezenia 25(0OH)
D w surowicy. W badaniu wykazano dodatnig zalez-
no$¢ pomiedzy stgzeniem 25(OH)D u os6b badanych
a przyjeta dawka catkowita promieniowania UVB,
wyrazong jako standardowa dawka wywotujaca ru-
mien (SED, Standard Erythema Dose). 1 SED defi-
niuje si¢ jako dawke UVB wywotujaca dostrzegalny
rumien na skérze osdb o najwickszej wrazliwosci
na promieniowanie stoneczne (1 SED=100 J/m? przy
A=298 nm). Znaczacy wzrost 25(OH)D zaobserwowa-
no juz podczas czterokrotnego napromienienia dawka
0,375 SED, co odpowiada czterominutowej ekspozycji
stonecznej w okresie letnim w potudnie (na szerokosci
geograficznej Danii). Wydhuzanie czasu ekspozycji na
promieniowanie UVB nie wiazato si¢ z efektywniej-
szym wzrostem 25(OH)D u uczestnikow, co autorzy
tlumaczg osiggnigciem fazy wysycenia organizmu po-
przez naturalne mechanizmy regulacyjne (9).

Intensywna ekspozycja na UVB prowadzi do po-
wstania rumienia stonecznego, co skutkuje uszko-
dzeniem materiatu genetycznego i zwigksza ryzyko
procesow nowotworowych przy powtarzajacych sie
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of polar regions, where its intensity may be higher
due to lower stratospheric ozone content. The ozone
layer absorbs UVR with wavelengths below 290-295
nm; therefore, UVA radiation, which has the longest
wavelength and the lowest energy, constitutes 90-95%
of the ultraviolet radiation reaching the Earth. The
penetration depth of UV radiation into the skin layers
also depends on the wavelength: UVB is absorbed in
the epidermis, while UVA penetrates into the dermis
@,13).

Every factor that alters the amount of UV B radiation
available to the skin can impact endogenous VD
synthesis. The intensity of UVR reaching the Earth’s
surface depends primarily on the thickness of the
ozone layer and the presence of atmospheric aerosols
and dust, which act to absorb and scatter radiation. In
contrast to UVA radiation, which reaches the Earth’s
surface in a constant amount regardless of the season,
time of day, or weather, the intensity of UVB radiation
is characterized by high variability. Under heavy cloud
cover, as well as in conditions of air pollution, the reach
of UVB radiation to the Earth’s surface may be reduced
and VD synthesis inhibited (13). Therefore, residents
of large cities are at risk of VD deficiencies, where, in
addition to the shading of streets by high-rise buildings,
a high degree of air pollution may exert an inhibitory
effect on VD synthesis (12). In situations where the solar
disk is not obscured during cloudy conditions, UVB
intensity on the Earth’s surface increases due to the
reflection of radiation by clouds. Paradoxically, UVB
intensity can then be higher than under a clear sky. The
ability of certain surfaces to reflect radiation (albedo) is
also significant for human health. The highest albedo
is exhibited by fresh snow, which reflects 75-95% of
radiation, followed by ice (up to 50%) and sand (40%)
).

A significant factor influencing UVR intensity
is the solar zenith angle (SZA), formed between the
zenith and a line drawn between the observer and the
Sun. Larger SZA values indicate less intense UVR due
to a longer path length for the radiation. Conversely,
a decrease in SZA is associated with an increase in
UVR intensity. An SZA of zero represents the Sun’s
position at the zenith, directly above the observer.
In this case, solar radiation travels the shortest path
through the Earth’s atmosphere. Radiation intensity
at a given point on the globe reaches its maximum
values during the summer and at noon, when the SZA
is near zero (14). The shortening of the path for UVR,
and the associated increase in radiation intensity, also
occurs in mountainous regions. As altitude above sea
level increases, atmospheric pressure decreases, and
the UVB-scattering particles in the air become more
dispersed. For radiation with a wavelength of 300 nm,
at a given time of day and year and with the same SZA,

incydentach ostrych ekspozycji. Niektorzy autorzy
proponuja regularne, krotkie ekspozycje na niskie
dawki promieniowania, dowodzac, ze efektywna syn-
teza VD zachodzi jeszcze przed wystgpieniem reakcji
rumieniowej (3,4,7, 9-12).

Czynniki $Srodowiskowe wplywajace na skorng
synteze VD. Promieniowanie UVB jest czgscig fali
elektromagnetycznej docierajacej do powierzchni zie-
mi ze Stonca. Jest jednym z trzech gtownych pasm
spektralnych UV, ro6znigcych si¢ od siebie wtasciwo-
Sciami fizycznymi, z ktorych kazde wywoluje inne
efekty biologiczne. Efekty dzialania UVR na skore
zaleza od ilo$ci zaabsorbowanej energii i glebokosci
przenikania promieniowania. Pasmo UVB, odpowie-
dzialne za powstawanie rumienia fotochemicznego,
jak réowniez za fotoizomeryzacj¢ 7-DHC do pre-D,,
dociera do ziemi w okoto 5-10%, za wyjatkiem ob-
szaré6w okotobiegunowych, gdzie jego natezenie moze
by¢ wigksze ze wzgledu na mniejszg zawarto$¢ 0zo-
nu w stratosferze. Warstwa ozonowa pochtania UVR
o dtugosci fali ponizej 290-295 nm, dlatego promie-
niowanie UVA, o najdtuzszej fali i najmniejszej ener-
gii, stanowi 90-95% docierajacego do ziemi promie-
niowania nadfioletowego. Gtebokos¢ przenikania
promieniowania UV do warstw skory rowniez zalezy
od dtugosci fali, UVB absorbowane jest w naskorku,
natomiast UVA penetruje do skory wlasciwej (4,13).

Kazdy czynnik zmieniajacy ilo$¢ promieniowania
UVB dostepnego dla skory moze mie¢ wpltyw na en-
dogenna synteze VD. Natgzenie UVR docierajacego
do powierzchni ziemi zalezy przede wszystkim od
grubosci warstwy ozonowej i zawartych w atmosferze
aerozoli oraz pytow o dziataniu absorbujgcym i roz-
praszajacym promieniowanie. W przeciwienstwie do
promieniowania UVA, ktore dociera do powierzchni
ziemi w stalej ilosci, niezaleznie od pory roku, pory
dnia czy pogody, nat¢zenie promieniowania UVB
cechuje si¢ duza zmiennos$cig. Przy duzym zachmu-
rzeniu, jak rowniez zanieczyszczeniu powietrza, do-
cieranie promieniowania UVB do powierzchni ziemi
moze by¢ zredukowane a synteza VD zahamowana
(13). Ryzyko wystapienia niedoboréw VD majg wiec
mieszkancy duzych miast, gdzie oprocz zacienienia
ulic przez wysokg zabudowe, hamujacy wplyw na
syntez¢ VD moze mie¢ duzy stopien zanieczyszczenia
powietrza (12). W sytuacji, gdy podczas zachmurze-
nia nieba tarcza stonca nie jest zastonigta, natezenie
UVB na powierzchni ziemi zwicksza si¢ w wyniku
odbicia promieniowania przez chmury. Paradoksalnie,
natezenie UVB moze by¢ wowczas wyzsze niz przy
bezchmurnym niebie. Nie bez znaczenia dla zdrowia
cztowieka jest rowniez zdolno$¢ odbijania promienio-
wania od niektorych powierzchni (albedo). Najwick-
sze albedo wykazuje §wiezy $nieg, ktory odbija 75-
95% promieniowania, 16d (do 50%) i piasek (40%) (7).
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a 1000-meter increase in altitude is associated with
a 24% increase in radiation intensity (15).

The SZA varies according to latitude, season,
and time of day. As latitude increases, the SZA also
increases, leading to a decrease in UVR intensity and,
consequently, the effective dose of UVB radiation
necessary for cutaneous VD synthesis. VD synthesis
decreases with each degree of latitude — by 105
IU in summer and by 237 IU in spring (4). Using
computer modeling, it was determined that under
identical conditions regarding season, duration of solar
exposure, skin pigmentation, and exposed surface area,
the amount of VD synthesized at a latitude of 12°S is
eight times higher compared to a location at 42°S (14).
A study conducted in Australia (27°S — 43°S) among
Caucasians confirmed a significant decrease in the
mean 25(0OH)D concentration as latitude increased
(16). In numerous population studies, latitude serves
as a determinant of the body’s VD status. The risk of
cancer incidence, cardiovascular diseases, autoimmune
and mental disorders, as well as increased mortality
from COVID-19, increases with rising latitude,
correlating with the hypothetical VD concentration
gradient in both hemispheres (8,17). Depending on
latitude, three global regions have been identified
that differ in UVR efficiency regarding VD synthesis.
Between 30°N (north latitude) and 30°S (south latitude),
adequate VD synthesis is possible year-round. In the
range of 30°- 50° in both the northern and southern
hemispheres, achieving proper VD levels is possible
seasonally, whereas in the 50°-70° zone, UVR intensity
throughout the year is insufficient to reach optimal
VD concentrations (18). For the first range, most
studies provide values between 35°N and 35°S (19). In
the Southern Hemisphere, UVR intensity at a given
location is 10-15% higher compared to a location at the
corresponding latitude in the Northern Hemisphere,
due to the Earth’s shorter distance from the Sun during
the summer (20).

The highest daily number of sunshine hours
occurs in summer and the lowest in winter, whereas
the highest 25(OH)D concentrations are observed in
autumn and the lowest in early spring. Consequently,
25(0OH)D levels primarily depend on the degree of solar
radiation in the preceding season. In studies by Lucas
et al. (21) and Pasco et al. (22), peak serum 25(OH)D
concentrations in subjects occurred 6-8 weeks after
the maximum UVR intensity in a given location. This
observed shift reflects the time required to establish
a new steady state for the hepatic VD metabolite in
the body. Conversely, a five-year study conducted in
Germany found a significantly higher prevalence of
VD deficiency during winter months, while the highest
25(OH)D concentrations were recorded in August.
The concentration of the VD metabolite correlated
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Istotnym czynnikiem wplywajacym na natgzenie
UVR jestkat zenitalny stonca (SZA, solar zenith angle),
utworzony pomig¢dzy zenitem a linig poprowadzong
pomiedzy obserwatorem a stoncem. Wigksze wartosci
SZA oznaczaja mniej intensywne UVR ze wzgledu na
dtuzsza droge dla promieniowania. Zmniejszanie war-
tosci SZA wiaze si¢ ze wzrostem intensywnosci UVR.
SZA réwne zero oznacza potozenie slonca w zenicie,
czyli nad obserwatorem. Promieniowanie stoneczne
pokonuje wowczas najkrotszg droge przez atmosfere
ziemska. Natezenie promieniowania w danym punkcie
na kuli ziemskiej bedzie osiagato najwieksze wartosci
latem i w potudnie, kiedy SZA jest bliski zeru (14).
Skrocenie drogi dla UVR i co si¢ z tym wigze zwigk-
szona intensywno$¢ promieniowania, wystepuje row-
niez na obszarach gorskich. Wraz ze wzrostem wyso-
kosci nad poziomem morza cisnienie atmosferyczne
maleje a czastki rozpraszajace UVB zawarte w powie-
trzu ulegajg rozrzedzeniu. Dla promieniowania o dtu-
gosci fali 300 nm, o danej porze dnia i roku, przy tym
samym SZA, zwigkszenie wysokosci o 1000 m wigze
si¢ ze wzrostem natgzenia promieniowania o 24% (15).

SZA zmienia si¢ w zaleznos$ci od szerokos$ci geo-
graficznej, pory roku i pory dnia. Wraz ze wzrostem
warto$ci szerokosci geograficznej SZA zwigksza sig,
maleje wigc intensywno$¢ UVR i co za tym idzie daw-
ka efektywnego promieniowania UVB niezbednego
do syntezy VD w skdrze. Synteza VD zmniejsza si¢
z kazdym stopniem szeroko$ci geograficznej, latem
o 105 IU, natomiast wiosng o 237 IU (4). Przy uzyciu
modelowania komputerowego ustalono, ze w jedna-
kowych warunkach pod wzgledem pory roku, czasu
ekspozycji stonecznej, stopnia pigmentacji skory oraz
jej powierzchni eksponowanej, ilos¢ VD syntetyzowa-
nej w lokalizacji o szeroko$ci geograficznej 12°S jest
osiem razy wigksza w pordwnaniu do miejsca poto-
zonego na 42°S (14). W badaniu przeprowadzonym
w Australii (27°S — 43°S) wsrod osob rasy kaukaskiej,
potwierdzono znaczace zmniejszanie Sredniej warto-
sci stezenia 25(OH)D wraz ze wzrostem szerokosSci
geograficznej (16). W licznych badaniach populacyj-
nych, szeroko$¢ geograficzna stanowi wyznacznik
stanu zaopatrzenia organizmu w witamin¢ D. Ryzyko
zapadalnosci na nowotwory, choroby uktadu krazenia,
autoimmunologiczne, psychiczne, jak rowniez zwiek-
szona $miertelno$¢ z powodu COVID-19, zwicksza si¢
wraz ze zwigkszajaca si¢ szeroko$cig geograficzna,
korelujac z hipotetycznym gradientem stezenia VD na
obu potkulach ziemi (8,17). W zaleznosci od szeroko-
$ci geograficznej wyodrebniono na kuli ziemskiej trzy
obszary roznigce si¢ efektywnoscia UVR w zakresie
syntezy VD. Pomigdzy 30°N (szeroko$¢ geograficzna
poinocna) a 30°S (szerokos¢ geograficzna potudnio-
wa) synteza VD w odpowiedniej dawce jest mozliwa
w ciggu calego roku. W zakresie 30°-50°, zarowno na
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positively with day length and negatively with blood
PTH levels (23). The seasonality of VD levels has also
been demonstrated among postmenopausal Hungarian
women (24) and the British population (25). Seasonal
variability in the occurrence of VD deficiency has also
been established in regions with high year-round solar
radiation (the 35°N — 35°S zone): among residents of
Brazil (26), southern Florida (27), Japan (28), Australia
(22), and New Zealand (21). Seasonal changes in
25(0OH)D concentrations were also observed among
inhabitants of the Arctic Circle in North Greenland
(70°N). According to the authors, endogenous VD
synthesis is possible in areas with very low UVR due
to the high albedo of snow, ice, and water, as well as
lower atmospheric ozone content (29).

When measuring VD status among the indigenous
inhabitants of the United Kingdom (50°N — 60°N), the
prevalence of vitamin D deficiency, assessed separately
for each of the four seasons, was highest among
participants residing in Scotland, the northernmost part
of the island. Deficiencies occurred most frequently
during the winter-spring period, while a clear upward
trend in serum VD levels was observed during
summer and autumn (25). Kimlin et al. (11) conducted
measurements of spectral irradiance effective for
pre-D3 synthesis (UV-D) across seven cities in the
United States, located between 18°N and 44°N. UV-D
was strongly correlated with latitude during the winter
months, whereas from March to October, latitude was
not shown to influence UV-D values. The authors
conclude that the process of endogenous VD synthesis
is independent of the season in areas located below
25°N, while above 35°N, UV-D is insufficient to ensure
adequate synthesis throughout the year (11).

The season is a significant predictor of VD status
in the body. Individuals with optimal 25(OH)D
concentrations during the summer season may develop
a deficiency during the winter-spring period if they do
not introduce supplementation or dietary changes.

Biological factors modulating VD levels in
the body. VD deficiency is a global phenomenon,
diagnosed across various age groups regardless of
race, body mass, or sex. Cutaneous VD synthesis
during solar exposure may be hindered by increased
skin pigmentation. Melanin, located in the basal layer
of the epidermis, acts as a natural photoprotector that
competes with 7-DHC to absorb UVB radiation. Based
on the degree of pigmentation, six skin phototypes
have been identified, differing in their sensitivity to
UV radiation. In Black individuals (phototype VI),
malignant skin tumors occur with the lowest frequency
dueto the photo-protective effectof melanin. Conversely,
individuals with phototype I (Celtic) do not develop
a natural tan and sunburn easily. Within the Caucasian
race, phototypes I, III, and IV (North, Central, and

potnocnej jak i na potudniowej potkuli, osiggnigcie
prawidlowego stezenia VD mozliwe jest sezonowo,
natomiast w strefie 50°-70° intensywno$¢ UVR w cig-
gu caltego roku jest niewystarczajaca do osiggnigcia
optymalnego stezenia VD (18). W przypadku pierw-
szego zakresu, w wiekszosci opracowan podawane
sa warto$ci pomiedzy 35°N a 35°S (19). Na potkuli
potudniowej natezenie UVR w danej lokalizacji jest
wyzsze o 10-15%, poréwnujac do miejsca o odpowia-
dajacej szerokosci geograficznej na potkuli potnocne;,
ze wzgledu na mniejsza odleglos¢ Ziemi od Stonca
podczas lata (20).

Najwigksza dzienna liczba godzin slonecznych
wystepuje latem a najmniejsza zimg, podczas gdy naj-
wyzsze stgzenia 25(OH)D obserwowane sa jesienia
a najnizsze wczesng wiosng. Dlatego stezenie 25(0OH)
D zalezy w glownej mierze od stopnia nastonecznie-
nia w minionym sezonie. W badaniach Lucas i wsp.
(21) oraz Pasco i wsp. (22), szczytowe stezenie 25(0OH)
D w surowicy osob badanych wystepowato po 6-8 ty-
godniach od maksymalnego nat¢zenia UVR w dangj
lokalizacji. Obserwowane przesuni¢cie oddaje czas
potrzebny do ustalenia si¢ nowego stanu rownowagi
watrobowego metabolitu VD w organizmie. Z ko-
lei w badaniach prowadzonych na przestrzeni 5 lat
w Niemczech, stwierdzono znacznie czgstsze wyste-
powanie niedoboréw VD w miesigcach zimowych,
natomiast najwyzsze wartosci stgzenia 25(OH)D od-
notowywano w sierpniu. Stezenie metabolitu VD ko-
relowato dodatnio z dtugo$cia dnia a ujemnie ze ste-
zeniem PTH we krwi (23). Sezonowos¢ stgzenia VD
wykazano rowniez wsrod wegierskich kobiet po me-
nopauzie (24) oraz wérod Brytyjczykow (25). Sezono-
wa zmienno$¢ wystepowania niedoboréw VD zostata
rowniez stwierdzona w regionach o duzym nastonecz-
nieniu w ciggu catego roku (strefa 35°N — 35°S): wsrod
mieszkancow Brazylii (26), w poludniowej cze¢sci Flo-
rydy (27), Japonii (28), Australii (22) czy tez Nowej
Zelandii (21). Sezonowe zmiany st¢zenia 25(OH)D
stwierdzono réwniez wsrod mieszkancéw kota pod-
biegunowego w Grenlandii Pétnocnej (70°N). Wedtug
autorow, endogenna synteza VD jest mozliwa na ob-
szarach o bardzo niskim UVR ze wzgledu na wysokie
albedo $niegu, lodu i wody oraz mniejsza zawarto$¢
ozonu w atmosferze (29).

Oznaczajac stgzenie VD wsrod autochtonicznych
mieszkancow Wielkiej Brytanii (S0°N — 60°N), roz-
powszechnienie niedoborow witaminy D, oceniane
osobno dla kazdej z czterech por roku, byto najwigk-
sze u uczestnikow zamieszkujacych Szkocje, najbar-
dziej potnocng czes¢ wyspy. Niedobory wystepowaty
najczesciej w okresie zimowo-wiosennym, podczas
gdy w trakcie lata i jesieni obserwowana byla wy-
razna tendencja wzrostowa stezenia VD w surowicy
(25). Kimlin i wsp. (11) prowadzili pomiary nat¢zenia
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South European, respectively) are distinguished by
decreasing sensitivity to UVR. Epidemiological studies
comparing VD status among individuals with different
phototypes living at the same latitude indicate lower
25(0OH)D concentrations in those with higher degrees of
pigmentation (30-35). Given melanin’s inhibitory effect
on cutaneous VD synthesis, longer solar exposure is
recommended for individuals with higher skin pigment
content (36). Paradoxically, however, bone mineral
density in Black individuals is higher than in White or
Asian populations, and the risk of osteoporosis is lower
(31). The inhibitory effect of melanin on cutaneous VD
synthesis has not yet been unequivocally confirmed.
Some authors suggest that increased skin pigmentation
has no effect on endogenous VD synthesis or limits it
only marginally (9). Young et al. (37) report a negligible
impact of skin phototype on the dynamics of serum
25(OH)D increase under UVR emitted by artificial
sources. In a study by Hakim et al. (38) conducted
among postmenopausal women, lower baseline 25(OH)
D levels were observed in South Asian participants
(phototypes I'V and V) compared to Caucasian women
(phototypes IT and III). After exposure to the same dose
of UVB radiation, higher VD synthesis efficiency was
observed in women with darker skin tones, which may
have been related to lower baseline 25(OH)D levels.
It is probable that reduced 25(OH)D concentrations
despite efficient endogenous synthesis may result
from genetically determined racial differences in VD
synthesis and metabolism. In individuals with darker
skin, the threshold calcidiol concentration at which
PTH levels do not yet increase is lower compared to the
accepted cutoff of 20 ng/ml (50 nmol/l) for Caucasians
(2). In a study of healthy Syrians, this value was 13 ng/
ml (32.5 nmol/l) (39), in a Hong Kong population 12.8
ng/ml (32 nmol/l) (40), and in Black women 14.8 ng/ml
(37 nmol/l) (41).

Determining the impact of skin pigmentation, both
genetically determined (constitutive) and facultative,
on the efficiency of cutaneous VD synthesis is essential
for developing precise recommendations regarding safe
solar exposure times for all skin phototypes.

A group particularly vulnerable to the risk of
hypovitaminosis D are individuals over 65 years of
age (42). The observed increase in the prevalence of
VD deficiency with age constitutes a risk factor for
the development of osteoporosis and osteomalacia in
seniors (3,21,26,43). In a study by Holick et al. (44),
whole-body exposure to an artificial UV source (260-
360 nm) resulted in a serum 25(OH)D increase that was
four times smaller in the 62-80 age group compared
to the younger group (20-30 years). Both groups
consisted of healthy Caucasians with phototype III.
This observation may be explained by the age-related
decline in cutaneous VD synthesis efficiency caused
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promieniowania o skuteczno$ci widmowej w funkcji
syntezy pre-D, (UV-D), w siedmiu miastach Stanow
Zjednoczonych, potozonych pomigedzy 18°N a 44°N.
UV-D bylo silnie skorelowane z szeroko$cia geogra-
ficzng podczas miesi¢cy zimowych, natomiast w okre-
sie od marca do pazdziernika nie wykazano wptywu
szeroko$ci geograficznej na wartos¢ UV-D. Autorzy
badania wnioskuja, ze proces endogennej syntezy VD
jest niezalezny od pory roku na obszarach potozonych
ponizej 25°N, natomiast powyzej 35° N, UV-D jest
niewystarczajace dla zapewnienia odpowiedniej syn-
tezy w ciagu catego roku (11).

Pora roku jest istotnym predyktorem statusu VD
w organizmie. Osoby z optymalnym st¢zeniem 25(OH)
D w sezonie letnim mogg mie¢ niedobdr w okresie
wiosenno-zimowym jezeli nie wprowadza suplemen-
tacji lub zmian w diecie.

Czynniki biologiczne modulujace stezenie VD
w organizmie. Niedobor VD jest zjawiskiem po-
wszechnym na catej kuli ziemskiej. Diagnozuje si¢
go wérdd osob w roznych przedziatach wiekowych,
niezaleznie od rasy, masy ciata czy ptci. Synteza VD
podczas ekspozycji stonecznej moze by¢ utrudniona
w wyniku zwiekszonej pigmentacji skory. Wystepu-
jaca w warstwie podstawnej naskorka melanina jest
naturalnym fotoprotektorem, ktory wspotzawod-
niczac z 7-DHC absorbuje promieniowanie UVB.
W zaleznosci od stopnia pigmentacji, wyodrgbniono
sze$¢ fototypow skory réznigcych sig wrazliwoscig
na promieniowanie UV. U o0s6b rasy czarnej (fototyp
V1) ztosliwe nowotwory skory wystepuja z najmniej-
sza czestoscig ze wzgledu na fotoochronne dziatanie
melaniny. Z kolei osoby o fototypie I (celtyckim) nie
wytwarzajg naturalnej opalenizny i fatwo ulegaja po-
parzeniom stonecznym. W obrebie rasy kaukaskiej
wyroznia si¢ rowniez fototypy: II, 111 i IV, odpowied-
nio: poiocno-, srodkowo- i potudniowoeuropejski,
o zmniejszajacej si¢ wrazliwosci na UVR. Badania
epidemiologiczne, poréwnujgce stan zaopatrzenia or-
ganizmu w VD pomigdzy osobami o roznych fototy-
pach skory zamieszkujacych te samg strefe szerokosci
geograficznej, wskazuja na nizsze stezenia 25(OH)D
u 0s6b z wigkszym stopniem pigmentacji (30-35). Bio-
rac pod uwage hamujacy wptyw melaniny na skorng
synteze¢ VD, zalecane jest wydtuzenie czasu ekspozy-
cji stonecznej u 0sob z wigksza zawarto$cig pigmentu
w skorze (36). Paradoksalnie jednak, gestos¢ mineral-
na kosci u 0sob rasy czarnej jest wyzsza niz u rasy bia-
fej i zottej, mniejsze jest rowniez ryzyko osteoporozy
(31). Hamujacy wpltyw melaniny na skérng synteze
VD nie zostal do tej pory jednoznacznie potwierdzo-
ny. Wedtug niektorych autoréw zwigkszenie pigmen-
tacji skory pozostaje bez wptywu na endogenng synte-
ze VD lub tez tylko w niewielkim stopniu ja ogranicza
(9). Young i wsp. (37) donosza o znikomym wptywie
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by a decrease in epidermal 7-DHC concentration. In
a study using surgically obtained skin samples, the
amount of 7-DHC in specimens from older individuals
(77-88 years) was more than twice as low as in samples
from young individuals (8-18 years) (45). During the
natural aging process, a decline in renal 25(OH)D-1a-
hydroxylase activity is observed, occurring alongside
deteriorating renal filtration function. This leads to
impaired calcitriol synthesis and a subsequent reduction
in intestinal calcium absorption. Hypocalcemia
and hyperphosphatemia in seniors, resulting from
a decreased glomerular filtration rate (GFR),
subsequently lead to secondary hyperparathyroidism.
The rise in PTH levels, while accelerating 1,25(0OH)2D
production, also leads to increased hepatic catabolism
of 25(OH)D, exacerbating the deficiency of this
metabolite in seniors (46,47).

Another age group in which deficiencies are
particularly dangerous due to the developing skeletal
system are neonates and infants. Young children should
be protected from direct solar exposure, therefore,
the dietary route remains the primary source of VD
in this group. Despite the indisputable benefits of
breastfeeding, human milk is not a sufficient source of
VD, containing only 0.63-3.1 pg/L (25-124 IU/L). Low
VD concentrations in human milk result from maternal
deficiency. Furthermore, even in mothers with optimal
VD status, the content of this vitamin in milk is
generally insufficient to meet the infant’s requirements
(48).

Another predictor of VD status is body mass,
particularly the percentage of body fat. An increased
prevalence of VD deficiency among individuals with an
abnormal Body Mass Index (BMI) is observed across
all age groups; additionally, a negative correlation
exists between 25(OH)D levels and body fat percentage
(25,33,49). Gallagher et al. (50) demonstrated that the
efficacy of VD supplementation depends on BMI. The
increase in serum 25(OH)D in overweight individuals
(BMI >25 kg/m?) was significantly smaller compared
to those with a normal body weight. In another study,
the rise in calcidiol levels following solar exposure
was smaller in overweight and obese groups than
in the group with a normal BMI (51). One probable
mechanism for this observation is volumetric dilution
in body compartments that significantly enlarge in
individuals with increased BMI, i.e., plasma, muscle,
liver, and adipose tissue. Theoretically, weight loss
in obese individuals should result in increased blood
25(0OH)D concentrations, however, study results do not
allow for definitive conclusions. An increase in calcidiol
levels was observed only after a 15% weight loss.
Another proposed mechanism is the sequestration of
calciferol in adipose tissue. VD from both endogenous
and exogenous sources is retained in adipocytes, and

fototypu skory na dynamike wzrostu stezenia 25(0OH)
D w surowicy pod wptywem UVR emitowanego przez
sztuczne zrodla. W badaniu Hakim i wsp. (38) prze-
prowadzonym w grupie kobiet po menopauzie, nizsze
wyjsciowe stezenie 25(OH)D zaobserwowane zostato
wsrod uczestniczek z potudniowej Azji (fototyp IV
1 V) w poréwnaniu do kobiet rasy kaukaskiej (fototyp
IT i IIT). Po naswietleniu tg samg dawka promieniowa-
nia UVB wigksza efektywnos$¢ syntezy VD zaobser-
wowano wsrdd kobiet z ciemniejszym zabarwieniem
skory, co mogto by¢ zwigzane z nizszym wyjsciowym
stezeniem 25(OH)D. Jest prawdopodobne, Ze obnizone
stezenie 25(OH)D przy jednoczesnej wydajnej synte-
zie endogennej moze wynika¢ z uwarunkowanych ge-
netycznie réznic rasowych w syntezie i metabolizmie
VD. U 0s6b z ciemniejsza skora, progowe st¢zenie kal-
cydiolu, przy ktorym nie dochodzi jeszcze do wzrostu
PTH we krwi, jest nizsze w porownaniu do przyjetej
wartosci odcigcia wynoszacej 20 ng/ml (50 nmol/l)
dla przedstawicieli rasy kaukaskiej (2). W badaniu
przeprowadzonym w grupie zdrowych Syryjczykow
warto$¢ ta wyniosta 13 ng/ml (32,5 nmol/l) (39), w po-
pulacji Hongkongu 12,8 ng/ml (32 nmol/l) (40), nato-
miast u kobiet rasy czarnej 14,8 ng/ml (37 nmol/l) (41).

Ustalenie wptywu pigmentacji skory, zaréwno
tej uwarunkowanej genetycznie jak i fakultatywnej,
na efektywno$¢ skornej syntezy VD jest istotne dla
opracowania doktadnych rekomendacji odno$nie bez-
piecznego czasu ekspozycji stonecznej dla wszystkich
fototypow skory.

Grupa szczegolnie narazong na ryzyko wystapienia
hipowitaminozy D sa osoby po 65 roku zycia (42). Ob-
serwowany wzrost czgstosci wystepowania niedobo-
réw VD wraz z wiekiem 0sob badanych stanowi czyn-
nik ryzyka rozwoju osteoporozy i osteomalacji u se-
nioréw (3,21, 26,43). W badaniu Holic i wsp. (44), kon-
sekwencja ekspozycji catego ciata na sztuczne zrodio
promieniowania UV (260-360 nm) byt wzrost stezenia
25(0OH)D w surowicy, ktory w grupie osoéb w wieku
62-80 lat byt czterokrotnie mniejszy w poréwnaniu do
grupy mtodszej (20-30 lat). Obie porownywane grupy
stanowity osoby zdrowe, rasy kaukaskiej o fototypie
III. Obserwacj¢ t¢ moze ttumaczy¢ fakt zmniejsza-
jacej si¢ wraz z wiekiem wydajnosci skornej syntezy
VD, spowodowanej spadkiem st¢zenia 7-DHC w na-
skorku. W badaniu z uzyciem chirurgicznie pobra-
nej skory, ilos¢ 7-DHC w wycinkach pochodzacych
od o0sob starszych (77-88 lat) byta ponad dwukrotnie
mniejsza, w porownaniu do preparatow pobranych
od o0sob mtodych (8-18 lat) (45). Podczas naturalnego
procesu starzenia, obserwowany jest spadek aktywno-
sci nerkowej la-hydroksylazy 25(OH)D, wystepujacy
rownolegle z pogorszeniem funkcji filtracyjnej nerek.
Stan ten prowadzi do uposledzenia syntezy kalcytriolu
i zwigzanego z tym zmniejszenia jelitowej absorpcji
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reduced serum 25(OH)D levels result from its hindered
release into the blood and decreased availability for
hepatic 25-hydroxylase (52).

The relationship between VD deficiency, obesity,
and other civilization diseases is currently a subject of
intense research. In developed countries, VD deficiency
may be a cause of poor public health, but it is also
possible that it is merely a consequence of civilization
diseases (52,53).

As recent studies indicate, sex may be another
factor regulating VD levels and its action in the body.
A comparison of available literature does not allow for
a clear conclusion as to which sex is more predisposed
to VD deficiency. In a study conducted among African
American women, the use of estrogen-containing
contraception was associated with higher 25(OH)D
values compared to women not using such preparations
(54), however, among postmenopausal Dutch women,
VD deficiency occurred more frequently in those with
higher estradiol levels (55). In a multi-ethnic study,
higher levels of free testosterone measured in both sexes
were associated with lower 25(OH)D concentrations
(56), while reports from Malaysia (57) and Korea (58)
indicated that total testosterone levels in men correlated
positively with VD levels.

The difference in VD status between women and
men is particularly pronounced in overweight and
obese individuals. In studies conducted in Brazil, VD
deficiency was significantly more frequent among
obese boys aged 12-17 compared to girls with a BMI
>25 kg/m? (59); similar results were obtained in young
obese men from Saudi Arabia (60). According to Zhu
et al. (61), low VD status is associated with visceral
obesity, which occurs more frequently in males.
However, a review of published reports from various
global locations indicates that lower VD levels are
more frequently observed in females (10,25,27,30,62-
64). Body fat content in women is, on average, 10-15%
higher than in men within the same BMI category.
Lower calcidiol concentrations in women can thus
be justified by the phenomenon of sequestration or
volumetric dilution. Observed differences in results
may also be explained by varying lifestyles between
men and women, resulting partly from cultural and
socioeconomic factors in different regions of the world.

Behavioral factors affecting VD concentration.
Latitude and season are not sufficient predictors of
the body’s VD status. In some regions of the globe
located at higher latitudes, it is possible to achieve
optimal 25(OH)D concentrations through appropriate
dietary and supplementation habits, as well as food
fortification. In a European multicenter study, where
VD deficiency was found in 82% of participants, the
highest mean 25(0OH)D concentrations were observed
among individuals living in Northern European
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wapnia. Wystepujaca u seniorow hipokalcemia oraz
hiperfosfatemia, bedaca wynikiem spadku wielkosci
przesaczania kigbuszkowego, prowadza nastepnie do
wtornej nadczynnosci przytarczyc. Wzrost stezenia
PTH, ktory przyspiesza powstawanie 1,25(0OH),D,
doprowadza do wzmozonego katabolizmu 25(OH)D
w watrobie, poglebiajac stan niedoboru tego metaboli-
tu w organizmie u senioroéw (46,47).

Druga grupa wickowa, w ktorej niedobory sa
szczegblnie niebezpieczne ze wzgledu na rozwijaja-
cy si¢ uktad szkieletowy, sg noworodki i niemowlgta.
Mate dzieci powinny by¢ chronione przed bezposred-
nig ekspozycja stoneczng, dlatego droga pokarmowa
pozostaje w tej grupie glownym zroédtem VD. Pomimo
bezsprzecznych korzysci wynikajacych z naturalnego
karmienia niemowlat, mleko kobiece nie jest wystar-
czajacym zrédtem VD, zawiera jedynie 0,63-3,1 ug/L
(25-124 TU/L). Niskie stezenie VD w pokarmie kobie-
cym jest skutkiem niedoboru wystepujacego u matki.
Ponadto, nawet u matek o optymalnym statusie VD,
zawartos$¢ tej witaminy w pokarmie jest z reguty nie-
wystarczajaca do pokrycia zapotrzebowania niemow-
lecia (48).

Kolejnym predyktorem zaopatrzenia organizmu
w VD jest masa ciala a w szczegdlnosci procentowa
zawarto$¢ tkanki tluszczowej. Zwigkszona czgstosé
wystepowania niedoboréw VD wérdd osob z niepra-
widlowym wskaznikiem BMI (Body Mass Index)
obserwowana jest we wszystkich przedziatach wie-
kowych, dodatkowo, obserwuje si¢ ujemna korelacje
pomiegdzy stezeniem 25(OH)D i procentowa zawar-
toscig tkanki tluszczowej w organizmie (25,33,49).
Gallagher 1 wsp. (50) wykazali, ze skuteczno$¢ suple-
mentacji preparatami VD zalezy od BMI. Wzrost ste-
zenia 25(OH)D w surowicy u 0s6b z nadwaga (BMI
>25 kg/m?) byt wyraznie mniejszy w porownaniu do
0so0b o prawidlowej masie ciata. W innym badaniu,
wzrost stezenia kalcydiolu pod wptywem ekspozycji
stonecznej u 0s6b z nadwagg i1 otytoscig byt mniejszy
niz w przypadku grupy z prawidlowym BMI (51).
Jednym z prawdopodobnych mechanizméw tej ob-
serwacji jest rozcienczenie objetosciowe w obszarach
ciala ulegajacych znacznemu powigkszeniu u osob ze
zwigkszonym BMI tj. osoczu, mig$niach, watrobie
i tkance tluszczowej. Utrata masy ciata u osob oty-
tych powinna wigc teoretycznie skutkowaé wzrostem
stezenia 25(OH)D we krwi, jednakze wyniki prowa-
dzonych badan nie pozwalaja na wyciagniecie jed-
noznacznych wnioskow. Wzrost stgzenia kalcydiolu
obserwowany byt dopiero po utracie 15% masy ciala.
Innym proponowanym mechanizmem jest sekwestra-
cja kalcyferolu w tkance thuszczowej. VD pochodzaca
zarowno ze zrédta endogennego jak i egzogennego
jest zatrzymywana w adipocytach a obnizone stgzenie
25(OH)D w surowicy jest wynikiem utrudnionego jej
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countries, while the lowest mean concentrations were
recorded in Southern Europe (65). In the subarctic
region of Sweden (>63°N), where UVR intensity
throughout the year is too low for effective cutaneous
VD synthesis, nearly 80% of study participants had
metabolite concentrations >20 ng/ml (=50 nmol/l),
despite excluding individuals using dietary supplements
from the analysis. Furthermore, no effect of latitude on
25(0OH)D levels was demonstrated among participants
living in the northern and southern regions of Sweden
(66). Conversely, among residents of Andenes, Norway
(69°N), the VD concentration throughout the year
was =16 ng/ml (=40 nmol/l), showing no seasonal
variations (67). The impact of latitude and season on
calcidiol status in these studies was neutralized by the
Scandinavian diet, which is rich in fatty marine fish
and fish oils. Additionally, alongside dietary habits,
the fortification strategies for selected food groups
implemented by some countries play a significant
role in preventing deficiencies. In Finland, legislative
mass fortification of dairy products, as well as certain
types of bread, orange juice, and breakfast cereals,
is practiced. Sweden, unlike Norway, introduced
mandatory milk fortification, which may explain
the differences in 25(OH)D concentrations observed
between participants from these countries. In Poland,
fortification is mandatory only for spreadable fats;
notably, the target VD content in margarines and fat
blends resulting from enrichment significantly exceeds
its natural content in butter. Milk and dairy products
are subject to voluntary fortification, with the exception
of infant formula. In Europe, the average daily VD
intake, excluding supplements, is 4.8 pg for men and
3.3 ug for women. The lowest values are recorded for
Spanish women (1.1 pg/day) and the highest for men
from Finland (8.2 pg/day) (68).

In most areas of the world, a well-balanced diet
covers only 10-20% of the daily VD requirement;
therefore, the use of dietary supplements is an effective
strategy for maintaining adequate VD levels in the
body. In Europe, the highest supplement use is observed
in northern countries, while the lowest is in the south of
the continent. Women reportregular intake significantly
more often. In Denmark, supplementation is used by
66% of women and 51% of men; in the United Kingdom,
the figures are 20% and 13%, respectively (25), while
for comparison, in Greece, they are 7% and 2% (69). In
a Polish study, VD supplements were used by 45% of
participants (53% of women and 34% of men). In the
male group, cod liver oil and multivitamin preparations
were most frequently used, whereas women primarily
took single-ingredient VD preparations (70). The
type of supplement and the method of administration
can influence supplementation effectiveness. On the
European market, the most common form of VD is

przechodzenia do krwi i zmniejszonej dost¢gpnosci dla
watrobowej la-hydroksylazy (52).

Zalezno$¢ pomiedzy niedoborem VD a otyloScia
i pozostatymi chorobami cywilizacyjnymi jest obec-
nie przedmiotem intensywnych badan. W krajach
rozwinietych niedobor VD moze stanowic¢ przyczy-
n¢ ztego stanu zdrowia spoteczenstwa, jest rowniez
prawdopodobne, ze jest jedynie konsekwencja choréb
cywilizacyjnych (52,53).

Jak wskazujg badania ostatnich lat, kolejnym czyn-
nikiem regulujacym stezenie VD, jak rowniez jej
dziatanie w organizmie, moze by¢ pte¢. Porownanie
dostepnych danych literaturowych nie pozwala na wy-
ciggniecie jednoznacznych wnioskow, ktora ptec jest
bardziej predysponowana na wystgpowanie niedobo-
réw VD. W badaniu przeprowadzonym w grupie Afro-
amerykanek, stosowanie antykoncepcji zawierajacej
estrogen wiazalo si¢ z wyzszymi warto$ciami 25(0OH)
D w poréwnaniu do kobiet nie stosujgcych tego typu
preparatow [54], jednakze wsréd Holenderek po me-
nopauzie niedobory VD wystepowaly czgsciej u ko-
biet z wyzszymi st¢zeniami estradiolu (55). W badaniu
wieloetnicznym wyzsze stezenie wolnego testosteronu
zmierzone u obu plci wigzalo si¢ z nizszym stezeniem
25(0OH)D (56), z kolei wedtug doniesien z Malezji (57)
i Korei (58) stezenie testosteronu catkowitego u mez-
czyzn korelowato dodatnio ze stezeniem VD.

Roéznica w stanie zaopatrzenia w VD pomig¢dzy
kobietami i mezczyznami jest szczegdlnie wyrazna
u 0sob otytych i z nadwaga. W badaniach przeprowa-
dzonych w Brazylii, niedobor VD wystgpowat istotnie
czesciej wsrod otylych chlopcow w wieku 12-17 lat
w poroéwnaniu do dziewczat z BMI >25 kg/m? (59), po-
dobne wyniki uzyskano u mtodych otylych mezczyzn
z Arabii Saudyjskiej (60). Wedtug Zhu i wsp. (61), ni-
ski status VD zwigzany jest z otyloScia wisceralna,
wystepujaca czesciej u ptei meskiej. Przeglad opubli-
kowanych doniesien pochodzacych z réznych loka-
lizacji na kuli ziemskiej, wskazuje jednak, ze nizsze
stezenia VD obserwowane sg czesciej u plei zenskiej
(10,25,27,30,62-64). Zawarto$¢ tkanki thuszczowej
u kobiet jest przecigtnie 10-15% wigksza poréwnujac
do mezczyzn z tej samej kategorii BMI. Nizsze steze-
nie kalcydiolu u kobiet mozna wigc uzasadni¢ zjawi-
skiem sekwestracji lub rozcienczenia objetosciowego.
Zaobserwowane roznice w wynikach moga by¢ thu-
maczone odmiennym stylem zycia mezczyzn i kobiet,
wynikajacym czesciowo z uwarunkowan kulturowych
i socjoekonomicznych w réznych rejonach $wiata.

Czynniki behawioralne wplywajace na stezenie
VD. Szeroko$¢ geograficzna i pora roku nie sg wy-
starczajgcymi predyktorami zaopatrzenia organizmu
w VD. W niektérych obszarach na kuli ziemskiej le-
zacych na wyzszych warto$ciach szeroko$ci geogra-
ficznej mozliwe jest osiggniecie optymalnego stezenia
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cholecalciferol (vitamin D3) derived from fish oil or
animal wax (lanolin). Among vegans, ergocalciferol
(vitamin D2) is a popular preparation, sourced from
yeast and mushrooms grown under UV light, such as
shiitake, maitake, morels, and button mushrooms. In
the 20th century, both forms of VD were considered
equally effective in increasing 25(OH)D concentrations
in the body. However, since 2012, evidence has been
mounting regarding the lower efficacy of vitamin D2
supplementation. Likely due to differences in the side
chain structure (the presence of a double bond and
a methyl group), vitamin D3 is preferred as a substrate
for hepatic 25-hydroxylase (71).

The highest bioavailability of VD is observed
when administered in an oil-based carrier, resulting in
agreaterincrease in blood 25(OH)D compared to powder
carriers or ethanol-dissolved forms (72). In another
study involving patients taking VD supplements either
on an empty stomach or with a light snack, switching
to taking the supplement with the largest meal of the
day (and thus with the highest fat content) led to an
increase in 25(0OH)D concentration of nearly 57% (73).
The lower 25(OH)D levels observed more frequently
in females may be explained by the restriction of meat
and animal fat intake among women, who tend to be
more interested in health and nutrition topics than men
and are more likely to follow vegetarian or vegan diets
(70,74).

The response to a given supplement dose can vary
between individuals. Factors identified by Zittermann
etal. (75) as affecting supplementation efficacy included
body mass (accounting for 34.5% of the variability in
25(0OH)D levels), as well as the type of supplement used
(D2 or D3), participant age, dietary calcium intake, and
baseline calcidiol concentration (accounting for 9.8%,
3.7%, 2.4%, and 1.9% of the variability, respectively).
Notably, nearly 50% of the variability was attributed to
factors that remain unidentified (75).

Although the intensity of UVR is not the sole
indicator of the body’s VD status, all factors limiting
cutaneous synthesis can significantly affect blood
25(0OH)D levels. UVB access to the skin surface can
be restricted by clothing and the use of sunscreens.
Photoprotective preparations, by shielding the skin
from UVB-induced erythema, may potentially limit
the conversion of 7-DHC to pre-D3. A 2019 literature
review by Neale et al. (76) showed that in experimental
studies using artificial UVR sources, the application of
SPF 8-50+ filters at the recommended amount of 2 mg/
cm? inhibited VD synthesis and led to lower 25(OH)
D levels compared to participants who did not use
them. Conversely, in randomized controlled clinical
trials using moderate sun protection (=SPF16) and
in observational studies, no association was found
between the use of these preparations and calcidiol
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25(OH)D dzigki odpowiednim nawykom zywienio-
wym 1 suplementacyjnym, jak réwniez fortyfikacji
zywno$ci. W europejskim badaniu wieloosrodko-
wym, w ktérym u 82% uczestnikéw stwierdzono nie-
dobér VD, najwyzsze Srednie wartosci stezen 25(0OH)
D zaobserwowano wsrod osob zamieszkujacych kraje
potnocnoeuropejskie, natomiast najnizsze $rednie ste-
zenia odnotowano w krajach na potudniu Europy (65).
Na obszarze subarktycznym Szwecji (>63°N), gdzie
nat¢zenie UVR w ciggu catego roku jest zbyt niskie
dla efektywnej skornej syntezy VD, stezenie jej me-
tabolitu wynoszace >20 ng/ml (>50 nmol/l) miato bli-
sko 80 % uczestnikow badania, pomimo wykluczenia
z analizy 0sob stosujacych suplementy diety. Nie wy-
kazano ponadto wptywu szerokosci geograficznej na
wartos$ci stgzen 25(OH)D wérdd uczestnikéw zamiesz-
kujacych potnocne i potudniowe regiony Szwecji (66).
Z kolei wérod mieszkancéw norweskiego Andenes (69
°N), stezenie VD w ciggu calego roku wynosito =16
ng/ml (=40 nmol/l), nie wykazujac zmian sezonowych
(67). Wptyw szerokos$ci geograficznej i pory roku na
stan zaopatrzenia organizmu w kalcydiol byt w przy-
toczonych badaniach neutralizowany przez stosowang
w krajach skandynawskich diet¢ bogatg w ttuste ryby
morskie i oleje z ryb. Dodatkowo, oprocz nawykow
zywieniowych, duze znaczenie w zapobieganiu nie-
doborom ma stosowana przez niektore kraje taktyka
fortyfikacji wybranych grup zywnosci w VD. W Fin-
landii stosowana jest legislacyjna, masowa fortyfika-
cja nabiatu oraz wybranych rodzajéow chleba, soku
pomaranczowego 1 ptatkow $niadaniowych. Szwecja,
w odréznieniu od Norwegii, wprowadzita obligato-
ryjng fortyfikacje mleka, co moze ttumaczy¢ obser-
wowane w przytoczonych badaniach roznice stgzen
25(OH)D pomiedzy uczestnikami pochodzacymi
z tych panstw. W Polsce obowigzkowa jest jedynie
fortyfikacja thuszczéw do smarowania pieczywa, przy
czym docelowa zawartos¢ VD w margarynach i mik-
sach tluszczowych w wyniku wzbogacania znaczaco
przewyzsza jej naturalng zawarto$¢ w masle. Mleko
i produkty mleczne objete sg fortyfikacja dobrowolna,
za wyjatkiem mleka modyfikowanego dla niemowlat.
W Europie, $rednie dzienne spozycie VD, nie wlicza-
jac suplementow, wynosi 4,8ug dla mezczyzn i 3,3
ug dla kobiet. Najnizsze wartosci odnotowywane sa
dla hiszpanskich kobiet (1,1 ug/dzien), najwyzsze dla
me¢zczyzn z Finlandii (8,2 pg/dzien) (68).

W wiegkszosci obszarow na $§wiecie prawidtowo
zbilansowana dieta pokrywa jedynie 10-20% dobo-
wego zapotrzebowania na VD, dlatego tez skuteczng
strategig w utrzymaniu wlasciwego stezenia VD w or-
ganizmie jest stosowanie suplementow diety. W Euro-
pie, najwyzsze uzycie suplementow obserwowane jest
w krajach potozonych na potnocy, najnizsze natomiast
na potudniu kontynentu. Regularne ich przyjmowanie
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levels. However, it should be noted that observational
studies have certain limitations: in the largest analyses,
the average thickness of the applied sunscreen layer was
0.8 mg/cm?, and the influence of the subjects’ phototype
and the UVR dose to which they were exposed were
not considered. Furthermore, in Australian studies,
participants declaring regular sunscreen use had the
highest 25(OH)D concentrations in the study group
(33). Similar observations were made in a British
study, where participants using photoprotection had
similar or even slightly elevated serum VD metabolite
concentrations compared to non-users (25). This
suggests that the use of sunscreens reflects the level of
solar exposure, which is higher among filter users than
among those not using photoprotection.

Cultural and religious reasons, manifested by
covering the body with traditional clothing, are the
cause of high VD deficiency prevalence in Muslim
countries. In all studied Kuwaiti women (age range:
20-35, phototype 1V), serum 25(OH)D concentrations
did not exceed 8 ng/ml (20 nmol/l), classified as severe
deficiency. The highest concentrations were found in
participants dressing in a Western style; lower 25(OH)
D values were achieved by women wearing a hijab with
the face and hands uncovered, and the lowest values
were observed in the group covering the entire body
(77). In studies conducted in the United Arab Emirates
(UAE), VD deficiency (<32 ng/ml, <80 nmol/l) was
found in all participants, 35% of whom had severe
deficiency. The highest mean 25(OH)D concentration
was found among Caucasian women who did not belong
to the Arab ethnic group and dressed in a Western
style. The season during which samples were collected
also proved to be a significant predictor of 25(OH)D
levels. The lowest values were observed in August
(7.28 £2.36 ng/ml, 18.2 + 5.9 nmol/l), while the highest
were at the end of the short winter period, which in the
UAE is characterized by milder temperatures (11.68 +
5.2 ng/ml, 29.2 + 13 nmol/l) (78). In a report from Saudi
Arabia, 52% of men and 67% of women declared a lack
of solar exposure due to extremely high temperatures;
nevertheless, significantly higher concentrations
were observed in females. The authors suggest more
frequent VD supplementation among Saudi women
as justification (27% vs. 3.7% for women and men,
respectively). Greater awareness of VD deficiency in
this group results from Ministry of Health messages
directed at women over 40 (60). In East Asian cultures,
intentional avoidance of solar exposure is common
due to the preference for a fair skin tone, regarded as
a symbol of beauty and high social status. Chinese
and Japanese studies confirm a high percentage of
individuals with significant 25(OH)D deficiency despite
the high solar radiation in these areas (28,63,64). The
VD status among Chinese women, especially in the <40

istotnie czg¢sciej deklarujg kobiety. W Danii suplemen-
tacje stosuje 66% kobiet 1 51% mezczyzn, w Wielkiej
Brytanii odpowiednio 20% i 13% (25), natomiast dla
poréwnania w Grecji jest to 7% 1 2% (69). W polskim
badaniu, suplementy VD stosowane byly przez 45%
uczestnikow, 53% kobiet i 34% mezczyzn. W grupie
mezczyzn najczesciej stosowane byly tran i prepara-
ty wielowitaminowe, natomiast kobiety przyjmowaty
gléwnie preparaty zawierajace samg witaming D (70).
Rodzaj przyjmowanego suplementu oraz sposob jego
podania mogg wptywaé na efektywnos$¢ suplementa-
cji. Na rynku europejskim, najczesciej stosowang for-
mg VD jest cholekalcyferol (witamina D,) pozyskiwa-
ny z thuszczu ryb lub wosku zwierzgcego — lanoliny.
Wsrod wegan popularnym preparatem jest ergokal-
cyferol (witamina D,), ktérego zrodlem sg drozdze
oraz grzyby hodowane pod wpltywem $wiatlta UV np.
twardnik japonski (shiitake), zagwica listkowata (ma-
itake) oraz smardze i pieczarki. W XX wieku obie for-
my VD uwazane byly za réwnie skuteczne w zwigk-
szaniu stezenia 25(OH)D w organizmie. Jednakze od
2012 roku przybywa dowodoéw mniejszej skutecznosci
suplementacji prowadzonej z uzyciem witaminy D,.
Prawdopodobnie, ze wzgledu na réznice w budowie
fancucha bocznego (obecno$¢ wigzania podwojnego
i grupy metylowej) witamina D, jest preferowana jako
substrat dla watrobowej 25-hydroksylazy (71).
Najwigkszg biodostepnos¢ VD obserwuje si¢ przy
jej podaniu z nosnikiem olejowym, co skutkuje wick-
szym wzrostem 25(OH)D we krwi w porownaniu do
nos$nika proszkowego czy tez formy rozpuszczonej
w etanolu (72). W innym badaniu, w grupie pacjen-
tow stosujacych suplementy VD na czczo lub razem
zniewielkg przekaska, zmiana polegajaca na przyjeciu
suplementu w trakcie najobfitszego positku, a tym sa-
mym z najwieksza zawartoscig ttuszczu, spowodowata
wzrost stezenia 25(OH)D o blisko 57% (73). Obserwo-
wane czgsciej u plei zenskiej nizsze stgzenia 25(0OH)
D moze ttumaczy¢ fakt ograniczania spozycia migsa
i thuszczy zwierzgcych z dietg przez kobiety, ktore bar-
dziej niz megzczyzni interesujg si¢ tematami zwigza-
nymi ze zdrowiem i zdrowym zywieniem a takze cze-
$ciej stosuja diete wegetarianska lub weganska (70,74).
Odpowiedz na podana dawke suplementu moze by¢
osobniczo zmienna. Do zidentyfikowanych w badaniu
Zittermann 1 wsp. (75) czynnikow wptywajacych na
efektywno$¢ suplementacji zaliczono mase ciata, od-
powiadajaca za 34,5% zmiennosci stezenia 25(OH)D,
jak rowniez typ stosowanego suplementu (D, lub D,),
wiek uczestnikow, ilo$¢ przyjmowanego wapnia wraz
z dieta oraz wyj$ciowa wartos¢ stezenia kalcydiolu,
odpowiadajace za odpowiednio: 9,8%; 3,7%; 2,4%
i 1,9% zmiennosci obserwowanych stezen. Na uwage
zastuguje fakt, ze za blisko 50% zmienno$ci odpowia-
daly niezidentyfikowane do tej pory czynniki (75).
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age group, was significantly worse compared to men
(63,64). Solar exposure behaviors were also analyzed
in Polish studies. 24% of respondents declared avoiding
direct sunlight (spending time exclusively in the
shade, avoiding leaving the house in sunny weather).
Participants were also asked about reasons for limiting
the frequency and duration of solar exposure. 69%
of individuals, mainly women, feared skin cancer,
and nearly half expressed fear of photoaging (60%
of women and 32% of men); women used sunscreens
significantly more often than men (70). Measurements
of 25(OH)D levels conducted at the end of the winter
period among adolescent girls and older women living
in Poland, Ireland, Denmark, and Finland showed
alow VD status among residents of Northern European
countries. Concentrations <20 ng/ml (<50 nmol/l)
were found in 92% of girls and 67% of women, with
severe deficiency in 37% and 17%, respectively. The
lowest VD concentration in the older age group was
found among Polish women, 92% of whom declared
avoiding direct solar exposure. Conversely, Irish
teenagers had different preferences (47% avoided the
sun) and achieved the highest VD concentrations in
their age group. Women and teenagers from Finland
had the highest dietary VD intake. For comparison,
the median daily dietary VD intake for Finnish women
was 9.5 pg and for Polish women 3.8 pg; in the younger
age groups, it was 5.0 ug vs. 3.1 ug, respectively. VD
supplementation also proved to be a significant positive
determinant of 25(OH)D levels in both age groups (79).

The main cause of the VD deficiency epidemic in
developed countries is the modern lifestyle resulting
from technological development, characterized by long
periods spent indoors and in transport, and restricted
outdoor activities. Individuals declaring longer solar
exposure times and higher levels of physical activity
have higher VD concentrations (21,25,33). People living
in areas with low solar radiation, staying indoors most
of the day, and using sun protection should supplement
VD. Elderly and obese individuals with limited
mobility, as well as those living in nursing homes,
may be particularly vulnerable to VD deficiencies
due to insufficient solar exposure. A high risk of VD
deficiency also exists in individuals with dark skin
tones, as well as those covering the body for cultural
reasons who migrate to areas with low solar radiation.

VD status in Poland and current intake
guidelines. The prevalence of VD deficiency in the
Polish population is confirmed by a cross-sectional study
by Pludowski, et al. (80) conducted on a representative
group of healthy adult residents from 22 Polish cities.
The study assessed VD status by measuring 25(OH)
D concentrations in late winter and spring, alongside
demographic and anthropometric parameters. The
mean 25(OH)D concentration in the study group was
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Pomimo faktu, ze wielko$¢ natezenia UVR nie
jest gtéwnym wskaznikiem zaopatrzenia organizmu
w VD, wszystkie czynniki ograniczajace skorng syn-
teze tej witaminy mogg w znaczacy sposob wplywaé
na st¢zenie 25(OH)D we krwi. Dostep UVB do po-
wierzchni skory moze by¢ ograniczony przez ubranie
oraz stosowanie kosmetykow promieniochronnych.
Preparaty fotoprotekcyjne, chronigc skore przed in-
dukowanym przez promieniowanie UVB rumieniem,
moga potencjalnie ograniczac przeksztatcanie 7-DHC
do pre-D,. Z przeprowadzonego w 2019 roku przez
Neale i wsp. (76) przegladu piSmiennictwa wynika, ze
w badaniach eksperymentalnych, z uzyciem sztucz-
nych zrodet UVR, nalozenie filtrow z SPF w przedziale
8-50+, w zalecanej ilo$ci 2 mg/cm?, wptywato hamuja-
co na syntez¢ VD i w konsekwencji wigzato si¢ z niz-
szymi warto$ciami 25(OH)D we krwi w poréwnaniu
do uczestnikow u ktoérych nie byty one uzyte. Z ko-
lei w randomizowanych kontrolowanych badaniach
klinicznych, w ktorych stosowana byla umiarkowana
ochrona przeciwstoneczna (*SPF16) oraz w badaniach
obserwacyjnych nie znaleziono zwigzku pomiedzy
stosowaniem tych preparatow a stezeniem kalcydiolu.
Nalezy uwzgledni¢ jednak, ze badania obserwacyjne
cechujg si¢ pewnymi ograniczeniami: w najwiekszych
analizach $rednia grubos$¢ aplikowanej warstwy ko-
smetyku promieniochronnego wynosita 0,8 mg/cm?,
nie uwzgledniano rowniez wpltywu fototypu skory
badanych os6b oraz wielkosci dawki UVR na ktora
byli eksponowani. Z kolei w badaniach australijskich,
uczestnicy deklarujacy regularne stosowanie filtrow
przeciwstonecznych mieli najwyzsze stezenia 25(0OH)
D w badanej grupie (33). Podobnych obserwacji doko-
nano w badaniu brytyjskim, gdzie uczestnicy stosuja-
cy fotoprotekcje mieli podobne, a nawet nieznacznie
podwyzszone stezenia metabolitu VD w surowicy,
poréwnujac do osob nie korzystajacych z tego typu
preparatow (25). Sugeruje to, ze stosowanie prepara-
tow promieniochronnych odzwierciedla poziom eks-
pozycji stonecznej, ktory u uzytkownikow filtrow jest
WyZszy niz u 0sob nie stosujacych fotoprotekc;i.

Przyczyna wysokiej czesto§ci wystepowania nie-
doboréw VD w krajach muzulmanskich sg wzgledy
kulturowo-religijne, przejawiajace si¢ zakrywaniem
ciata tradycyjnym strojem. U wszystkich badanych
kobiet z Kuwejtu (przedzial wieckowy: 20-35 lat, fo-
totyp IV) stezenie 25(OH)D w surowicy nie przekra-
czato 8 ng/ml (20 nmol/l), co klasyfikowane jest jako
niedobor ciezki. Najwyzsze stezenia miaty uczest-
niczki ubierajgce si¢ w stylu zachodnim, nizsze war-
tosci stgzen 25(OH)D osiggaty kobiety noszace hidzab
z odkrytg twarza 1 dtonmi a najnizsze warto$ci obser-
wowane byly w grupie zakrywajacej cate ciato (77).
W badaniach przeprowadzonych w Zjednoczonych
Emiratach Arabskich (ZEA) niedobér VD (<32 ng/ml,
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18 £ 9.6 ng/ml (45 + 24 nmol/l). Approximately 65%
of participants exhibited levels below 20 ng/ml (<50
nmol/l), 24% had suboptimal levels of 20-30 ng/ml
(50-75 nmol/l), and only 9% reached optimal values
of 30-50 ng/ml (75-125 nmol/l). VD status was age-
dependent, with mean values in ten-year age cohorts
being notably higher in seniors (>70 years) than in
other adults. These findings appear to contradict the
widely accepted fact that advanced age is a risk factor
for VD deficiency due to reduced cutaneous synthesis
efficiency and changes in adipose tissue metabolism.
A potential explanation for this observation may be
greater awareness of osteoporosis prevention among
the elderly, manifesting in regular VD supplementation,
as well as the possibility that they spend more time
outdoors compared to the professionally active
population. In this study, VD levels also varied by
geographical region. The lowest values were recorded
in Bydgoszcz and Wroctaw (medians of 12.6 ng/ml [31.5
nmol/l] and 14.0 ng/ml [35 nmol/1], respectively), while
the highest were in Biatystok and Szczecin (medians of
22.7 ng/ml [56.8 nmol/l] and 21.9 ng/ml [54.8 nmol/1]).
Furthermore, lower 25(OH)D concentrations were
observed in individuals with higher body mass and in
men (80). In another study of adults in northern Poland
conducted from February to mid-April, the mean
VD concentration was 14.3 £ 6.6 ng/ml (35.8 + 16.5
nmol/l), with over 80% of participants recording values
below 20 ng/ml (<50 nmol/l) (81). Similar results were
observed among postmenopausal women in Warsaw
during winter; the mean concentration was 13.5 ng/ml
(33.8 nmol/l), and over 80% had values below 20 ng/
ml (<50 nmol/l). Particularly concerning is that 35% of
the women studied had VD levels below 10 ng/ml (<25
nmol/l), indicating a profound deficit (82).

According to current Polish nutritional standards,
the adequate intake for VD for all age groups except
infants is set at 15 pg per day. VD intake in the Polish
population has remained low for years, significantly
deviating from recommended norms. According to
research conducted under the National Health Program
(2017-2020), the average daily intake was only 3.7 pg
among those aged 19-64, while in pregnant women, it
ranged from 2.4 to 2.6 pg. For children, values ranged
from 0.6 to 3.5 pg per day (83).

Based on the 2023 Polish guidelines, regular daily
VD supplementation should be the standard during the
autumn-winter period or in the absence of sun exposure.
The primary goal is to maintain serum 25(OH)D
at an optimal level of 30-50 ng/ml (75-125 nmol/l),
which, given the limited cutaneous VD synthesis
in Poland, is achievable mainly through year-round
supplementation. The recommendations emphasize
the need for individualized dosing based on age, body
weight, physiological state (pregnancy), season, and

<80 nmol/l) stwierdzono u wszystkich uczestniczek,
z czego 35% miato niedobor cigzki. Najwyzsze Srednie
stezenie 25(OH)D stwierdzono wsrod kobiet rasy kau-
kaskiej, nie nalezacych do arabskiej grupy etnicznej
1 ubierajacych si¢ w stylu zachodnim. Istotnym pre-
dyktorem stezenia 25(OH)D okazata si¢ by¢ rowniez
pora roku w ktorej pobierano material do badania. Naj-
nizsze wartosci obserwowane byly w sierpniu (7,28 +
2,36 ng/ml, 18,2 + 5,9 nmol/l), najwyzsze natomiast
pod koniec krotkiego okresu zimowego, ktory w ZEA
charakteryzuje si¢ lagodniejszymi temperaturami
(11,68 + 5,2 ng/ml, 29,2 £ 13 nmol/l) (78). W donie-
sieniu z Arabii Saudyjskiej, brak ekspozycji stonecz-
nych z powodu ekstremalnie wysokich temperatur
deklarowato 52% mezczyzn 1 67% badanych kobiet,
mimo to istotnie wyzsze stgzenia obserwowane byly
u pici zenskiej. Jako uzasadnienie tej obserwacji auto-
rzy wskazuja czestsza suplementacje VD wsrod sau-
dyjskich kobiet (odpowiednio dla kobiet i me¢zczyzn:
27% vs 3,7%,). Wigksza $wiadomos¢ istnienia proble-
mu niedoboru VD w tej grupie wynika z przekazow
Ministerstwa Zdrowia skierowanych do kobiet po 40
roku zycia (60). W kulturze krajow wschodnio-azja-
tyckich powszechne jest celowe unikanie ekspozycji
stonecznych ze wzgledu na preferowany jasny odcien
skory, uchodzacy za symbol pigkna i wysokiego statu-
su spotecznego. Chinskie i japonskie badania potwier-
dzajg wysoki odsetek 0sob ze znacznym niedoborem
25(OH)D pomimo duzego nastonecznienia tych obsza-
row (28, 63,64). Stan zaopatrzenia w VD wsrod chin-
skich kobiet, zwlaszcza z grupy wiekowej <40 lat, byt
znaczaco gorszy w poréownaniu do grupy mezczyzn
(63,64). Zachowania zwigzane z ekspozycja stoneczng
poddano analizie rowniez w polskich badaniach. 24%
respondentéw deklarowato unikanie bezposredniego
nastonecznienia (spedzanie czasu wylacznie w cie-
niu, unikanie wychodzenia z domu przy slonecznej
pogodzie). Pytano rowniez o powody ograniczania
czestotliwosci 1 czasu ekspozycji stonecznych. 69%
0soOb, gtownie kobiet, obawiato si¢ nowotworow sko-
ry a blisko potowa wyrazita lek przed fotostarzeniem
(60% kobiet i 32% mezczyzn), kobiety istotnie czesciej
niz me¢zezyzni regularnie uzywaty filtrow przeciwsto-
necznych (70). Pomiary st¢zenia 25(OH)D prowadzone
pod koniec okresu zimowego wsrod nastolatek i star-
szych kobiet zamieszkujacych Polske, Irlandig, Danie
i Finlandi¢ wykazaty niski stan zaopatrzenia w VD
wsrod mieszkanek krajow podtnocnoeuropejskich.
Stezenie <20 ng/ml (<50 nmol/l) stwierdzono u 92%
dziewczat i 67% kobiet a niedobor ciezki odpowiednio
u 37% i 17%. Najnizsze stezenie VD w starszej grupie
wiekowej stwierdzono wsrdd Polek, ktorych az 92%
deklarowato unikanie bezposredniej ekspozycji sto-
necznej. Przeciwne preferencje miaty nastolatki z Ir-
landii (47% unikato stonca) osiagajac najwyzsze steze-
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lifestyle. For most adults in Poland, the recommended
prophylactic dose of VD is 800-2000 IU (20-50 pg)
per day, though it may be higher in high-risk groups.
Notably, the authors indicate that even the widely
recommended daily dose of 2000 IU may be insufficient
for some individuals, particularly those with obesity,
while for others, such as children, this amount may be
too high, necessitating an individualized approach (84).

In 2024, the Endocrine Society (ES) published
guidelines on the use of VD for disease prevention
based on an extensive analysis of clinical trials. In
contrast to previous recommendations, the new ones are
more conservative, limiting routine supplementation
and 25(OH)D testing in the general population. They
identify specific groups that may benefit from empirical
supplementation, defined as doses higher than the
standard recommended intake (15 pg) without prior
25(OH)D measurement. The most significant change
is the shift away from universal supplementation in
healthy adults, especially those under 75. The expert
panel emphasizes that in this group, there is insufficient
evidence that VD supplementation exceeding the
recommended daily intake provides significant health
benefits. Similarly, routine 25(OH)D testing is not
recommended. However, the guidelines identify three
populations where empirical supplementation may
be beneficial: children and adolescents (to reduce the
risk of rickets and potentially respiratory infections),
adults aged 75 and older (where VD use is associated
with a potential reduction in all-cause mortality), and
pregnant women (to reduce the risk of complications
and preterm birth) (85).

Despite  apparent  differences, Polish  and
international VD supplementation guidelines are
essentially consistent. As a global organization, the ES
formulates recommendations for diverse populations
and sunlight conditions, focusing primarily on high-
risk groups. Conversely, Polish guidelines, based on
data regarding widespread deficiency in the population
and a geographical location that precludes effective
year-round cutaneous synthesis, treat nearly the
entire society as a high-risk group, thus justifying
a prophylactic approach. Despite this difference, both
positions align on key issues: defining the optimal
25(OH)D concentration at >30-50 ng/ml, preferring
daily supplementation over high-dose bolus therapy,
and the absolute necessity of supplementation in
documented high-risk groups, which in Poland include
the obese, the elderly, pregnant women, and individuals
with dark skin pigmentation.

CONCLUSIONS

VD deficiency prevention should be monitored by
measuring its hepatic metabolite levels, a procedure
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nie VD w swojej grupie wickowej. Kobiety i nastolatki
z Finlandii miaty najwyzsza podaz VD wraz z dieta.
Dla poréwnania, mediana dziennej podazy VD z dieta
dla Finek wynosita 9,5 pg, a dla Polek 3,8 pug, w mtod-
szych grupach wiekowych byto to odpowiednio 5,0 pug
vs 3,1 pug. Znaczaca pozytywna determinantg stezenia
25(OH)D w obu grupach wiekowych okazala si¢ row-
niez suplementacja VD (79).

Gltoéwna przyczyna epidemii niedoboru VD w kra-
jach rozwinigtych jest wspotczesny styl zycia wyni-
kajacy z rozwoju technologii, charakteryzujacy sie¢
dtugim przebywaniem w pomieszczeniach zamknie-
tych i $rodkach transportu oraz ograniczaniem ak-
tywnosci na §wiezym powietrzu. Osoby deklarujace
dtuzszy czas ekspozycji slonecznej 1 wyzszy stopien
aktywnosci fizycznej cechujg si¢ wyzszymi stezenia-
mi VD (21,25,33). Osoby zyjace na obszarach o ni-
skim nastonecznieniu, przebywajace przez wigkszos¢
dnia w zamknigtych pomieszczeniach oraz stosujace
ochrong przeciwsloneczng powinny suplementowac
VD. Osoby starsze oraz otyle, ktore majg trudnosci
z poruszaniem si¢, jak réwniez, zamieszkujace domy
opieki, moga by¢ szczegdlnie narazone na niedobory
VD w wyniku zbyt krotkich ekspozycji stonecznych.
Duze ryzyko niedoboru VD wystepuje rowniez u 0sob
o ciemnym odcieniu skory, jak réwniez zakrywaja-
cych ciato ze wzgledow kulturowych, migrujacych do
obszarow o niskim nastonecznieniu.

Status VD w Polsce oraz aktualne wytyczne do-
tyczace jej podazy. Potwierdzeniem istnienia proble-
mu niedoboréw VD w polskiej populacji jest przekro-
jowe badanie Ptudowskiego i wsp. (80) na reprezenta-
tywnej grupie zdrowych, dorostych mieszkancow 22
miast Polski. W badaniu okreslono stan zaopatrzenia
w VD poprzez oznaczenie st¢zenia 25(OH)D pod ko-
niec okresu zimowego i podczas wiosny. Analizowane
byty rowniez parametry demograficzne i antropome-
tryczne. Srednie stezenie 25(OH)D w badanej grupie
wyniosto 18 + 9,6 ng/ml (45 + 24 nmol/1). Okoto 65%
badanych ujawnito stezenia 25(OH)D ponizej 20 ng/ml
(<50 nmol/l); 24% stezenie suboptymalne wynoszace
20-30 ng/ml (50-75 nmol/l) za$ u jedynie 9% badanych
stwierdzono warto$ci optymalne 30-50 ng/ml (75-125
nmol/l). Stezenie VD wykazywato zalezno$¢ od wieku
badanych. Srednie wartosci w dziesigcioletnich gru-
pach wickowych byly wyraznie wyzsze u seniorow
(>70 lat) niz u pozostatych dorostych. Uzyskane wyni-
ki wydaja si¢ wiec sprzeczne z powszechnie uznawa-
nym faktem, ze zaawansowany wiek stanowi czynnik
ryzyka niedoboru VD, gtéwnie z powodu obnizonej
efektywnosci syntezy skornej oraz zmian w metabo-
lizmie tkanki ttuszczowej. Jako potencjalne wyjasnie-
nie tej obserwacji mozna rozwazy¢ wigksza §wiado-
mos$¢ dotyczaca profilaktyki osteoporozy wsrod osob
starszych, przejawiajaca si¢ regularng suplementacja
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that is currently not classified as a routine screening
test. The body’s VD status depends on numerous
environmental and individual factors. Due to the
complex interactions between these variables,
identifying a definitive cause of deficiency and
formulating public health recommendations remains
a challenging task. The most well-established cause for
the global prevalence of VD deficiency is insufficient
exogenous intake combined with limited endogenous
synthesis, a consequence of modern lifestyles associated
with civilization development. The existence of other,
as-yet-unidentified predictors influencing VD status
cannot be ruled out, representing a significant area for
further research.

The endogenous source of VD is more efficient than
the dietary route and does not carry the risk of reaching
toxic blood concentrations. Although some authors
propose short-term sun exposure to achieve effective
VD synthesis with minimal risk of solar damage,
these practices are not currently popularized due to the
carcinogenic effects of UVR.
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dziale od 0,6 do 3,5 pg na dobe (83).

Zgodnie z polskimi wytycznymi z 2023 roku regu-
larna, codzienna suplementacja VD powinna by¢ stan-
dardem w okresie jesienno-zimowym lub przy braku
ekspozycji na stonice. Nadrzednym celem jest utrzy-
manie stezenia 25(OH)D w surowicy na optymalnym
poziomie 30-50 ng/ml (75-125 nmol/l), co w polskich
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wyzszonego ryzyka moze by¢ wyzsza. Co istotne,
autorzy artykutu wskazuja, ze nawet powszechnie
rekomendowana dzienna dawka 2000 IU moze by¢
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niewystarczajaca dla czg¢sci populacji, zwlaszcza 0osob
z otytoscia, z kolei u innych, na przyktad u dzieci, taka
ilo$¢ moze by¢ zbyt duza, co wymaga indywidualnego
podejscia (84).

W 2024 roku Endocrine Society (ES) opublikowato
wytyczne dotyczace stosowania VD w prewencji cho-
rob w oparciu o obszerng analiz¢ badan klinicznych.
W przeciwienstwie do wczesniejszych zalecen, nowe
rekomendacje sg bardziej konserwatywne. Ograni-
czajg rutynowa suplementacj¢ oraz badanie st¢zenia
25(OH)D w populacji ogdlnej, wskazujac grupy, ktore
moga odnie$¢ korzys$ci z empirycznej suplementacji,
rozumianej jako stosowanie dawek wyzszych niz stan-
dardowe zalecane spozycie (15 pg), bez wczesniejsze-
go pomiaru st¢zenia 25(OH)D. Najwazniejszg zmiang
jest odejscie od powszechnej suplementacji u zdro-
wych dorostych, zwlaszcza w wieku ponizej 75 lat.
Panel ekspertow podkresla, ze w tej grupie brak jest
wystarczajagcych dowodow na to, by suplementacja
VD, przekraczajaca zalecane dzienne spozycie, przy-
nosita istotne korzysci zdrowotne. Podobnie, nie zale-
ca si¢ rutynowego oznaczania stezenia 25(OH)D. Jed-
noczesnie, wytyczne wskazuja trzy populacje, u kté-
rych empiryczna suplementacja moze by¢ korzystna.
Pierwsza z nich sa dzieci i mtodziez, u ktérych suple-
mentacja zmniejsza ryzyko krzywicy oraz moze redu-
kowac czestos$¢ infekcji drog oddechowych. Druga sa
osoby w wieku 75 lat i starsze, gdzie stosowanie VD
wigze si¢ z potencjalnym zmniejszeniem $miertelno-
$ci ogoblnej. Trzecia grupe stanowia kobiety w ciazy,
u ktorych dodatkowa podaz VD moze obniza¢ ryzyko
powiktan i przedwczesnego porodu (85).

Mimo pozornych roznic, polskie 1 miedzynarodo-
we wytyczne dotyczace suplementacji VD sa w istocie
spojne. ES, jako organizacja globalna formutuje zale-
cenia dla zréznicowanych populacji i warunkéw na-
stonecznienia, koncentrujgc si¢ przede wszystkim na
grupach wysokiego ryzyka. Z kolei wytyczne polskie,
opierajac si¢ na danych o powszechnym niedoborze
w naszej populacji oraz na polozeniu geograficznym
uniemozliwiajagcym catoroczng efektywna synteze
skorna, traktuja praktycznie cale spoteczenstwo jako
grupe podwyzszonego ryzyka, uzasadniajagc tym sa-
mym podejscie profilaktyczne. Pomimo tej rdznicy,
oba stanowiska sg zbiezne w kluczowych kwestiach:
definiowania optymalnego stezenia 25(OH)D na po-
ziomie >30-50 ng/ml, preferowania codziennej suple-
mentacji nad stosowaniem wysokich dawek w krotkim
czasie oraz bezwzglednej konieczno$ci suplementacji
w grupach o udokumentowanym wysokim ryzyku, do
ktorych w warunkach polskich nalezy zaliczy¢ m.in.
osoby otyle, w podesztym wieku, kobiety w cigzy
1 osoby z ciemng karnacjg.
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ABSTRACT

BACKGROUND. Air pollution is a major public health concern, adversely affecting both the respiratory and
cardiovascular systems. The main pollutants include particulate matter (PM, ,, PM, ), nitrogen oxides (NO,),
tropospheric ozone (O,), carbon monoxide (CO), sulfur dioxide (SO,), and other toxic compounds. Numerous
studies confirm an association between exposure to these pollutants and increased incidence of cardiovascular
diseases, including ischemic heart disease, stroke, arrhythmias, and heart failure. This paper aims to summarize
current knowledge on the effects of air pollution on the cardiovascular system and to discuss underlying
pathophysiological mechanisms.

STATE OF KNOWLEDGE. Air pollution is one of the leading environmental risk factors for premature
mortality worldwide. The most harmful components include fine particulate matter (PM, ), nitrogen oxides
(NO,), ozone (O,), carbon monoxide (CO), and sulfur dioxide (SO2). In 2021, the World Health Organization
(WHO) revised its air quality guidelines, lowering the recommended annual PM, | limit to 5 ug/m’. Pollutants
induce oxidative stress, inflammation, endothelial dysfunction, and autonomic imbalance, contributing to
cardiovascular disease development and progression. Short-term exposure increases the risk of acute events
such as myocardial infarction and arrhythmias, while long-term exposure promotes atherosclerosis and chronic
heart failure. The elderly, children, and individuals with chronic diseases are particularly vulnerable. This issue
remains a major public health challenge globally.

SUMMARY. Air pollution is a key risk factor for cardiovascular disease. Reducing exposure through continuous
air quality monitoring and effective preventive measures is essential for protecting public health.

Keywords: air pollution, cardiovascular diseases, cardiovascular risk factors, smog
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STRESZCZENIE

WPROWADZENIE. Zanieczyszczenie powietrza stanowi istotny problem zdrowia publicznego, wptywajac
niekorzystnie nie tylko na uktad oddechowy, lecz réwniez na uklad sercowo-naczyniowy. Do gtownych za-
nieczyszcezen atmosferycznych zalicza si¢ pyty zawieszone (PM, ; PM, ), tlenki azotu (NO,), ozon troposfe-
ryczny (O,), tlenek wegla (CO), dwutlenek siarki (SO,) oraz inne toksyczne zwigzki chemiczne. Liczne bada-
nia epidemiologiczne i eksperymentalne potwierdzaja zwigzek pomiedzy ekspozycja na te zanieczyszczenia
a zwiekszong zapadalno$cia na choroby uktadu sercowo-naczyniowego, w tym chorobe niedokrwienna serca,
udary mozgu, zaburzenia rytmu serca oraz niewydolno$¢ krazenia. Celem niniejszej pracy jest przedstawienie
aktualnego stanu wiedzy dotyczacego wplywu zanieczyszczen powietrza na uktad sercowo-naczyniowy oraz
omowienie mechanizméw patofizjologicznych lezacych u podstaw obserwowanych zaleznosci.

OPIS STANU WIEDZY. Zanieczyszczenie powietrza nalezy do najistotniejszych srodowiskowych czynnikow
ryzyka przedwczesnej umieralnosci na $wiecie. Do najbardziej szkodliwych sktadnikéw nalezg drobne frakcje
pylow zawieszonych (PM, 5) tlenki azotu (NO,), ozon troposferyczny (O,), tlenek wegla (CO) oraz dwutlenek
siarki (SO,). W 2021 roku Swiatowa Organizacja Zdrowia (WHO) zaktualizowata wytyczne dotyczgce jakosci
powietrza, obnizajac zalecane roczne stgzenie PM, , do poziomu 5 pg/m’. Zanieczyszczenia atmosferyczne
indukuja stres oksydacyjny, reakcje zapalne, dysfunkCJQ $roédbtonka oraz zaburzenia autonomicznej regulacji
uktadu krazenia, co prowadzi do rozwoju i progresji chordb sercowo-naczyniowych. Krotkotrwata ekspozycja
na wysokie st¢zenia zanieczyszczen moze zwigkszaé ryzyko ostrych incydentéw sercowych, takich jak zawat
migsnia sercowego czy arytmie, natomiast dlugotrwala ekspozycja sprzyja rozwojowi miazdzycy i przewlektej
niewydolnos$ci serca. Szczegolnie narazone sg osoby w podesztym wieku, dzieci oraz pacjenci z chorobami
przewlektymi. Problem ten stanowi jedno z kluczowych wyzwan zdrowia publicznego zaréwno w krajach roz-
winigtych, jak 1 rozwijajacych sig.

PODSUMOWANIE. Zanieczyszczenie powietrza jest istotnym czynnikiem ryzyka chordb uktadu sercowo
-naczyniowego. Ograniczenie ekspozycji na zanieczyszczenia atmosferyczne poprzez ciagglty monitoring jako$ci
powietrza i skuteczne srodki zapobiegawcze stanowi kluczowy element strategii ochrony zdrowia publicznego.

Stowa kluczowe: smog, choroby sercowo-naczyniowe, zanieczyszczenie powietrza, czynniki ryzyka sercowo
-naczyniowego

INTRODUCTION

Air pollution is the presence of solid, liquid, or
gaseous substances in the atmosphere that, at specific
concentrations and exposure durations, exert adverse
effects on human and animal health, harm vegetation,
and negatively impact the climate and ecosystems.
The main sources of emissions include natural
processes (such as desert dust, volcanic eruptions,
and forest fires) as well as anthropogenic activities,
which encompass industrial emissions, transportation,
fossil fuel combustion, agriculture, and illegal waste
burning (1).

The most common air pollutants include particulate
matter (PM, , and PM, ), nitrogen oxides (NO ), sulfur
dioxide (SO2), carbon monoxide (CO), tropospheric
ozone (Os), and heavy metals. Particular attention is
given to particulate matter, which constitutes a key
indicator of air quality and one of the major health risk
factors (2,3).

Air pollution is one of the most serious global public
health challenges. According to data from the World
Health Organization (WHO), exposure to particulate
matter and gaseous pollutants increases the risk of
respiratory infections, chronic obstructive pulmonary

WPROWADZENIE

Zanieczyszczenie powietrza to obecno$¢ w at-
mosferze substancji statych, ciektych lub gazowych,
ktore w okreslonych stezeniach i1 okreslonym czasie
ekspozycji wywieraja niekorzystny wpltyw na zdro-
wie ludzi i zwierzat, szkodza roslinom oraz oddziatuja
negatywnie na klimat i ekosystemy. Do gtéwnych zro-
det emisji naleza procesy naturalne (pyly pustynne,
erupcje wulkandéw czy pozary lasow) oraz dziatalnos¢
antropogeniczna, ktéra obejmuje emisje przemystowe,
transport, spalanie paliw kopalnych, rolnictwo oraz
nielegalne spalanie odpadow (1).

Do najczgsciej wystepujacych zanieczyszczen za-
licza si¢ pyly zawieszone (PM, ;i PM, ), tlenki azo-
tu (NOx), dwutlenek siarki (SOz) tlenek wegla (CO),
ozon troposferyczny (Os) oraz metale cigezkie. Szcze-
g0lng uwage zwraca si¢ na pyly zawieszone, ktore sta-
nowig kluczowy wskaznik jako$ci powietrza oraz je-
den z gtéwnych czynnikéw ryzyka zdrowotnego (2,3).

Zanieczyszczenie powietrza jest jednym z naj-
powazniejszych problemow zdrowia publicznego na
$wiecie. Zgodnie z danymi Swiatowej Organizacji
Zdrowia (WHO) ekspozycja na pyty zawieszone oraz
zanieczyszczenia gazowe zwicksza ryzyko infekcji
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disease (COPD), lung cancer, and cardiovascular
diseases, including myocardial infarction and
stroke (4,5).

Environmental pollution constitutes a major source
of the global health burden. The Lancet Commission
on Pollution and Health estimated that in 2015,
exposure to environmental pollutants was associated
with approximately 9 million attributable deaths
(so-called premature deaths). This figure exceeded
the total number of deaths attributed to HIV/AIDS,
tuberculosis, and malaria combined (6).

In Poland and in Central and Eastern European
countries, exposure to particulate matter exhibits
marked seasonality. This pattern differs from that
observed in many Western European countries. Air
quality monitoring data indicate significantly higher
concentrations of PM, , and PM,; during the heating
season, whereas lower levels are observed in the
summer months.

Studies conducted in Polish cities have
demonstrated that mean PM,, concentrations
during the winter season are several times higher
than in the summer. This applies both to the mass
concentration of particulate matter and to its chemical
composition (7-9).

The seasonal variability of particulate matter
concentrations in Poland results primarily from
the structure of emission sources. The residential
and municipal sector plays a significant role. The
combustion of solid fuels in individual heating systems
intensifies during the winter period. These emissions
substantially contribute to overall air pollution
levels (8).

In many Western European countries, road
transport is the dominant source of particulate matter
emissions, while the contribution of residential heating
isrelatively lower. This different emission profile favors
the occurrence of so-called winter smog episodes in
Poland.

Elevated concentrations of PM,, and PM, may
persist for prolonged periods, leading to an increased
health burden at the population level. Seasonal rises in
particulate matter concentrations may be of particular
importance for the risk of cardiovascular events. This
is especially relevant for older adults and patients with
pre-existing cardiovascular diseases.

It should be noted that the results of epidemiological
studies may be partially confounded by factors such
as tobacco smoking, diet, socioeconomic status, or
occupational exposure. Despite these limitations,
consistent findings across different countries confirm
the significant role of air pollution in the development
of cardiovascular diseases.

It is also important to emphasize that people spend
the majority of their time indoors, where sources of
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drog oddechowych, przewlektej obturacyjnej choroby
ptuc (POChP), raka ptuc oraz choréb uktadu serco-
wo-naczyniowego, w tym zawalu migs$nia sercowego
i udaru mézgu (4,5).

Zanieczyszczenia Srodowiskowe stanowig istotne
zrodto globalnego obciazenia zdrowotnego. W rapor-
cie Lancet Commission on Pollution and Health osza-
cowano, ze w 2015 roku ekspozycja na zanieczysz-
czenia srodowiskowe wigzata si¢ z okoto 9 milionami
zgonow przypisywanych (tzw. przedwczesnych zgo-
néw). Liczba ta przewyzszata liczbe zgonow ogdlem
przypisywanych HIV/AIDS, gruzlicy i malarii tacz-
nie (6).

W Polsce oraz w krajach Europy Srodkowo
-Wschodniej ekspozycja na pyly zawieszone charakte-
ryzuje si¢ wyrazng sezonowoscig. Wzorzec ten roézni
si¢ od obserwowanego w wielu krajach Europy Za-
chodniej. Dane z monitoringu jako$ci powietrza wska-
zujg na istotnie wyzsze stgzenia PM, ;1 PM, w okresie
grzewczym. Nizsze warto$ci obserwuje si¢ w miesig-
cach letnich.

Badania prowadzone w polskich miastach wyka-
zaly, ze srednie stezenia PM, ; w sezonie zimowym sg
kilkukrotnie wyzsze niz latem. Dotyczy to zaréwno
masy pylu, jak i jego sktadu chemicznego (7-9).

Sezonowa zmienno$¢ stgzen pylow zawieszonych
w Polsce wynika gtéownie ze struktury zrodet emi-
sji. Istotng role odgrywa sektor komunalno-bytowy.
Spalanie paliw stalych w indywidualnych systemach
grzewczych nasila si¢ w okresie zimowym. Emisje te
w znacznym stopniu ksztaltuja poziom zanieczysz-
czenia powietrza (8).

W wielu krajach Europy Zachodniej dominujagcym
zrodlem emisji pytow jest transport drogowy. Udzial
ogrzewania mieszkaniowego jest tam relatywnie
mniejszy. Odmienny profil emisji sprzyja w Polsce
wystepowaniu epizodow tzw. smogu zimowego.

Podwyzszone stezenia PM, ;1 PM, ) moga utrzymy-
wac sie przez dluzsze okresy. Prowadzi to do zwigk-
szonego obcigzenia zdrowotnego populacji. Sezonowe
wzrosty stezen pytow moga mieé szczegdlne znacze-
nie dla ryzyka zdarzen sercowo-naczyniowych. Doty-
czy to zwlaszcza osob starszych oraz pacjentéw z cho-
robami uktadu krazenia.

Nalezy pamigta¢, ze wyniki badan epidemiolo-
gicznych moga by¢ czgsciowo zafalszowane przez
czynniki zaktécajace, takie jak palenie tytoniu, die-
ta, status socjoekonomiczny czy narazenie zawodowe.
Mimo tych ograniczen, zgodne obserwacje w réznych
krajach potwierdzaja istotna rol¢ zanieczyszczen po-
wietrza w rozwoju chorob sercowo-naczyniowych.
Warto takze podkreslic, ze wickszos¢ czasu ludzie
spedzaja w pomieszczeniach, gdzie zrodtem ekspo-
zycji wewnetrznej (indoor) moga by¢ m.in. spalanie
paliw stalych czy gotowanie. Laczne obcigzenie zdro-
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indoor exposure may include, among others, the
combustion of solid fuels and cooking. Therefore,
the overall health burden results from both outdoor
and indoor exposure (10). Older adults, patients
with cardiovascular diseases, children, and residents
of areas with high emission levels are particularly
vulnerable to the effects of exposure (11).

The aim of this paper is to present the current state
of knowledge regarding the impact of air pollution on
the cardiovascular system, with particular emphasis on
pathophysiological mechanisms and their significance
in the context of public health.

MATERIALS AND METHODS

This study constitutes a narrative review of the
literature addressing the impact of air pollution
on cardiovascular diseases. The literature search
was conducted in the PubMed and Google Scholar
databases between January and April 2025. Reports
from the World Health Organization (WHO) and the
European Environment Agency (EEA) were also
included. Only publications in English were considered
eligible for analysis. The primary time frame covered
the years 2015-2025; older studies were included only
if they were considered landmark publications or
were essential for defining and describing relevant
mechanisms.

Combinations of the following keywords were
used: air pollution, particulate matter, PM, ; and PM, ,
nitrogen dioxide, ozone, cardiovascular diseases,
ischemic heart disease, heart failure, arrhythmias,
ischemic stroke, hypertension, and mortality.
Additional publications were identified through the
reference lists of relevant systematic reviews and
meta-analyses.

In the first stage of selection, the titles and abstracts
of the identified publications were screened, followed
by full-text analysis of studies meeting the inclusion
criteria. The review included empirical studies, cohort
studies, systematic reviews, and meta-analyses,
limited to peer-reviewed publications. Case reports,
non-peer-reviewed publications, and studies lacking
a clear characterization of exposure or without
clinical data related to the cardiovascular system were
excluded. Priority was given to publications of high
methodological quality and those involving large
study populations. The selection and evaluation of
publications were conducted by a single reviewer.

CURRENT STATE OF KNOWLEDGE
Main components of air pollution. The main

components of air pollution include particulate matter
(PM, ; and PM, ), nitrogen dioxide (NO2), tropospheric

wotne wynika wigc zarowno z ekspozycji zewngtrznej
(outdoor), jak i wewnetrznej (indoor) (10). Na skutki
ekspozycji szczegdlnie wrazliwe sg osoby starsze,
pacjenci z chorobami sercowo-naczyniowymi, dzieci
oraz mieszkancy obszaréw o wysokim poziomie emi-
sji (11).

Celem niniejszej pracy jest przedstawienie aktual-
nego stanu wiedzy na temat wptywu zanieczyszczenia
powietrza na uktad sercowo-naczyniowy, ze szczegol-
nym uwzglednieniem mechanizmow patofizjologicz-
nych oraz ich znaczenia w kontekscie zdrowia publicz-
nego.

MATERIAL I METODY

Praca stanowi narracyjny przeglad pismiennictwa
dotyczacego wplywu zanieczyszczenia powietrza na
choroby uktadu sercowo-naczyniowego. Przeszuki-
wanie literatury przeprowadzono w bazach PubMed
oraz Google Scholar w okresie od stycznia do kwiet-
nia 2025 roku. Uwzgledniono rowniez raporty World
Health Organization (WHO) oraz European Environ-
ment Agency (EEA). Do analizy kwalifikowano publi-
kacje w jezyku angielskim. Podstawowy zakres czaso-
wy obejmowat lata 2015-2025; starsze prace wlaczano
wylacznie w przypadku publikacji o charakterze prze-
tomowym lub istotnych dla definicji i opisu mechani-
zmow.

Zastosowano kombinacje stow kluczowych, w tym:
air pollution, particulate matter, PM, ,, PM, nitrogen
dioxide, ozone, cardiovascular diseases, ischemic he-
art disease, heart failure, arrhythmias, ischemic stroke,
hypertension oraz mortality. Dodatkowe publikacje
identyfikowano na podstawie pismiennictwa cytowa-
nego w przegladach systematycznych i metaanalizach.

W pierwszym etapie selekcji oceniano tytutly
i streszczenia zidentyfikowanych publikacji, a nastep-
nie analizowano pelne teksty prac spelniajacych kry-
teria wigczenia. Do przegladu wiaczano badania empi-
ryczne, badania kohortowe, przeglady systematyczne
oraz metaanalizy ograniczajac si¢ do prac recenzowa-
nych. Wylaczano doniesienia kazuistyczne, publikacje
nierecenzowane oraz prace bez jednoznacznej charak-
terystyki ekspozycji lub bez danych klinicznych doty-
czacych uktadu sercowo-naczyniowego. Priorytetowo
traktowano publikacje o wysokiej jakosci metodolo-
gicznej oraz duzej liczebnosci badanych populacji. Se-
lekcje 1 ocene publikacji przeprowadzila jedna osoba.

AKTUALNY STAN WIEDZY

Gléwne skladniki zanieczyszczen powietrza. Do
najwazniejszych sktadnikow zanieczyszczenia powie-
trza nalezg pyty zawieszone (PM, ; i PM, ), dwutlenek
azotu (NOz), ozon troposferyczny (Os), tlenek wegla
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ozone (0Os), carbon monoxide (CO), sulfur dioxide
(SO2), and volatile organic compounds (VOCs).
Particulate matter is a heterogeneous mixture of solid
and liquid particles with an aerodynamic diameter
equal to or less than 10 micrometers (PM, ) or 2.5
micrometers (PM, ;). Smaller fractions, such as PM_ ,
can penetrate into the alveoli and enter the systemic
circulation (12).

The composition of particulate matter includes,
among others, heavy metals (e.g., lead, cadmium),
polycyclic aromatic hydrocarbons (PAHs), sulfates,
nitrates, and soot particles. Many of these substances
exhibit carcinogenic, pro-inflammatory, and pro-
oxidative properties (13,14).

Nitrogen dioxide (NO2), which is generated
primarily during the combustion of fossil fuels in
internal combustion engines and industrial boilers,
exerts cytotoxic effects on respiratory epithelial
cells and induces inflammatory processes as well as
oxidative stress. Tropospheric ozone, a secondary
pollutant, is formed through photochemical reactions
between nitrogen oxides and volatile organic
compounds (VOCs). It is a strong oxidant that can
damage epithelial cells and activate inflammatory
mediators (15).

Carbon monoxide (CO), a product of incomplete
combustion of organic matter, has a high affinity
for hemoglobin, leading to the formation of
carboxyhemoglobin and subsequent tissue hypoxia.
Sulfur dioxide (SO2), emitted mainly from the
energy sector, irritates the respiratory epithelium
and may induce bronchoconstriction, particularly
in individuals with chronic obstructive pulmonary
disease (COPD) (16).

Assessment and regulation of air quality.
Pollutant concentrations exhibit considerable temporal
variability, including seasonal, daily, and hourly
fluctuations. Therefore, in practice, air quality indices
are used to facilitate the interpretation of monitoring
data (17).

In Europe, the Common Air Quality Index (CAQI)
is used, with values ranging from 0 to 100. These
values correspond to five air quality categories,
from very low (0-25) to very high (75-100) levels of
pollution. In the United States, the Air Quality Index
(AQI) is applied, covering a range from 0 to 500 and
corresponding to six categories: good (0-50), moderate
(51-100), unhealthy for sensitive groups (101-150),
unhealthy (151-200), very unhealthy (201-300), and
hazardous (301-500). In this system, values above 100
are considered harmful to health (18).

Although the two indices differ in their value ranges
and number of categories, their common purpose is to
provide clear and comparable information about the
health risks associated with air pollution levels. In
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(CO), dwutlenek siarki (SO.) oraz lotne zwiazki orga-
niczne (LZO). Pyt zawieszony stanowi heterogenicz-
ng mieszaning czastek statych i ciektych o $rednicy
aerodynamicznej rownej lub mniejszej niz 10 mikro-
metrow (PM,) lub 2,5 mikrometra (PM, ;). Mnigjsze
frakcje takie jak PM, ; moga dociera¢ do pecherzykow
ptucnych i przenika¢ do krazenia ogolnoustrojowe-
go (12).

Sktad pytow obejmuje m.in. metale cigzkie (np.
otow, kadm), wielopierscieniowe weglowodory aro-
matyczne (WWA), siarczany, azotany oraz czastki
sadzy. Wiele z tych substancji charakteryzuje si¢ dzia-
faniem kancerogennym, prozapalnym i prooksydacyj-
nym (13,14).

Dwutlenek azotu (NO2), ktoéry powstaje glownie
podczas spalania paliw kopalnych w silnikach spali-
nowych i kotlowniach przemystowych, dziata cytotok-
sycznie na komorki nabtonka drég oddechowych oraz
indukuje procesy zapalne i stres oksydacyjny. Ozon
troposferyczny, bedacy zanieczyszczeniem wtornym,
powstaje w wyniku reakcji fotochemicznych pomig-
dzy tlenkami azotu a LZO. Jest on silnym utlenia-
czem, ktéory moze uszkadza¢ komorki nabtonkowe
i aktywowa¢ mediatory zapalne (15).

Tlenek wegla (CO), produkt niecatkowitego spala-
nia materii organicznej, wykazuje wysokie powino-
wactwo do hemoglobiny, prowadzac do powstawania
karboksyhemoglobiny i niedotlenienia tkanek. Dwu-
tlenek siarki (SO,) emitowany glownie w sektorze
energetycznym, dziala draznigco na nabtonek drog
oddechowych 1 moze powodowaé skurcz oskrzeli,
szczegoblnie u 0sob z przewlekla obturacyjng choroba
ptuc (16).

Ocena i regulacje jakoSci powietrza. St¢zenia
zanieczyszczen charakteryzujg si¢ duzg zmiennoscia
czasowg obejmujaca wahania sezonowe, dobowe i go-
dzinowe, dlatego w praktyce stosuje si¢ indeksy ja-
kosci powietrza, ktore utatwiajg interpretacje danych
pomiarowych (17).

W Europie uzywany jest Common Air Quality In-
dex (CAQI), ktorego wartosci wynosza od 0 do 100.
Wartosci te odpowiadaja pigciu kategoriom jakosci
— od bardzo dobrej (0-25) do bardzo ztej (75-100).
W Stanach Zjednoczonych stosowany jest Air Quality
Index (AQI), ktory obejmuje zakres od 0 do 500 i od-
powiada on sze$ciu kategoriom jakosci: dobra (0-50),
umiarkowana 51-100), niezdrowa dla os6b wrazliwych
(101-150), niezdrowa (151-200), bardzo niezdrowa
(201-300) oraz niebezpieczna (301-500). W tym syste-
mie, warto$ci powyzej 100 uznawane sg za szkodliwe
dla zdrowia (18).

Cho¢ oba wskazniki r6znig si¢ zakresem wartosci
1 liczbg kategorii, ich wspolnym zadaniem jest dostar-
czenie jasnej i porownywalnej informacji o zagroze-
niu zdrowotnym wynikajacym z poziomu zanieczysz-
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both systems, particulate matter PM, . and PM, | plays
a central role as a primary indicator of air quality (18).

Air quality standards are defined both in national
legislation and within the regulatory frameworks of
the European Union, as well as in the guidelines of
the World Health Organization (WHO). In Poland, the
applicable regulation is the Ordinance of the Minister
of the Environment of 5 May 2021 on the levels of
certain substances in the air (Journal of Laws 2021,
item 845), which precisely specifies the permissible
concentration levels of particulate matter (including
PM,, and PM,)) as well as public information and
alert thresholds (19). In 2021, the WHO updated its air
quality guidelines, lowering the recommended limit
values for PM, ; and PM, . This decision was based on
new epidemiological evidence indicating health risks
even at lower concentrations. Although the WHO
recommendations are not legally binding, they serve as
an important reference point and are gradually being
incorporated into public health and environmental
policies within the European Union (20). Permissible
concentration levels of particulate matter (PMIO and
PM ) in Poland, the European Union, and according
to WHO guidelines (2021) are shown in Table 1.

Mechanisms of the impact of air pollution
on the human body. Exposure to air pollution
triggers biological processes that play a key role in
the development of cardiovascular diseases. These
include chronic inflammation, increased oxidative
stress, endothelial dysfunction, and disturbances
in hemostasis. Such mechanisms promote the
development of atherosclerosis, arterial hypertension,
and arrhythmias, and increase the risk of cardiovascular
mortality (21).

Among all pollutants, particulate matter (PM)
is of particular importance, for which three main
pathophysiological mechanisms of action on the
cardiovascular system have been described.

czen powietrza. W obu systemach szczegolng role od-
grywajg pyty zawieszone PM, ; i PM,, ktore stanowig
podstawowe wskazniki jakoSci powietrza (18).

Normy jako$ci powietrza sa okreslane zaré6wno
w przepisach krajowych, jak i ramach regulacji Unii
Europejskiej oraz wytycznych Swiatowej Organizacji
Zdrowia (WHO). W Polsce obowiagzuje rozporzadze-
nie Ministra Srodowiska z dnia 5 maja 2021 r. w spra-
wie poziomdéw niektoérych substancji w powietrzu
(Dz.U. 2021, poz. 845), ktore precyzyjnie okresla do-
puszczalne poziomy st¢zen pytu zawieszonego (m.in.
PM, ;i PM,  oraz progi informowania i alarmowania
spoteczenstwa (19). W 2021 roku WHO zaktualizo-
wata swoje wytyczne, obnizajac zalecane wartosci
dopuszczalne dla pytow PM, ;i PM, . Decyzja ta byla
odpowiedzig na nowe dane epidemiologiczne wska-
zujace na zagrozenie zdrowotne juz przy nizszych
stezeniach. Cho¢ zalecenia WHO nie maja charakte-
ru prawnego, stanowig wazny punkt odniesienia i sa
stopniowo wdrazane w politykach zdrowotnych oraz
srodowiskowych Unii Europejskiej (20). Dopuszczal-
ne poziomy stezen pytldw zawieszonych PMio i PMz,s
w Polsce, Unii Europejskiej oraz wedtug wytycznych
WHO (2021) przedstawiono w Tabeli 1.

Mechanizmy oddzialywania zanieczyszczen na
organizm czlowieka. Ekspozycja na zanieczyszcze-
nia powietrza uruchamia procesy biologiczne, ktore
odgrywaja kluczowa role w rozwoju choréb uktadu
sercowo-naczyniowego. Naleza do nich przewlekty
stan zapalny, nasilenie stresu oksydacyjnego, dysfunk-
cja srodblonka naczyniowego oraz zaburzenia hemos-
tazy. Mechanizmy te sprzyjaja rozwojowi miazdzycy,
nadci$nienia tetniczego, arytmii i zwickszaja ryzyko
zgonu z przyczyn sercowo-naczyniowych (21).

Sposrod wszystkich zanieczyszczen szczegoélne
znaczenie maja pyty zawieszone (PM), dla ktorych
opisano trzy gltéwne mechanizmy patofizjologiczne
dziatania na uktad sercowo-naczyniowy.

Table 1. Permissible concentration levels of particulate matter (PM,; and PM, ;) in Poland, the European Union, and

according to WHO guidelines (2021)

Tabela 1. Dopuszczalne poziomy stezen pylow zawieszonych (PM, i PM, ) w Polsce, Unii Europejskiej oraz wedlug

wytycznych WHO (2021)

WHO 2021 (PM /
Parameter Poland (PMIO) Poland (PMZS) EU (PMIO/PMZ.S) PM. ) 10
Annual mean limit 5 s 40 pg/m® (PM ) 15 pg/m? '(PM )
value 40 pg/m 20 pg/m 25 ng/m? (PM:O) 5 pg/m? (PM:S
50 ng/m? - 5 '
Daily limit value (< 35 exceedances/ 50 pg/m? 50 pg/m* (PM ) 45 pg/m (PMIO)
10 15 pg/m* (PM )
year) 25
Information threshold 200 pg/m? - - -
Alert threshold 300 pg/m? - - -
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Pathophysiological mechanisms of particulate
matter (PM) in cardiovascular diseases. In the
pathogenesis of cardiovascular diseases associated
with exposure to particulate matter (PM), three main
mechanisms are distinguished. These include a direct
pathway and two indirect mechanisms initiated in the
respiratory system.

The direct pathway involves the translocation of
fine particulate fractions into the systemic circulation.
This primarily concerns PM, ; and ultrafine particles
(UFPs). These particles are defined as an aerosol
fraction with an aerodynamic diameter of < 0.1 pm
(22). Translocation into the systemic circulation has
been described for fine particulate fractions, including
PM, ,and UFPs(22,23). After entering the bloodstream,
these particles or their components interact with the
vascular wall, leading to endothelial cell activation
and impaired endothelial function. As a consequence,
disturbances in vascular tone regulation and systemic
hemodynamic changes may occur (24,25).

The indirect mechanisms are related to the
respiratory system’s response. The lungs constitute the
primary site of contact between the body and inhaled
pollutants. At the site of particle deposition, oxidative
stress and an inflammatory response are induced.
Subsequently, inflammatory mediators and products
of oxidative stress enter the systemic circulation.
This results in a systemic inflammatory response and
oxidative stress, leading to endothelial dysfunction
and disturbances in hemostasis. Consequently,
a state of chronic low-grade inflammation develops,
along with a shift in the coagulation balance toward
a prothrombotic state, thereby increasing the risk of
thromboembolic events (24-26).

The third mechanism involves the effects of air
pollution on the autonomic nervous system. Stimulation
of receptors within the respiratory tract leads to
autonomic imbalance, characterized by predominance
of sympathetic activity. As a result, changes in heart
rate and a reduction in heart rate variability may occur.
This mechanism promotes arrhythmias and transient
increases in blood pressure. It may also trigger acute
cardiovascular events in susceptible individuals
(24,25).

An increasing body of evidence indicates that
exposure to air pollution is also associated with
epigenetic changes. These include DNA methylation
and regulation of microRNA expression. Such
alterations modulate inflammatory responses and
endothelial function. They may contribute to the
persistence of adverse biological effects during chronic
exposure (27).

The described mechanisms highlight the multilevel
nature of the impact of particulate matter on the
cardiovascular system. They encompass direct vascular
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Mechanizmy patofizjologiczne dzialania pyléw
zawieszonych (PM) w chorobach ukladu sercowo
-naczyniowego. W patogenezie chorob uktadu serco-
wo-naczyniowego zwigzanych z narazeniem na pyly
zawieszone (particulate matter, PM) wyroznia si¢ trzy
gtéwne mechanizmy. Obejmujg one szlak bezposredni
oraz dwa mechanizmy posrednie inicjowane w ukta-
dzie oddechowym.

Szlak bezposredni polega na przenikaniu drobnych
frakcji pytu do krazenia ogdlnoustrojowego. Dotyczy
to przede wszystkim PM, ; oraz czgstek ultradrobnych
(ang. ultrafine particles, UFP). Czastki te definiuje
si¢ jako frakcje aerozolu o srednicy aerodynamicznej
<0,1 pm (22). Przenikanie do krazenia ogdlnoustrojo-
wego opisywano w odniesieniu do drobnych frakc;ji,
w tym PM, ; oraz UFP (22,23). Po przedostaniu sig
do krwiobiegu czastki te lub ich sktadniki oddziatujg
na $cian¢ naczyn. Prowadzi to do aktywacji komorek
$rodbtonka i zaburzenia jego funkcji. Skutkiem sg za-
burzenia regulacji napigcia naczyniowego oraz zmia-
ny hemodynamiczne o charakterze ogélnoustrojowym
(24,25).

Mechanizmy posrednie sg zwigzane z odpowie-
dzig uktadu oddechowego. Pluca stanowia pierwsze
miejsce kontaktu organizmu z wdychanymi zanie-
czyszczeniami. W miejscu depozycji czastek docho-
dzi do indukcji stresu oksydacyjnego oraz reakcji
zapalnej. W kolejnym etapie mediatory zapalne oraz
produkty stresu oksydacyjnego przenikaja do kraze-
nia. Konsekwencja jest ogoélnoustrojowa odpowiedz
zapalna i stres oksydacyjny, prowadzace do dysfunkcji
srodbtonka oraz zaburzen hemostazy. Prowadzi to do
rozwoju przewlektego stanu zapalnego niskiego stop-
nia oraz przesuniecia rownowagi uktadu krzepnigcia
w kierunku prozakrzepowym, co zwigksza ryzyko in-
cydentow zakrzepowo-zatorowych (24-26).

Trzeci mechanizm obejmuje wplyw zanieczysz-
czen powietrza na autonomiczny uktad nerwowy. Po-
budzenie receptorow w obrgbie drog oddechowych
prowadzi do zaburzen rownowagi autonomicznej
z przewaga aktywnosci wspotczulnej. Skutkiem sg
zmiany czestosci rytmu serca oraz spadek jego zmien-
nosci. Mechanizm ten sprzyja zaburzeniom rytmu
1 przejsciowemu wzrostowi cisnienia tgtniczego. Moze
takze wyzwalac ostre incydenty sercowo-naczyniowe
u 0sob podatnych (24,25).

Coraz wiecej danych wskazuje, ze ekspozycja
na zanieczyszczenia powietrza wigze si¢ rowniez ze
zmianami epigenetycznymi. Obejmujg one metylacje
DNA oraz regulacj¢ ekspresji mikroRNA. Zmiany te
moduluja odpowiedz zapalng oraz funkcj¢ srodbton-
ka. Moga przyczynia¢ si¢ do utrwalania niekorzyst-
nych efektéw biologicznych w przebiegu ekspozycji
przewlektej (27).
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effects as well as indirect inflammatory, neurogenic,
and epigenetic pathways. Together, they provide
a biological rationale for the association between
exposure to air pollution and the risk of cardiovascular
diseases.

Risk groups. Individuals particularly vulnerable
to the adverse effects of air pollution include older
adults, patients with cardiovascular diseases, children,
and residents of highly urbanized areas. In older
individuals, due to the presence of chronic conditions
and reduced physiological reserve, exposure to air
pollution may exacerbate pre-existing cardiovascular
diseases. Similarly, in patients with established heart
disease, even short-term exposure to particulate
matter (PM,, and PM, ) may induce increases in
blood pressure, promote cardiac arrhythmias, and
precipitate acute cardiovascular events. Children
constitute a particularly sensitive group, as they are
more susceptible to air pollution due to higher minute
ventilation relative to body weight, resulting in greater
pollutant uptake (28).

SHORT-TERM AND LONG-TERM
CONSEQUENCES OF EXPOSURE TO
PARTICULATE MATTER

Short-term exposure to particulate matter, lasting
from several hours to a few days, may lead to acute
physiological responses, including exacerbation of
symptoms in individuals with chronic cardiovascular
diseases. A sudden increase in concentrations of PM, ,
NO:,orOsintensifiesinflammatoryprocesses,enhances
oxidative stress, and induces vasoconstriction. As
a consequence, elevations in blood pressure, cardiac
arrhythmias, and acute cardiovascular events, such as
myocardial infarction or stroke, may occur. Research
findings indicate that short-term exposure significantly
increases the risk of hospitalization and cardiovascular
mortality (25,29,30).

Long-term exposure to polluted air leads
to the persistence of chronic inflammation and
progressive vascular damage. These processes
promote the development of atherosclerosis and other
vascular pathologies, thereby increasing the risk of
cardiovascular diseases. Continuous exposure may
also exacerbate pre-existing conditions, resulting in
more frequent disease exacerbations and a higher risk
of mortality (6,31).

CARDIOVASCULAR DISEASES

Myocardial infarction (MI). Studies indicate an
association between both short-term and long-term
exposure to air pollution and the risk of myocardial
infarction (MI). A meta-analysis of 34 studies

Opisane mechanizmy wskazuja na wielopoziomo-
wy charakter oddziatywania pytéw zawieszonych na
uktad sercowo-naczyniowy. Obejmuja one bezposred-
nie efekty naczyniowe oraz posrednie szlaki zapalne,
neurogenne i epigenetyczne. Stanowig biologiczne
uzasadnienie zwigzku pomiedzy ekspozycja na za-
nieczyszczenia powietrza a ryzykiem chorob sercowo
-naczyniowych.

Grupy ryzyka. Na negatywne skutki zanieczysz-
czenia powietrza szczegolnie podatne sg osoby starsze,
chorzy na schorzenia uktadu sercowo-naczyniowego,
dzieci oraz mieszkancy obszaréw silnie zurbanizo-
wanych. U os6b w podesztym wieku, ze wzgledu na
obecno$¢ chorob przewlektych i zmniejszong rezerwe
czynnos$ciowg organizmu, ekspozycja na zanieczysz-
czenia moze prowadzi¢ do zaostrzenia istniejacych
choréb sercowo-naczyniowych. Podobnie u 0séb z juz
rozpoznang chorobg serca nawet krotkotrwale naraze-
nie na pyty zawieszone (PM, ; 1 PM, ) moze indukowac¢
wzrost ci$nienia tetniczego, sprzyja¢ wystepowaniu
zaburzen rytmu serca oraz prowadzi¢ do ostrych in-
cydentow sercowo-naczyniowych. Szczegdlna grupe
stanowig dzieci, ktore sg wyjatkowo wrazliwe na za-
nieczyszczenie powietrza ze wzgledu na wieksza wen-
tylacje minutowa w stosunku do masy ciata, co skut-
kuje wyzszym pochtanianiem zanieczyszczen (28).

KROTKOTERMINOWE I DLUGOTERMINOWE
KONSEKWENCJE ZDROWOTNE NARAZENIA
NA PYLY ZAWIESZONE

Krotkotrwata ekspozycja na pyty zawieszone, trwa-
jaca od kilku godzin do kilku dni, moze prowadzi¢ do
ostrych reakcji organizmu, w tym zaostrzenia obja-
WOW u 0s0b z przewlektymi chorobami uktadu serco-
wo-naczyniowego. Nagty wzrost stezenia PM, ;, NO:
czy Os nasila procesy zapalne, zwigksza stres oksy-
dacyjny oraz powoduje skurcz naczyn krwiono$nych.
W konsekwencji moze dochodzi¢ do podwyzszenia
ci$nienia te¢tniczego, zaburzen rytmu serca oraz wy-
stgpienia ostrych incydentow sercowo-naczyniowych,
takich jak zawal mig$nia sercowego czy udar mozgu.
Wyniki badan wskazuja, ze krotkotrwala ekspozycja
istotnie zwigksza ryzyko hospitalizacji i umieralno$ci
z przyczyn sercowo-naczyniowych (25,29,30).

Dtugotrwala ekspozycja na zanieczyszczone po-
wietrze prowadzi do utrzymywania si¢ przewleklego
stanu zapalnego oraz postepujacych uszkodzen na-
czyn krwiono$nych. Procesy te sprzyjaja rozwojowi
miazdzycy i innych patologii naczyniowych, zwigk-
szajac ryzyko choréb uktadu sercowo-naczyniowego.
Stale narazenie moze takze nasila¢ przebieg juz istnie-
jacych schorzen, prowadzac do czgstszych zaostrzen
i wyzszego ryzyka zgonu (6,31).
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demonstrated that short-term exposure to CO, NO-,
SO, PM1(, and PM 2 (with the exception of Os) was
associated with an increased risk of MI. Each 10 ug/
m?® increase in NO. and PM_ concentrations was
associated with a 1.1% and 2.5%2) increase in MI risk,
respectively (32).

An analysis of data from six cohort studies
conducted in Denmark, Germany, the Netherlands, and
Sweden (n = 137,148) showed that long-term exposure
to NO:z (per 10 ug/m?® increase) was associated with
a higher incidence of coronary heart disease (HR
1.04; 95% CI: 1.01-1.07). In turn, a 2021 meta-analysis
of 42 studies demonstrated that chronic exposure to
PM (per 10 pg/m?® increase) was associated with
an increased risk of mortality due to coronary heart
disease (RR 1.23; 95% CI: 1.15-1.31), although it
did not have a significant effect on the incidence of
myocardial infarction (33).

Repeated exposure to air pollution may promote
the progression of high-risk atherosclerotic plaques
and worsen the course of the disease, particularly in
patients with pre-existing ischemic heart disease.

Heart failure (HF). The association between
exposure to air pollution and heart failure (HF) has
been confirmed by numerous epidemiological studies.
A meta-analysis of 35 studies conducted in the United
States, Canada, Italy, and Japan (n = 4 million)
demonstrated that short-term exposure to CO, NOx,
SO, PM1(, and PM was associated with increased
hospitalizations and mortahty due to HF. Each 10 pg/
m? increase in PM25 concentration was associated
with a 2.1% increase in the risk of hospitalization or
death, with the strongest effect observed on the day of
exposure (34,35).

Long-term exposure also plays a significant role.
A Canadian study (n = 5,062,146) demonstrated that
an interquartile range increase in PM concentration
was associated with a 5% increase in hospltahzatlons
due to HF (36). An analysis of data from the UK
Biobank showed that individuals with higher exposure
to air pollution had a 31% greater risk of developing
HF compared with those less exposed, and genetic
susceptibility further modified this association (37).

In summary, both short-term and long-term
exposure to air pollution significantly increase the
rates of hospitalization and mortality associated with
heart failure (HF).

Ischemic heart disease (IHD). Air pollution,
particularly fine particulate matter (PM_ ), nitrogen
oxides (NO2), sulfur dioxide (SO2), and carbon
monoxide (CO), constitutes a significant risk factor for
ischemic heart disease (IHD).

Short-term exposure to PM is associated with
an increased number of cardiovascular events.
It is estimated that a 10 pg/m® increase in PM25
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CHOROBY SERCOWO-NACZYNIOWE

Zawal miesnia sercowego (MI). Badania wska-
zuja na zwigzek migdzy krotkotrwatg i dtugotrwata
ekspozycja na zanieczyszczenia powietrza, a ryzy-
kiem zawatu mig$nia sercowego (MI). Metaanaliza
34 badan wykazata, ze krotkoterminowe narazenie na
CO, NO:, SOz, PM, /1 PM, , (z wyjatkiem Os) wigze si¢
ze wzrostem ryzyka MI. Kazdy wzrost stezenia NO-
i PM,, o 10 ug/m’ zwigkszat ryzyko odpowiednio
ol 1%125%(32)

Analiza danych z sze$ciu badan kohortowych prze-
prowadzonych w Danii, Niemczech, Holandii i Szwe-
cji (n = 137 148) wykazala, ze dtugotrwata ekspozy-
cja na NO2 (wzrost o 10 pg/m?) wigzata si¢ z wigk-
szg czestoscig choroby wiencowej (HR 1,04; 95% CI:
1,01-1,07). Z kolei metaanaliza 42 badan z 2021 roku
wykazata, ze przewlekle narazenie na PM, ; (wzrost
o 10 pg/m?) zwigkszato ryzyko zgonu z powodu cho-
roby wiencowej (RR 1,23; 95% CI: 1,15-1,31), cho¢
nie miato istotnego wplywu na czgstos¢ wystgpowa-
nia M1 (33).

Powtarzajace si¢ narazenie na zanieczyszczenia
powietrza moze sprzyjac progresji blaszek miazdzy-
cowych wysokiego ryzyka i pogarsza¢ przebieg cho-
roby, zwlaszcza u pacjentdw z juz istniejagca choroba
niedokrwienng serca.

Niewydolnos¢ serca (HF). Zwigzek migdzy ekspo-
ZyCja na zanieczyszczenia powietrza a niewydolnoscia
serca (HF) potwierdzilo wiele badan epidemiologicz-
nych. Metaanaliza 35 prac przeprowadzonych m.in.
w USA, Kanadzie, Wloszech i Japonii (n = 4 mln)
wykazata, ze krotkotrwate narazenie na CO, NOg,
SOz, PM, ; i PM, wigze si¢ ze wzrostem hospitaliza-
cji 1 umieralno$ci z powodu HF. Kazdy wzrost stgze-
nia PM, ; 0 10 pg/m* zwigkszat ryzyko hospitalizacji
lub zgonu o 2,1%, a najsilniejszy efekt obserwowano
w dniu ekspozyciji (34,35).

Dlugoterminowe narazenie rowniez odgrywa
istotng role. Badania przeprowadzone w Kanadzie
(n =5 062 146) wykazaty, ze wzrost stezenia PM,
w przedziatach interkwartylowych byt zwiazany z 5%
wzrostem hospitalizacji z powodu HF (36). Analiza
danych z UK Biobank wykazata, Ze osoby z wiek-
sza ekspozycja na zanieczyszczenia powietrza miaty
0 31% wyzsze ryzyko wystgpienia HF w poréwnaniu
z osobami mniej narazonymi, a podatnos¢ genetyczna
dodatkowo modyfikowala ten zwigzek (37).

Podsumowujac, zardwno krotkotrwale, jak i prze-
wlekte narazenie na zanieczyszczenia powietrza zna-
czaco zwigksza czestos¢ hospitalizacji i umieralnos¢
zwigzang z HF.

Choroba niedokrwienna serca (IHD). Zanie-
czyszczenie powietrza, zwlaszcza drobne czastki sta-
te (PM, ), tlenki azotu (NO), dwutlenek siarki (SO-)
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concentration within 24 hours may increase the
number of cardiac events by 4.5%.

Long-term exposure to PM_ increases the risk of
developing IHD, as confirmed ﬁ)y the ESCAPE project
(European Study of Cohorts for Air Pollution Effects),
which included more than 900,000 participants from 13
European countries. The study demonstrated that a 5
ug/m? increase in PM, , concentration was associated
with a 13% increase 1n the incidence of coronary
events (38,39). The underlying biological mechanisms
include enhanced inflammation, oxidative stress, and
destabilization of atherosclerotic plaques, thereby
promoting thrombosis and progression of IHD.

In summary, long-term exposure to PM
significantly increases the risk of ischemic heart
disease. Reducing air pollution levels, particularly
fine particulate matter, may lead to a decrease in
cardiovascular hospitalizations and mortality, as well
as an improvement in patients’ quality of life.

Arterial hypertension. Epidemiological data
indicate an association between exposure to air
pollution and blood pressure levels, as well as the risk
of hypertension. The impact of fine particulate matter
(PM ) is the best documented. In a meta-analysis
of 27  observational studies (including more than 42
million individuals), long-term exposure to PM__ was
associated with an increased risk of hypertens1on alo
ug/m? increase in the annual mean concentration was
linked to a 21% higher risk (40). Another meta-analysis
demonstrated a positive association between long-term
exposure to PM2 and both systolic and diastolic blood
pressure values, Which persisted after adjustment for
traditional cardiovascular risk factors (41).

Short-term exposures may also be of importance.
Reviews addressing acute blood pressure changes
indicate that short-term increases in particulate matter
concentrations may lead to transient elevations in
blood pressure, particularly in older individuals and
those with pre-existing cardiovascular diseases (42).

The underlying biological mechanisms include
oxidative stress, inflammatory responses, endothelial
dysfunction, and disturbances in autonomic regulation,
which contribute to increased peripheral vascular
resistance and the persistence of elevated blood
pressure levels (43).

In summary, air pollution represents a potentially
modifiable risk factor for hypertension. It may be
relevant both in primary prevention and in population-
level blood pressure control (40-43).

Cardiac arrhythmias. Short-term exposure to
air pollution, particularly PM_, has been associated

. . . .25 .
with an increased risk of cardiac arrhythmias. A meta-
analysis of four observational studies (n = 461,441)
demonstrated that a 10 pg/m* increase in PM25

oraz tlenek wegla (CO), stanowi istotny czynnik ryzy-
ka choroby niedokrwiennej serca (IHD).

Krotkotrwata ekspozycja na PM, . wiaze si¢ ze
wzrostem liczby incydentdow sercowo-naczyniowych.
Szacuje sig, ze wzrost stezenia PM, ; 0 10 ug/m* w cig-
gu 24 godzin moze zwigksza¢ liczbe zdarzen serco-
wych 0 4,5%.

Dtugotrwata ekspozycja na PM, . zwigksza ry-
zyko rozwoju IHD, co potwierdzit pI’O_]ekt ESCAPE
(European Study of Cohorts for Air Pollution Effects)
obejmujacy ponad 900 000 uczestnikow z 13 krajow
europejskich. W badaniu tym wykazano, ze wzrost
stezenia PM, ; 0 5 pg/m’ byt zwigzany z 13% wzro-
stem liczby incydentéow wiencowych (38,39). Mecha-
nizmy biologiczne obejmujg nasilony stan zapalny,
stres oksydacyjny oraz destabilizacj¢ blaszek miaz-
dzycowych, co sprzyja zakrzepicy i progresji [HD.

Podsumowujac, dtugotrwata ekspozycja na PM,
istotnie zwigksza ryzyko choroby niedokrwiennej
serca. Redukcja poziomu zanieczyszczen powietrza,
zwlaszcza drobnych czastek zawieszonych, moze
przetozy¢ sie na spadek liczby hospitalizacji 1 zgonow
sercowo- naczyniowych oraz poprawe jako$ci zycia
pacjentow.

Nadci$nienie tetnicze. Dane epidemiologiczne
wskazuja na zwigzek miedzy ekspozycja na zanie-
czyszczenia powietrza a warto$ciami ci$nienia tetni-
czego oraz ryzykiem nadci$nienia. Najlepiej udoku-
mentowany jest wptyw pylu drobnego PM, .. W me-
taanalizie 27 badan obserwacyjnych (la,cznle >42 min
0s0b) diugotrwata ekspozycja na PM, ; wigzata si¢ ze
wzrostem ryzyka nadci$nienia; dla wzrostu $rednio-
rocznego stezenia o 10 pg/m* raportowano wzrost
ryzyka o 21% (40). W innej metaanalizie wykazano
dodatnig zalezno$¢ miedzy ekspozycja dtugotermi-
nowg na PM, , a warto$ciami ci$nienia skurczowego
i rozkurczowego, utrzymujaca si¢ po uwzglednieniu
klasycznych czynnikow ryzyka sercowo-naczyniowe-
go (41).

Znaczenie moga mie¢ takze ekspozycje krotkoter-
minowe. Przeglady dotyczace ostrych zmian ci§nienia
wskazuja, ze krotkotrwale wzrosty stezen pylow za-
wieszonych moga powodowaé przejsciowe podwyz-
szenie ci$nienia, szczegdlnie u 0soéb starszych i obcia-
zonych chorobami uktadu krazenia (42).

Mechanizmy biologiczne obejmujg stres oksyda-
cyjny, reakcje zapalna, dysfunkcje srédbtonka oraz za-
burzenia regulacji autonomicznej, co sprzyja wzrosto-
wi oporu obwodowego i utrwalaniu podwyzszonych
wartosci ci$nienia tetniczego (43).

Podsumowujac, zanieczyszczenie powietrza stano-
wi potencjalnie modyfikowalny czynnik ryzyka nad-
ci$nienia. Moze mie¢ znaczenie zar6wno w prewen-
cji pierwotnej, jak i w kontroli cisnienia w populacji
(40-43).
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concentration was associated with approximately a 1%
increase in the risk of atrial fibrillation (44).

In a study conducted among 176 patients with an
implanted cardioverter-defibrillator, each increase in
PM2 concentration within the examined range was
associated with a 39% higher risk of complex cardiac
arrhythmias (36).

Similar associations have been observed in high-
risk populations. Both short-term and chronic exposure
to PM25 have been linked to an increased frequency
of premature ventricular contractions in healthy
individuals as well as in patients with cardiovascular
diseases (45).

In summary, air pollution, particularly fine
particulate matter, may significantly increase the risk
of cardiac arrhythmias, especially in individuals with
pre-existing risk factors.

Ischemic stroke. The association between exposure
to air pollution, particularly PMzS, and the risk of
ischemic stroke has been consistently confirmed in
cohort studies and meta-analyses. A meta-analysis
including 69 studies demonstrated that long-term
exposure to PM2 was associated with a 13% increase
in stroke risk and a 24% increase in cerebrovascular
mortality per 10 pg/m? increase in concentration (46).

This association has also been confirmed in cohort
studies. In a 10-year multicenter prospective study
conducted in rural populations in China, each 1 pg/
m? increase in PM25 concentration was associated
with a 7% increase in the risk of ischemic stroke, with
a stronger effect observed among older individuals
7).

Short-term exposures are also of considerable
importance. A systematic review and meta-analysis
including more than 18 million cases of ischemic
stroke demonstrated that short-term increases in
concentrations of gaseous and particulate pollutants,
including NO2, SO2, CO, PM_, and PM , were

. . . . . 2.5 10
associated with a higher incidence of stroke as well as
increased stroke-related mortality (48). These findings
suggest that episodes of elevated air pollution may act
as triggers for acute stroke events.

Increasing attention is also being given to ultrafine
particles and the chemical composition of particulate
matter. Studies have demonstrated an association
between short-term exposure to ultrafine particles
and selected components of PM25 and the risk of
hospitalization due to ischemic stroke, particularly
among older adults (1,49,50).

In summary, both short-term and long-term
exposure to air pollution are associated with an
increased risk of ischemic stroke. These findings
support the role of air pollution as a significant and
modifiable risk factor for stroke.
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Arytmie serca. Krotkotrwata ekspozycja na zanie-
czyszczenia powietrza, szczeglnie PM, , zostala po-
wigzana ze zwigkszonym ryzykiem zaburzen rytmu
serca. Metaanaliza czterech badan obserwacyjnych (n
=461 441) wykazala, Ze wzrost stezenia PM, ; 0 10 ug/
m? zwieksza ryzyko migotania przedsionkow o okoto
1% (44).

W badaniu przeprowadzonym wsrdd 176 pacjen-
tow z wszczepionym kardiowerterem-defibrylatorem
stwierdzono, ze kazdy wzrost st¢zenia PM, ; w bada-
nym zakresie wigzal si¢ ze zwigkszeniem ryzyka zto-
zonych zaburzen rytmu serca o 39% (36).

Podobne zaleznosci odnotowano w populacjach
wysokiego ryzyka. Zaréwno krotkoterminowe, jak
i przewlekle narazenie na PM, ; wiazalo si¢ ze zwigk-
szong czestoscig przedwezesnych skurczow komoro-
wych u 0s6b zdrowych i pacjentdow z chorobami serco-
Wwo- naczyniowymi (45).

Podsumowujac, zanieczyszczenie  powietrza,
zwlaszcza pyly drobnoczasteczkowe, moze istotnie
zwigksza¢ ryzyko wystgpienia arytmii serca, szcze-
goblnie u 0s6b z juz obecnymi czynnikami ryzyka.

Udar niedokrwienny moézgu. Zwigzek miedzy
ekspozycja na zanieczyszczenia powietrza, szczegol-
nie PM, ,, a ryzykiem udaru niedokrwiennego mozgu
jest konsekwentnie potwierdzany w badaniach kohor-
towych oraz metaanalizach. Metaanaliza obejmujaca
69 badan wykazala, ze dlugotrwala ekspozycja na
PM, ; wigze si¢ ze wzrostem ryzyka udaru o 13% oraz
ze wzrostem S$miertelno$ci moézgowo-naczyniowej
0 24% na kazde 10 pg/m?® wzrostu stgzenia (46).

Zalezno$¢ t¢ potwierdzaja badania kohortowe.
W 10-letnim wieloo$rodkowym badaniu prospektyw-
nym przeprowadzonym w wiejskich populacjach Chin
wykazano, ze kazdy wzrost stgzenia PM, ; 0 1 pg/m’
wigzal si¢ ze wzrostem ryzyka udaru niedokrwien-
nego o 7%, przy silniejszym efekcie obserwowanym
u 0sob starszych (47).

Istotne znaczenie majg takze ekspozycje krotko-
terminowe. Systematyczny przeglad 1 metaanaliza
obejmujgca ponad 18 mln przypadkéow udaru nie-
dokrwiennego wykazata, ze krotkotrwaly wzrost
stezen zanieczyszczen gazowych i pylowych, w tym
NO, SO, CO, PM, ;i PM,, wigze si¢ ze zwigkszong
czestodcig wystepowania udaru oraz jego $miertel-
nos$cig (48). Dane te sugeruja, ze epizody wysokiego
zanieczyszczenia moga petnic¢ rolg czynnika wyzwa-
lajacego incydent udarowy.

Coraz wigcej uwagi poswigca si¢ rowniez czast-
kom ultradrobnym oraz sktadowi chemicznemu pytu.
Badania wykazaty zwigzek krotkoterminowej ekspo-
zycji na czgstki ultradrobne oraz wybrane sktadniki
PM, ; z ryzykiem hospitalizacji z powodu udaru nie-
dokrwiennego, zwlaszcza u 0sob w wieku podesztym
(1,49,50).
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IMPACT OF AIR POLLUTION ON
CARDIOVASCULAR MORTALITY

Cardiovascular mortality constitutes one of
the principal endpoints in epidemiological studies
assessing the health effects of exposure to air pollution.
This parameter enables a comparable evaluation of the
population health burden, regardless of differences in
diagnostic practices or healthcare system organization.

Findings from observational studies, including
cohort studies and meta-analyses, indicate an
association between exposure to air pollution and the
risk of cardiovascular mortality. In particular, long-
term exposure to fine particulate matter (PM2 5) has
been linked to increased cardiovascular mortality.
Reviews of cohort studies and meta-analyses have
shown that a 10 pg/m?® increase in the annual mean
PM concentration is associated with an approximately
10-13% increase in the risk of cardiovascular death
(25,29).

Short-term exposure to air pollution, including
transient increases in particulate matter and gaseous
pollutants, may contribute to the occurrence of acute
cardiovascular events and be associated with increased
short-term mortality. These effects have been observed
more frequently among individuals with pre-existing
cardiovascular diseases and in particularly vulnerable
populations.

Available epidemiological data do not indicate
the existence of a safe exposure threshold. Increased
cardiovascular mortality has been observed even
at pollutant concentrations below the currently
established air quality standards. These findings
support the recognition of air pollution reduction
as a key component of both primary and secondary
prevention of cardiovascular diseases at the population
level. Impact of air pollution on selected organs and
systems of the human body, with particular emphasis
on the cardiovascular system is shown in Figure 1.

Prevention. Reducing the adverse impact of air
pollution on the cardiovascular system requires the
implementation of comprehensive strategies at both
the population and individual levels. Environmental
policy plays a key role in minimizing exposure to
harmful substances by establishing and enforcing air
quality standards that limit pollutant levels, including
particulate matter (PM2 and PM, ), nitrogen oxides
(NOy), tropospheric ozone, and sulfur dioxide (SO2).

Such measures, supported by international
regulations, may lead to substantial improvements
in air quality. This is supported by numerous
epidemiological studies demonstrating reductions
in hospitalizations and deaths due to cardiovascular
diseases (CVD) following the implementation of
stringent emission standards (44).

Podsumowujac, zarowno krotkotrwata, jak i dtu-
gotrwala ekspozycja na zanieczyszczenia powie-
trza wigze si¢ ze zwigkszonym ryzykiem udaru nie-
dokrwiennego mozgu. Wyniki te potwierdzaja role
zanieczyszczen powietrza jako istotnego, modyfiko-
walnego czynnika ryzyka udaru.

WPLYW ZANIECZYSZCZEN POWIETRZA NA
UMIERALNOSC SERCOWO-NACZYNIOWA

Umieralno$¢ sercowo-naczyniowa stanowi jeden
z glownych punktéw koncowych w badaniach epide-
miologicznych oceniajagcych skutki zdrowotne eks-
pozycji na zanieczyszczenia powietrza. Parametr ten
pozwala na porownywalng ocen¢ obcigzenia zdrowot-
nego populacji, niezaleznie od roéznic w praktykach
diagnostycznych oraz organizacji systemow opieki
zdrowotne;.

Wyniki badan obserwacyjnych, w tym badan ko-
hortowych, oraz metaanaliz wskazuja na istnienie
zwigzku pomigdzy ekspozycja na zanieczyszczenia
powietrza, a ryzykiem zgonu z przyczyn sercowo-na-
czyniowych. W szczegolnosci dtugoterminowa ekspo-
zycja na drobne czastki pytu zawieszonego PM, ; jest
zwigzana ze zwickszona umieralno$cig sercowo-na-
czyniowa. W przegladach badan kohortowych i meta-
analizach wykazano, ze wzrost $redniorocznego ste-
zenia PM, ; 0 10 ug/m’® wigze si¢ ze wzrostem ryzyka
zgonu sercowo-naczyniowego o okoto 10-15% (25,29).

Krotkotrwate ekspozycje na zanieczyszczenia po-
wietrza, obejmujace przejsciowe wzrosty stezen py-
Iow zawieszonych oraz zanieczyszczen gazowych,
moga sprzyja¢ wystgpowaniu ostrych incydentéw
sercowo-naczyniowych i wigza¢ si¢ ze zwickszeniem
krotkookresowej umieralnosci. Zjawiska te obserwo-
wano czesciej u 0sob z istniejacymi chorobami uktadu
krazenia oraz w populacjach szczeg6lnie narazonych.

Dostepne dane epidemiologiczne nie wskazujg na
istnienie progu ekspozycji wolnego od ryzyka. Zwigk-
szong umieralno$¢ sercowo-naczyniowg obserwuje
si¢ rowniez przy stezeniach zanieczyszczen ponizej
obowiazujacych norm jakosci powietrza. Wyniki te
uzasadniajg traktowanie redukcji zanieczyszczen po-
wietrza jako istotnego elementu prewencji pierwot-
nej i wtornej choréb uktadu sercowo-naczyniowego
w skali populacyjnej. Wptyw zanieczyszczenia powie-
trza na wybrane narzady i uklady organizmu cztowie-
ka, ze szczeg6lnym uwzglednieniem uktadu sercowo
-naczyniowego przedstawiono na Rycinie 1.

Zapobieganie. Ograniczenie negatywnego wpty-
wu zanieczyszczenia powietrza na uktad sercowo-na-
czyniowy wymaga wdrozenia kompleksowych stra-
tegii, obejmujacych dziatania na poziomie zaréwno
populacyjnym, jak i indywidualnym. Polityka $rodo-
wiskowa odgrywa kluczowa rol¢ w minimalizowaniu
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Effects of Air Pollution on the Human Body
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Figure 1. Impact of air pollution on selected organs and systems of the human body, with particular emphasis on the

cardiovascular system (own elaboration)

Rycina 1. Wptyw zanieczyszczenia powietrza na wybrane narzady i uktady organizmu cztowicka, ze szczegOlnym
uwzglednieniem uktadu sercowo-naczyniowego (opracowanie wlasne)

At the individual level, persons particularly
vulnerable to the adverse effects of air pollution,
including patients with cardiovascular diseases,
require specific preventive recommendations. During
periods of elevated pollution levels, it is advisable
to limit outdoor physical activity, avoid staying near
heavily trafficked roads, and use air filtration devices
in indoor environments. Regular health monitoring
and control of cardiovascular parameters constitute
essential elements in protecting the health of this group.
Health education, particularly regarding the impact
of air pollution on the cardiovascular system, may
substantially increase public awareness and improve
adherence to preventive recommendations (51).

The role of physicians, including cardiologists and
public health specialists, in recognizing the impact
of environmental factors on health is invaluable.
These professionals should consider environmental
determinants as an integral part of the diagnostic
and therapeutic process, promoting measures aimed
at minimizing patients’ exposure to air pollution.
Moreover, physicians should actively participate in
efforts to improve air quality by engaging in educational
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ekspozycji na szkodliwe substancje, poprzez ustalanie
i egzekwowanie norm jakos$ci powietrza, ktore ograni-
czajg poziom zanieczyszczen powietrza, w tym pylow
zawieszonych (PM,; i PM, ), tlenkow azotu (NO.),
ozonu troposferycznego oraz dwutlenku siarki (SO>).

Dziatania te, wspierane przez mi¢dzynarodowe
regulacje, moga prowadzi¢ do istotnej poprawy jako-
sci powietrza, co znajduje potwierdzenie w licznych
badaniach epidemiologicznych, wskazujacych na
zmniejszenie liczby hospitalizacji oraz zgondéw z po-
wodu chorob sercowo-naczyniowych (CVD) w wyni-
ku wdrozenia restrykcyjnych norm emisji (44).

Na poziomie indywidualnym, osoby szczegdlnie
narazone na negatywne skutki zanieczyszczen po-
wietrza, w tym os6b z chorobami uktadu krazenia,
wymagaja specyficznych zalecen profilaktycznych.
W okresach wysokiego st¢zenia zanieczyszczen, zale-
ca si¢ ograniczenie aktywnosci fizycznej na §wiezym
powietrzu oraz unikanie przebywania w poblizu ru-
chliwych ulic takze stosowanie urzadzen filtrujacych
powietrze w zamknietych pomieszczeniach. Regular-
ne monitorowanie stanu zdrowia oraz kontrolowanie
parametrow kardiologicznych stanowi istotny element
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campaigns and collaborating within interdisciplinary
advisory teams that support the development and
implementation of public policies aimed at reducing
pollutant emissions and improving public health.

SUMMARY

Air pollution constitutes a significant determinant
of human health, affecting multiple organ systems,
including the cardiovascular system. Exposure to
air pollutants, including particulate matter (PM o
PM ) and nitrogen oxides (NOz), may be associated

10
with the development of heart diseases such as heart
failure and ischemic heart disease (IHD), as well as
an increased risk of arrhythmias and cardiac arrest.
The magnitude of this effect depends on various
factors, including the level and duration of exposure
and individual susceptibility. It is worth noting that
permissible pollutant levels differ between WHO
recommendations and European Union regulations,
while the European Green Deal primarily focuses
on reducing CO: emissions. Air pollution therefore
represents a major global public health challenge
that requires decisive action at multiple levels — both
individual and systemic.

Minimizing the adverse health effects of
air pollution, particularly in the context of the
cardiovascular system, requires increased public
awareness and the implementation of both systemic
and individual measures aimed at effectively reducing
exposure to harmful substances. Monitoring air quality
in places of residence and work constitutes a useful
tool for managing exposure, enabling individuals to
avoid days with high pollution levels. The use of air
filtration devices, such as air purifiers equipped with
HEPA filters, represents one of the available methods
for improving indoor air quality, which may contribute
to better health outcomes and overall well-being.

Increasing awareness of the health effects of air
pollution should also encompass lifestyle modifications,
such as reducing tobacco smoking, avoiding the use
of traditional household fireplaces, and promoting
more sustainable modes of transportation, including
public transport, cycling, and walking. Although such
measures may have a limited impact on air quality
at the individual level, collectively they contribute
to reduced pollutant emissions and lower exposure,
thereby decreasing the risk of cardiovascular diseases.

Both at the individual and global levels, actions
aimed at reducing air pollution and promoting
healthier lifestyles are essential in the context of public
health protection. Effective improvement of air quality
requires cooperation among public institutions, non-
governmental organizations, and society as a whole.
Such collaboration is crucial to reducing the incidence

w ochronie zdrowia tej grupy osob. Edukacja zdro-
wotna, szczegoOlnie w zakresie wplywu zanieczysz-
czen powietrza na uktad sercowo-naczyniowy, moze
znaczaco zwiekszy¢ §wiadomos$¢ spoleczng i przy-
czyni¢ sie¢ do poprawy przestrzegania zalecen profi-
laktycznych (51).

Rola lekarzy, w tym kardiologow i specjalistow
zdrowia publicznego, w rozpoznawaniu wptywu sro-
dowiska na zdrowie, jest nieoceniona. Specjalisci ci
powinni uwzglednia¢ czynniki §rodowiskowe jako in-
tegralng czgs¢ procesu diagnostyczno-terapeutyczne-
go, promujac dziatania zmierzajace do minimalizacji
narazenia pacjentdéw na zanieczyszczenia powietrza.
Ponadto, lekarze powinni aktywnie uczestniczy¢
w dzialaniach na rzecz poprawy jako$ci powietrza,
angazujac si¢ w kampanie edukacyjne oraz wspotpra-
cujac w ramach interdyscyplinarnych zespotow do-
radczych, ktore podejmuja dziatania w celu wprowa-
dzenia polityk publicznych majacych na celu redukcje
emisji zanieczyszczen i poprawe zdrowia publicznego.

PODSUMOWANIE

Zanieczyszczenie powietrza stanowi istotny czyn-
nik wptywajacy na zdrowie czlowieka, oddzialujac
na liczne uktady organéw, w tym uklad sercowo-na-
czyniowy. Ekspozycja na zanieczyszczenia powietrza,
w tym pyly zawieszone (PM, ;, PM, ) oraz tlenki azotu
(NO,). moze wigza¢ si¢ z rozwojem chorob serca, ta-
kich jak niewydolno$¢ serca, choroba niedokrwienna
serca (IHD), a takze zwigkszonym ryzykiem wysta-
pienia arytmii i zatrzymania akcji serca, przy czym
wplyw ten zalezy od wielu czynnikow, takich jak
poziom i czas ekspozycji oraz indywidualne predys-
pozycje. Warto zauwazy¢, ze normy dotyczace do-
puszczalnych pozioméw zanieczyszczen roznig sig¢
w zaleznosci od zalecen WHO 1 przepisow Unii Eu-
ropejskiej, a Europejski Zielony tad koncentruje si¢
przede wszystkim na redukcji emisji CO2. To zjawisko
stanowi wazny problem zdrowotny na skale globalna,
ktory wymaga zdecydowanych dziatan na réznych
poziomach — zaréwno indywidualnym, jak i systemo-
wym.

Zminimalizowanie negatywnych skutkow za-
nieczyszczenia powietrza dla zdrowia, szczegolnie
w konteks$cie uktadu sercowo-naczyniowego, wymaga
wzmozonej swiadomosci spolecznej oraz wdrozenia
dziatan systemowych i indywidualnych, ktére pozwa-
laja na skuteczne zmniejszenie narazenia na szko-
dliwe substancje. Monitorowanie jakosci powietrza
w miejscach zamieszkania i pracy stanowi narzedzie
wspomagajace zarzadzanie ekspozycja umozliwiajgc
unikanie dni o wysokim ste¢zeniu zanieczyszczen. Sto-
sowanie urzadzen filtrujacych powietrze, takich jak
oczyszczacze powietrza wyposazone w filtry HEPA,
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and mortality of cardiovascular diseases and to
improving overall population health.
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ABSTRACT

BACKGROUND. Condom use effectively prevents sexually transmitted infections (STIs) and unintended
pregnancies, and reduces psychological distress associated with concerns about the consequences of sexual
activity.

OBJECTIVE. The present study aimed to develop and conduct an initial psychometric evaluation of the
Condom Sabotage Victimisation Scale (CSVS-5), a measure designed to capture non-consensual and coercive
experiences in which individuals are persuaded or forced to engage in sexual intercourse without condom use.
MATERIAL AND METHODS. We developed an eight-item preliminary scale based on a literature review
of condom use resistance (CUR) tactics. Data were collected in Poland in May 2025 as part of the POLARES
project. Participation was voluntary and anonymous. Of 1,265 respondents, 767 adults who had been sexually
active in the past 12 months met the inclusion criteria. Principal component analysis (PCA) was performed on
a test subsample, and confirmatory factor analysis (CFA) on a verification subsample.

RESULTS. Analyses supported a single-factor model of the CSVS-5, comprising five items with statistically
significant standardised regression weights (p < 0.001; CFA loadings 0.598-0.962). The scale demonstrated high
internal consistency (Cronbach’s o = 0.900). The total score ranges from 0 to 15, with higher values indicating
greater victimisation. The mean score for the total sample was 0.45 (SD = 1.86), with means of 0.38 (SD = 1.79)
for women and 0.61 (SD = 1.99) for men (p = 0.003). Gender differences unfavourable to women were observed
among individuals not in a stable relationship.

CONCLUSIONS. The Condom Sabotage Victimisation Scale (CSVS-5) is a five-item instrument with robust
psychometric properties. Its brevity renders it particularly suitable for use in multifaceted observational
epidemiological studies, as well as in intervention research focused on STI/HIV prevention and sexual violence.

Keywords: scale development, condom sabotage victimisation (CSV), condom use resistance (CUR), intimate
partner violence (IPV), reproductive coercion (RC)

STRESZCZENIE

WPROWADZENIE. Stosowanie prezerwatyw to skuteczna metoda zapobiegania infekcjom przenoszonym
droga plciowa (STI), nieplanowanym cigzom oraz stresowi zwigzanemu z przewidywanymi konsekwencjami
wspotzycia.

This article is available in the Open Access model and licensed under Creative Commons Attribution-Non-Commercial 4.0. (CC BY-NC)
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Development and psychometric validation CSVS-5 Psychometryczna walidacja CSVS-5

CEL. Celem niniejszego badania bylo skonstruowanie i wstepne przetestowanie wlasciwosci psychometrycz-
nych narzedzia Condom Sabotage Victimization Scale (CSVS-5) stluzacego do pomiaru niekonsensualnych
i przemocowych doswiadczen polegajacych na byciu naktonionym lub zmuszonym do odbycia stosunku seksu-
alnego bez uzycia prezerwatywy.

MATERIAL I METODY. W badaniu wykorzystano wstepna wersje skali sktadajaca si¢ z 8 pozycji, opraco-
wanych na podstawie przegladu literatury zwlaszcza dotyczacej taktyk oporu przed uzywaniem prezerwatyw
(CUR). Badanie przeprowadzono w Polsce w maju 2025 r. na probie 1265 oséb w ramach projektu POLARES;
udzial byt dobrowolny i anonimowy. Do dalszych analiz zakwalifikowano 767 osob spelniajacych kryteria
wlaczenia (petnoletni, aktywni seksualnie w ciggu ostatnich 12 miesigcy). Zastosowano metodg PCA i CFA na
niezaleznych probach potowkowych, odpowiednio probie testowej i weryfikujace;.

WYNIKI. Na podstawie analiz wyloniono jednoczynnikowy model skali CSVS-5 zawierajacy pig¢ pozycji
o istotnych statystycznie (p < 0,001) o standaryzowanych wagach regresji (CFA — od 0,598 do 0,962). Uzyskano
satysfakcjonujgca rzetelnos¢ (o = 0,900). Wskaznik sumaryczny przyjmuje zakres od 0 do 15 punktéw, gdzie
wyzsza punktacja oznacza wyzszy poziom wiktymizacji. Srednia w calej probie wyniosta 0,45 (SD = 1,86),
w tym 0,38+1,79 dla kobiet i 0,61£1,99 dla mezczyzn (p = 0,003). Réznice na niekorzys¢ kobiet pojawity sie
w przypadku osob zyjacych poza statym zwigzkiem.

WNIOSKI. Condom Sabotage Victimization Scale (CSVS-5) to pigcioitemowe narzedzie o dobrych wilasci-
wosciach psychometrycznych. Jego zwigzto$¢ czyni je szczegdlnie przydatnym w wieloaspektowych obser-
wacyjnych badaniach epidemiologicznych, jak réwniez w badaniach interwencyjnych w profilaktyce STI/HIV
i przemocy seksualne;.

Stowa kluczowe: walidacja psychometryczna, wiktymizacja zwigzana z prezerwatywami, opor przed stosowa-

niem prezerwatyw, przemoc w zwigzku partnerskim, przymus reprodukcyjny

INTRODUCTION

Consistent condom use is an effective strategy
for reducing sexually transmitted infections (STIs),
unintended pregnancies, and concerns related to sexual
and reproductive health (1). Condom effectiveness has
been estimated at 80-98.6% for preventing STIs (2-4),
and 95-98% for preventing unintended pregnancies (5).

Between 2019 and 2023, the average STI rates
per 100,000 population in Poland were: syphilis 4.4,
gonorrhoea 1.6, chlamydia 1.2, AIDS 0.3, and newly
diagnosed HIV infections 4.8 (6). Survey data show
that in the previous 12 months, 48.8% of respondents
rarely or never used condoms during vaginal
intercourse, 70.3% during anal intercourse, and 83.4%
during oral intercourse (7).

While not using condoms is most often a matter
of personal choice, it can sometimes take on a non-
consensual and coercive character. Condom use
resistance (CUR) refers to deliberate attempts to
have sex without a condom when the partner wants
to use one and a condom is available (8). Unlike
reproductive coercion (RC), which aims to control
reproductive outcomes, CUR is not driven by a specific
motivation (9).

Individuals subjected to pressure or coercion to
engage in unprotected sexual intercourse should
be considered victims of a specific form of intimate
partner violence (IPV), termed condom sabotage
victimisation (CSV).
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WPROWADZENIE

Konsekwentne stosowanie prezerwatyw jest sku-
tecznym sposobem ograniczania infekcji przenoszo-
nych droga plciowa, nieplanowanych cigz oraz zmniej-
szenia obaw o zdrowie seksualne i reprodukcyjne (1).
Ich skutecznos¢ wobec STI (chorob przenoszonych
droga plciowa, ang. sexually transmitted infections)
szacowana jest na 80 do 98,6% (2-4), zas wobec ciaz
95-98% (5).

Srednie wskazniki STI w przeliczeniu na 100 tys.
Polakéw w latach 2019-2023 wyniosty kolejno: kita
— 4,4; rzezaczka — 1,6; chlamydiozy — 1,2; AIDS —
0,3; nowo wykryte zakazenia HIV — 4,8 (6). Dane te
koresponduja z doniesieniami, z ktérych wynika, ze
w ciggu 12 miesigcy przed badaniem bardzo rzadko
lub nigdy podczas kontaktéw waginalnych nie uzywa-
fo prezerwatyw 48,8% 0so6b, podczas analnych 70,3%,
za$ podczas oralnych 83,4% (7).

Niestosowanie prezerwatyw najczgsciej jest o0so-
bistym wyborem, jednak zdarza si¢, ze przybiera
charakter niekonsensualny i przemocowy. Wynika
z silnego oporu przed uzyciem prezerwatywy (ang.
condom use resistance, CUR) jednego z partnerow,
ktory zdefiniowano jako $wiadome zachowania ukie-
runkowane na odbycie stosunku piciowego bez pre-
zerwatywy w sytuacji, gdy partner relacji intymnej
chce jej uzy¢ i prezerwatywa jest dostepna (8). Opor
ten, w odrdznieniu od ,,przymusu reprodukcyjnego”
(ang. reproductive coercion, RC), ktorego intencja jest
kontrola prokreacji, nie ma okreslonej motywacji (9).



Maria Lukaszek, Alicja Kozakiewicz, Joanna Mazur, Agata Ormanin-Lewandowska, Zbigniew [zdebski

Condom use resistance (CUR) encompasses both
non-coercive strategies, such as requests to refrain
from using condoms or expressing concerns about
reduced sexual pleasure, and coercive strategies,
including manipulation, threats, or violence (10).
Specific strategies include seduction (e.g., inducing
strong sexual arousal to elicit consent to sex without
a condom), false assurances regarding one’s health or
STI status, sabotage (such as deliberately damaging
or secretly removing a condom during intercourse
despite prior consent), manipulation through appeals
to trust within the relationship, use of threats or force
when a partner wishes to use a condom, and unjustified
concealment or theft of condoms, commonly referred
to as ‘stealthing’ (11), or non-consensual condom
removal (NCCR) (9).

A meta-analysis conducted by Chen et al. reported
that the lifetime prevalence of various condom use
resistance strategies ranges from 39.9% to 87% (9). In
one study, 87% of women experienced non-coercive
strategies, while 49% experienced coercive CUR,
including emotional manipulation (28.4%), deception
(27.2%), condom theft (12.2%), physical force (11.8%),
and condom sabotage (2.6%) (11). Among women aged
18-24 in the US, reported tactics included assurances
of withdrawal before ejaculation (12.9%), pretending
latex allergy (5.6%), claims of negative STI test
results (9.6%), claims of vasectomy (2.8%), deliberate
condom damage (2.2%), secret condom removal
(7.9%), preventing access to a condom (5.1%), threats
(1.7%), and physical force (1.7%) (12). Prevalence of
NCCR, or ‘stealthing’, ranges from approximately 5%
to 34% (9). Studies at sexual health centres found that
32% of women and 19% of men who have sex with
men had experienced NCCR (3). Among sexually
active Canadian students, 18.7% reported NCCR (13).

Experiencing condom sabotage by a partner,
particularly through manipulation or coercion, has
detrimental effects on mental, physical, and sexual
health (9), and is associated with an increased risk of
STIs, particularly among women (11). Studies have
shown that the rate of STI infection doubles among
women who have experienced condom use resistance
from their partners (14). Condom use resistance also
elevates the risk of unintended pregnancy by 1.5 times
(15). and is linked to significant stress and anxiety (3,13).
Among men who have sex with men (MSM), those
who have experienced condom ‘stealthing’ are more
than twice as likely as those without such experiences
to report anxiety or depression at sexual health centres
(3). Women who have experienced ‘stealthing’ may
also experience difficulties with sexual assertiveness
in subsequent relationships (16). In studies of women
subjected to condom resistance by their partners, 58%

Osoby poddane presji i przymusowi niezabezpie-
czonego prezerwatywa stosunku seksualnego nalezy
traktowac¢ jako osoby doswiadczajace szczegdlnej for-
my przemocy partnerskiej (ang. intimate partner vio-
lence, IPV) — wiktymizacji sabotazem prezerwatyw
(ang. condom sabotage victimization, CSV).

CUR obejmuje zarowno strategie nieprzymusowe
(prosby o rezygnacje z uzycia prezerwatyw lub wyra-
zanie opinii o zmniejszeniu doznan seksualnych zwig-
zanych z jej uzyciem), jak i przymusowe (manipulacja,
grozby, przemoc) (10). W literaturze wyodrgbniono
specyficzne, szczegdlowe strategie: uwodzenie, np.
doprowadzenie partnera/ki do silnego podniecenia
seksualnego powodujace ulegtos$¢ 1 zgode na seks bez
prezerwatywy; zapewnianie o swym dobrym zdro-
wiu; falszywe deklaracje negatywnego wyniku testu
w kierunku STI potwierdzonego badaniami; sabotaz,
polegajacy np. na celowym uszkodzeniu lub potajem-
nym zdjeciu prezerwatywy podczas stosunku, mimo
wezesniejszej zgody na jej uzycie; manipulacja po-
przez przywotywanie zasady zaufania w zwigzku;
uzycie grozby lub sity, gdy partner/ka chcialby/aby
uzy¢ prezerwatywy; nieuzasadnione ukrywanie, zdje-
cie, lub usuniecie prezerwatywy w trakcie stosunku
bez zgody drugiej osoby (ang. stealthing) (11) nazy-
wane tez w literaturze jako niekonsensualne zdejmo-
wanie prezerwatywy (ang. non-consensual condom
removal, NCCR) (9).

Z metaanaliz wynika, ze czesto$¢ roznych strategii
oporu przed stosowaniem prezerwatyw to od 39,9%
do 87% w ciaggu zycia (9). W jednym z badan stwier-
dzono, ze 87% kobiet do§wiadczylo ze strony partnera
strategii nieprzymusowych, a 49% CUR z uzyciem
przymusu (28,4% doswiadczylo manipulacji emocjo-
nalnej, 27,2% oszustwa, 12,2% niekonsensualnego
zdejmowania prezerwatywy w czasie stosunku, 11,8%
uzycia sity fizycznej, a 2,6% sabotowania prezerwa-
tyw (11). W pozniejszych badaniach kobiet w USA
w wieku 18-24 lat stwierdzono, Ze najczestszymi do-
$wiadczanymi taktykami byly: zapewnienia, ze part-
ner wyjmie penisa przed ejakulacja (12,9%), udawanie
alergii na lateks (5,6%), zapewnienia o negatywnym
wyniku testu w kierunku STI (9,6%), zapewnienia
o wazektomii (2,8%), celowe zerwanie prezerwatywy
(2,2%), zdjecie jej ukradkiem przed lub w trakcie sto-
sunku (7,9%), uniemozliwienie zdobycia prezerwaty-
wy (5,1%), grozby (1,7%), uzycie sity fizycznej (1,7%)
(12).

Metaanaliza przeprowadzona przez zespot W.
Chen dowodzi, ze czgstotliwo$¢ powszechnej strategii
sabotazu prezerwatyw, czyli niekonsensualnego ukry-
wania prezerwatywy lub niekonsensualnego zdejmo-
wania prezerwatywy (NCCR) wynosi od okoto 5% do
34% (9). W badaniach pacjentéw osrodka zdrowia sek-
sualnego ujawniono, ze 32% kobiet 1 19% mezczyzn
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reported experiencing non-coercive strategies, while
19% reported coercive strategies.

To date, the key psychometric instruments
developed for measurement include those assessing
RC (15,17); sabotage of contraception including
condoms and other contraceptive methods and CUR
tactics (3,10,11,18-22), with particular attention to non-
consensual condom removal (NCCR), also known as
‘stealthing’ (3,19,20).

AIM OF THE STUDY

Currently, no brief instrument exists to measure
experiences of condom-related victimisation that
can be integrated into multi-topic questionnaires and
validated in the Polish population. This study aimed
to develop and evaluate the psychometric properties of
a short, unambiguous, and culturally adapted scale for
assessing non-consensual and coercive experiences of
sexual intercourse without condom use in the past 12
months.

MATERIALS AND METHODS

Research procedure and participants. Data were
collected in May 2025 as part of the initial phase of
the Nationwide Epidemiological Study of Sexual and
Reproductive Health in the Context of Multimorbidity
— STI/HIV, Mental Disorders, and Addictions
(POLARES; project no.: 2023/ABM/03/00046/P/07),
funded by the Medical Research Agency. A total of
1,265 individuals participated in the survey. After
excluding participants under 18 years of age and
those who had not engaged in vaginal, oral, or anal
intercourse in recent months, a non-random sample
of 767 participants was included in the analyses. No
formal a priori sample size estimation was conducted
due to the pilot nature of the study and the lack of
prior data to support simulation-based power analyses.
The final sample size (N = 767) was determined
pragmatically based on conventions in pilot studies on
scale development and was sufficient for the planned
PCA and CFA. The randomly split CFA subsample
was comparable to sample sizes commonly reported
in the literature (e.g.,(23)), given the simplicity of the
model (one factor, five items).

The survey was administered online via Microsoft
Forms using a snowball recruitment method. A team
of 50 trained social rehabilitation students distributed
the survey to adults they knew, who were then asked
to share it further. The team did not participate
in completing the survey themselves. To ensure
participant confidentiality, the survey was fully
anonymous, with no IP addresses or email addresses
collected.
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podejmujacych kontakty seksualne z mezczyznami
(ang. men who have sex with men, MSM) do§wiadczy-
to NCCR (3). Sposréd aktywnych seksualnie kanadyj-
skich studentow NCCR doswiadczyto 18,7% (13).

Bycie ofiarg sabotazu prezerwatyw przez partnera,
zwlaszcza w formie manipulacji lub przemocy, oddzia-
tuje negatywnie na zdrowie psychiczne, fizyczne i sek-
sualne (9). Stanowi tez czynnik zwigkszonego ryzyka
STI, zwlaszcza u kobiet (11). Stwierdzono, ze wskaz-
nik infekcji STI wérdd kobiet, ktore doswiadczyty ze
strony partnera seksualnego oporu przed prezerwaty-
wami wzrasta dwukrotnie (14). Do§wiadczenie oporu
partnera przed stosowaniem prezerwatyw powoduje
poéttorakrotny wzrost ryzyka zajscia w nieplanowang
cigze (15), wywotuje tez silny stres i Igk (3,13). Stwier-
dzono, ze MSM, ktorzy doswiadczyli niekonsensual-
nego zdejmowania prezerwatywy ponad dwukrotnie
czesciej niz mezczyzni bez takich doswiadczen zgla-
szali w poradniach seksuologicznych Igk lub depresj¢
(3). Kobiety, ktore doswiadczyly niekonsensualnego
zdejmowania prezerwatywy maja problem z asertyw-
noscig seksualng w kontaktach z innymi partnerami
seksualnymi (16). Sposrdd kobiet, ktore byly osobami
doswiadczajacymi oporu przed stosowaniem prezer-
watyw ze strony partnerow, kolejno 58% i 19% zglosi-
to, ze doznato go bez przymusu i z przymusem.

Dotychczasowo skonstruowane skale do pomiaru
RC skupiaty si¢ na sabotazu antykoncepcji, w tym pre-
zerwatyw i innych srodkéw antykoncepcyjnych (15,17)
oraz taktykach oporu przed uzywaniem prezerwatyw
(CUR) (3,10,11,18-22), w tym szczego6lnie niekonsen-
sualnego zdejmowania prezerwatywy (NCCR), czyli
“stealthingu” (3,19,20).

CEL BADANIA

Aktualnie brak jest krotkiego narzedzia do pomia-
ru doswiadczen zwigzanych z wiktymizacjg zwigza-
ng z prezerwatywami zweryfikowanych w populacji
polskiej, ktére mogloby by¢ wlaczone do wiclowatko-
wych kwestionariuszy. Celem badania byto opracowa-
nie i ocena wlasciwosci psychometrycznych krotkie;j,
jednoznacznej i kulturowo dopasowanej skali do po-
miaru niekonsensualnych i przemocowych doswiad-
czen stosunku seksualnego bez uzycia prezerwatywy
w okresie ostatnich 12 miesigcy.

MATERIAL I METODY

Procedura badawcza i osoby badane. Badania
zrealizowano w maju 2025 roku, we wstepnej fazie
badania pt. Ogolnopolskie badanie epidemiologicz-
ne zdrowia seksualnego i prokreacyjnego w sytuacji
obcigzenia wielochorobowosciq — STI/HIV, zaburze-
niami psychicznymi i uzaleznieniami (POLARES) (nr
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In the analysed sample of 767 participants (Table 1),
the majority were women (67.3%), under 25 years of age
(51.3%), and in stable relationships (64.1%). For further
analyses, the sample was randomly divided into two
approximately equal subsamples. The first subsample
(n = 383) was used for preliminary assessment of
the scale’s factor structure via principal component
analysis (PCA), while the second subsample (n = 384)
was used to confirm the unifactorial structure of the
selected items through confirmatory factor analysis
(CFA). No statistically significant differences were
observed between the subsamples in terms of gender,
age, place of residence, education, employment status,
orrelationship status (all p > 0.05). Effect size indicators
(Yule’s Phi for 2x2 tables and Cramer’s V for larger
contingency tables) showed only negligible differences
between subsamples across all sociodemographic
variables, further supporting the equivalence of the
two groups (Table 1).

Tools. Based on a review of the literature on
reproductive coercion (17,24), contraceptive sabotage

projektu: 2023/ABM/03/00046/P/07), finansowanego
przez Agencje¢ Badan Medycznych. Ogotem przeba-
dano 1265 osob. Po wyltaczeniu osoéb ponizej 18 r. Z.
oraz tych, ktére w ciggu ostatnich miesiecy nie byty
aktywne seksualnie (stosunek waginalny, oralny, anal-
ny), analizowano dane dla nielosowej proby 767 osob.
W badaniu nie przeprowadzono formalnego oszaco-
wania liczebnos$ci proby ze wzgledu na jego pilotazowy
charakter oraz brak wczeéniejszych danych umozliwia-
jacych przeprowadzenie symulacyjnych analiz mocy
statystycznej. Ostateczna liczebnos$¢ proby (N = 767)
zostala ustalona zgodnie z konwencjami stosowany-
mi w pilotazowych badaniach nad konstrukcja skal,
i byla wystarczajaca do realizacji zaplanowanych ana-
liz glownych sktadowych (ang. principal component
analysis, PCA) oraz analiz konfirmacyjnych (ang. con-
firmatory factor analysis, CFA). Losowo wyodrebniona
podproba wykorzystana w analizie CFA byta porow-
nywalna pod wzgledem liczebnosci z probami raporto-
wanymi w literaturze przedmiotu (np. (23)), biorac pod
uwage prostote modelu (jeden czynnik, pig¢ pozycji).

Table 1. Sample characteristics and group comparison between PCA and CFA subsamples (all values presented as

percentages)

Tabela 1. Charakterystyka proby oraz porownanie grup pomiedzy probami PCA i CFA (wszystkie dane przedstawiono

W procentach)

. Total % | Sample 1 % | Sample 2 % ) Phi/
Variable Category (n=767) (n=383) (n=384) ¥ (df) p-value Cramer’s V
Women 67.3 67.6 66.9 .
Gender 0.042 (1) 0.837 Phi =-0.007
Men 327 324 33.1
18-25 yrs 51.5 51.4 51.6
26-35 yrs 32.9 31.6 34.1
Age 1.234 (3) 0.075 V =10.040
3645 yrs 11.3 12.3 10.4
46+ yrs 4.3 47 3.9
Rural 40.9 417 40.2
Small town 12.8 11.5 14.1
Place of living Medium city 16.0 18.0 14.1 3.714 (4) 0.446 VvV =0.070
Large city 14.2 13.0 154
Very large city 16.0 159 16.2
Primary/ 8.0 8.9 7.0
ducati vocational 0.973 (2 0.615 V =10.036
Education Secondary 54.1 542 54.0 913 Q) ' e
Higher 379 37.0 389
Working 76.5 75.5 71.5
Studying 19.8 20.6 19.1
Employment - 0.519 3) 0.915 V=0.026
Retired 1.0 1.0 1.0
Other 2.6 29 2.3
Yes 64.1 64.6 63.7
Relationship | No, within past 6.6 6.0 73 0.539 (2) 0764 | V=0027
status 12 months
No, >12 months 29.2 294 29.0

PCA: Principal component analysis; EFA: exploratory factor analysis; CFA: confirmatory factor analysis
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(including condoms and other contraceptive methods)

(15,17) and, in particular, CUR tactics (3,10-12,19-

22), a list of personal experiences related to condom

sabotage by sexual partners was compiled. Five of the

11 factors identified in the tools developed by Davis

et al.: Risk-Level Reassurance, Reduced Sensitivity,

Deception, Condom Sabotage, and Physical Force

(10,11,21) were selected. Original items were then

constructed based on these five factors; although

inspired by existing dimensions, the items were
independently formulated and adapted to the specific
research context.

The list of items was analysed, refined, and reduced
by the POLARES Project Team, which included expert
judges representing various fields relevant to assessing
item content: sexologists, physicians, psychologists,
educators, and public health specialists. Subsequently,
the comprehensibility of the items was evaluated
in two groups of pedagogy students to verify their
clarity and unambiguity for readers outside the expert
community. As a result, the final list of eight items was
established.

Respondents indicated the frequency of each
experience using the following response options:
‘never,” ‘once,” ‘several times,” or ‘a dozen or more
times,” with scores assigned from 0 (‘never’) to 3
(‘a dozen or more times’).

Statistical analysis. Descriptive analyses were
first conducted to characterise responses to the CSVS
questionnaire. Subsequently, PCA and CFA were
applied to the two independent subsamples described
above. The dimensionality of the scale was assessed
using the Kaiser-Meyer-Olkin (KMO) measure of
sampling adequacy and Bartlett’s Test of Sphericity.
CFA was performed using the maximum likelihood
method. Model fit was evaluated using y%, CMIN/DF,
the root mean square residual (RMR), comparative
fit index (CFI), normalised fit index (NFI), relative
fit index (RFI), incremental fit index (IFI), Tucker-
Lewis index (TLI), and root mean square error of
approximation (RMSEA). In cases of unsatisfactory
CFA results, items were sequentially removed based
on modification indices (MI), accounting for correlated
measurement errors.

The Polish version of the CSVS was considered
reliable and valid if the following criteria were met:

— Scale dimensionality was supported in PCA by
a Kaiser-Meyer-Olkin (KMO) measure >0.700 and
a significant Bartlett’s test (p < 0.05).

— Reliability coefficients exceeded 0.7 in the full
sample and in subsamples, meeting the threshold
for use in scientific research.

— Confirmatory factor analysis supported the
proposed factor structure, with model fit indices
meeting the following criteria: CMIN/DF < 3,
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Ankiete w formie online rozpowszechniono za po-
$rednictwem formularza Microsoft Forms, wykorzy-
stujac metode kuli $nieznej. Zespot rekruterdéw stano-
wito 50 studentow pedagogiki resocjalizacyjnej. Oso-
by te zostaly przeszkolone z zakresu procedury rekru-
tacyjnej oraz zasad etycznych realizacji badan. W ko-
lejnym kroku Zespot wysytat link do ankiety znanym
sobie, pelnoletnim osobom z prosba o wypetnienie
kwestionariusza oraz udostepnienie go kolejnym, pet-
noletnim osobom. Cztonkowie zespotu nie wypetniali
kwestionariuszy ankiet. W celu zapewnienia poczucia
bezpieczenstwa, ankieta byta caltkowicie anonimowa.
Nie zbierano adresow IP ani adresow e-mail.

W analizowanej probie 767 osob (Tabela 1), wigk-
szo$¢ stanowily kobiety (67,3%), osoby do 25 roku
zycia (51,3%) oraz osoby bedace w statym zwigzku
(64,1%). Na potrzeby dalszych analiz statystycznych
probe podzielono losowo na dwie rownoliczne czgsci.
Pierwsza podproba (n = 383) miata stuzy¢ do wstepnej
oceny struktury czynnikowej badanej skali metoda
PCA a druga (n = 384) do potwierdzenia jednoczyn-
nikowej struktury wybranego zestawu pytan metoda
CFA. Nie stwierdzono istotnych statystycznie réznic
migdzy podprobami pod wzgledem plci, wieku, miej-
sca zamieszkania, wyksztalcenia, statusu zatrudnienia
ani statusu zwigzku (wszystkie p > 0,05). Wskazniki
wielko$ci efektu (phi Yule’a oraz V Craméra) wyka-
zaty jedynie znikome roznice pomiedzy podprobami
we wszystkich analizowanych zmiennych socjodemo-
graficznych, co dodatkowo potwierdza réwnowazno$¢
obu grup (Tabela 1).

Narzedzia badawcze. Na podstawie przegladu li-
teratury odnoszacego si¢ do problematyki RC (17,24),
sabotazu antykoncepcji (prezerwatyw i innych $rod-
kéw antykoncepcyjnych) (15,17) a zwlaszcza taktyk
oporu przed uzywaniem prezerwatyw (CUR) (3,10-
12,19-22) opracowano list¢ osobistych do$wiadczen
zwigzanych z sabotowaniem uzywania prezerwatyw
przez partneréw seksualnych. Wazng inspiracj¢ stano-
wito 5 z 11 czynnikow (zapewnianie o niskim ryzyku
i kontrolowaniu sytuacji — Risk-Level Reassurance;
frustracja zmniejszeniem komfortu — Reduced Sen-
sitivity; podstep — Deception; sabotaz prezerwatyw —
Condom Sabotage, sita fizyczna lub grozba jej uzycia
— Physical Force) (10,11,21) wyodrgbnionych w narze-
dziach Zespotu K. Davis. Na podstawie wspomnia-
nych pigciu czynnikdéw skonstruowano autorskie ite-
my, ktore — cho¢ inspirowane istniejacymi wymiarami
— zostaty sformutowane niezaleznie, w sposob dosto-
sowany do specyfiki kontekstu badawczego.

Lista itemow zostala przeanalizowana, doprecy-
zowana i zredukowana przez Zespdét Projektu PO-
LARES, w sktad ktorego wchodzili kompetentni re-
prezentanci réznych dziedzin istotnych z punktu wi-
dzenia oceny tresci pozycji: seksuologii, medycyny,
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RMR < 0.08, CFI > 0.9, NFI > 0.9, RFI > 0.9,

IFI > 0.9, TLI > 0.9, and RMSEA < 0.08. These

thresholds were selected according to established

guidelines for model fit assessment (25).

Reliability in terms of internal consistency of
responses was assessed using Cronbach’s alpha in the
full sample and in both subsamples. In the final stage
of analysis, a summary index for the proposed scale
was calculated, and results were compared across
selected participant characteristics using the non-
parametric Mann-Whitney and Kruskal-Wallis tests.
The analysis flowchart, culminating in the proposed
shortened index, is presented in Figure 1. Analyses
were conducted using SPSS v.29 and AMOS v.29, with
p < 0.05 considered statistically significant.

psychologii, pedagogiki oraz zdrowia publicznego.
Nastepnie oceniono zrozumialos¢ pozycji w dwoch
grupach studentéw pedagogiki, w celu weryfikacji ich
jasnosci i jednoznacznos$ci dla odbiorcow spoza srodo-
wiska eksperckiego. W rezultacie ustalono ostateczng
liste o$miu pozycji.

Ankietowani odpowiadali zaznaczajac przy kaz-
dym itemie jedng z odpowiedzi: ,,nigdy”, ,,raz”, ,kil-
ka razy”, ,.kilkanascie i wigcej razy”. Poszczegolnym
kategoriom odpowiedzi przypisano punktacje, od 0
za odpowiedz ,,nigdy”, do 3 za ,kilkanascie i wigcej
razy’.

Analiza statystyczna. W pierwszym kroku ana-
liz statystycznych przeprowadzono analiz¢ opisowa
charakterystyki odpowiedzi w Skali Wiktymizacji

Enrollment of the preliminary
sample (N=1265)

———

Excluded (N=4398)
+  Lack of sexual activity in the
past 12 months

Preliminary analyses of items
distribution (N=767)

Randomisation (N=767)
*  Subsamples comparison

l

Allocation to the exploratory
phase (N=373)

Allocation to the validation
phase (N=374)

Principal component analysis (PCA)

1

| Confirmatory factor analysis (CFA)
. - AlSiterms
*  ltems reduction
5 itern as a final solution (2,4,6,7 8)
#  Items 1,35, excluded

kL

Further analyses (N=767)
*  Reliablity (Cronbach alpha)
. Distribution of 5-item index

«  Comparison of means in

subgroups

Figure 1. Analysis flowchart
Rycina 1. Schemat analiz
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RESULTS

Descriptive statistics. As shown in Table 2, mean
response values for individual items ranged from 1.05
to 1.19, with relatively low variability (SD = 0.34-0.62).
All items exhibited pronounced positive skewness
(3.25-7.32) and high kurtosis (9.76-54.86), indicating
a strong concentration of responses at the lower end
of the scale. Floor effects ranged from 89.4% to 97.5%,
whereas ceiling effects were minimal (0.9-2.2%).

Principal component analysis (PCA). PCA
of the initial eight-item CSVS-8, conducted on the
first subsample, supported a single-factor structure
(eigenvalue = 5.80), with the main factor explaining
72.45% of the total variance. Factor loadings were
high, ranging from 0.742 to 0.911. Sampling adequacy
was confirmed (KMO = 0.863), and Bartlett’s Test
of Sphericity was significant (y* = 3335.54; df = 28;
p <0.001).

Analysis of the shortened CSVS-5 also supported
a single-factor model (eigenvalue = 3.80; 76.05%
of variance explained), with loadings from 0.707 to
0.953. Sampling adequacy remained acceptable (KMO

Sabotazem Prezerwatyw (ang. Condom Sabotage
Victimization Scale, CSVS). Nastepnie na dwdch opi-
sanych wczesniej podprobach zastosowano metode
PCA i CFA. W przypadku wiecej niz dwoch czynni-
kéw zatozono w PCA uzycie rotacji promax. Wnio-
skowanie o wymiarowo$ci skali poparto kryterium
Kaiser-Meyer-Olkin (KMO) oraz testem sferycznosci
Bartletta. Analiza CFA opierala si¢ na szacowaniu
metoda najwickszej wiarygodnosci. Model oceniano
za pomoca nastgpujacych wskaznikow: x2, CMIN/DF,
sredni btad kwadratowy reszt (RMR), porownawczy
wskaznik dopasowania (CFI), wskaznik dopasowa-
nia znormalizowanego (NFI), wskaznik dopasowania
wzglednego (RFI), przyrostowy wskaznik dopasowa-
nia (IFT), wskaznik Tuckera-Lewisa (TLI) oraz $redni
btad kwadratowy aproksymacji (RMSEA). W przy-
padku niesatysfakcjonujacych wynikéw CFA kolejno
eliminowano sktadowe skali na podstawie indekséw
modyfikacji (MI), zaktadajac tez korelacj¢ bledoéw lo-
sowych.

Przyjeto zalozenie, ze polska wersja CSVS zosta-
nie uznana za rzetelng i trafna, jesli:
— Wnioskowanie o wymiarowosci skali poparte

Table 2. Descriptive statistics, floor and ceiling effects for individual items (N = 767)
Tabela 2. Statystyki opisowe oraz efekty podtogi i sufitu dla poszczegdlnych pozycji (N = 767)

Item M SD Skewness Kurtosis FloorEffect (%) Celhgil)iﬁ”ect
Item 1 1.14 0.537 3.990 15.723 91.8 1.8
Item 2 1.19 0.620 3.253 9.764 89.4 2.2
Item 3 1.10 0.488 4704 21.829 94.5 1.6
Item 4 1.05 0.367 7.014 50.265 97.1 1.2
Item 5 1.07 0.402 5.797 35.273 95.3 1.2
Item 6 1.05 0.344 7.319 54.862 97.5 0.9
Item 7 1.08 0.442 5.461 29.802 95.8 1.4
Item 8 1.06 0.365 6.724 47.136 96.6 1.0

M — mean, SD — standard deviation

Table 3. Principal component analysis (PCA) of the CSVS-8
and CSVS-5 (N=373)

Tabela 3. Analiza gtownych sktadowych (PCA) skali
CSVS-81 CSVS-5 (N =1373)

Variables Factor 1 — CSVS- | Factor 1 — CSVS-

8 5

Item 1 0.798 -

Item 2 0.742 0.707

Item 3 0.878 -

Item 4 0.911 0.943

Item 5 0.870 -

Item 6 0.906 0.953

Item 7 0.818 0.847

Item 8 0.874 0.886
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bedzie kryterium KMO (>0,700) i testem Bart-
lett’a (p<0.05) w analizie PCA.

— Uzyskane wspotczynniki rzetelnosci przekrocza
warto$¢ 0,7 w pelnej probie w probach czastko-
wych, co jest progiem kwalifikujacym narzedzie
do wykorzystania w badaniach naukowych.

— Woyniki analizy konfirmacyjnej potwierdzg zakta-
dang strukture czynnikowa narzedzia. Wskazniki
dopasowania modelu powinny by¢ nastgpujace:
CMIN/DF < 3, RMR < 0,08, CFI> 0,9, NFI > 0,9,
RFI > 0,9, IFI > 0,9, TLI > 0,9, CFI > 0,9 oraz
RMSEA < 0,08. Wskazniki te wybrano kierujac
si¢ wytycznymi dotyczacymi oceny dopasowania
modelu (25).



Maria Lukaszek, Alicja Kozakiewicz, Joanna Mazur, Agata Ormanin-Lewandowska, Zbigniew [zdebski

= 0.790), and Bartlett’s Test of Sphericity was again
significant (¥* = 2036.29; df = 10; p < 0.001) (Table 3).
Given its parsimony, strong loadings, and comparable
explanatory power, the five-item version was retained
for subsequent confirmatory analysis.

Confirmatory factor analysis (CFA).
Confirmatory factor analysis (CFA) conducted on the
second subsample (Table 4) showed that the single-
factor model of the CSVS-8 demonstrated poor fit to
the data. The unmodified CSVS-5 model also exhibited
inadequate fit, confirming the need for further model
refinement. During model refinement, a preliminary
CSVS-5 model with a single error correlation between
items 2 and 7 (data not shown) showed improved fit (>
=20.717, df = 4; y¥df = 5.179; CFI = 0.992; RMSEA
0.105), although the RMSEA remained above
recommended thresholds. An alternative CSVS-5
model including a correlation between items 7 and

e ITEM2
ITEM4
=
R
=1
ITEMG
° ITEM7
g
=1
e ITEMS

Figure 2. Single-factor model of the Condom Sabotage
Victimisation Scale (CSVS-5)

Rycina 2. Rycina 2. Jednoczynnikowy model skali Condom
Sabotage Victimization Scale (CSVS-5).

Analiz¢ rzetelno$ci odpowiedzi przeprowadzono
z wykorzystaniem wspotczynnika alfa Cronbacha ()
w probie ogélnej oraz w obu probach czastkowych.
W koncowej czesci analiz obliczono indeks sumarycz-
ny rekomendowanej skali oraz poréwnano testami
nieparametrycznymi Manna-Whintney;a i Kruskal
-Wallisa wyniki wg wybranych cech respondentow.
Schemat analiz wraz z wnioskiem odnos$nie sugerowa-
ne skroconego indeksu zawiera Rycina 1.

Analizy wykonano w programach SPSS v.29 oraz
AMOS v29, za istotne przyjeto wyniki p = <0,05.

WYNIKI

Statystyki opisowe. W tabeli 2 wskazano, ze sred-
nie wartosci odpowiedzi dla poszczegdlnych pozycji
wahaty sie od 1,05 do 1,19, przy stosunkowo niskim
zréznicowaniu odpowiedzi (SD = 0,34-0,62). Wszyst-
kie pozycje cechowaty si¢ silng sko$noscia dodat-
nig (3,25-7,32) oraz wysoka kurtoza (9,76-54,86), co
wskazuje na znaczne skupienie wynikow przy dol-
nym krancu skali. Efekt podtogi wahat si¢ od 89,4%
do 97,5%, natomiast efekt sufitu byt niski (0,9-2,2%)
(Tabela 2).

Metoda gléwnych skladowych (PCA). Analiza
PCA dla wersji o$miopozycyjnej CSVS-8 przepro-
wadzona na pierwszej probie czastkowej sugeruje
jednoczynnikowa strukture skali (warto$¢ wilasna
5,80), a glowny czynnik wyjasniat 72,45% catkowitej
wariancji. Wszystkie pozycje uzyskaly wysokie ta-
dunki czynnikowe (0,742-0,911). Wskaznik adekwat-
nosci proby KMO wyniost 0,863, a test sferycznosci
Bartletta byt istotny statystycznie (x> = 3335,54; df =
28; p < 0,001). W skroconej wersji CSVS-5 (wartos¢
wlasna 3,80; 76,05% wyja$nionej wariancji) rowniez
potwierdzono jednoczynnikowa strukture, a tadunki
czynnikowe wahaty si¢ od 0,707 do 0,953. Wartos¢
KMO wyniosta 0,790, natomiast wynik testu sferycz-
nos$ci Bartletta wyniost 2 =2036,29; df = 10; p < 0,001
(Tabela 3).

Table 4. Confirmatory factor analysis of the alternative CSVS scales (N = 384)
Tabela 4. Konfirmacyjna analiza czynnikowa alternatywnych wersji skali CSVS (N = 384)

Fit Index CSVS-8 Csvssoltt(i(z)rr)f)lonal CSVS-3 reSoSIZIieSnggg (;gillel?ion)
CMIN/DF 24.41/20 4.579/2 67.878/5 1.53/3
RMR 0.075 0.010 0.036 0.008
CFI 0.859 0.998 0.969 0.999
NFI 0.854 0.997 0.967 0.998
RFI 0.796 0.991 0.933 0.993
IFI 0.859 0.998 0.969 0.999
TLI 0.803 0.995 0.938 0.997
RMSEA 0.248 0.058 0.181 0.037
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8 (data not shown) also demonstrated inadequate
fit (y* = 61.462, df = 4; y¥df = 15.366; CFI = 0.972;
RMSEA = 0.194), which further justified additional
modifications leading to the final optimised CSVS-5
model. In contrast, the CSVS-5 including the above
two error correlations model demonstrated very good
fit indices, supporting the unifactorial structure of the
scale. This optimised model (Fig. 2) included five items
with statistically significant standardised regression
weights (p < 0.001), ranging from 0.598 (item 2) to
0.962 (item 8). In the final model, correlations between
residual errors were included, improving overall
model fit. The CSVS-4 model with item 7 omitted is
also psychometrically acceptable (x> = 4.579, df = 2;
y¥/df = 2.289; CFI = 0.998; RMSEA = 0.058).

The internal consistency of the five-item CSVS-5
was high in the total sample (Cronbach’s a = 0.900).

Konfirmacyjna analiza czynnikowa (CFA). Ana-
liza CFA przeprowadzona na drugiej podprobie (Tabela
4) wykazata, ze jednoczynnikowy model skali CSVS-
8 charakteryzowal si¢ niezadowalajacym dopasowa-
niem do danych. Rowniez niemodyfikowany model
CSVS-5 wykazywal niezadowalajace dopasowanie,
co potwierdzilo konieczno$¢ dalszego doprecyzowa-
nia modelu. W trakcie modyfikacji jednoczynnikowy
model CSVS-5 z pojedynczg korelacja bledow pomia-
ru pomigdzy pozycjami 2 i 7 (dane nieprezentowane)
wykazal poprawe dopasowania (}* = 20,717; df = 4;
y?/df = 5,179; CFI = 0,992; RMSEA = 0,105), jednak
warto§¢ RMSEA pozostawata powyzej zalecanych
progow. Alternatywny model CSVS-5 uwzgledniajacy
korelacje pomiedzy pozycjami 7 i 8 (dane nieprezento-
wane) rowniez charakteryzowat si¢ niezadowalajacym
dopasowaniem (y? = 61,462; df = 4; ¥*/df = 15,366;

Table 5. CSVS-5 scale layout™ — In the past 12 months, has any sexual partner, against your will, during sexual intercourse

(vaginal, oral, anal):

Tabela 5. Layout skali CSVS-5" — Czy w ciagu ostatnich 12 miesiecy zdarzylo si¢, ze ktorykolwiek partner/ka
seksualny/a wbrew Pani/a woli podczas stosunku seksualnego (waginalnego, oralnego, analnego):

Kilkanascie
. . . Kilka razy / lub wiecej
Pytanie / Question Nigdy / Never | Raz/Once Several times | razy / Dozen
or more times
0 1 2 3

1. Celowo nie zapewnit/a i nie miat/a przy sobie
prezerwatywy / Intentionally did not bring or provide
a condom

2*, Naktonil/a do rezygnacji z uzycia prezerwatywy
argumentujac to intensyfikacja doznan i satysfakcji
seksualnej / Persuaded not to use a condom (pleasure/
satisfaction argument)

3. Naktonil/a do stosunku bez prezerwatywy
argumentujac to brakiem chor6b przenoszonych droga
plciowa / Persuaded to have sex without a condom
(claimed no STIs)

4*, Naktonil/a do rezygnacji z uzycia prezerwatywy
argumentujac to poszanowaniem zasad religii /
Persuaded not to use a condom (religious argument)

5. Podstepnie wymusit/a zgode na rezygnacj¢ z uzycia
prezerwatywy / Covertly pressured to agree to no
condom

6*.Celowo uszkodzit/a prezerwatywe / Deliberately
damaged the condom

7*. Celowo zdjal/eta prezerwatywe w trakcie stosunku
/ Intentionally removed the condom during sex

8*. Zmusit/a sita do stosunku bez prezerwatywy /
Used physical force to have sex without a condom

* Pozycje wchodzace w sklad skroconej wersji / *Items included in the abridged version

** Skala CSVS-5 zostata opracowana w jezyku polskim. Ttumaczenie na jezyk angielski zamieszczono wylacznie w celu
zaprezentowania zakresu tematycznego pozycji i nie stanowi ono tlumaczenia zwalidowanego / **The CSVS-5 scale was
originally developed in Polish. The English wording is provided solely to illustrate the thematic scope of the items and does

not constitute a validated translation
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Subsample analyses confirmed similarly strong
reliability, with a = 0.888 in the EFA sample (n = 383)
and a = 0.908 in the CFA sample (n = 384).

Distribution of CSVS-5 scale scores. The total
CSVS-5 score was calculated by summing responses to
five items (questions 2, 4, 6, 7, and 8; see Table 5), with
a possible range of 0-15. In the sample, 11.5% scored
>1, indicating exposure to risky or non-consensual
sexual practices, and 8.4% scored >2. The distribution
was strongly right-skewed (skewness = 5.88). The
mean score was 0.45 (SD = 1.86), with women scoring
lower than men (0.38 + 1.79 vs. 0.61 = 1.99; p = 0.003).
Relationship status also influenced scores: participants
in a stable relationship averaged 0.35 + 1.56, those
recently out of a relationship 0.39 + 1.22, and those out
of a relationship for over a year 0.69 =+ 1.48 (p =0.005).
Gender differences varied by relationship status: men
scored higher in stable relationships, whereas women
scored higher if their last relationship ended over
a year prior.

DISCUSSION

Experiences of condom sabotage within the past 12
months represent a potential risk factor for sexually
transmitted infections, unintended pregnancies,
and adverse mental health outcomes, particularly
depressive symptoms.

Research on resistance to condom wuse and
strategies for sabotaging condoms has only recently
emerged. Most measurement tools were developed
during the second decade of the 21st century, initially
as components of RC scales (15,17,24), where items on
condom sabotage were supplementary. For example,
the original Reproductive Coercion Scale (17) included
nine items, six addressing RC and three addressing
CUR tactics, while the shortened version comprised
five items, with three related to RC and two to CUR
strategies. Similarly, a single-factor Reproductive
Coercion Scale (24) incorporated five components
combining elements of RC and CUR. Concurrently,
instruments ~ assessing  contraception  sabotage,
including condoms, integrated questions on resistance
to contraceptive use with items on RC (15,17).

Independent research on CUR tactics marked
a significant advance, focusing on unjustified,
manipulative, and violent behaviours towards sexual
partners. Early tools were developed primarily for men,
but over time were adapted for women, examining
both the use and experience of various CUR strategies
(3,10,11,18-22). Among the most comprehensive
instruments were those developed by Davis et al.:

— Condom Use Resistance Perpetration Survey (Men

Who Have Sex with Women): originally 32 items

CFI = 0,972; RMSEA = 0,194), co dodatkowo uza-
sadniato konieczno$¢ wprowadzenia kolejnych mody-
fikacji prowadzacych do ostatecznego, zoptymalizo-
wanego modelu CSVS-5. W przeciwienstwie do po-
wyzszych rozwigzan, model CSVS-5 uwzgledniajacy
obie wskazane korelacje btedow pomiaru wykazywat
bardzo dobre wskazniki dopasowania, potwierdzajac
jednoczynnikowa strukture skali. Zoptymalizowany
model (Ryc. 2) obejmowat pig¢ pozycji, dla ktorych
standaryzowane wagi regresyjne byly statystycznie
istotne (p < 0,001) i miescily si¢ w przedziale od 0,598
(pozycja 2) do 0,962 (pozycja 8). W modelu konco-
wym uwzgledniono korelacje pomigdzy resztami blg-
dow, co przyczynito si¢ do poprawy ogdlnego dopaso-
wania modelu. Model CSVS-4 z pomini¢ciem pozycji
7 réwniez charakteryzuje si¢ akceptowalnymi wila-
Sciwosciami psychometrycznymi (¥* = 4,579; df = 2;
y¥df =2,289; CFI = 0,998; RMSEA = 0,058).

Spojnos¢ wewnetrzna S-itemowej skali w ca-
fej probie wyniosta Cronbacha o = 0,900. Rowniez
w obu podprobach rzetelno$¢ byta wysoka, wynoszac
0= 0,888 dla proby EFA (n =383) i a =0,908 dla proby
CFA (n = 384).

Rozklad wynikéw skali CSVS-5. Wynik suma-
ryczny skali CSVS-5 oblicza si¢ poprzez zsumowanie
punktéw uzyskanych w pigciu pozycjach (pytania: 2,
4, 6, 7, 8) wg wzoru ankiety zamieszczonego w Ta-
beli 5. Indeks sumaryczny przyjmuje wartosci 0-15.
W badanej probie co najmniej 1 punkt uzyskato 11,5%
badanych, co jest interpretowane jako wskaznik nara-
zenia na ryzykowne i niekonsensualne praktyki sek-
sualne, w tym 2 lub wiecej punktow uzyskato 8,4%
badanych. Rozklad indeksu CSVS-5 charakteryzuje
si¢ silng skosno$cig prawostronng (5,88), co wynika ze
specyfiki badanego zagadnienia.

Srednia w calej probie wyniosta 0,45 (SD = 1,86),
w tym 0,38+1,79 dla kobiet i 0,61+1,99 dla mezczyzn
(p=0,003). Ponadto status zwigzku r6znicuje wartosci
indeksu CSVS-5 (sag w zwiazku: 0,35+1,56; nie sa, ale
byli w ostatnich 12 miesigcach: 0,39+1,22, nie sg, ale
byli dawniej: 0,69+1,48; p=0,005). Wnioskowanie na
temat r6znic zwigzanych z plcig zmienia si¢ w zalez-
nosci od statusu zwiazku. Tylko wsérdd osob bedacych
w stalym zwiazku wyzsze wartosci CSVS-5 osiggali
mezezyzni (p=0,005), podczas gdy w grupie nie be-
dacych w zwiazku zanotowano wyzsze wartosci u ko-
biet, szczegolnie bedacych w zwigzkach wczesniej niz
12 miesigcy temu.

DYSKUSJA
Doswiadczenia wiktymizacji sabotazem prezerwa-

tyw przez partnerow seksualnych w okresie 12 mie-
siecy moga by¢ istotnym czynnikiem ryzyka zakazen
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across 10 factors (26), later expanded to 35 items

in 11 factors (10,11,21);

— Condom Use Resistance Perpetration Survey —
Female Version: originally 35 items (11), later 39
items across 11 factors (22);

— Condom Use Resistance Victimisation Survey —
Female Version: 36 items in 11 factors assessing
CUR victimisation (11,22)

Some researchers have focused specifically on
measuring ‘stealthing,” for example using a seven-
point CUR scale assessing coercive behaviour such as
covert condom removal (3) or a single-item measure of
non-consensual condom removal (19,20). Currently, the
main tools for assessing CUR and CUR victimisation
are those developed by K. Davis et al. (26), comprising
32-39 items and widely used in other studies (12,13,27).
However, the length of these instruments and their
adaptation to different cultural contexts made them
unsuitable for use in the POLARES project.

The proposed Condom Sabotage Victimisation
Scale (CSVS-5) is a single-factor instrument
comprising five items, all with statistically significant
standardised regression weights ranging from 0.598
to 0.962. The highest loadings were observed for
items 8 (0.962) and 4 (0.960), reflecting their strong
contribution to the underlying construct.

The CSVS-5 specifically captures experiences
of non-consensual and coercive strategies by sexual
partners to sabotage condom use, reflecting the cultural
context and prevailing attitudes toward condoms
in Poland. Previous research has been conducted
predominantly in the US, Canada, Australia, New
Zealand, and the UK, limiting the direct transferability
of existing instruments across different cultural
settings.

The CSVS-5 focuses on experiences occurring
within the 12 months preceding the study, whereas
most existing instruments assess lifetime experiences,
experiences since adolescence (14-16 years) (26,28) or
a shorter three-month period (29).

Most existing instruments have emphasised the
measurement of techniques used to resist condom
use (26) rather than the experience of CUR (3,11).
In contrast, the CSVS-5 is designed specifically to
capture victimisation resulting from condom sabotage
by sexual partners.

Existing research tools have primarily targeted
young adults, men (up to 85% of studies), individuals
not in stable relationships, students, people who
misuse alcohol or other psychoactive substances,
those exhibiting aggressive behaviours, and sex
workers, according to meta-analyses (9,21). Broader
age ranges have rarely been included, with exceptions
such as comparative studies of women aged 18-69 in
the UK and Canada (27). In contrast, the CSVS-5 is
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STI, niechcianych cigz oraz probleméw zdrowia psy-

chicznego, zwlaszcza depresji.

Badania nad oporem przed prezerwatywami i stra-
tegiami sabotazu podczas ich stosowania zaczgly
pojawia¢ si¢ w problematyce badawczej niedawno.
Wiekszos$¢ narzgdzi pomiarowych powstato w drugiej
dekadzie XXI wieku — poczatkowo w ramach skal RC
(15,17,24), gdzie pytania o sabotaz uzywania prezer-
watyw stanowity dodatek. Przyktadowo, Reproduc-
tive Coercion Scale (Skala Przymusu Reprodukcyj-
nego) (17) w wersji pierwotnej zawierata 9 itemow:
6 dotyczylo RC, 3 manipulacyjnych technik CUR,
za$ w wersji skroconej 5 itemoéw: 3 dotyczylo RC, 2
technik CUR. Z kolei jednoczynnikowa skala Repro-
ductive Coercion Scale (24) miata 5 sktadowych z ele-
mentami RC oraz CUR. Réwnolegle opracowywano
narze¢dzia do pomiaru sabotazu antykoncepcji, w tym
prezerwatyw, przy czym faczono pytania o opor przed
antykoncepcja z tymi dotyczacymi przymusu repro-
dukcyjnego, np. (15,17) 5 itemow dotyczacych prezer-
watyw 1 innych $rodkow antykoncepcji faczono wraz
z 6 itemami dotyczacymi przymusu reprodukcyjnego
(15,17).

Przetlomowe staly si¢ samodzielne badania doty-
czace taktyk CUR. Skoncentrowano si¢ w nich na po-
dejmowaniu bezzasadnych, zwigzanych z manipulacjg
i przemocowych zachowan wobec partnera, z ktorym
pozostaje si¢ w relacji seksualnej. Pierwotnie narzg-
dzia opracowywano wytacznie dla mezczyzn, z cza-
sem takze 1 dla kobiet. Badano zaréwno stosowanie,
jak 1 doznawanie réznych strategii CUR (3,10,11,18-
22). Najbardziej szczegdétowe narz¢dzia opracowat
Zespot K. Davis:

— Condom Use Resistance Perpetration Survey
(CUR) — mezczyzni majacy seks z kobietami
— zawierajacy w pierwotnej wersji 32 zdania
w 10 czynnikach (26), koncowo 35 zdan w 11
czynnikach (10,11,21),

— Condom Use Resistance Perpetration Survey —
wersja dla kobiet — w pierwotnej wersji 35 zdan
(11), nastepnie 39 zdan w 11 czynnikach (22),

— Condom Use Resistance Victimization Survey —
wersja dla kobiet — 36 pozycji w 11 czynnikach
(11,22).

Niektorzy badacze koncentrowali si¢ wytacznie na
pomiarze “stealthingu”, np. poprzez 7-punktowa skale
CUR przemocowego, tzn. ukrytego zdejmowania pre-
zerwatyw (3) lub badania nieuzasadnionego usuwania
prezerwatywy — 1 zdaniowe narzgdzia (19,20).

Aktualnie, podstawowym narzgdziem pomiaru
CUR i wiktymizacji CUR sg narzedzia zespotu K. Da-
vis (26), zawierajace od 32-39 zdan, wykorzystane
w wielu innych badaniach, np. (12,13,27). Obszerno$¢
narzedzia i odmienne konteksty kulturowe uniemozli-
wity zastosowanie ich w projekcie POLARES.
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applicable to all adults who have been sexually active
in the previous year, regardless of socio-demographic
characteristics or type of intimate relationship.

When addressing the error covariances in the final
CSVS model, their theoretical justification remains
essential. Items 7 and 8 represent non-consensual,
violent forms of behaviour and often co-occur in
relationships characterized by sexual aggression.
This is particularly relevant given that stealthing is
described as a form of sexual violence situated on the
same behavioural spectrum as physical coercion (16).
In such cases, the observed error correlation results
from content overlap.

It is also worth noting that although Items 2 and 7
differ inthe level of coercion, Item 2 describes rhetorical
manipulation, whereas Item 7 refers to stealthing,
a form of violating sexual consent — both situations
fall within a broader spectrum of strategies aimed at
achieving sex without a condom, which is also reflected
in the unidimensional structure of the scale. Research
on condom coercion shows that individuals who use
more direct, non-consensual forms of influence often
simultaneously employ subtler manipulative tactics,
such as arguments related to sexual pleasure (30,31).

In relational practice, different forms of pressure
— from verbal manipulation to physical actions — may
co-occur because they stem from the same underlying
attitude: the desire to pursue one’s own sexual
preferences at the expense of a partner’s consent.
From this perspective, the observed error correlation
between items 2 and 7 reflects the convergence of
context and behavioural function, even though the
behaviours differ in the degree to which they violate
consent.

Furthermore, because Item 7 was involved in both
instances of high error covariances, a four-item model
was also examined. Although the CSVS-4 model
demonstrated good statistical fit, we do not consider
it a recommended solution, as excluding this item
would lead to a significant loss of substantive content
and contradict theoretical considerations central to the
construct assessed in the POLARES project. These
findings require further verification in larger and more
diverse samples to confirm the stability of the model
structure, which we plan to conduct in the next stages
of the project.

Limitations and directions for further research.
This pilot study has several limitations. Snowball
sampling limits generalisability, and the sample —
though relatively large — was dominated by young
adults with secondary or higher education, mostly
employed, in relationships, and living in smaller
towns. Additionally, the use of online self-report
questionnaires may introduce bias, including social
desirability effects, and participants may be reluctant

Proponowane przez nas narzgdzie CSVS-5 to jed-
noczynnikowa skala zawierajaca 5 pozycji o istotnych
statystycznie standaryzowanych wagach regres;ji.
Wartosci te wahajg si¢ od 0,598 do 0,962. Najwyzsze
fadunki czynnikowe odnotowano dla pozycji 8 (0,962)
oraz 4 (0,960).

Nasza skala koncentruje si¢ na do$wiadczaniu ze
strony partneréw seksualnych niekonsensualnych
i przemocowych strategii sabotazu stosowania prezer-
watyw, ktore odzwierciedlajg realia polskiej kultury
1 stereotypy dotyczace prezerwatyw. Dotychczasowe
badania byly bowiem prowadzone gtownie w USA,
Kanadzie, Australii, Nowej Zelandii i Wielkiej Bryta-
nii, co utrudniato adaptacje¢ kulturowa narzedzi.

Nasze narzedzie CSVS-5 odnosi si¢ do krotkiego,
12-miesi¢cznego okresu przed badaniem, za$§ dotych-
czasowe narzedzia uwzgledniaty zwykle doswiadcze-
nia catozyciowe lub od okresu dojrzewania (14-16 lat)
(26,28) albo okres 3-miesieczny (29).

Istniejace narz¢dzia koncentrowaty si¢ gtoéwnie na
pomiarze stosowanych technik oporu przed uzywa-
niem prezerwatyw (26) a nie na doswiadczaniu CUR
(3,11). Nasza skala koncentruje si¢ wytacznie na wik-
tymizacji sabotazem prezerwatyw przez partnerow
seksualnych.

Adresatami dotychczasowych narzedzi badaw-
czych byli glownie mtodzi dorosli, me¢zczyzni (nawet
do 85% badan), osoby, ktore nie funkcjonuja w sta-
tych zwiazkach, studenci, osoby naduzywajace alko-
holu lub innych substancji psychoaktywnych, osoby
przejawiajace inne zachowania agresywne, czy osoby
$wiadczace ustugi seksualne (na podstawie metaanaliz
(9,21). Szerszy zakres wiekowy proby uwzgledniano
rzadko, np. w badaniach porownawczych kobiet 18—
69 lat mieszkajacych w Wielkiej Brytanii i Kanadzie
(27). Nasze narzedzie CSVS-5 uwzglednia wszystkie
petnoletnie, aktywne seksualnie w ciggu ostatniego
roku osoby, bez wzgledu na cechy socjodemograficzne
i typ relacji intymnych.

Uwzgledniajac  kowariancje bledéw pomiaru
w koncowym modelu CSVS, kluczowe znaczenie ma
ich uzasadnienie teoretyczne. Pozycje 7 i 8 odnosza
si¢ do niekonsensualnych, przemocowych form zacho-
wan, ktore czgsto wspotwystepuja w relacjach charak-
teryzujacych si¢ przemoca seksualng. Ma to szczegol-
ne znaczenie w konteks$cie faktu, ze niekonsensualne
zdejmowanie prezerwatywy opisywane jest jako for-
ma przemocy seksualnej, sytuujgca si¢ na tym samym
kontinuum zachowan co przymus fizyczny (16). W ta-
kich przypadkach obserwowana korelacja btgdow po-
miaru wynika z naktadania sig¢ tresci pozycji (21,30).

Warto rowniez zauwazy¢, ze cho¢ pozycje 2 i 7
roéznig si¢ poziomem stosowanego przymusu, pozycja
2 opisuje manipulacj¢ retoryczna, natomiast pozycja
7 odnosi si¢ do ,,stealthingu”, bedacego forma naru-
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to disclose experiences of violence due to stigma (32).
Descriptive analyses also revealed a pronounced floor
effect, reflecting an accumulation of responses at the
lower end of the scale and limiting the tool’s ability
to discriminate in populations with low levels of non-
consensual behaviour. These findings highlight the
need for further validation of the CSVS-5 in more
diverse populations. Despite these limitations, the study
provides valuable insights into violent sexual behaviour
and demonstrates the feasibility of developing a brief
questionnaire with robust psychometric properties.

In the next phase of the POLARES project,
the CSVS-5 will be validated in a nationwide,
representative sample of adults, accompanied by an
extended set of psychometric analyses. This stage will
include a comprehensive assessment of measurement
invariance across key sociodemographic groups, as
well as additional sensitivity analyses recommended
for latent variable models. Prospective data will also
allow examination of how experiences captured by the
scale relate to STI incidence and other sexual health
outcomes, providing deeper insight into the health
consequences of condom sabotage within the Polish
socio-cultural context.

CONCLUSIONS

This study provides preliminary evidence that
the CSVS-5 reliably measures non-consensual and
coercive condom sabotage in the Polish context. The
findings indicate strong psychometric properties,
supporting the scale’s research utility. The pronounced
skewness of the score distribution suggests that
such experiences are relatively rare in the general
population, which limits interpretability. Nevertheless,
the CSVS-5 may be particularly valuable for studying
subpopulations at elevated risk of sexual violence.
Further research using representative and prospective
samples is warranted to fully validate the scale and
assess its applicability in vulnerable groups.
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szenia zgody seksualnej. Obie sytuacje mieszczg si¢
w szerszym spektrum strategii ukierunkowanych na
odbycie stosunku bez prezerwatywy, co znajduje od-
zwierciedlenie w jednowymiarowej strukturze skali.
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w projekcie POLARES. Uzyskane wyniki wymagaja
dalszej weryfikacji w wigkszych i1 bardziej zrozni-
cowanych prébach w celu potwierdzenia stabilnosci
struktury modelu, co planowane jest w kolejnych eta-
pach projektu.

Ograniczenia i kierunki dalszych badan. Ni-
niejsze badanie ma charakter pilotazowy i obarczo-
ne jest ograniczeniami. Zastosowanie metody kuli
$nieznej ogranicza mozliwo$¢ uogodlniania wynikow
na populacje. Mimo duzej liczebnos$ci proba cechu-
je si¢ ograniczong reprezentatywnoscia w zakresie
struktury spoleczno-demograficznej — w probie domi-
nowaty osoby mtode, z wyksztalceniem $rednim lub
wyzszym, aktywne zawodowo, pozostajace w zwigz-
kach oraz mieszkancy mniejszych miejscowosci. Po-
nadto, wykorzystanie internetowych kwestionariuszy
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ABSTRACT

BACKGROUND. Chemsex, involving intentional psychoactive substance use to enhance sexual experiences,
poses significant health risks to men who have sex with men (MSM). In India, limited research exists on chemsex
dynamics within MSM communities, particularly in stigmatized urban settings like New Delhi.
OBJECTIVE. This study explored socio-behavioural patterns, community dynamics, and health impacts
associated with chemsex among MSM in New Delhi, investigating motivations, practices, risk behaviours, and
support needs.

METHODS. An exploratory qualitative study was conducted from April 2022 to June 2023 following COREQ
guidelines. Twenty-one MSM participants aged >18 years who engaged in chemsex within six months were
recruited through snowball sampling. Data were collected via semi-structured telephone interviews (n=15) and
anonymous Google Forms (n=6). Thematic analysis identified patterns in experiences and health outcomes.
RESULTS. Chemsex initiation typically occurred in social settings and was episodic. Participants reported
using crystal methamphetamine, MDMA, heroin, and cocaine, often combined with alcohol as a social/
contextual precursor. High-risk practices included needle sharing and unprotected sex, increasing HIV and
hepatitis transmission risks. Violence including robbery and sexual assault was reported. Significant health
impacts included deteriorating physical health, increased anxiety, guilt, and regret. Privacy concerns and social
stigma led to concealment of behaviours. Strong peer pressure influenced engagement, while quit attempts were
frequently unsuccessful due to addiction complexities and inadequate support systems.

CONCLUSIONS. Chemsex among MSM in New Delhi involves complex psychosocial dynamics with severe
health consequences. Urgent implementation of harm reduction strategies, accessible mental health services,
and non-judgmental healthcare approaches is essential to address this vulnerable population’s needs.

Keywords: sexual behaviour, chemsex, mental health, substance use

INTRODUCTION

The World Drug Report 2024 states that in 2022, an
estimated 292 million people used illicit drugs, marking
a 20% increase over the past decade (1). Among them,
228 million were cannabis users, followed by 60
million opioid users, 30 million amphetamine users,
23.5 million cocaine users, and 20 million ecstasy
users worldwide. Additionally, 64 million people were

affected by drug use disorders, with most cases linked
to harmful patterns of cannabis and opioid use. Opioid
use, however, has more severe health consequences,
accounting for 71% of healthy years of life lost due to
drug use and 69% of global overdose deaths in 2019
(2). Injecting drug use further poses significant health
risks, particularly for the transmission of HIV and
hepatitis B & C.
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In India, data on substance abuse is alarming. The
National Survey on Extent, Pattern, and Trends of
Substance Use 2018 estimated that 47.7 million people
aged 10-75 years used illicit drugs, including 9.8
million aged 10-17 (3). Additionally, 854,296 people
are People Who Inject Drugs (PWIDs), with 86,909 in
New Delhi alone. These figures highlight the significant
risks posed by substance use, particularly for young
adolescents, affecting their growth and development (3).
The research notes that Indian PWIDs prefer injecting
opioids like heroin, buprenorphine, amphetamine, and
sedatives. 46% of PWIDs regularly inject heroin, with
some using prescription opioids like Tramadol. Most
PWIDs inject frequently, with 49% injecting daily and
18% injecting 4-6 times a week. High-risk behaviours
are common, with 27% sharing needles and 50%
reusing their own needles. This leads to severe health
issues — one-third report venous problems, and 28%
develop ulcers or abscesses. This data underscores the
urgent need for targeted interventions to address the
physical and mental health risks of drug use (3).

Chemsex is an emerging concern in the men who
have sex with men (MSM) community, involving
substance use to enhance sexual pleasure and prolong
encounters (4). Although a small percentage of MSM
engage in chemsex, it is linked to high-risk behaviours
(4). Common drugs used in chemsex in Southeast
Asia include crystal meth, gamma-hydroxybutyrate
(GHB), methylenedioxymethamphetamine (MDMA,
Ecstasy) ketamine, poppers, and cocaine, often mixed
with alcohol (5). Chemsex is driven by the desire for
pleasure, belonging, and coping with stress (6). The
MSM community faces higher risks of depression,
intimate partner violence, unprotected anal sex, and
increased vulnerability to HIV/STIs (6-8). MSM
generally show a higher prevalence of drug use
compared to heterosexual males (6).

Psychosocial theories that link drug use to sexual
risk often overlook the intentional use of drugs for
sexual purposes (9). Among MSM, unprotected anal
receptive intercourse (UARI) is the primary risk
factor for HIV transmission (10). Male sex workers,
especially in commercial settings, are particularly
vulnerable to clients’ demands for unprotected sex
or drug use, often leading to group sex under the
influence of drugs. Intimate partner violence (IPV) is
another major issue, with studies showing high rates
of psychological, physical, and sexual abuse in male-
to-male relationships (11). The combination of drug/
alcohol use and sexual intercourse among MSM in
India is increasingly acknowledged as an essential
public health problem, but the research which directly
investigates chemsex is still scarce (8,12,13). The
majority of the Indian studies have primarily dealt
with substance use patterns among MSM over the
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entire country, or in some specific regions such as
Chennai (14), Maharashtra (8) and Northeast India (15)
or with the partner-level associations between drug use
and condomless anal intercourse rather than chemsex
as an isolated phenomenon. An online pan-India
survey done by Sriperambudoori et al. (16) portrayed
chemsex trends across gender and sexual orientation,
which included where it happened, who the partners
were, why drugs were used, and what negative things
happened, for example, memory gaps, fear, or anxiety.

Though Marik et al. conducted a study that
highlighted knowledge gaps in sexualized substance
use among community health mobilizers in Delhi,
it did not look into the practices and experiences of
MSM who do chemsex (17). The Sriperambudoori
(16) survey, on the other hand, was quantitative, not
limited to MSM, and offered little insight into the
socio-behavioral processes, community dynamics,
and health-system interactions that impact chemsex
experiences in particular urban MSM communities.

This qualitative study aims to cover this gap by
conducting a detailed estimation of the life experiences
along with an in-depth exploration of the lived
experiences, motivations, risks, and the support needs
of MSM engaged in chemsex in New Delhi.

It provided a nuanced understanding of the social
pressures, stigma, and mental health challenges
associated with this practice within a specific cultural
context. The study also investigated the dynamics
between drug suppliers and users, and the interpersonal
interactions during chemsex, including the impact of
financial constraints. Building upon existing research
in India, this study aimed to delve deeper into these
issues to recommend better health interventions for
this population.

METHODOLOGY

Study Design. This study, was conducted to explore
the chemsex behavior and community dynamics of
MSM in New Delhi, and was reported following the
COREQ (18) guidelines, from April 2022 to June 2023.
The research first examined existing literature to find
out the gaps and then proceeded to semi-structured
interviews (n=15) and anonymous Google Forms
(n=6) for data collection on the subject of chemsex.
The same set of questions (Hindi/English) was used
in both modes. Both semi-structured interviews and
Google Forms responses were classified as ‘textual
data sources’ and treated to identical analysis with
initial mode-specific coding done to assess anonymity
effects (Forms produced higher violence disclosure).

Study Participants. Snowball sampling, starting
with community representatives, was carried out to
recruit the participants, leading to the identification
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of theoretical saturation after 18 data sources (15
interviews + 3 Forms), with the last 3 Forms verifying
the themes that had been already established (Guest
et al., 2006) (19). The continuing recruitment resulted
in a total of 21 participants when data saturation
was attained. The screening phone calls were done
ascertain eligibility. The choice of interview method
was telephone (n=15) for most participants whilst
others (n=6) were more comfortable expressing
themselves by giving detailed answers through Google
Forms. Tracking theme redundancy (Table 1) method
was used to evaluate saturation across both modes. The
recruitment process started off with two community
seeds who were connected to MSM networks in Delhi.
Peer referral was done of subsequent participants’
recruitment until saturation was reached. Delhi
was selected as the study site due it’s diverse MSM
ecology, the presence of a large number of dating-app
users and the fact that the ethical approval jurisdiction
was limited to the National Capital Territory.
Selection Criteria. Eligibility was assessed
through screening calls. Participants were admitted if
they were 18 years or older, self-identified as males,
and, in accordance with NACO’s MSM definition,
had sexual contact with another male within the last

six months. Participants had to confess to deliberate
usage of psychoactive drugs, i.e., meth, MDMA, coke,
or heroin to facilitate, enhance, or prolong the sexual
experience in the last six months, as per the Indian
cultural adaptations of chemsex (Sriperambudoori et
al., 2025) (16), which are usually alcohol use context.
Substance users had to disconnect their activity from
timeframes of use and had to be currently participating
in drug rehab programs or mentally incapacitated due
to acute mental health conditions and hence could not
give informed consent.

Conceptual Definition. The term chemsex
referring to the study was the deliberate application
of psychoactive drugs to support, amplify, or extend
sexual encounters, and was separated from the general
sexualized drug use (SDU). Cases of only-alcohol use
were deemed non-chemsex; however, when the sexual
enhancement was the main purpose and alcohol was
a contextual precursor along with meth, MDMA, coke,
or heroin, it was included. This delineation is typical
of the Indian drug scene where natural drugs might
serve the same function as chemsex (Sriperambudoori
et al., 2025) (16).

Data Collection. Data were collected using in-
depth interviews conducted either over phone calls

A grid of objectives was created with the broad theme of the research
!

Developed a semi-structured questionnaire in English

|
Translated questions into Hindi for ease

l

Began the data collection process

l

Selected Interview Method

!
Phone Call Method

1
Used semi-structured
questions in English
i)
Informed participants of their
rights and confidentiality
l

Conducted in-depth interviews
over the phone

Recorded ixl-ntcrvicws
with consent and
took notes for
triangulation

Figure 1. Flowchart illustrating data collection process

|
Google Forms Method
l

Used semi-structured
questions in English
1
Informed participants of their
rights and confidentiality

1
Distributed Google Forms to

participants

Considered
consent if the
participant filled
out the form
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Table 1. Themes, codes and categories extracted from the data collected

Themes Categories Statements (Codes) Example
A . e
.g.e &. Age range 19-32 years; median 25 years Distribution: 19-22 (n=5), 23-26 (n=8), 27-32 (n=8) Data
Demography | Participation . .
sources: telephone interviews (n=15), Google Forms (n=6).
Mode
“I think it’s been 3 to 4 years.”
Duration “The first time was probably 2019.”
“I started when I was 20.”
. “Tried it at a party, and it’s been a part of my life since.”
Introduction — — - - - -
“Initially when I started doing it I feel it was a little violent for me but later I guess that’s how it
to Chemsex
happens.”
Awareness of | “No, they are not aware. They wouldn’t understand, so I keep it to myself.”
Family “Obviously not, and I would like to keep it that way. They wouldn’t be able to handle it.”
Chemsex Support “No, they are unaware, and I prefer it that way. I handle everything on my own.”
Experience System “In terms of me being gay, yes, but not for this. I’'m on my own when it comes to chemsex.”
“It’s not something I do regularly. Maybe once every few months.”
Frequency - -
“Not really, I do it occasionally, maybe once every few months.”
Partner “I have a fixed/permanent partner that I am doing it with currently.”
Dynamics “I don’t have only one person; I engage in group fun.”
Substance “I have a regular dealer who I trust. Been buying from him for years.”
Access “Initially, through a friend, but now I have a regular dealer who I trust.”
Number of | “I’ve had chemsex with 45 different partners. I try to keep it within a close circle.”
Partners “I’ve had chemsex with 34 different partners. I keep it within a trusted group.”
“No, not at all, we have been friends before it, so there was no issue per se.”
Experiencing | “There are instances of that. I was once robbed and beaten up.”
Violence and Violence “I was once given more drugs than my limit, after injecting when we were about to start
Safety penetration.”
Safety “No, haven’t faced any violence or harassment during chemsex.”
Measures “No, I’ve been fortunate to never face violence or harassment during or after chemsex.”
Health “Yes, I’ve noticed that I'm more anxious, and my health isn’t as good as it used to be.”
Mental and Concerns “Yes, I’ve become more anxious, and my physical health has suffered.”
Physical “Sometimes, yes. Especially the day after, I start questioning my choices, but it fades after
I Regret and a
mpact " a while.
ui
g “Yes, there’s guilt, mostly about the risks and what it could lead to.”
“The biggest challenge is the social aspect. Most of my friends do it, and it’s hard to say no when
Social everyone else is doing it.”
Social Pressure “The hardest part is the social pressure. It’s tough to say no when all your friends are doing it
Dynamics too.”
Trust and « . . . »
Respect No, not at all, we have been friends before it, so there was no issue per se.

Motivation for
Chemsex

Reasons for
Participation

“It’s mostly for the enhanced experience and the feeling of being free from all worries. It makes
everything more intense.”

“The thrill and the escape from reality. It’s like everything is more enjoyable.”

Impact on Self
perception

“Society sees it as something dangerous and taboo, which makes me feel a bit guilty about doing
it.”

Attempts to

Efforts to Stop

“Yes, I’ve tried to stop a few times, but it’s difficult. I’ve taken breaks, though.”

“Yes, I’ve tried to stop, and I’ve taken breaks, but it’s not easy to quit completely.”

Quit Concerns
About “I think I’d feel better physically and mentally, but I’d miss the high and the social aspect of it.”
Stopping
“I think a support group or counseling would be helpful. Having someone to talk to who
Support and Need for understands would make a big difference.”
help Support “Counseling or a support group where I can talk to others going through the same thing would be

really helpful.”
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or through answers collected through Google Forms
to maintain anonymity, based on participant’s
availability and comfort. The interview questions
were semi-structured which focused on the three
major areas: community dynamics, interaction with
the environment, and practices of drug use. It was
developed in English, and translated into Hindi for
ease of understanding. Google Forms were also used
as an alternative tool, as participants were hesitant to
participate in real-time discussions due to concerns
about being outed. Participants were informed of their
rights, and confidentiality was maintained throughout
the study. Interviews were recorded with participants’
consent, and notes were taken by the investigator to
triangulate findings and ensure consistency in data
collection. Figure 1 illustrates the structured process
of data collection, outlining the steps involved in
selecting interview methods and ensuring participant
confidentiality.

Semi-Structured  Tool  Development. The
interview tool was made up of 28 questions that were
spread over five domains: (1) initiation and contexts
of chemsex, (2) substances and sexual practices, (3)
safety, violence, and coercion, (4) mental health and
help-seeking, and (5) quitting attempts and service
needs. Out of the total, 22 questions were open-ended
whereas 6 were close-ended demographic items. The
development of the tool was based on a combination
of literature review and consultations with two MSM
community advisors; its pilot testing was done with
three participants and then the tool was further refined
for language and sensitivity.

The lead interviewer is a public health researcher
who is engaged with the community and who previously
worked with LGBTQIA+ groups in Delhi. The design
of the questionnaire was fortified by suggestions from
MSM peer educators to lessen the outsider’s bias and
the use of stigmatizing language. Additionally, field
notes were kept to help the researchers reflect on their
positionality, assumptions, and the dynamics of power.

Data Analysis and Interpretation. The interviews
were transcribed verbatim, anonymized, and translated
into English. The analysis was conducted based on
Braun and Clarke’s six-step reflexive thematic analysis,
which emphasizes inductive coding and development
of themes through iterations. The data analysis was
conducted following the COREQ checklist, ensuring
transparency and completeness in reporting interview-
based qualitative studies. The steps included:

a) Familiarization with the data;

b) Coding for significant patterns or insights;

¢) Identifying themes that captured key aspects of the
participants’ experiences;

d) Reviewing themes for consistency with the raw
data;

e) Defining themes to align with the research
questions and literature;

f) Final interpretation of the themes in light of
existing research;

g) The themes identified were corroborated through
peer debriefing and cross-checked with the
literature for validation.

Thetranscripts fromtheinterviewsandtheresponses
from the Google Forms were each coded separately at
first to discover the patterns that are specific to each
mode. The forms gave narratives that were shorter but
at the same time, there was more revelation of violence
and coercion. After the first coding, the datasets were
combined for the development of themes; no unique
themes emerged just from one mode, which supported
the integrated analysis. Saturation was evaluated
across the two modes by using redundancy tracking.

Ethical Considerations. Given the sensitive
nature of the study and the marginalization of the
population, strict ethical protocols were followed, with
approval granted by the Jindal School of Public Health
and Human Development’s IRB. Participants were
informed about the study’s objectives, their rights, and
confidentiality measures. Anonymity was maintained
through participant codes (e.g., IDI 1), and verbal
informed consent was obtained.

The ethical approval was received from the
Institutional Review Board at the Jindal School of
Public Health and Human Development. For the
Google Forms, the first page had a digital participant
information sheet; moving to the questionnaire
required clicking “I consent to participate,” which was
taken to mean implied informed consent according to
the ICMR 2017 (20) guidelines. The data were kept on
drives that were protected by passwords and could be
accessed by the research team only.

RESULTS

The study provides an in-depth exploratory
perspective into the chemsex behaviours of MSM
(n=21) in New Delhi. The study participants lived in
New Delhi, where some had migrated from states of
Uttar Pradesh (n=5), Haryana (n=4) and Uttarakhand
(n=2) for work and the rest were born and brought up in
New Delhi. They worked in different professional roles
across diverse sectors of creativity, corporates, and
service-oriented professions. While living situations
could be practically any, some participants live with
parents or closely related family members, while others
live independently. Of these, a smaller proportion said
they shared with roommates or friends. The study
highlights various aspects such as initiation patterns,
privacy concerns, chemsex partners and access to
drug safety issues, health impacts, social influences,
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motivations, practices of drug use, interactions with
the environment, and challenges (Table 1). During
the data collection process, two methods were
implemented: telephone interviews and Google forms.
Telephone interviews consisted of in-depth semi-
structured interviews, as a result collecting responses
very detailed and meaningful. Participants consented
to participate in the study but stated they were
uncomfortable in giving their responses on phone due
to recording. Google form served such participants
giving them a more private and anonymous way to
participate in the study and record those responses.
The same semi-structured questions were in English
yet translated into Hindi to improve accessibility and
inclusiveness. Data saturation was reached, ensuring
that no new themes or insights were emerging by the
conclusion of data collection.

Initiation and Frequency of Chemsex. The
initiation of chemsex typically occurs in social settings,
such as parties, where participants are first introduced
to substances. These environments play a key role in
the beginning of chemsex behaviours, often becoming
part of the participants’ social lives. However, chemsex
is not a frequent activity for most participants; rather,
it is an episodic occurrence, happening sporadically,
sometimes once every few months.

Privacy and Secrecy. Privacy and secrecy are
central to the chemsex experiences of participants.
Many choose to keep their activities hidden from
family and broader social circles due to fear of
judgment and a lack of understanding. This secrecy
often leads participants to handle chemsex-related
issues independently, without seeking external
support. The desire to avoid stigma further reinforces
this pattern of self-reliance, as individuals aim to
protect their personal privacy.

Chemsex Partners and Access to Drugs.
Participants engaged in chemsex with a range of
partners, from regular partners to casual acquaintances
and, at times, in group settings. The accessing drugs
varied, with participants obtaining substances from
partners, party hosts, or purchasing them directly.
These diverse sources reflect the fluid nature of
drug access in chemsex environments, where social
networks often facilitate substance acquisition.

Safety and Violence. Experiences of safety and
violence during chemsex varied significantly. While
some participants reported no encounters with
violence, others experienced distressing situations,
such as robbery, physical and sexual assault. Some
participants also reported of physical and sexual
abuse from the dealers when they failed to pay due
to financial constraints. This variation underscores
the risks associated with chemsex, which include not
only health risks but also personal safety concerns.
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Despite these dangers, many participants adapted
their behaviours over time, becoming more cautious in
response to the risks encountered.

Health Impacts. Health impacts emerged as
a significant concern for participants, with many
reporting a decline in physical health and an increase
in anxiety. The psychological burden was also notable,
as participants expressed feelings of guilt and regret
following chemsex sessions. This combination of
physical and mental health challenges underscores the
urgent need for comprehensive health interventions
that address both aspects.

Social Dynamics and Pressure. Social dynamics,
particularly peer pressure, played a pivotal role in
shaping chemsex behaviours. Participants described the
difficulty of resisting chemsex when it was normalized
within their social circles. However, some were able to
maintain trust and respect within their relationships,
indicating that social pressures, while significant, did
not entirely dictate their behaviours. This highlights
the complexity of the social environment in which
chemsex occurs.

Motivations for Chemsex. The motivations
for engaging in chemsex were multifaceted. Many
participants sought enhanced sexual experiences and
a temporary escape from the stresses of daily life.
The pursuit of pleasure and relief from stress were
recurring themes, though participants also reflected
on the societal stigma associated with chemsex, which
contributed to feelings of guilt. The deeper, more
complex motivations for engaging in chemsex reflect
the broader need for understanding and nuanced
support.

Practices for Drug Use. The initiation of drug
use within chemsex was influenced by curiosity,
partner influence, or, in some cases, coercion. Drug
consumption methods varied, with some participants
using injectable and others snorting substances.
Needle sharing was reported by a few participants,
typically with their partners. The drugs used in
chemsex included MDMA, crystal meth, heroin, and
cocaine, sometimes combined into drug cocktails
with substances like Viagra and alcohol. Different
substances were reported by the users for the purpose
of intentional sexual enhancement, heroin being one
of them, ‘Heroin helps me relax completely so I can
go for hours’ (IDI-5). The frequency of use ranged
from weekly to occasional weekend use, and some
participants reported experiencing overdoses, which
were often managed with the help of friends or home
remedies. Knowledge of the risks associated with
drug use varied, with some participants aware of the
dangers while others were less informed.

Interaction with the Environment. Participants’
interactions with their environment during chemsex
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were diverse. While some had no recollection of
altercations, others reported verbal or physical
confrontations. Experiences of sexual abuse ranged
from forced sex and extreme sexual activities to an
absence of such incidents. The ability to recall these
events also varied, with some participants having
partial memory while others could fully recall their
experiences. Legal troubles were generally minimal,
as most participants reported engaging in chemsex in
perceived safe environments.

Challenges in Quitting and Need for Support.
The challenges of quitting chemsex were evident,
with many participants having attempted to stop or
reduce their involvement but finding it difficult. This
struggle highlights the complexities of addiction
and the significant role of social and psychological
factors. The analysis also revealed a strong demand
for supportive interventions, such as counselling or
support groups, to help participants manage their
behaviours and address the underlying issues driving
their involvement in chemsex.

DISCUSSION

This qualitative study offers a nuanced
understanding of the socio-behavioural patterns,
community dynamics, and health impacts of chemsex
among men who have sex with men (MSM) in New
Delhi. While chemsex is increasingly reported across
global urban centers, this study contributes uniquely
by contextualizing the phenomenon in India, where
stigma, family structures, and social taboos intersect
with substance use and sexuality. The findings
highlight not only the individual-level risks but also
broader community vulnerabilities, echoing the
syndemic framework that links HIV, substance use,
and mental health disparities among MSM populations
worldwide.

Comparison with Global Literature.
Internationally, chemsex has been extensively studied
in European and North American contexts. Studies
from the UK indicate that up to 20-30% of MSM in
London have engaged in chemsex in the past year,
with methamphetamine, mephedrone, and GHB being
the most common drugs used (21). The motivations
reported, enhanced sexual pleasure, disinhibition, and
coping with stress, closely mirror the themes identified
in this study. Similarly, Australian research underscores
that chemsex is often episodic, concentrated around
weekends or social gatherings, and closely linked to
high-risk sexual practices (22).

In Southeast Asia, evidence suggests growing
chemsex prevalence among MSM, with -crystal
methamphetamine, ketamine, and MDMA widely
reported (23). The parallels with the present study,

particularly regarding episodic use, social initiation,
and peer influence, underscore that while the drugs
vary regionally, the psychosocial dynamics of
chemsex appear consistent across diverse settings.
However, Indian MSM face unique challenges due to
conservative socio-cultural environments and limited
access to non-judgmental sexual health services (24).
In contrast to European chemsex mainly concerned
with GHB/mephedrone, Delhi’s MSM pattern has
a mix of heroin taken with methamphetamine and
cocaine, which is in line with a recent AIIMS survey
(Sriperambudoori et al., 2025) (16). This reflects
the Indian drug working model to some extent,
although the drugs are still playing the same roles of
improvement (long-lasting, disinhibition). Published
literature on chemsex in India is limited and varies
in methodology. Sriperambudoori et al. (16) have
reported that one third of sexually active adults in
India participated in chemsex and the commonly
used drugs (methamphetamine, MDMA, poppers,
and cocaine) associated with different places (homes,
hotels, clubs), partner types, and different motivations
such as pleasure and experimentation, and a variety of
negative experiences including memory gaps, anxiety,
and functional impairment. The findings of our study
among MSM in New Delhi are largely consistent
with these patterns but go further by bringing to the
light the secrecy surrounding family and healthcare
providers, peer pressure, economic dependence on
dealers, experiences of robbery and sexual assault, and
repeated but often unsuccessful attempts to quit, all
of which are deeply rooted in the local socio-cultural
context and contribute to the coupling of mental health
and HIV-related vulnerabilities.

The Indian evidence is still in the early stages. The
online survey of AIIMS provided a documentation of
the national patterns and harms (Sriperambudoori et
al., 2025) (16). A recent commentary from a clinician
in Delhi brought attention to daily use among
urban MSM and forthcoming psychiatric illnesses
(Joseph et al.) (25). The Alliance India policy brief
(2022) indicated that 33% of MSM/TGW substance
users were at a high risk of HIV infection along with
poor access to integrated services (26). Our study, in
contrast to these reports, presents for the first time
extensive qualitative descriptions of coercive practices
by dealers, financial exploitation, and quitting paths in
the MSM networks of Delhi.

Health Risks and Syndemic Perspectives.
The findings reinforce existing literature linking
chemsex with elevated risks of HIV and other
sexually transmitted infections (STIs). Condomless
anal intercourse, needle sharing, and poly-substance
use were reported, reflecting a high-risk cluster of
behaviours. Global systematic reviews confirm that
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chemsex participants are more likely to acquire HIV
and hepatitis C compared to non-participants (27). In
India, where HIV prevalence among MSM is nearly
double the national average, chemsex may act as
a critical driver of transmission (28).

Beyond infectious diseases, participants described
deteriorating physical health, anxiety, guilt, and
social withdrawal. These outcomes align with
evidence linking chemsex to depression, suicidality,
and dependency syndromes (29). The concept of
“syndemics” is particularly useful here: chemsex does
not occur in isolation but intersects with HIV risk,
mental health burdens, and structural stigma, creating
a compounded vulnerability (30).

Some participants talked of their sexual behaviors
during the use of stimulants losing control and, hence,
equated it to compulsive sexual behavior (CSB).
The international studies consider the link between
methamphetamine use, hypersexuality, and loss
of inhibitory control; meanwhile, the CSB was not
formally evaluated; however, the words “not being
able to stop despite harm” do indicate an overlap and
thus the need for clinical screening in future studies
(Sniadach et al., 2025; Kuiper et al., 2017; 2020) (31-
33).

Stigma, Privacy, and Secrecy. A striking theme
was secrecy and reluctance to disclose chemsex
behaviours to family or healthcare providers. This
reflects India’s socio-cultural climate, where same-sex
relationships, though decriminalized, remain highly
stigmatized. Similar patterns are observed in China
and other Asian contexts, where MSM often avoid
healthcare for fear of exposure (34). Such concealment
contributes to delayed HIV testing, underreporting of
drug use, and poor engagement with harm reduction
services.

Violence, Safety, and Exploitation. Participants’
accounts of robbery, coercion, and sexual assault
during chemsex underscore the precariousness of
these settings. Global reports also document cases
of overdose, non-consensual sex, and criminal
victimization during chemsex parties (35). The
intersection of drug dependence and sexual exploitation
reveals vulnerabilities not only to infectious diseases
but also to interpersonal violence, often compounded
by lack of legal recourse or fear of criminalization.

Motivations and Coping Mechanisms. The
motivations for chemsex identified in this study such as
seeking pleasure, relieving stress, and feeling a sense of
belonging, align with broader literature on sexualized
drug use (36). Importantly, participants acknowledged
guilt and regret post-chemsex, suggesting ambivalence
and internal conflict. This duality is consistent with the
minority stress model, which posits that marginalized
populations may resort to maladaptive coping
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mechanisms, including substance use, in response to
stigma and discrimination (37).

Barriers to Quitting and Support Needs. Despite
recognizing risks, many participants struggled to quit
or reduce chemsex engagement. This reflects findings
from European studies, where MSM often report
cycles of attempted abstinence and relapse (38). A lack
of accessible, culturally competent support services
emerged as a major gap. Counselling, peer-led groups,
and harm reduction services tailored to MSM could
address this unmet need (39).

Implications for Policy and Interventions.
This study highlights urgent public health priorities.
First, harm reduction services for MSM in India
must explicitly address chemsex, integrating safe
sex education, substance use counselling, and mental
health support. Second, community-led initiatives,
similar to those piloted in Southeast Asia, can provide
safe spaces for MSM to access resources without stigma
(40). Third, healthcare providers require training to
adopt non-judgmental approaches, as judgmental
attitudes currently deter MSM from disclosure and
care-seeking.

Strengths and Limitations. A major strength of
this study is its qualitative design, which captures lived
experiences often overlooked in quantitative surveys.
The use of anonymous Google Forms increased
participation by reducing fear of stigma. However,
limitations include the small sample size and focus on
urban MSM in New Delhi, which may not represent
rural contexts or other Indian states. Future research
should incorporate mixed-method approaches, larger
samples, and longitudinal follow-up to capture
trajectories of chemsex engagement and cessation.

Future Research Direction: Implications of
the STEPS framework. By following the COREQ
guidelines, the study ensures transparency and rigor
in reporting the methodology and results, while
thematic analysis offers a structured way to interpret
the lived experiences of MSM involved in chemsex.
The findings emphasize the need for nuanced
interventions addressing the physical, mental, and
social dimensions of chemsex behaviours. Chemsex is
driven by the desire for both heightened pleasure and
stress relief, with significant roles played by social and
peer influences. The combined information from the
online survey conducted by Sriperambudoori et al., as
well as the results of this research, suggests that MSM
and other people who use chemsex in India will benefit
from using an integrated, and contextualised, approach
to harm-reduction related activities, including mental
health and anti-stigma initiatives.

The STEPS framework was inductively developed
based on thematic findings regarding violence,
stigma, mental health impacts, and service barriers.
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The Support component corresponds to participants’
repeated problems in quitting and lack of counseling
services. Targeted awareness mirrors the extensive
secrecy and misunderstandings surrounding chemsex.
Engagement in holistic health covers the mental and
physical harms mentioned by the participants. The
Policy for harm reduction component comes from
the narrations of unsafe places and violence, while
Sustainable MSM research denotes the limited India-
based evidence that was brought up throughout
the study. Instead of a prescriptive model, STEPS
is presented as an interpretive guide based on the
participants’ lived experiences.

STEPS breakdown:

S — future studies will evaluate the efficacy of
varied peer-support and counselling programs for
MSM reducing/ceasing chemsex use, including both
digital and community-based modalities.

T — research is needed concerning stigma, secrecy
and misinformation affecting risk perception and help-
seeking behaviours regarding chemsex in urban India.

E — longitudinal studies need to be done regarding
the trajectories of mental and physical health
consequences of chemsex usage (e.g., anxiety, sexually
compulsive behaviours and substance dependency).

P — implementation studies need to examine the
potential for adapting existing HIV and substance
abuse services to promote safer chemsex behaviours in
settings characterised by violence and criminalisation.

S — data from further multi-site qualitative and
mixed methods studies is needed to explore the
different chemsex behaviours occurring and to develop
culturally appropriate intervention strategies.

The STEPS framework, therefore, serves not as
a standalone intervention model but as an analytically
grounded structure for organizing future research
priorities emerging from the present study’s findings.

CONCLUSION

Health impacts were notable, with many participants
reporting deteriorating physical health and increased
anxiety. These findings align with previous research
linking chemsex to negative health outcomes. Feelings
of guilt and regret further emphasize the psychological
burden of chemsex. This underlines the urgent need for
health interventions and support systems addressing
both physical and mental health issues. Social
dynamics and peer pressure play a significant role in
shaping chemsex behaviour. Participants experienced
substantial social pressure to engage in chemsex,
reflecting broader patterns of social influence and
normalization within their communities. The difficulty
in resisting this pressure highlights the importance
of social support and education in reducing chemsex

behaviours. Participants were motivated to engage in
chemsex mainly to enhance sexual experiences and
escape from everyday stress. This is consistent with
existing literature on substance use in sexual contexts.
The negative societal views on chemsex, combined
with the desire for heightened pleasure and escape,
reveal the complex motivations behind chemsex
behaviour. The challenges of quitting chemsex were
clear, with participants struggling to stop or reduce
their involvement despite recognizing the difficulties
and desiring change. This points to the complexity
of addiction and the need for effective support
mechanisms. The expressed need for counselling and
support groups highlights a gap in available resources
and underscores the importance of accessible and
empathetic support for those seeking to address their
chemsex behaviours.
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ABSTRACT

Joseph Goldberger (1874-1929) was a physician and epidemiologist conducting research in the United States
in the first half of the 20th century. His greatest achievements include proving that the cause of pellagra are
nutritional deficiencies. Pellagra is a serious disorder manifesting through diverse skin lesions and damage to
internal organs — without proper treatment leading to death. The results of Joseph Goldberger’s research enabled
effective treatment of this disease and contained its epidemic in the United States. The aim of the work is to
present the most crucial aspects of the life and activities of Joseph Goldberger.

Keywords: Joseph Goldberger, biography, pellagra
STRESZCZENIE

Joseph Goldberger (1874-1929) byl lekarzem oraz epidemiologiem prowadzacym badania w Stanach
Zjednoczonych w pierwszej polowie XX wieku. Do jego najwiekszych osiagnig¢ zalicza si¢ wykazanie, ze
przyczyna rozwoju pelagry sa niedobory pokarmowe. Pelagra to cigzkie schorzenie objawiajace si¢ réznymi
zmianami skornymi oraz uszkodzeniem narzadow wewngetrznych — bez prawidlowego leczenia konczace si¢
zgonem. Wyniki badan Josepha Goldbergera umozliwity skuteczng terapig tej choroby i opanowanie jej epidemii
w Stanach Zjednoczonych. Celem pracy jest przedstawienie najistotniejszych aspektow zycia i dziatalno$ci
Josepha Goldbergera.

Stowa kluczowe: Joseph Goldberger, biografia, pelagra

INTRODUCTION

Joseph Goldberger (1874-1929), an American
physician of Jewish descent, is called a “hero,”
a “crusader,” and a ‘“champion” of epidemiology
by medical historians. He introduced a new model
of epidemiological investigation, the principles of
which remain relevant today — based on rigorous

WPROWADZENIE

Joseph Goldberger (1874-1929), amerykanski le-
karz zydowskiego pochodzenia, bywa okreslany przez
historykéw medycyny mianem ,,bohatera”, ,,krzyzow-
ca” 1,,mistrza” epidemiologii. Wprowadzit nowy mo-
del dochodzenia epidemiologicznego, ktorego zasady
pozostaja aktualne do dzi$ — oparty na rygorystycznej

This article is available in the Open Access model and licensed under Creative Commons Attribution-Non-Commercial 4.0. (CC BY-NC)
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field observation and hypothesis-driven testing, using
comparative population studies alongside natural and
interventional experiments. He devoted fifteen years
of his life to researching and combating pellagra.
This disease, first described in 18th-century Spain
(Table 1) (1), presents with cutaneous, neurological
and gastrointestinal symptoms and, if left untreated,
quickly leads to death (Table 2) (2,3). Niacin (also
known as vitamin B,) and L-tryptophan deficiency
contribute to its development.

Since the early 20th century, the problem of pellagra
has been growing in the United States, affecting over 3
million Americans and leading to 100,000 deaths (4).
The spreading epidemic, with an increasing number of
deaths, escalating public fear, and mounting economic
losses forced Congress to delegate a specialized team
to identify the etiological factor of the disease (5).
Joseph Goldberger was assigned the task of leading
this team.

A thorough epidemiological investigation and
careful observation of patients led Goldberger to the
conclusion (controversial for contemporary experts)
that the symptoms were caused by a deficiency of
an unknown nutrient, which he called the “pellagra-
preventing factor” (PPF) (6). Unfortunately, the
researcher himself never learned what PPF was —

Table 1. Historical context (1)
Tabela 1. Kontekst historyczny (1)

obserwacji terenowej oraz testowaniu hipotez, z wy-
korzystaniem poroéwnawczych badan populacyjnych,
a takze eksperymentow naturalnych i interwencyj-
nych. Pi¢tnascie lat zycia poswiecit badaniom nad pe-
lagra i walce z nig. Choroba ta, po raz pierwszy opisa-
na w XVIIl-wiecznej Hiszpanii (Tabela 1) (1), mani-
festuje si¢ objawami skornymi, neurologicznymi i zo-
tadkowo-jelitowymi, a nieleczona szybko prowadzi do
zgonu (Tabela 2) (2,3). Do jej rozwoju przyczynia si¢
niedobodr niacyny (znanej réwniez jako witamina B,)
oraz L-tryptofanu.

Od poczatku XX wieku problem pelagry narastat
w Stanach Zjednoczonych — dotknal ponad 3 milio-
ny Amerykandéw i doprowadzit do 100 000 zgondéw
(4). Rozprzestrzeniajaca si¢ epidemia, rosngca liczba
zgonow, eskalujgcy strach spoteczny oraz narastajace
straty ekonomiczne zmusily Kongres do delegowa-
nia wyspecjalizowanego zespotu w celu identyfikacji
czynnika etiologicznego choroby (5). Na czele tego ze-
spotu stanat Joseph Goldberger.

Wnhnikliwe dochodzenie epidemiologiczne oraz
uwazna obserwacja pacjentow doprowadzity Goldber-
gera do wniosku (kontrowersyjnego dla 6wczesnych
ekspertdw), ze objawy sg skutkiem niedoboru niezna-
nego sktadnika odzywczego, ktory nazwatl ,,czynni-
kiem zapobiegajacym pelagrze” (pellagra-preventing

Pellagra in Europe

poor peasants living in the region of Asturias in Spain,

Romania, Russia, Spain),

suffered from pellagra there.

- 1735 — first description of pellagra by Spanish physician Dr. Gaspar Casal; the cases he described occurred among
- 18th-20th centuries — pellagra epidemics among the poor in Europe (Austria, France, Italy, Hungary, Moldova,

- 1771-1920 — Italy; one of the most affected regions of this country was Lombardy, where in 1862 alone, 39,000 cases
of the disease were recorded among a population of 2.5 million; it is estimated that at one point, 100,000 people

Pellagra in the United States

cornmeal, and molasses (so-called 3M),

patients.

- 1906 — first case of pellagra described in the United States,

- between 1906 and 1940, approximately 3 million cases and 100,000 deaths were recorded in 8 southern states,

- based on observations made between 1907 and 1911, the mortality rate reached 39.1% (!),

- the disease primarily affected poor residents, whose diet consisted primarily of meat (very fatty pork, often bacon),

- previously healthy young housewives were most often affected; the disease also posed a significant problem in
orphanages and prisons; people suffering from pellagra constituted a significant percentage of psychiatric hospital

Pathophysiology research on pellagra

- 1914-1929 — Goldberger’s research (see text),

- 1937 — Elvehjem discovers that niacin is a substance that prevents pellagra,

- 1945 — Krehl, Tepley, and Elvehjem discover that rats synthesize niacin from L-tryptophan, and the presence of this
amino acid in the diet minimizes the negative effects of low niacin intake.

Pellagra today

Malawi, Mozambique, Nepal, South Africa).

- 20th-21st centuries — pellagra epidemics in some African and Asian countries (Angola, China, Egypt, India, Lesotho,

161



Profile of Joseph Goldberger (1874-1929)

Sylwetka Josepha Goldbergera (1874-1929)

Table 2. Characteristic symptoms of pellagra (2,3)
Tabela 2. Charakterystyczne objawy pelagry (2,3)

Skin changes (dermatitis)

vaginal mucosa; they often take the form of erosions.

- fissures may form, and wound healing is impaired,

impetiginized erosions may develop,

palpation.

- skin lesions appear in areas exposed to sunlight: the dorsal surface of the hands (95% — glove sign), face (butterfly
sign), and neck (Casal’s collar); less frequently, they appear around bony prominences, the perineum, scrotum, and

- the lesions evolve: initially erythematous macules progress to a hyperpigmentation phase (mahogany or cinnamon in
color) with epidermal lichenification and excessive desquamation.

- the lesions are described as resembling shellac, goosebumps, or parchment,
- in some cases, exudative lesions (wet pellagra) appear, resulting in the formation of vesicles and bullae; secondarily,

- the presenting symptom may be itching, progressing to a burning pain in the affected areas, which intensifies upon

Gastroenterological symptoms (diarrhea)

- gastritis with achlorhydria,

- loss of appetite, nausea and vomiting, diarrhea, abdominal pain,

- atrophic glossitis, inflammation of the oral mucosa, gingivitis, and vermilion border of the lips; buccal mucosa
susceptible to damage and secondary superinfections; ulcerations on the mucosal surfaces.

Neurological symptoms (dementia)

- anxiety, depression,
- tremor, parkinsonism, ataxia, spastic paralysis,

- central pontine myelinolysis (sudden death).

- fatigue, headaches, sleep-wake rhythm disturbances, nervousness, decreased concentration,

- sensorimotor neuropathy, retinitis and optic neuritis, photophobia,
- schizophrenia, dementia - memory loss, delirium, hallucinations,

Goldberger’s experiments were interrupted by his
death in 1929. It was not until Conrad Arnold Elvehjem
(1901-1962) proved in 1937 that PPF was identical to
niacin, confirming Goldberger’s hypothesis.

The aim of this work is to present the most important
aspects of the life and work of Joseph Goldberger, an
eminent physician, thanks to whom millions were
saved from pellagra.

CHILDHOOD AND YOUTH

Joseph Goldberger was born on July 16, 1874,
near the town of Giralt in Austria-Hungary (now
Giraltovce in Slovakia). His parents, Samuel (1836-
1914) and Sara Goldberger (1844-1917), were German-
speaking Orthodox Jews engaged in shepherding.
Historical accounts emphasize that they highly valued
their children’s education. In 1883, having lost their
own farms, the family moved to New York City and
settled in the Lower East Side of Manhattan, where the
Goldbergers ran a grocery store (7).

After graduating from high school in 1891, Joseph
Goldberger enrolled at the City College of New York
with the intention of obtaining an engineering degree.
In 1892, a friend invited him to attend a lecture by
the eminent physiologist Austin Flint, Jr. (1836-1915).
Inspired by the subject of health and disease, young
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factor, PPF) (6). Niestety, sam badacz nigdy nie dowie-
dziat si¢, czym byt PPF — jego eksperymenty przerwa-
fa $mier¢ w 1929 roku. Dopiero w 1937 roku Conrad
Arnold Elvehjem (1901-1962) wykazat, ze PPF jest toz-
samy z niacyna, potwierdzajac hipoteze Goldbergera.

Celem niniejszej pracy jest przedstawienie najwaz-
niejszych aspektéow zycia i dorobku Josepha Goldber-
gera — wybitnego lekarza, dzigki ktoremu miliony lu-
dzi zostaty ocalone przed pelagra.

DZIECINSTWO I MEODOSC

Joseph Goldberger urodzit si¢ 16 lipca 1874 roku
w poblizu miejscowosci Giralt w Austro-Wegrzech
(obecnie Giraltovee na Stowacji). Jego rodzice, Sa-
muel (1836-1914) i Sara Goldberger (1844-1917), byli
niemieckojezycznymi ortodoksyjnymi Zydami, utrzy-
mujacymi si¢ z pasterstwa. Zrédla historyczne pod-
kreslaja, ze przywiazywali ogromng wage do eduka-
cji swoich dzieci. W 1883 roku, po utracie wtasnych
gospodarstw, rodzina przeniosta si¢ do Nowego Jorku
i osiadta na Lower East Side na Manhattanie, gdzie
Goldbergowie prowadzili sklep spozywczy (7).

Po ukonczeniu szkoty sredniej w 1891 roku, Joseph
Goldberger rozpoczat nauke w Kolegium Miejskim
w Nowym Jorku, planujac zdobycie dyplomu inzy-
niera. W 1892 roku znajomy zaprosit go na wyktad
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Goldberger abandoned his previous academic pursuits
and began studying medicine at Bellevue Hospital
Medical College (now New York University School of
Medicine) (8). He earned his Medical Doctor degree in
1895, graduating second in his class (he passed his final
exams with the highest score). For the next 18 months,
he perfected his clinical skills during a postgraduate
internship at Bellevue Hospital Medical College.

After completing his residency, he briefly ran
a private medical practice in Manhattan and later
worked in a clinic in Wilkes-Barre, Pennsylvania, for
two years. His desire to travel prompted him to leave
his current position. In 1899, Joseph Goldberger joined
the United States Public Health Service (PHS, then
the United States Marine Hospital Service), taking the
position of Assistant Surgeon (7). He began his work
at the PHS, supervising the quarantine of emigrants
arriving at Ellis Island.

On April 19, 1906, in New Orleans, he married
Mary Humphreys Farrar (1881-1959). His marriage
to the daughter of a prosperous Episcopalian lawyer
sparked numerous objections from both spouses’
families. Joseph and Mary Goldberger had four
children.

EARLY ACHIEVEMENTS IN EPIDEMIOLOGY

From 1902 to 1906, Joseph Goldberger conducted
research for the PHS in many regions of the United
States. In Mexico, he studied the mechanism of yellow
fever transmission by mosquitoes and assisted Milton
Rosenau (1869-1946; director of the PHS Hygiene
Laboratory) in malaria research. During this time, he
contracted typhus. He also worked in Texas (where he
contracted dengue fever), Puerto Rico, and Louisiana
(where, in New Orleans, he contracted yellow fever)
(8). He studied epidemic outbreaks of diphtheria,
typhoid fever, dengue fever, measles, yellow fever, and
typhus — during this time, he collaborated with, among
others, Howard Ricketts (1871-1910; discoverer of the
Gram-negative bacterium Rickettsia prowazekii).
Together with John Fleetezelle Anderson (1873-1958),
he demonstrated that Brill’s disease (now Brill-Zinsser
disease) was a variant of typhus, and that the disease
was transmitted by body lice (9). Both researchers
also worked to elucidate the mechanism of measles
transmission — by infecting monkeys using a fine-
mesh filter, they demonstrated that infection could
occur through the air. They also found that the virus
was present in nasal and buccal mucosal secretions.

In Philadelphia, in 1909, Joseph Goldberger
impressively and quickly explained the cause
of a sudden increase in residents suffering from
a dermatosis resembling Schamberg’s disease (10).
Schamberg’s disease had been described just eight

wybitnego fizjologa Austina Flinta Jr. (1836-1915).
Zafascynowany tematyka zdrowia i choroby mtody
Goldberger porzucit wczesniejsze plany i rozpoczat
studia medyczne w Kolegium Medycznym Szpitala
w Bellevue (obecnie Szkota Medyczna Uniwersytetu
Nowojorskiego) (8). Tytut doktora medycyny uzyskat
w 1895 roku, konczac studia jako drugi w roczniku
(egzamin koncowy zdat z najwyzszym wynikiem).
Przez kolejne 18 miesigcy doskonalit umiej¢tnosci
kliniczne, odbywajac podyplomowy staz w Kolegium
Medycznym Szpitala w Bellevue.

Po zakonczeniu rezydentury krétko prowadzit pry-
watng praktyke lekarska na Manhattanie, a nastepnie
przez dwa lata pracowal w klinice w Wilkes-Barre
w Pensylwanii. Pragnienie podrézowania sktonito go
do porzucenia dotychczasowego stanowiska. W 1899
roku Joseph Goldberger dotaczyt do Stuzby Zdrowia
Publicznego Stanéw Zjednoczonych (PHS, wowczas
Stuzba Szpitali Morskich Stanow Zjednoczonych),
obejmujagc stanowisko asystenta chirurga (7). Prace
w PHS rozpoczat od nadzorowania kwarantanny emi-
grantéw przybywajacych na Ellis Island.

19 kwietnia 1906 roku w Nowym Orleanie poslu-
bit Mary Humphreys Farrar (1881-1959). Matzenstwo
z corkg zamoznego prawnika wyznania episkopalne-
go wywotato liczne sprzeciwy rodzin po obu stronach.
Joseph i Mary Goldberger doczekali si¢ czworga dzie-
ci.

WCZESNE OSIAGNIECIA W EPIDEMIOLOGII

W latach 1902-1906 Joseph Goldberger prowadzit
badania dla PHS w wielu regionach Stanoéw Zjedno-
czonych. W Meksyku analizowatl mechanizm przeno-
szenia zo6ttej febry przez komary oraz wspierat Milto-
na Rosenaua (1869-1946; dyrektora Laboratorium Hi-
gieny PHS) w badaniach nad malarig. W tym okresie
zachorowat na dur plamisty. Pracowat takze w Teksa-
sie (gdzie zarazit si¢ denga), w Portoryko oraz w Lu-
izjanie (W Nowym Orleanie przeszedl zo6ttg febrg)
(8). Zayjmowal si¢ ogniskami epidemii btonicy, duru
brzusznego, dengi, odry, zottej febry i duru plamiste-
go — wspolpracowal przy tym m.in. z Howardem Ric-
kettsem (1871-1910; odkrywcg Gram-ujemnej bakterii
Rickettsia prowazekii). Wraz z Johnem Fleetezelle’em
Andersonem (1873-1958) wykazat, ze choroba Brilla
(obecnie choroba Brilla-Zinssera) jest wariantem duru
plamistego, oraz ze przenosza ja wszy odziezowe (9).
Obaj badacze probowali tez wyjasni¢c mechanizm
transmisji odry — zakazajac malpy przy uzyciu filtra
o drobnych oczkach, dowiedli, ze zakazenie moze sze-
rzy¢ si¢ droga powietrzng. Stwierdzili réwniez obec-
no$¢ wirusa w wydzielinie z nosa oraz w wydzielinie
z blony $luzowej jamy ustne;.
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years earlier by Philadelphia physician Frank Jay
Schamberg (1870-1934). This chronic yet benign
condition is the most common of the pigmented
purpuric dermatoses, with an unknown etiology. The
dermatosis manifests as intense itching and reddish-
brown spots (resembling cayenne pepper seeds)
located symmetrically on the lower legs (most often),
buttocks, and upper limbs (11). Within 48 hours,
Goldberger determined that the dermatosis observed
in Philadelphia was not contagious. Analyzing the
distribution of the outbreak, he found that the largest
number of cases were among workers at the city’s port.
Using a magnifying glass, he identified Pediculoides
ventricosus mites (usually found in grain) nesting
in the workers’ straw mattresses. After cleaning the
mattresses of arachnids, the dermatitis plaguing the
residents of Philadelphia disappeared.

Since the beginning of the 20th century, a significant
problem in the United States was the growing number
of pellagra patients (numbered in the hundreds of
thousands), of whom up to 40% died within a brief
period of time (4). The observations of the Thompson-
McFadden Commission in South Carolina, established
to investigate pellagra, seemed to prove that pellagra
was an infectious disease (without any significant
connection to diet!). The disease was said to occur in
areas with poor municipal infrastructure, spreading
among the inhabitants of a single household and to
their neighbors. The Commission’s report did not
mention the extreme poverty of most of the patients (5).
Suggestions by other researchers, such as Kazimierz
Funk (1884-1967) and Henry Russell (1856-1943),
that the disease resulted from nutritional deficiencies
(similar to beriberi) were rejected. In 1914, Joseph
Goldberger coordinated efforts to combat a diphtheria
epidemic in Detroit when the Surgeon General of the
PHS, at the behest of the United States Congress,
assigned him a new task — an epidemiological
investigation to identify the microorganism responsible
for the development of pellagra.

PELLAGRA RESEARCH

Joseph Goldberger began his research on pellagra
in Mississippi, where the incidence and mortality
associated with it were exceptionally high. In 1914,
11,000 cases were recorded, including 1,000 deaths (4).

The researcher devoted his first three weeks in the
South to carefully observing patients and analyzing
disease trends based on location and social status.
This was enough to convince Goldberger that pellagra
was not a contagious disecase. He summarized his
observations in four points: 1) residents of rural
areas were primarily affected; 2) there was a strong
association between the disease and poverty; 3) patients
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W 1909 roku w Filadelfii Joseph Goldberger w im-
ponujaco krotkim czasie wyjasnit przyczyne naglego
wzrostu liczby mieszkancow cierpigcych na dermato-
z¢ przypominajgca chorobg Schamberga (10). Choroba
Schamberga zostata opisana zaledwie osiem lat wcze-
$niej przez filadelfijskiego lekarza Franka Jaya Scham-
berga (1870-1934). To przewlekte, lecz tagodne scho-
rzenie jest najczgstsza postacig barwnikowych der-
matoz plamicowych, o nieznanej etiologii. Klinicznie
manifestuje si¢ intensywnym $wigdem oraz czerwo-
nobrunatnymi plamami (przypominajgcymi ziarenka
pieprzu kajenskiego), umiejscowionymi symetrycznie
na podudziach (najczesciej), posladkach i konczynach
gornych (11). W ciagu 48 godzin Goldberger ustalit, ze
obserwowana w Filadelfii dermatoza nie jest zakaz-
na. Analizujac rozmieszczenie zachorowan, zauwa-
zyt, ze najwiecej przypadkow dotyczyto pracownikow
miejskiego portu. Postugujac sie lupa, zidentyfikowat
roztocza Pediculoides ventricosus (zwykle bytujace
w ziarnie), gniezdzace si¢ w stomianych materacach
robotnikéw. Po usunigciu pajgczakow z materacy za-
palenie skory ngkajgce mieszkancoéw Filadelfii ustapi-
fo.

Od poczatku XX wieku powaznym problemem
w Stanach Zjednoczonych byta rosnaca liczba chorych
na pelagre (liczona w setkach tysiecy), z ktorych na-
wet 40% umierato w krotkim czasie (4). Obserwacje
Komisji Thompsona-McFaddena w Karolinie Potu-
dniowej, powotanej do zbadania pelagry, zdawaty si¢
dowodzi¢, ze jest to choroba zakazna (bez istotnego
zwigzku z dieta!). Uwazano, ze wystgpuje w rejonach
o stabej infrastrukturze komunalnej, szerzy si¢ w ob-
rebie jednego gospodarstwa domowego, a nastepnie na
sasiadow. Raport Komisji nie wspominat o skrajnym
ubdstwie wiekszosci pacjentow (5). Sugestie innych
badaczy — takich jak Kazimierz Funk (1884-1967)
i Henry Russell (1856-1943) — ze schorzenie wynika
z niedoboréw zywieniowych (podobnie jak beri-beri)
zostaty odrzucone. W 1914 roku Joseph Goldberger
koordynowat dzialania zwalczajace epidemi¢ btonicy
w Detroit, gdy Naczelny Lekarz PHS, na polecenie
Kongresu Stanow Zjednoczonych, powierzyt mu nowe
zadanie — dochodzenie epidemiologiczne majace zi-
dentyfikowa¢ drobnoustréj odpowiedzialny za rozwdj

pelagry.
BADANIA NAD PELAGRA

Joseph Goldberger rozpoczat badania nad pelagra
w stanie Missisipi, gdzie zapadalno$¢ i $§miertelnosc¢
z jej powodu byly wyjatkowo wysokie. W 1914 roku
odnotowano tam 11 000 przypadkow, w tym 1 000
zgondw (4).

Pierwsze trzy tygodnie spgdzone na Potudniu ba-
dacz poswiecit skrupulatnej obserwacji chorych oraz
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typically consumed a typical Southern diet known as
the 3M diet (meat, maize, molasses, although due to
widespread poverty the latter two were predominant);
4) doctors, caregivers, and visitors who saw patients
in orphanages or hospices did not fall ill (11). After
some time, Goldberger also observed that the disease
most often develops in late spring and summer (after
the winter reserves were exhausted and before the next
harvest).

In Jackson, Joseph Goldberger conducted detailed
studies in two orphanages run by the Methodists
(MJ) and Baptists (BJ) (13). In orphanages, the illness
primarily affected children between 6 and 12 years of
age. Interestingly, those hospitalized for other reasons
did not suffer from pellagra, which was due to their
more varied diet. No cases were reported among the
staff caring for the children. Goldberger concluded that
no known model of infectious disease transmission
satisfactorily explained these observations. However,
he quickly observed that children suffering from
pellagra almost never consumed meat or other high-
protein foods.

From early summer to mid-September 1914, 79
children in the Methodist orphanage and 130 in the
Baptist orphanage developed pellagra. In October 1914,
Goldberger began his first interventional studies at the
Methodist orphanage, having secured additional food
subsidies from Washington. The children’s new diet
was supplemented with milk, buttermilk, eggs, beans,
and peas, and their corn product portions were reduced.
This last step, taken to reduce the carbohydrate load,
was met with criticism, as it prevented the exclusion
of corn as a causative agent of pellagra. Shortly after
implementing the new diet, symptoms subsided in most
of the subjects (13). By October 22, 1915, Goldberger’s
team had found no recurrence of symptoms in any of
the 67 children in MJ and 1 recurrence among the 105
children in BJ (and no new cases of pellagra in the
groups of 99 and 69 children, respectively).

Goldberger conducted a similar study among
women with mental disorders (due to pellagra) at
Georgia State Asylum, the largest such facility in the
southern United States. Supplementation with fortified
rations began in October 1914 in groups of 40 Black
women and 40 White women. By the end of follow-
up on October 1, 1915, 72 women from both groups
were healthy (the condition of the remaining eight
had already improved so significantly that they were
released from the Asylum).

When Goldberger concluded his observation,
food subsidies from Washington were discontinued,
resulting in a rapid relapse of the disease in 40% of
those observed in all facilities.

With the approval of the State Board of Health and
thanks to the collaboration of Mississippi Governor

analizie trendow zachorowan w zalezno$ci od miejsca
zamieszkania i statusu spotecznego. To wystarczyto,
by przekona¢ Goldbergera, ze pelagra nie jest choro-
ba zakazng. Swoje obserwacje ujat w cztery punkty:
1) choroba dotyczyta przede wszystkim mieszkancoéw
terenow wiejskich; 2) istnial silny zwigzek miedzy
pelagra a ubdstwem; 3) pacjenci zwykle spozywa-
li typowa diete potudniowg okreslang jako dieta 3M
(meat, maize, molasses — migso, kukurydza, melasa;
cho¢ z uwagi na powszechng bied¢ dominowaty dwa
ostatnie sktadniki); 4) lekarze, opiekunowie i odwie-
dzajacy, ktorzy mieli kontakt z chorymi w sierocin-
cach lub przytutkach, nie zapadali na te chorobe (11).
Po pewnym czasie Goldberger zauwazyt rowniez, ze
pelagra najczgSciej rozwija si¢ pdzng wiosng i latem
(po wyczerpaniu zimowych zapaséw i przed kolejny-
mi zbiorami).

W Jackson Joseph Goldberger przeprowadzit
szczegdtowe badania w dwodch sierocincach prowa-
dzonych przez metodystow (MJ) i baptystow (BJ)
(13). W sierocincach choroba dotyczyta glownie dzieci
w wieku 6-12 lat. Co ciekawe, dzieci hospitalizowane
z innych przyczyn nie chorowaly na pelagre, co wyni-
kato z bardziej urozmaiconej diety. Nie odnotowano
takze przypadkéw wsrdd personelu opiekujacego si¢
dzie¢mi. Goldberger uznat, ze zaden znany model sze-
rzenia si¢ chorob zakaznych nie ttumaczy tych obser-
wacji w satysfakcjonujacy sposob. Szybko zauwazyt
natomiast, ze dzieci chorujace na pelagre niemal nigdy
nie spozywaly miesa ani innych produktéow wysoko-
biatkowych.

Od poczatku lata do potowy wrzesnia 1914 roku
pelagra rozwingta si¢ u 79 dzieci w sierocincu metody-
stow oraz u 130 dzieci w sierocincu baptystow. W paz-
dzierniku 1914 roku Goldberger rozpoczat pierwsze
badania interwencyjne w MJ, po uzyskaniu dodatko-
wych dotacji zywno$ciowych z Waszyngtonu. Dietg
dzieci wzbogacono o mleko, maslanke, jaja, fasole
i groch, a jednocze$nie ograniczono porcje produk-
tow kukurydzianych. Ten ostatni krok, podjety w celu
zmniejszenia tadunku weglowodanowego, spotkat si¢
z krytyka, poniewaz uniemozliwial wykluczenie ku-
kurydzy jako czynnika sprawczego pelagry. Krotko
po wdrozeniu nowej diety objawy ustapity u wigk-
szos$ci badanych (13). Do 22 pazdziernika 1915 roku
zespot Goldbergera nie stwierdzil nawrotu objawdw
u zadnego z 67 dzieci w MJ oraz odnotowat jeden na-
wrot wsrod 105 dzieci w BJ (a takze nie zanotowano
nowych przypadkow pelagry w grupach odpowiednio
99 1 69 dzieci).

Goldberger przeprowadzit podobne badanie wsrod
kobiet z zaburzeniami psychicznymi (spowodowany-
mi pelagra) w Georgia State Asylum, najwickszej tego
typu placowce na potudniu Standéw Zjednoczonych.
Suplementacj¢ wzbogaconych racji zywnosciowych
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Earl Brewer (1869-1942), Goldberger was allowed to
conduct the next phase of the study, assisted by George
Wheeler (1885-1981). The Rankin Farm Experiment,
begun in 1915, was intended to demonstrate that a diet
composed of selected foods could induce pellagra (14).
Twelve prisoners agreed to participate (they formed
the so-called pellagra squad; ultimately, 11 prisoners
completed the experiment — the twelfth developed
prostatitis early in the experiment, which precluded
further participation). For participating in the
experiment, each prisoner was promised release from
their prison sentence. Initially (between February 4
and April 19), eating habits were observed and the
food consumed by the subjects (the diet included
vegetables and dairy products) was analyzed. The
experimental phase began on April 19, 1915. From
then on, the prisoners’ meals were to mimic those
consumed by the poor in the South — consisting of
cane syrup, cornbread, biscuits, grits, sweet potatoes,
gravy, and coffee. The subjects were kept in excellent
hygiene conditions. Even insects were removed from
their surroundings to minimize the potential risk of
pellagra infection via the vector.

The experiment lasted until October 31, 1915.
During this time, six of the eleven prisoners developed
fully symptomatic pellagra (14). Each diagnosis was
confirmed by an independent team of dermatologists.
The suffering associated with the disease was so severe
that some prisoners demanded the study be immediately
discontinued. Critics unfavorable to Goldberger later
exploited this circumstance to accuse him of unethical
conduct. As originally planned, all subjects were
released from prison and they quickly recovered after
returning to a balanced diet. Analyzing the results of
the experiment, Joseph Goldberger formulated a bold
hypothesis that the disease was caused by a deficiency
of a single nutrient, which he named the “pellagra-
preventing factor” (PPF) (15). He assumed it would be
one of the following: a vitamin, an amino acid (he even
suggested tryptophan!), or a mineral — as it turned out,
he was correct in two of the three cases.

In Mississippi, Goldberger’s observations quickly
gained widespread support, and he used his authority
to initiate the creation of a network of hospitals
dedicated exclusively to pellagra patients. This resulted
in a reduction in deaths from 1,535 in 1915 to 561 in
1925. Joseph Goldberger returned to Mississippi after
the Great Flood of 1927 to once again help pellagra
sufferers as a dispatcher of supplies delivered by the
Red Cross.

In 1916, Joseph Goldberger began another
experiment, later called filth parties, hoping to convince
skeptics that pellagra was not a contagious disease. He,
his wife, and 14 colleagues served as the test subjects
(16). On April 26, 1916, Goldberger injected 5 cm? of
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rozpoczeto w pazdzierniku 1914 roku w grupach 40
czarnoskorych kobiet oraz 40 biatych kobiet. Do kon-
ca obserwacji, 1 pazdziernika 1915 roku, 72 kobiety
z obu grup byly zdrowe (stan pozostatych o$miu po-
prawil sie juz tak znaczaco, ze zostaty wypisane z za-
ktadu).

Gdy Goldberger zakonczyl obserwacje, dotacje
zywnosciowe z Waszyngtonu zostaty wstrzymane, co
poskutkowato szybkim nawrotem choroby u 40% ob-
serwowanych we wszystkich placowkach.

Za zgoda Stanowej Rady Zdrowia oraz dzig-
ki wspolpracy gubernatora Missisipi Earla Brewera
(1869-1942) Goldberger uzyskat mozliwo$¢ przepro-
wadzenia kolejnego etapu badan, w czym wspierat go
George Wheeler (1885-1981). Eksperyment Rankin
Farm, rozpoczety w 1915 roku, miat wykazac, ze dieta
oparta na wyselekcjonowanych produktach moze wy-
wota¢ pelagre (14). Na udziat zgodzito si¢ dwunastu
wigzniow (tworzac tzw. pellagra squad; ostatecznie
eksperyment ukonczyto 11 — dwunasty na wezesnym
etapie zachorowat na zapalenie prostaty, co wykluczy-
to jego dalszy udziat). W zamian za uczestnictwo kaz-
demu z wigzniéw obiecano zwolnienie z odbywania
kary. Poczatkowo, (migdzy 4 lutego a 19 kwietnia) ob-
serwowano ich nawyki zywieniowe oraz analizowano
spozywane przez nich positki (w diecie obecne byty
warzywa i produkty mleczne). Faza eksperymentalna
rozpoczeta sie 19 kwietnia 1915 roku. Od tego momen-
tu jadlospis wieznidw miat nasladowa¢ diete najuboz-
szych mieszkancow Potudnia — sktadat si¢ z syropu
trzcinowego, chleba kukurydzianego, biszkoptow,
kaszy kukurydzianej, batatow, sosu oraz kawy. Bada-
nych utrzymywano w doskonatych warunkach higie-
nicznych. Usunieto nawet owady z ich otoczenia, aby
zminimalizowac hipotetyczne ryzyko zakazenia pela-
gra poprzez wektor.

Eksperyment trwat do 31 pazdziernika 1915 roku.
W tym czasie u szesciu z jedenastu wigzniow rozwi-
neta si¢ pelnoobjawowa pelagra (14). Kazde rozpo-
znanie potwierdzit niezalezny zesp6t dermatologow.
Cierpienie zwigzane z chorobg byto tak nasilone, ze
niektorzy wiezniowie domagali si¢ natychmiastowego
przerwania badania. Pozniej, krytycy nieprzychylni
Goldbergerowi, wykorzystywali ten fakt, oskarzajac
g0 0 nieetyczne postgpowanie. Zgodnie z pierwotnym
planem wszyscy uczestnicy zostali zwolnieni z wig-
zienia 1 szybko wrdcili do zdrowia po powrocie do
zbilansowanej diety. Analizujac wyniki eksperymen-
tu, Joseph Goldberger sformutowat $miatg hipoteze, ze
choroba wynika z niedoboru pojedynczego sktadnika
odzywczego, ktory nazwatl ,,czynnikiem zapobiega-
jacym pelagrze” (pellagra-preventing factor, PPF)
(15). Zaktadat, ze moze to by¢ jedna z nastgpujacych
substancji: witamina, aminokwas (wskazywal nawet
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blood drawn from a pellagra patient into the deltoid
muscle of his assistant, G. Wheeler, who then injected
6 cm® of the same blood into Joseph Goldberger. The
entire team collected material from the nasal cavities
and throats of the patients and applied it to their
own nasal and throat mucosa. The researchers also
consumed epidermis, dried urine, and feces (wrapped
in cereal pancakes to facilitate swallowing). Despite
such drastic exposure to ‘hypothetically infectious’
material (often complicated by acute gastroenteritis),
none of the researchers developed pellagra.

In 1917, Goldberger completed his work on
the natural history of pellagra and methods of its
prevention. The final analysis included a group of
414 pellagra patients (250 orphans and 164 asylum
patients) and 288 healthy individuals (268 orphans and
20 asylum patients) who received supplemental food
rations. In 30% of the pellagra cases and 35% of the
healthy individuals, follow-up lasted over two years.
During this time, Joseph Goldberger observed only
one case of pellagra (the relapse described above in
a patient from the BJ orphanage). Based on data from
other institutions, he estimated that relapses occurred
at a rate as high as 50% in both orphanages and mental
institutions (17). This indicated the full effectiveness
of dietary pellagra prevention and treatment.

In 1918, together with economist and statistician
Edgar Sydenstrycker (1881-1936), Joseph Goldberger
began a large observational study of cotton farmers
in South Carolina (5,17). In the context of his own
findings, the results of the Thompson-McFadden
Commission seemed completely unreliable to him. To
identify all cases of pellagra, he dispatched a physician
to visit the homes of the studied families every two
weeks. The assessment of dietary habits covered
a period of (up to) six months preceding the interview,
with the last 15 days based on an analysis of grocery
receipts. Goldberger found a significant relationship
between the number of pellagra cases and the prices
of high-protein products and (inversely proportional)
with income from cotton farming (18).

From a work published by Joseph Goldberger in
1923, we can learn the most important conclusion of
his entire scientific career: “The idea that pellagra
is a communicable disease receives no support from
this study. Pellagra may be completely preventable by
diet” (17).

In the final stage of the research on pellagra, Joseph
Goldberger abandoned epidemiological investigations
because they could not provide a sufficiently precise
answer to the question of the mechanism of disease
development. He began animal experiments at the PHS
Hygiene Laboratory in Washington, D.C. He devoted
most of his attention to studying dogs suffering from
so-called “black tongue” (considered a symptomatic

tryptofan!) albo minerat — jak si¢ okazato, miat racje
w dwoch z trzech przypadkow.

W Missisipi obserwacje Goldbergera szybko zy-
skaty szerokie poparcie, a on sam wykorzystal swoj
autorytet do zainicjowania tworzenia sieci szpitali
przeznaczonych wylacznie dla chorych na pelagre.
Przetozyto si¢ to na spadek liczby zgonéw z 1 535
w 1915 roku do 561 w 1925 roku. Joseph Goldberger
powrocit do Missisipi po Wielkiej Powodzi w 1927
roku, aby ponownie pomagaé¢ chorym na pelagre —
tym razem jako koordynator dystrybucji zaopatrzenia
dostarczanego przez Czerwony Krzyz.

W 1916 roku Joseph Goldberger rozpoczat kolej-
ny eksperyment, pozniej nazwany filth parties, liczac,
ze przekona sceptykow, iz pelagra nie jest choroba
zakazng. Osobami badanymi byli on sam, jego Zona
oraz 14 wspdlpracownikow (16). 26 kwietnia 1916
roku Goldberger wstrzyknal 5 cm?® krwi pobranej od
pacjenta z pelagra do migénia naramiennego swoje-
go asystenta G. Wheelera, ktory nastgpnie wstrzyk-
nagt 6 cm® tej samej krwi Josephowi Goldbergerowi.
Caly zespot pobrat materiat z jam nosowych 1 gardia
pacjentéw, po czym nanidst go na wtasng btong Slu-
zowa nosa i gardta. Badacze spozywali rowniez na-
skorek, wysuszony mocz oraz kat (zawiniety w nale-
$niki z platkéw zbozowych, aby utatwi¢ potykanie).
Pomimo tak drastycznej ekspozycji na ,,hipotetycznie
zakazny” materiat (czgsto powiktanej ostrym niezy-
tem zotadkowo-jelitowym), u zadnego z badaczy nie
rozwinela si¢ pelagra.

W 1917 roku Goldberger zakonczyt prace nad hi-
storig naturalng pelagry oraz metodami jej zapobie-
gania. Koncowa analiza obejmowata grupe 414 cho-
rych na pelagre (250 wychowankow sierocincoéw oraz
164 pacjentéw zaktadow psychiatrycznych) oraz 288
0s6b zdrowych (268 wychowankow sierocincéw i 20
pacjentow zaktadow), otrzymujacych dodatkowe ra-
cje zywnosciowe. W 30% przypadkow pelagry oraz
u 35% osoéb zdrowych obserwacja trwata ponad dwa
lata. W tym czasie Joseph Goldberger zaobserwowat
tylko jeden przypadek pelagry (opisywany wyzej na-
wrot u pacjenta z sierocinca BJ). Na podstawie danych
z innych instytucji oszacowal, Ze nawroty wystgpo-
waty nawet u 50% pacjentow zaréwno w sierocincach,
jak 1 w zaktadach psychiatrycznych (17). Wskazywato
to na petng skutecznosc¢ profilaktyki i leczenia pelagry
opartego na diecie.

W 1918 roku Joseph Goldberger, wspolnie z eko-
nomistg 1 statystykiem Edgarem Sydenstryckerem
(1881-1936), rozpoczat szeroko zakrojone badanie ob-
serwacyjne wsrod plantatorow bawelny w Karolinie
Potudniowej (5,17). W $wietle wlasnych ustalen wy-
niki Komisji Thompsona-McFaddena wydawaty mu
si¢ catkowicie niewiarygodne. Aby wykry¢ wszystkie
przypadki pelagry, Goldberger delegowat lekarza, kto-
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equivalent of pellagra in these animals) (19). One of
Goldberger’s assistants, hoping to improve the appetite
of the disease-ravaged animals, began feeding them
brewer’s yeast — the intervention produced a much
more spectacular effect than expected, resulting in
a rapid and complete resolution of the “black tongue”
symptoms. Goldberger was on the verge of identifying
PPF (contained in yeast).

Unfortunately, in 1928, Goldberger was diagnosed
with kidney cancer. Joseph Goldberger died on January
17, 1929, at the age of 54 (6). During his funeral, his
ashes were scattered over the Potomac River as the
rabbi began to recite Kaddish.

Many proponents of the infectious pellagra
hypothesis remained unconvinced by the evidence
Goldbergerhad gathered. Inthe Journal of the American
Medical Association they openly accused him of
falsifying his research results (8). His critics echoed
one Birmingham doctor’s insult that Goldberger’s
observations were merely “half-baked.” It was even
speculated that the real purpose of the Rankin Farm
Experiment was to pardon two of the prisoners who
had alleged connections to Governor E. Brewer. The
above examples clearly show how forcefully the truth
was avoided: the pellagra epidemic that plagued the
United States reflected the poverty that prevailed in
the country and had no connection with infection via
a dangerous pathogen.

Despite the odds, during his 15 years of researching
pellagra, Joseph Goldberger published 47 articles on
the condition. He never had to retract his hypotheses —
all of them were later positively verified.

SUMMARY

Goldberger’s triumph in the “war against pellagra,”
as his achievements were often called, demanded more
than mere inquisitive and meticulous scholarly work.
Numerous unsympathetic scholars and politicians
attempted to refute his claims, determined to avoid
the truth about the cause of pellagra — poverty and
hunger — at all costs. The memory of the Civil War
tragedy and the persistent, silent division between the
North and South constituted another factor standing
in the way of defeating the epidemic (20). Red Cross
support secured through Joseph Goldberger’s efforts —
intended for the states of Georgia and South Carolina
— was rejected by the starving, proud inhabitants of
the South. Only the concerns of cotton collapse,
improvement in farming conditions and techniques,
and, paradoxically, the economic crisis (the “Great
Depression” of 1929) forcing farmers to live near cities
improved the material situation of the population to
such an extent that pellagra was eliminated from the
United States in the 1940s (4).
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ry odwiedzat domy badanych rodzin co dwa tygodnie.
Ocena nawykéw zywieniowych obejmowata okres do
szeSciu miesiecy poprzedzajacych wywiad, a ostat-
nie 15 dni analizowano na podstawie paragondéw ze
sklepow spozywczych. Goldberger wykazal istotny
zwigzek miedzy liczba przypadkéw pelagry a cenami
produktow wysokobiatkowych oraz (odwrotnie pro-
porcjonalnie) z dochodami z uprawy bawetny (18).

Z pracy opublikowanej przez Josepha Goldberge-
ra w 1923 roku pochodzi najwazniejszy wniosek caltej
jego kariery naukowej: ,, Poglqd, ze pelagra jest cho-
robg zakazng, nie znajduje zadnego potwierdzenia
w tym badaniu. Pelagrze mozna catkowicie zapobie-
gac za pomocq diety” (17).

W koncowym etapie badan nad pelagra Joseph
Goldberger porzucit dochodzenia epidemiologiczne,
poniewaz nie mogly one da¢ wystarczajagco precy-
zyjnej odpowiedzi na pytanie o mechanizm rozwoju
choroby. Rozpoczat wigc eksperymenty na zwierze-
tach w Laboratoirum Higieny PHS w Waszyngtonie.
Najwigcej uwagi poswigcit psom cierpigcym na tzw.
»czarny jezyk”, uznawany za objawowy ekwiwa-
lent pelagry u tych zwierzat (19). Jeden z asystentow
Goldbergera, chcac poprawi¢ apetyt wyniszczonych
chorobg zwierzat, zaczat podawac im drozdze piwne
— interwencja przyniosta efekt znacznie bardziej spek-
takularny, niz oczekiwano, prowadzgc do szybkiego
i calkowitego ustapienia objawdw ,,czarnego jezyka”.
Goldberger byt o krok od zidentyfikowania PPF (obec-
nego w drozdzach).

Niestety, w 1928 roku u Goldbergera rozpozna-
no raka nerki. Joseph Goldberger zmart 17 stycznia
1929 roku w wieku 54 lat (6). Podczas ceremonii po-
grzebowej jego prochy rozsypano nad rzekg Potomak
w chwili, gdy rabin rozpoczat recytacje kadiszu.

Wielu zwolennikoéw zakaznej teorii pelagry nie
dalo si¢ przekona¢ dowodom zgromadzonym przez
Goldbergera. Na tamach Journal of the American Me-
dical Association otwarcie oskarzano go o falszowa-
nie wynikow badan (8). Krytycy powtarzali tez obelge
jednego z lekarzy z Birmingham, wedlug ktorego
obserwacje Goldbergera byly jedynie ,,niedopieczo-
ne” (half-baked). Pojawity si¢ nawet spekulacje, ze
prawdziwym celem Rankin Farm Experiment bylo
utaskawienie dwoch wigzniow rzekomo powigza-
nych z gubernatorem E. Brewerem. Powyzsze przy-
ktady dobitnie pokazuja, jak konsekwentnie unikano
prawdy: epidemia pelagry w Stanach Zjednoczonych
byta odbiciem powszechnego ubdstwa i nie miata nic
wspolnego z zakazeniem groznym patogenem.

Mimo przeciwnosci, w ciggu 15 lat badan nad pe-
lagra Joseph Goldberger opublikowat 47 prac na jej
temat. Nigdy nie musiat wycofywac¢ swoich hipotez —
wszystkie zostaty pozniej potwierdzone.
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Goldberger was distinguished by his exceptional
research insight and versatility — he and his team
conducted observational studies, experiments on
humans (including himself!), and experimental work.
His premature death stopped him one step short
of making the historic discovery that Conrad A.
Elvehjem made eight years later. Had this occurred,
Goldberger would undoubtedly have joined the ranks
of Nobel Prize laureates, for which he was nominated
four times.

Decades after his passing, the research strategies
he developed are still used and taught by the Centers
for Disease Control and Prevention. His portrait graces
the National Institute of Health’s executive office, and
his life has been immortalized in numerous books,
broadcasts, and films. Joseph Goldberger’s legacy as
a physician, epidemiologist, and hero undoubtedly
deserves to be remembered.
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ple¢ i inne wazne cechy np. srodowisko zamiesz-
kania, histori¢ szczepien ochronnych), metody
randomizacji czy przydzialu do poszczegoélnych
grup. W przypadku, gdy do badania zostat uzyty
formularz opracowany przez inng instytucje, np.
WHO, autor ma obowigzek uzyskac zgode wyzej
wymienionej instytucji na wykorzystanie formu-
larza, jesli taki jest wymog.

Wyniki nalezy poda¢ w logicznej sekwencji
w tekscie, z ewentualnym odniesieniem do tabel
i rycin. Danych z tabel i rycin nie nalezy powta-
rza¢ w tekscie, gdzie powinny zosta¢ zawarte tyl-
ko najwazniejsze informacje.

W dyskusji nalezy podkresli¢c nowe lub wazne
aspekty wynikow i omowi¢ ich implikacje oraz
poda¢ ich ograniczenia. Wyniki badan wlasnych
powinny by¢ ocenione na tle pi$miennictwa wyko-
rzystywanego przez autorow. Nie nalezy tutaj po-
wtarzaé szczegdtowych danych przedstawionych
w poprzednich czesciach artykutu.

Whioski mozna sprecyzowa¢ w punktach lub
przedstawi¢ krotke w formie opisowej. Wnioski
powinny laczy¢ si¢ logicznie z celami postawio-
nymi w pracy. Nalezy wystrzega¢ si¢ stwierdzen
1 wnioskéw niewynikajacych z wlasnej obserwa-
cji. Autorzy powinni wystrzega¢ si¢ stwierdzen
na temat kosztow lub korzysci, jesli ich praca nie
zawiera danych ekonomicznych i ich analizy. Jesli
proponuje si¢ hipoteze, nalezy jasno podaé, ze jest
to hipoteza. We wnioskach nie nalezy réwniez za-
mieszczaé wynikow.
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exceed 30, however, the Editorial Office reserves
the right to agree to increase this number in the
case of review papers. Items in the reference list
should be arranged in accordance with the order
they appear in the text. When citing publication in
the text, only the ordinal number of the relevant
publication in the reference list should be provided
in round brackets. The position should also be
given in tables or figure legends. Articles accepted
for publication, but not yet published, should be
marked as “in press”, and the Authors should
obtain written consent to cite such article, as well
as confirmation that the cited article has been
accepted for publication. The current citation style
in our journal is the Vancouver style, a description
of which with examples can be found at: https:/
www.nlm.nih.gov/bsd/uniform_requirements.
html

4. Review process:

Przeglad Epidemiologiczny - Epidemiological
Review uses the “double blind review” principle in
the review procedure. This means full anonymity
of the review, the Authors and Reviewers do not
know each other’s identities. Therefore, we ask the
Authors to pay special attention to ensuring that
the manuscript is prepared in such a way as not
to reveal the identity of the Authors. The Authors’
names and affiliations should be placed only in
specially designated places in the ES and should
not be repeated in the content of the article.

All submitted articles undergo a preliminary
assessment by the Editorial Office in terms of
compliance with the topics and fields in which the
journal specializes.

Articles that meet the substantive and editorial
criteria are then sent to two independent Reviewers
who assess the scientific value of the paper.
Reviews are prepared in an electronic review form
available after accepting the invitation to review
directly from the link in the e-mail or after logging
in to your account in the ES.

The duration of the review process is closely
related to the availability of Reviewers and may be
longer during holiday or holiday seasons or when
the publication concerns a field with a limited
number of specialists.

Reviews (including Reviewer comments directly
in the manuscript, if added) are sent to Authors.
In the event of the Editorial Office’s decision on
the possibility of publishing the work after making
corrections or a major revision, the Editorial Office
requires the Authors to refer to all comments
submitted by the Reviewers and to precisely mark
all corrections, changes and additions in the text,
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PiSmiennictwo — nalezy ograniczy¢ tylko do po-
zycji cytowanych w tekscie i majgcych bezposred-
ni zwigzek z tematem pracy. Liczba cytowanych
pozycji nie powinna przekracza¢ 30, jednak Re-
dakcja zastrzega sobie prawo do wyrazenia zgody
na zwigkszenie tej liczby w przypadku prac prze-
gladowych. Pozycje w wykazie pi$miennictwa po-
winny by¢ utozone zgodnie z ich kolejnoscig poja-
wiania si¢ w tekscie. Przy cytowaniu prac w tek-
scie nalezy poda¢ w okragtych nawiasach tylko
liczbg porzadkowa odnosnej publikacji w wykazie
pismiennictwa. Pozycje nalezy réwniez podac
w tabelach lub legendach rycin. Prace zaakcepto-
wane do druku, ale jeszcze nieopublikowane, po-
winny by¢ oznaczone jako ,,w druku”, a autorzy
powinni uzyskaé pisemng zgode na zacytowanie
takiej pracy, jak tez potwierdzenie, ze cytowana
praca zostala zaakceptowana do druku. Obowia-
zujacym stylem cytowania w naszym czasopi$mie
jest styl Vancouver, ktorego opis wraz z przykta-
dami mozna znalez¢ na stronie: https:/www.nlm.
nih.gov/bsd/uniform_requirements.html

4. Proces recenzowania:

W Przegladzie Epidemiologicznym — Epidemio-
logical Review w procedurze recenzowania stoso-
wana jest zasada ,,double blind review”. Oznacza
to pelng anonimowos¢ recenzji, Autorzy i Recen-
zenci nie znaja swoich tozsamosci. W zwigzku
tym zwracamy si¢ do Autoréw o zwrdcenie szcze-
golnej uwagi na to, aby manuskrypt zostat przygo-
towany w taki sposob, aby nie zdradza¢ tozsamo-
$ci Autorow. Nazwiska i afiliacje Autorow nalezy
umiesci¢ tylko w specjalnie wyznaczonych do
tego miejscach w Editorial System i nie powiela¢
ich w tredci artykutu.

Wszystkie nadestanie prace przechodza wstepna
oceng przez Redakcje pod katem zgodnosci z te-
matyka 1 dziedzinami, w ktorych specjalizuje si¢
czasopismo.

Artykuly spelniajace kryteria merytoryczne
i edytorskie sg nastepnie przesylane do dwoch nie-
zaleznych Recenzentow, ktorzy dokonujg oceny
wartos$ci naukowej pracy.

Recenzje sporzadzane sg w elektronicznym for-
mularzu recenzji dostgpnym po zaakceptowaniu
zaproszenia do recenzji bezposrednio z linku
w mailu lub po zalogowaniu si¢ do swojego konta
w systemie redakcyjnym

Dtugos¢ trwania procesu recenzji jest $cisle po-
wigzana z dostgpnoscia recenzentdw i moze wy-
dtuzac si¢ w czasie trwania sezonu urlopowego,
Swigtecznego lub w przypadku, gdy publikacja
dotyczy dziedziny o ograniczonej liczbie specja-
listow.
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and if it is not possible to introduce a correction, to
respond to the comment in a letter to the Reviewers.
The revised article undergoes another editorial
review, and then the Editorial Office makes the final
decision regarding publication of the manuscript.
The final publication date depends on the number
of manuscripts waiting for publication.

Recenzje (wraz z komentarzami recenzentow bez-
posrednio w manuskrypcie, jesli zostang dodane)
sg przesytane do autorow. W przypadku decyzji
Redakcji o mozliwosci opublikowania pracy po
dokonaniu poprawek lub duzej rewizji Redakcja
wymaga, aby Autorzy odniesli si¢ do wszystkich
uwag zgloszonych przez Recenzentéw i doktadnie
oznaczyli w tekscie wszystkie poprawki, zmiany
i uzupetnienia, a w przypadku braku mozliwosci
wprowadzenia poprawki, ustosunkowali si¢ do
uwagi w pi$mie do recenzentow.

Poprawiony artykut przechodzi ponowng oceng
redakcyjng, a nastgpnie Redakcja podejmuje osta-
teczng decyzj¢ dotyczacg publikacji manuskryptu.
Ostateczny termin publikacji jest uzalezniony do
liczby manuskryptow oczekujacych na publikacje.
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