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IN MEMORIAM: PROF. JANUSZ CIANCIARA
19.04.1938 — 13.08.2025

Z glebokim zalem Zzegnamy wybitnego specjaliste chorob zakaznych, Prof. Janusza Cianciarg,
zmartego w dniu 13 sierpnia 2025 r. Wybitny lekarz, znakomity specjalista chorob zakaznych,
nestor polskiej hepatologii, nauczyciel i wychowawca wielu pokolen lekarzy, ceniony naukowiec
i organizator zycia akademickiego.

Profesor Janusz Cianciara w latach 1990-2008 kierowal Klinika Hepatologii i Nabytych
Niedoboréw Immunologicznych Warszawskiego Uniwersytetu Medycznego, ktorg rozwijal z pasja
1 poS§wieceniem, tworzac z niej wazny osrodek naukowy i kliniczny w kraju. Przez dwie kadencje
penit funkcje Prorektora Warszawskiego Uniwersytetu Medycznego.

Byt Dyrektorem Miedzywydziatowego Instytutu Chorob Zakaznych Akademii Medycznej
w Warszawie. Wniost znaczacy wklad w rozwdj polskiej medycyny, taczac wiedzg kliniczng
z bogatym dorobkiem naukowym. Byt Prezesem Polskiego Towarzystwa Epidemiologow i Lekarzy
Chorob Zakaznych w latach 2003-2006, Cztonkiem Honorowym tego Towarzystwa oraz Cztonkiem
Honorowym Polskiego Towarzystwa Naukowego AIDS i uczestnikiem wielu krajowych oraz
miedzynarodowych gremiow naukowych.

Profesor Janusz Cianciara byt nie tylko mistrzem w swojej dziedzinie, ale cztowiekiem gleboko
oddanym pacjentom, cenionym za empatie, zyczliwosc i statg gotowo$¢ niesienia pomocy. Wychowat
iinspirowat liczne grono uczniow, ktorzy kontynuuja Jego dzieto w szpitalach, klinikach i uczelniach
medycznych w Polsce i za granica.

Byl Mistrzem, Mentorem i Czlowickiem o wielkim sercu, ktorego zycie byto stuzba nauce
1 cztowiekowi.

,,Nie umiera ten, kto trwa w sercach i pamigci zywych.”
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ABSTRACT

Alveolar echinococcosis (AE) is a rare and life-threatening parasitic infection caused by Echinococcus
multilocularis. Nonspecific symptoms along with a lowered awareness of the disease among physicians often
result in delayed diagnoses and subsequently limiting therapeutic options. Treatment of AE includes surgical
resection with wide margins of healthy tissue combined with pharmacotherapy and close monitoring for
recurrence. This paper presents two cases of patients who interrupted albendazole therapy administered after
surgical removal of parasitic lesions. Both cases demonstrate that discontinuing albendazole therapy after non-
radical echinococcal removal can lead to disease progression and life-threatening complications. Additionally,
the report highlights socioeconomic challenges such as therapy accessibility, treatment costs, and patient
education which can influence adherence to medical recommendations and treatment outcomes.

Keywords: albendazole, Echinococcus multilocularis, human alveococcosis, interrupted therapy

STRESZCZENIE

Bablowica wielojamowa (alweokokoza) to rzadka i zagrazajaca zyciu infekcja pasozytnicza wywotywana przez
Echinococcus multilocularis. Niespecyficzne objawy wraz z obnizong §wiadomoscia choroby wsrod lekarzy
czesto skutkujg opdznionym rozpoznaniem i w konsekwencji ograniczeniem opcji terapeutycznych. Leczenie
alweokokozy obejmuje resekcje chirurgiczng z szerokimi marginesami zdrowej tkanki w potaczeniu z far-
makoterapia i $cistym monitorowaniem pod katem nawrotu procesu infekcyjnego. W artykule przedstawiono
dwa przypadki osob, ktore przerwaly terapi¢ albendazolem zlecona po chirurgicznym usunigciu zmian paso-
zytniczych. Oba przypadki pokazuja, ze przerwanie terapii albendazolem po nieradykalnym usunigciu zmian
pasozytniczych prowadzi do postepu choroby i powiktan zagrazajacych zyciu. Ponadto podkreslono wyzwania
spoleczno-ekonomiczne, takie jak dostepno$¢ terapii, koszty leczenia i edukacja pacjentow, ktdore moga mie¢
wplyw na przestrzeganie zalecen medycznych i wyniki leczenia.

Stowa kluczowe: albendazol, Echinococcus multilocularis, bgblowica wielojamowa, przerwane leczenie

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

Alveolar echinococcosis (AE) is a rare and life-
threatening parasitic infection caused by Echinococcus
multilocularis fromthe Taeniidae family (1). It typically
occurs in the Northern Hemisphere, particularly in
Central and Eastern Europe, the Asian part of Russia,
northern China, and northwestern Canada (2). The
definitive hosts of E. multilocularis are primarily foxes,
while dogs and jackals are less common. The adult
parasite resides in the small intestine of the definitive
host, releasing eggs from gravid proglottids into the
environment, predominantly forested areas. Small
rodents serve as intermediate hosts, while humans
are accidental hosts. AE is a disease spread by the
fecal-oral route, primarily through the consumption of
contaminated water or food, as well as contact with
the final host (3-6). Key risk factors include owning
hunting dogs, poor hygiene practices, contact with
foxes, and farming activities. Once ingested, the egg
releases an oncosphere into the small intestine which
then migrates to other organs. The liver is the most
common destination (more than 90%), where the
oncosphere develops into a multi-chambered lesion (1).

Patients typically remain asymptomatic for years
before developing nonspecific symptoms including
right upper quadrants discomfort, malaise, and weight
loss. The primary change in the liver exhibits malignant
tumor-like growth, infiltrating adjacent tissues and
potentially metastasizing to the lungs, brain, or
adrenal glands. The infiltrative growth of the parasitic
mass may cause pressure on the bile ducts, causing
cholestatic jaundice and enabling hematogenous
dissemination of the parasite via blood vessels to
distant organs. In advanced stages, complications
may include cholestatic jaundice, cholangitis, portal
hypertension, or Budd-Chiari syndrome (7-8).
Diagnosis requires combined imaging and serological
testing, with histopathological and PCR for providing
definitive diagnosis (9-12). Treatment of AE involves
surgical resection with wide margins of healthy tissue
combined with pharmacotherapy and close monitoring
for recurrence (13,14).

We present two cases of albendazole therapy
interruption following surgical resection of E.
multiocularis lesions. These cases highlight the
necessity of strict adherence to albendazole therapy and
demonstrate the value of multidisciplinary management
of AE. We further identify key socioeconomic
barriers including medication accessibility, treatment
affordability, and patient education that can influence
adherence to medical recommendations and treatment
outcomes.
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WSTEP

Bablowica wielojamowa (alveolar echonoccocis,
AE) to rzadka, zagrazajaca zyciu choroba pasozyt-
nicza wywolywana przez Echinococcus multilocu-
laris z rodziny Taeniidae (1). Wystepuje gldwnie na
potkuli potnocnej, szczegdlnie w Europie Srodkowej
i Wschodniej, azjatyckiej cze$ci Rosji, potnocnych
Chinach oraz pétnocno-zachodniej Kanadzie (2). Zy-
wicielami ostatecznymi E. multilocularis sa przede
wszystkim lisy, rzadziej psy i szakale. Dorosta postaé
pasozyta bytuje w jelicie cienkim zywiciela ostatecz-
nego, uwalniajac jaja z proglotydéw zawierajacych
jaja do srodowiska — gltéwnie w obszarach lesnych.
Zywicielami po$rednimi s3 drobne gryzonie, nato-
miast czlowiek jest zywicielem przypadkowym. AE
przenosi si¢ drogg fekalno-oralng — gldéwnie poprzez
spozycie skazonej wody lub zywnosci, a takze kontakt
z zywicielem ostatecznym (3-6). Do najwazniejszych
czynnikow ryzyka naleza: posiadanie psow mysliw-
skich, zaniedbania higieniczne, kontakt z lisami oraz
praca w rolnictwie. Po spozyciu jaja uwalniajg w je-
licie cienkim onkosfere, ktora nastepnie migruje do
innych narzadow. Najczestszym miejscem docelowym
(ponad 90%) jest watroba, gdzie onkosfera przeksztat-
ca si¢ w wielokomorowg zmiang (1).

Pacjenci przez wiele lat pozostajg bezobjawowi, za-
nim pojawig si¢ niespecyficzne symptomy, takie jak
dyskomfort w prawym goérnym kwadrancie brzucha,
zte samopoczucie i utrata masy ciata. Pierwotna zmia-
na w watrobie charakteryzuje si¢ wzrostem przypomi-
najacym nowotwor zlosliwy, naciekajagcym okoliczne
tkanki i mogacym dawac przerzuty do ptuc, mozgu
lub nadnerczy. Inwazyjnie rosngca masa pasozytnicza
moze uciska¢ drogi zoétciowe i umozliwiaé rozsiew
pasozyta droga naczyn krwionosnych do odlegtych
narzadow. W zaawansowanych stadiach moga wy-
stapi¢ powiklania takie jak zottaczka, zapalenie drog
zo6tciowych, nadcisnienie wrotne czy zespot Budda-
Chiariego (7,8). Rozpoznanie wymaga zastosowania
badan obrazowych w potaczeniu z testami serologicz-
nymi, natomiast ostateczne potwierdzenie uzyskuje
si¢ w badaniu histopatologicznym oraz metodg PCR
(9-12). Leczenie AE opiera si¢ na chirurgicznym usu-
nigciu zmiany z szerokim marginesem zdrowej tkan-
ki, wspomaganym farmakoterapig oraz $cistym moni-
torowaniem w kierunku nawrotu choroby (13,14).

Przedstawiamy dwa przypadki przerwania terapii
albendazolem po chirurgicznej resekcji zmian wy-
wolanych przez E. multilocularis. Opisane przypadki
podkreslaja koniecznos¢ Scistego przestrzegania zale-
cen dotyczacych terapii albendazolem oraz znaczenie
interdyscyplinarnego podejscia w leczeniu AE. Zwra-
camy takze uwagg na istotne bariery socjoekonomicz-
ne, takie jak dostepnos$¢ lekow, koszty terapii oraz
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CASE 1

A 77-year-old female was admitted to the Infectious
Diseases Clinic with a 3-day history of jaundice. Eight
years earlier, she had undergone left hemihepatectomy
for AE but discontinued albendazole therapy due
to financial constraints. Two years prior to the
admission, a recurrence of the lesion was diagnosed
and determined to be unresectable. Three weeks
before admission, the patient reported jaundice and
intermittent pain and pressure under the right costal
margin. On admission, the patient complained of
abdominal pain. Physical examination revealed
jaundice and abdominal tenderness in the right and
central epigastric regions without peritoneal signs.

Laboratory tests showed progressive increase in
total bilirubin levels up to 429.00 pumol/L (normal
range < 21 umol/L), ALT to 410 U/L (normal range
1-35 U/L), AST to 437 U/L (normal range 1-35
U/L), ALP to 2793 U/L (normal range 40—129 U/L),
and GGTP to 2323 U/L (normal range 10-71 U/L).
Abdominal CT revealed dilated bile ducts and lesions
in the hepatic hilum. A cluster of hypodense lesions
with visible small septations was identified in segment
VIII. In addition, smaller lesions were found in the

Figure 1. Cystic echinococcal lesions (white arrows) in CT image, case 1.
Rycina 1. Bablowcowe zmiany torbielowate (biate strzatki) na obrazie TK —
przypadek 1.

edukacja pacjenta, ktore moga wptywac na przestrze-
ganie zalecen lekarskich i skuteczno$¢ leczenia.

PRZYPADEK 1

77-letnia pacjentka zostata przyjeta do Oddziatu
Chorob Zakaznych z trzydniowa historig zottaczki.
Osiem lat wczesniej przeszla lewostronng hemihepa-
tektomi¢ z powodu bablowicy wielojamowej, jednak
z powodu trudno$ci finansowych przerwata terapig
albendazolem. Dwa lata przed aktualng hospitalizacja
rozpoznano nawrot zmian, ktoére oceniono jako niere-
sekcyjne. Trzy tygodnie przed przyjeciem pacjentka
zglosita zottaczke oraz okresowy bdl i uczucie ucisku
pod prawym tukiem zebrowym. W momencie przyje-
cia skarzyla si¢ na bol brzucha. W badaniu przedmio-
towym stwierdzono zottaczke oraz tkliwos¢ palpacyj-
ng w prawym i srodkowym nadbrzuszu, bez objawow
otrzewnowych.

W badaniach laboratoryjnych stwierdzono poste-
pujacy wzrost stezenia bilirubiny catkowitej do 429,00
umol/L (norma <21 pmol/L), ALT do 410 U/L (norma
1-35 U/L), AST do 437 U/L (norma 1-35 U/L), ALP do
2793 U/L (norma 40—129 U/L) oraz GGTP do 2323 U/L
(norma 10-71 U/L). Tomografia komputerowa jamy

Figure 2. Cystic echinococcal lesions
(white arrows) in CT image, case 1.
Rycina 2. Bablowcowe zmiany torbie-
lowate (biate strzatki) na obrazie TK —
przypadek 1.
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remaining liver parenchyma. The hepatic hilum was
scattered with numerous echinococcal lesions with
peripheral calcifications, compressing the portal vein
and common bile duct. Furthermore, lesions were
observed in the mesentery and spleen (Figures 1
and 2).

An endoscopic retrograde cholangiopancreatography
(ERCP) with biliary stenting was successfully
performed. Following the procedure, both bilirubin
levels and dyspeptic symptoms significantly decreased.
However, on the second day post-ERCP, the patient
developed a fever. A subsequent abdominal CT scan
revealed an abscess of an echinococcal lesions. The
patient underwent drainage of the abscess, which was
continued for three weeks until drainage output ceased.

Blood and lesion cultures grew Enterococcus
faecium, Enterococcus faecalis, Stenotrophomonas
maltophilia, and Candida albicans. Antimicrobial
therapy was adjusted according to susceptibility
testing. The treatment resulted in clinical improvement
and sterile follow-up blood cultures. The patient was
discharged after 45 days. Further treatment of AE
with albendazole was continued on an outpatient basis.
The patient was informed of the need for continuous
albendazole therapy at the prescribed dose of 2x400
mg. The patient died five months after discharge.

CASE 2

A 59-year-old female patient was admitted to the
outpatient clinic due to AE. She was diagnosed with
AE over eight years earlier and albendazole therapy
was initiated. The patient was subsequently referred
to the Surgery Department, where an extended right
hemihepatectomy plus segment IV was performed.
Histopathological examination revealed the presence of
the parasite at the surgical margin. Extensive necrotic
areas were observed microscopically, containing
numerous foci with the morphology of parasitic
vesicles of various diameters, and resorptive reaction
with abundant eosinophils at the surgical margin.
The findings were indicative of E. multilocularis
infection. Following the surgery, the patient felt well
but did not continue albendazole therapy or follow-up
at the infectious disease department. Three months
prior to the current admission, she was hospitalized
again, at the surgical ward of a district hospital due to
abdominal pain, loss of appetite, nausea, and weight
loss of approximately 5 kg. At the time, laboratory tests
revealed elevated inflammatory markers, increased
aspartate aminotransferase activity to 1500 IU/L
(normal range 1-35 U/L), alanine aminotransferase to
302 IU/L (normal range 1-35 IU/L), and bilirubin to
2.85 mg/dL (normal range < 1,2 mg/dL). An abdominal
CT revealed echinococcal lesions and portal vein
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brzusznej wykazata poszerzenie drog zotciowych oraz
obecno$¢ zmian w okolicy wneki watroby. W segmen-
cie VIII zidentyfikowano skupisko hipodensyjnych
zmian z widocznymi drobnymi przegrodami. Ponadto
mniejsze zmiany stwierdzono w pozostalym migzszu
watroby. W obrebie wneki watroby obecne byty liczne
zmiany bablowcowe z obwodowymi zwapnieniami,
uciskajgce zyle wrotng oraz wspolny przewdd zotcio-
wy. Dodatkowo zmiany obecne byly w krezce i $le-
dzionie (Ryc. 11 2).

Wykonano endoskopowa cholangiopankreatogra-
fie wsteczng (ang. endoscopic retrograde cholangio-
pancreatography, ERCP) z protezowaniem drog zo6t-
ciowych, ktora przeprowadzono z powodzeniem. Po
zabiegu zaobserwowano istotne obnizenie poziomu
bilirubiny oraz ztagodzenie objawow dyspeptycznych.
Jednakze w drugiej dobie po ERCP wystapita goracz-
ka. Kolejna tomografia jamy brzusznej ujawnita obec-
no$¢ ropnia w obrebie jednej ze zmian bablowcowych.
Pacjentke poddano drenazowi ropnia, ktory kontynu-
owano przez trzy tygodnie — do momentu ustania wy-
pltywu tresci.

W posiewach krwi oraz materialu z ropnia wyho-
dowano Enterococcus faecium, Enterococcus faecalis,
Stenotrophomonas maltophilia oraz Candida albicans.
Leczenie przeciwdrobnoustrojowe dostosowano do
wynikow antybiogramu. Zastosowana terapia dopro-
wadzita do poprawy stanu klinicznego oraz uzyskania
jalowych posiewow kontrolnych. Pacjentke wypisano
ze szpitala po 45 dniach. Leczenie bablowicy wieloja-
mowej albendazolem kontynuowano w trybie ambu-
latoryjnym. Pacjentke poinformowano o konieczno$ci
stalego przyjmowania albendazolu w zalecanej dawce
2x400 mg. Pacjentka zmarta pi¢¢ miesigcy po wypisie
ze szpitala.

PRZYPADEK 2

59-letnia pacjentka zostala przyjeta do poradni
ambulatoryjnej z powodu bablowicy wielojamowe;.
Rozpoznanie AE postawiono u niej ponad osiem lat
wczesniej i rozpoczeto terapi¢ albendazolem. Nastep-
nie pacjentka zostala skierowana na Oddziat Chirur-
gii, gdzie wykonano rozszerzong prawostronng hemi-
hepatektomi¢ wraz z resekcja segmentu V. Badanie
histopatologiczne wykazato obecno$¢ pasozyta na
brzegu resekcji. Mikroskopowo zaobserwowano roz-
leglte obszary martwicze, zawierajace liczne ogniska
o morfologii zmian bablowcowych o réznej $redni-
cy oraz reakcj¢ resorpcyjnag z licznymi eozynofila-
mi w linii cigcia. Wynik byt charakterystyczny dla
zakazenia Echinococcus multilocularis. Po operacji
pacjentka czuta si¢ dobrze, jednak nie kontynuowala
terapii albendazolem ani nie zglaszata si¢ na kontrole
do Poradni Choréb Zakaznych. Trzy miesigce przed
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thrombosis. Albendazole therapy was resumed, and
the patient was referred back to our outpatient clinic.
Serological testing for echinococcosis confirmed
the presence of anti-Echinococcus IgG antibodies.
A Western Blot confirmed IgG antibodies specific
to E. multilocularis (anty-Echinococcus EUROLINE
WB IgG, positive for Em 18, Em 95, P7 kDa, P21 kDa,
P25/26 kDa). Abdominal and pelvic contrast-enhanced
CT imaging revealed compensatory hypertrophy of
liver segments II and III. A focal lesion measuring
56x60x80 mm found adjacent to the right edge of
the remaining liver parenchyma was identified.
Soft-tissue nodular areas showing strong post-
contrast enhancement were visible internally. Two
smaller lesions were located sub-diaphragmatically
at the periphery of segment II. The portal vein was
compressed and slightly narrowed at the level of the
lesion, whereas the hepatic veins and the intrahepatic
bile ducts were mildly dilated (Figures 3 and 4). The
patient continued follow-up at our Infectious Diseases
Clinic and was referred to the tertiary surgical center
where the initial operation was performed eight years
earlier.

Eight months later, the patient was readmitted to
our department due to suspected superinfection of the
lesions. Follow-up CT imaging revealed a reduction
in size of the previously identified findings, however
with dense contents and gas bubbles within the
lesions. Empirical intravenous antibiotic therapy for
the abscess was initiated and continued for six weeks
(metronidazole, piperacillin/tazobactam).  Safely

obecng hospitalizacja zostala ponownie przyjeta na
Oddziat Chirurgiczny Szpitala Powiatowego z powo-
du boélu brzucha, utraty apetytu, nudnosci oraz utraty
masy ciata o okoto 5 kg. W badaniach laboratoryjnych
stwierdzono podwyzszone markery zapalne, aktyw-
no$¢ aminotransferazy asparaginianowej wzrosta do
1500 IU/L (norma 1-35 U/L), aminotransferazy alani-
nowej do 302 IU/L (norma 1-35 U/L), a poziom biliru-
biny wyniost 2,85 mg/dL (norma < 1,2 mg/dL). Tomo-
grafia komputerowa jamy brzusznej wykazata zmiany
bablowcowe oraz zakrzepic¢ zyty wrotnej. Wznowio-
no terapi¢ albendazolem, a pacjentka zostata skiero-
wana ponownie do naszej poradni ambulatoryjnej
chorob zakaznych. Badania serologiczne potwierdzity
obecnos¢ przeciwcial 1gG przeciw Echinococcus. Test
Western Blot wykazat obecno$¢ przeciwciat IgG spe-
cyficznych dla E. multilocularis (anty-Echinococcus
EUROLINE WB IgG, pozytywne dla Em 18, Em 95,
P7 kDa, P21 kDa, P25/26 kDa). Obrazowanie tomo-
grafii komputerowej jamy brzusznej i miednicy z kon-
trastem ujawnito kompensacyjna hipertrofi¢ segmen-
tow II i III watroby. Stwierdzono ogniskowg zmiang
o wymiarach 56x60x80 mm przy prawym brzegu po-
zostatego migzszu watroby. Wewnatrz widoczne byty
mickkotkankowe obszary guzkowe o intensywnym
wzmocnieniu kontrastowym. Dwie mniejsze zmiany
zlokalizowano podprzeponowo na obwodzie segmen-
tu II. Zyla wrotna byta ucisnieta i lekko zwezona na
wysoko$ci zmiany, natomiast zyly watrobowe oraz
wewnatrzwatrobowe drogi zotciowe byly nieznacznie
poszerzone (Ryc. 3 i 4). Pacjentka pozostawala pod

Figure 3. Cystic echinococcal lesions (white arrow) in CT image,
case 2.
Rycina 3. Bablowcowe zmiany torbielowate (biate strzatki) na obra-
zie TK — przypadek 2.

Figure 4. Cystic echinococcal lesions (white
arrows) in CT image — case 2.

Rycina 4. Bablowcowe zmiany torbielowate (biate
strzalki) na obrazie TK — przypadek 2.
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obtaining a biopsy of the lesion was not possible and
microbiological identification of pathogens was not
achieved.

The patient remains under the care of our Infectious
Diseases Clinic and continues albendazole therapy.
However, she has not attended the recommended
follow-up appointment at the surgical center since her
initial hospitalization in our department.

DISCUSSION

According to the latest ECDC report, Poland
recorded one of the highest incidence rates of AE in
Europe, following only Germany and France, with 87
cases reported between 2018 and 2022 (15). Until 1990,
only 4 single cases of human AE were reported in
Poland; since then there has been a significant increase
in reports of AE. A large study of AE cases in Poland
by Nahorski et al., drew attention to the potential
causes of such an increase in infections, including
a large increase in the fox population (in some regions
up to 40% of them are thought to be infected) and an
increase in the availability of diagnostic imaging and
its more modern methods (histochemical, serologic
and molecular). Medical practitioners’ awareness of
AE is still developing and has significantly increased
in recent decades thanks to an active community of
infectious disease specialists and epidemiologists,
organized conferences, and publications (16).
Unfortunately, in Poland, echinococcal infections are
reported without specifying the species E. granulosus
or E. multilocularis. We propose that this practice be
revised.

Diagnosis of AE can be a challenge. The symptoms
reported by patients are not very specific and often do
not lead doctors to suspect alveococcosis. Serological
tests are valuable in AE diagnosis, with sensitivity
and specificity ranging from 95% to 100%. The Em2
antigen, specific to E. multilocularis, is often used.
Em2-ELISA differentiates E. multilocularis from E.
granulosus in 95% of cases. Antibody levels usually
remain detectable for years but may normalize within
several years following complete surgical resection.
Seroconversion rates are much lower in patients
treated only pharmacologically. Conversely, clinical
recurrence is associated with rising antibody titres.
IgGl and IgG4 subclasses are the most sensitive
markers for monitoring therapeutic progress (9).
Definitive diagnosis is confirmed by histopathological
examination and may be further supported by
molecular techniques. PCR assays with the use of
specific primers can be performed on resected tissue
samples or biopsies allowing for differentiation of
species. Unfortunately, they are not widely available
in clinical settings (11,12). Imaging typically reveals
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opieka naszej Poradni Chorob Zakaznych oraz zostata
skierowana do osrodka chirurgii, gdzie wykonywano
pierwotng operacje¢ osiem lat wezesniej.

Osiem miesigcy pozniej pacjentka zostata ponow-
nie przyjeta na nasz oddzial z powodu podejrzenia
nadkazenia zmian. Kontrolna tomografia wykazata
zmniejszenie si¢ rozmiardw wcezesniej rozpoznanych
zmian, jednak z obecnoscia gestej tresci i pecherzykow
powietrza wewnatrz zmian. Rozpoczeto empiryczng
dozylng antybiotykoterapi¢ ropnia, ktora prowadzono
przez szes¢ tygodni (metronidazol, piperacylina+ta-
zobaktam). Bezpieczne wykonanie biopsji zmiany nie
byto mozliwe, a identyfikacja drobnoustrojow nie zo-
stata przeprowadzona.

Pacjentka pozostaje pod opieka naszej Poradni
Chor6b Zakaznych i kontynuuje terapig¢ albendazolem.
Nie stawita si¢ jednak na zalecane wizyty kontrolne
w osrodku chirurgicznym od czasu pierwszej hospita-
lizacji na naszym Oddziale.

DYSKUSJA

Zgodnie z najnowszym raportem ECDC (European
Centre for Disease Prevention and Control), Polska od-
notowala jeden z najwyzszych wskaznikéw zachoro-
wan na bablowice wielojamowa w Europie, ustepujac
jedynie Niemcom i Francji — w latach 2018-2022 zgto-
szono 87 przypadkow (15). Do 1990 roku w Polsce
odnotowano jedynie 4 pojedyncze przypadki bagblo-
wicy wielojamowej u ludzi; od tego czasu nastapit
istotny wzrost liczby zachorowan. Obszerna analiza
przypadkow AE przeprowadzona przez Nahorskiego
1 wsp. zwrdcila uwage na mozliwe przyczyny wzrostu
zachorowan, w tym znaczacy wzrost populacji lisow
(w niektérych regionach nawet do 40% osobnikéw
moze by¢ zakazonych), a takze wzrost dostepnosci
badan obrazowych oraz rozw6j nowoczesnych metod
diagnostycznych (histochemicznych, serologicznych
i molekularnych). Swiadomo$é¢ lekarzy dotyczaca
AE wcigz si¢ rozwija i znacznie wzrosta w ostatnich
dekadach dzigki aktywnej spolecznosci specjalistow
chordb zakaznych i epidemiologdw, organizacji konfe-
rencji oraz publikacjom (16). Niestety, w Polsce zgto-
szenia przypadkow bablowicy nie uwzgledniajg roz-
roéznienia gatunkowego pomiedzy E. granulosus a E.
multilocularis. Postulujemy zmiang tej praktyki.

Rozpoznanie AE moze by¢ trudne. Zgtaszane
przez pacjentow objawy sa niespecyficzne i rzadko
kieruja lekarza na podejrzenie bablowicy wielojamo-
wej. Testy serologiczne maja duza warto$¢ diagno-
styczng — ich czuto$¢ 1 swoistos¢ wynosza od 95%
do 100%. Czgsto wykorzystywany jest antygen Em2,
swoisty dla E. multilocularis. Test Em2-ELISA umoz-
liwia roznicowanie zakazen E. multilocularis i E. gra-
nulosus w 95% przypadkow. Przeciwciata utrzymuja
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lesions with irregular margins, lacking a defined
wall, surrounding central necrosis and irregular
calcifications. Although these lesions can be difficult
to differentiate from malignancies, the overall clinical
condition of patients with AE is often more favorable
compared to those with malignant tumors. Imaging is
also valuable for identifying complications, such as
abscess formation- as observed in Case 1- or vascular
involvement, including inferior vena cava or portal
vein obstruction due to expanding parasitic masses, as
seen in Case 2 (10).

The 10-year mortality rate of untreated AE from
the start of clinical symptoms is 90%, and practically
100% after 15 years. The basis of treatment of AE is
surgery, which should encompass the parasitic lesion
with a margin of healthy liver (8,17). In both described
cases, surgical treatment was used: in the first patient,
left hemihepatectomy was performed, and in the
second, right extended hemihepatectomy (with segment
IV). When albendazole treatment was introduced, the
prognosis improved significantly. Following complete
lesion resection, patients required long-term follow-up
to monitor recurrence and at least two years of oral
albendazole therapy due to the parasite’s ability to
metastasize (18,19). Early disease detection, absence
of metastases at diagnosis, prompt treatment initiation
are favorable prognostic factors for AE management
(14). In both cases described, the patients did not take
the recommended albendazole after the surgery, which
led to recurrence of liver lesions and deterioration of
the general condition after 5 and 8 years following the
procedure, respectively. Due to the anatomical location
and extent of lesions, complete resection is achievable in
only 20-50% of patients, and liver transplantation may
be considered. In case of contraindications to surgery,
lifelong albendazole therapy remains the only option
of therapy. In such cases, it does not cause complete
recovery, but slows disease progression, improves
quality of life, and prolongs survival. Albendazole
has a parasitostatic effect but does not have a strictly
parasiticide effect. About half of the patients respond
with disease regression or halt of lesion growth. In
patients who received only albendazole treatment, the
15-year survival rate is 53-80% (13,17). Some reports
indicate that long-term therapy with albendazole or
mebendazole (at least two years) may be parasitocidal,
leading to non-viable lesions and/or no recurrence
after discontinuation of treatment. In some European
centers, the transition from a positive to negative
EmI8-ELISA test is used to help determine when
to stop pharmacotherapy. However, if treatment is
discontinued, patients should be closely monitored for
recurrence. This should include regular assessments
of anti-EmI18 antibody levels and imaging studies,
including PET scans (10,20,21).

si¢ zazwyczaj przez wiele lat, ale ich poziom moze
z czasem ulec normalizacji po catkowitej resekcji
chirurgicznej. U pacjentdow leczonych wylgcznie far-
makologicznie serokonwersja zachodzi znacznie rza-
dziej. Natomiast wzrost miana przeciwciat zwigzany
jest z nawrotem klinicznym choroby. Najczulszymi
markerami oceny skutecznos$ci leczenia sa podklasy
IgGl1 i IgG4 (9). Ostateczne rozpoznanie stawia si¢
na podstawie badania histopatologicznego, a diagno-
styke mozna wspomoc metodami molekularnymi. Te-
sty PCR z zastosowaniem swoistych starterow mozna
wykona¢ z wycinkéw tkankowych lub bioptatéw, co
pozwala na réznicowanie gatunkdéw. Niestety, bada-
nia te sg nadal rzadko dostgpne w praktyce klinicz-
nej (11,12). Obrazowanie zazwyczaj ujawnia zmiany
o nieregularnych brzegach, bez wyraznej torebki,
z centralng martwicg i nieregularnymi zwapnieniami.
Cho¢ obraz radiologiczny moze przypomina¢ zmiany
nowotworowe, og6lny stan kliniczny pacjentéw z AE
bywa lepszy niz pacjentéw z guzami ztosliwymi. Ob-
razowanie pozwala rowniez wykry¢ powiklania, takie
jak powstanie ropnia — jak w przypadku 1 — lub naciek
na naczynia, w tym niedroznos$¢ zyty gtéwnej dolnej
lub zyty wrotnej wskutek rozrastajacych si¢ zmian pa-
sozytniczych, co zaobserwowano w przypadku 2 (10).

Smiertelnos¢ 10-letnia nieleczonej AE od momentu
wystapienia objawow klinicznych wynosi 90%, a po
15 latach sigga niemal 100%. Podstawg leczenia AE
jest leczenie chirurgiczne obejmujace zmiane paso-
zytnicza z marginesem zdrowej watroby (8,17). W obu
opisanych przypadkach zastosowano leczenie chirur-
giczne: u pierwszej pacjentki wykonano lewostronng
hemihepatektomie, a u drugiej— prawostronng rozsze-
rzong hemihepatektomi¢ (z segmentem V). Wprowa-
dzenie leczenia albendazolem istotnie poprawito roko-
wanie. Po calkowitej resekcji zmian pacjenci wyma-
gaja dtugotrwatej kontroli oraz co najmniej dwuletniej
terapii albendazolem ze wzgledu na mozliwos¢ prze-
rzutowania pasozyta (18,19). Wczesne rozpoznanie
choroby, brak przerzutow w chwili diagnozy i szyb-
kie wdrozenie leczenia sg czynnikami sprzyjajacymi
korzystnemu rokowaniu w przebiegu AE (14). W obu
opisanych przypadkach pacjentki nie przyjmowaty
zaleconego albendazolu po operacji, co doprowadzito
do nawrotu zmian watrobowych oraz pogorszenia sta-
nu ogolnego odpowiednio po 5 i 8 latach od zabiegu.
Ze wzgledu na lokalizacj¢ i rozlegtos¢ zmian pelna
resekcja jest mozliwa jedynie u 20-50% pacjentow;
w niektorych przypadkach nalezy rozwazy¢ przesz-
czep watroby. W przypadku przeciwwskazan do za-
biegu chirurgicznego jedyng opcja terapeutyczng po-
zostaje dozywotnia terapia albendazolem. W takim
przypadku nie prowadzi ona do petnego wyleczenia,
ale spowalnia postep choroby, poprawia jakos¢ zycia
i wydtuza przezycie. Albendazol dziata pasozytosta-
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An important element that may affect the
effectiveness of therapy is the socio-economic context.
Albendazole is not reimbursed in Poland; the price
range of a single-dose package varies between PLN
10 and PLN 35 and taking it daily results in a monthly
cost between PLN 600 and PLN 2,100 per month. The
average gross monthly salary in Poland in 2021 was
PLN 5,663, and the average gross monthly pension was
PLN 2,623. The patients presented are elderly, and both
were retired at the time of their last hospitalization.
High expenses related to continuous treatment of
AE may exceed the financial capabilities of patients,
discourage or prevent the therapy (22).

In conclusion, non-specific symptoms, as well as
the lack of awareness of the disease among doctors,
lead to delays in diagnosis often in late stages,
where therapeutic options are limited, and patients
are often disqualified from surgical treatment. The
described cases indicate how important it is to
continue albendazole therapy after surgical resection
of E. multilocularis lesions, as discontinuation can
lead to disease recurrence and significantly worsen
the prognosis. Clear communication with the patient
and delivery of explicit recommendations is crucial,
including transparency about the potential for a fatal
outcome and death in cases of non-compliance. Due to
the increasing threat, socio-economic context creating
a national therapeutic program would be a valuable
initiative. The epidemiological surveillance system
should differentiate, and report infections caused by E.
granulosus and E. multilocularis separately.
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wywolane przez E. granulosus i E. multilocularis.
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ABSTRACT

Human Metapneumovirus (HMPV) is a significant contributor to respiratory tract infections (RTI), presenting
a clinical spectrum that ranges from mild flu-like symptoms to severe pneumonia. The overlap of clinical
features with other RTIs, often complicates its diagnosis. While HMPV predominately affects young children,
the elderly and immunocompromised individuals, its true burden remains under-recognized due to diagnostic
challenges. Currently there is no specific antiviral therapy or approved vaccine for HMPV, underscoring the
urgent need for research into effective prevention and treatment strategies. Furthermore, the oral manifestations
of HMPV infections remains an unexplored domain with potential correlations to viral kinetics and systemic
spread. Investigating these oral signs could provide new insights into disease progression and serve as adjunctive
diagnostic markers. The present paper provides a comprehensive review of the epidemiology, immunodynamics
and diverse clinical manifestations of HMPV, while also shedding light on recent advancements in diagnostic
approaches and vaccine development. By addressing these knowledge gaps, future research can pave the way for
a more comprehensive approach to mitigate the global burden of HMPV-related respiratory illness.

Keywords: human metapneumovirus (HMPYV), respiratory tract infections (RTI), health care professionals,

diagnostics

INTRODUCTION

Acute respiratory tract infections (ARTI) are the
leading cause of symptomatic sickness globally. ARTI
is primarily caused by viruses, while it can also be
caused by certain bacteria and fungi (1). Researchers
have established the significance of recognized
viral infections such as the coronavirus, rhinovirus,
influenza virus, parainfluenza virus, and human
respiratory syncytial virus (RSV) via decades of study
and epidemiological investigations (2-4).

ARTI limited to the upper airway often cause
moderate respiratory discomfort. Nevertheless, this
might result in potentially fatal pneumonia if the
infection advances to the lungs. HRSV and HMPV
are common causes of viral pneumonia in young
children (<5 years old), senior citizens (>65 years old),
and immune compromised persons (1). Depiction and
comparison between various aspects common viruses
— influenza, COVID-19, RSV and HMPV is provided
in Table 1.

A recent outbreak of HMPV virus in China in
December 2024 has raised global concerns prompting
countries like India and Malaysia to closely monitor
its transmission (5). Public awareness was raised when
the Chinese Centre for Disease Control and Prevention
released statistics, indicating a sharp increase in
HMPV respiratory infections during the week of
December 16-22, 2024. In China, HMPV was more
common than COVID-19, rhinovirus, or adenovirus
in late 2024, accounting for 6.2% of individuals
with positive respiratory disease tests and 5.4% of
respiratory-related hospitalisation (6). World Health
Organization (WHO) has been providing health
messages to the public on how to prevent the spread
of this respiratory pathogen and has advised member
states to maintain surveillance for HMPV through an
integrated approach to combat its spread (7).

HMPV is categorized as the first human member of
the Pneumovirinae subfamily of the Paramyxoviridae
family, which includes the Metapneumovirus genus. It
is a single-stranded, negative-sense RNA virus with

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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Figure 1. Virion Structure of HMPV (A. HMPV Genome, B. Encoded Proteins).
Source: (1). Ballegeer M, Saelens X. Cell-Mediated Responses to Human Metapneumovirus

Infection. Viruses. 2020;12(5):542. doi: 10.3390/v12050542

an envelope (1). There are eight genes in the RNA
genome that code for nine distinct proteins (Fig. 1). The
virus has been in circulation among humans for more
than 50 years, according to serologic investigations
of antibodies against HMPV, despite the virus being
originally discovered in 2001 in Netherlands.

EPIDEMIOLOGY

HMPYV exhibits a seasonal variation and has been
discovered in every continent. In 2019, worldwide
systematic investigation of monthly patterns of
activity of various viruses from 246 sites (65 of which
were HMPV impacted) revealed that in the majority
of temperate sites, HMPV epidemics happened in the
late winter and spring (6). The northern and southern
hemispheres have outbreaks primarily from January
to March and June to July, respectively. Co-circulation
of multiple respiratory pathogens during the winter
season sometimes can lead to an increased burden
on health care systems treating ill patients. The
paediatric population is frequently affected by HMPV,
with children under the age of two having the highest
susceptibility rates (2). At age of five, seroprevalence
is nearly 100% (8). However, reinfection happens,
particularly in older and susceptible individuals, as
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a result of poor immune response or infection from
a new genotype (9).

LIFE CYCLE AND REPRODUCTION

The expected incubation period for HMPV is
3-6 days and differs from one person to another.
Attachment to a recipient cell, more especially,
the respiratory tract’s epithelial cells using the G
protein is the initial stage of replication cycle of the
HMPV. The fusing of the membranes of the host
and virus, mediated via the F protein, follows the
cycle. The virus nucleocapsid then replicates after
entering the cytoplasm of the recipient cell (10).
The Golgi apparatus transports viral glycoproteins
to the membrane, where they aggregate for the
production of new viruses. When viral protein
synthesis reaches a certain level, RNA polymerase
copies the entire genome producing positive-sense
RNA. After being enclosed inside the new virus
particles, the novel negative-sense RNA genome is
going to be created using this positively-sense
RNA as a template. Finally, via budding across
the membrane, assembled virus particle expelled
from the surface of the cell with the help of the M
protein (11).
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TRANSMISSION

The HMPV virus is believed to spread mostly by
airborne droplets or large particle aerosols through
infected secretions. It can also enter the human body
by close personal contact and touching contaminated
surfaces like doorknobs or handles and then touching
the eyes, nose or mouth (6). Within five days or two
weeks following the onset of manifestations, HMPV’s
RNA is detected in excretions. However, since the
presence of RNA of HMPV in breathing specimens
from patients recuperating from illness does not
necessarily indicate live infectious virus particles, the
degree of contagiousness is uncertain. A retrospective
study was conducted in Japan to study the transmission
of HMPV. Children enrolled in primary school, day-
care centres, or nursery homes comprised all index-
patients among the 15 families under study. The
median time for contact cases to showing symptoms
was five days (range: three to seven days) following the
index cases (12).

PATHOGENESIS

The virus can quickly propagate into the airways
after being inoculated in nasopharyngeal mucosa.
Airway epithelial cells, alveolar macrophages, and
dendritic cells are the main cell types that may detect

Table 2. HMPV protein’s impact on host immunity.

HMPV in a case of acute infection, which cause an
initial antiviral response that is primarily defined
by the generation of Interferons (IFN) (1) (Fig. 2).
Through a number of immunological repressive ways,
mainly carried out by its G and SH proteins, HMPV
immediately attempts to reverse the response (Table
2). T cells, including CD4+ and CD8+ T cells, are
essential for the removal of HMPV along with innate
immune system agents. It should come as no surprise
that HMPV has developed strategies to hinder dendritic
cell activity in order to postpone the cytotoxic T cell
activity and the elimination of the virus. Following
the infection’s course, the humoral response — the B
cells’” generation of virus-specific antibodies is another
crucial stage in controlling the virus (1).

CLINICAL MANIFESTATIONS

It is impossible to make accurate differences
between the clinical manifestations of HMPV
infection compared to other frequently occurring
respiratory viruses. Despite the fact that symptoms
typically overlap, variations in clinical presentation
can happen (12). While producing sputum, bleeding,
irregular bowel movements, and headache are less
frequent symptoms, a high-grade fever, dyspnoea,
body pains, and a persistent cough are typical initial
symptoms.

HMPYV Protein Effect on Host Immunity Reference
A defensive response is facilitated by a fragment from this protein.
Nucleoprotein This is a significant part of the inclusion bodies found during HMPV infection, 1,2
associated with the P protein.
. Reduces the production of IFN-I by limiting RIG-I’s capacity to detect
Phosphoprotein 50-triphosphate viral RNA. 1,2,10
Matrix Protein It causes the release of 1nﬂammatory cytokines and is released by affected cells 1.2.10
in a soluble state.
M2-1 protein This protein’s domain triggers a defensive CTL response. 1,2,11
Inhibits the homodimerization of IRF7, which stops the TLR7 signalling
M2-2 Protein pathway from inducing IFN-a. 2,11
Interferes with TLR-driven signalling by forming a compound with MyD§8.
Lowers the transcription levels of ISGs via blocking the phosphorylation process
Small
Hydrophobic of STATI. 2,10
yProfein Reduces IFN expression by blocking the TLR7 signalling pathway. ’
It may have a role in reducing CD4+T cells activation.
May contribute to lowering CD4+T cell activation.
Glveonrotein Combines with RIG-I to prevent viral sensing. 510
yeop Helps attract neutrophils by secreting more CXCL2, CCL3, CCL4, IL-17, and ’
TNF.

*[FN — I nterferon, RNA — R ibonucleic Acid, RIG — Retinoic acid-inducible gene, CTL — C ytotoxic T Cell,
IRF — I nterferon Regulatory Factor, TLR — T oll-like receptor, MyD88 — Myeloid-Differentiation Factor 88,
ISG — I nterferon Stimulated Genes, STAT1 — Signal transducer and activator of transcription 1, IL — Interleukin,

TNF — Tumor necrosis factor
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HMPV

l

Alveolar macrophages

Airway epithelial cells

Release Pro-inflammatory  Virions Phagocytosis

!

Cytokines

Dendritic cells

Migrate to lymph-node and
activate T cells

T cells activate and migrate towards lungs

Release cytotoxic granules and kill infected cells

Viral clearance done by inflammatory cell types exhibiting different mechanisms

Generation of virus-specific antibodies is another crucial stage in controlling the virus

Figure 2. Anti-viral (immune) response after HMPYV infection. Based on (1).

1. Manifestations affecting respiratory tract

People with HMPV typically exhibit manifestations
of upper and/or lower airway infection, although the
latter is generally more prevalent. Cough, rhinorrhoea,
congestion, and sore throat are typical signs of upper
respiratory tract infection. Symptoms of lower airway
infection include coughing, fever, hypoxia, dyspnoea,
and wheezing. Children who have lower respiratory
tract infection are more likely to develop pneumonia,
croup, bronchiolitis, and acute asthma flare-ups (10).

2. Extra pulmonary manifestations

The epidermis, olfactory system, along with oral
cavity is among the other organs that this virus may
impact with similar symptoms. An ulcer, erosion,
vesico-bullous lesions, pustule, fissured tongue
with de-pappilation, pallor, bad breath, whitish
patches, haemorrhagic crust, tissue necrosis, blisters,
inflammation, redness, and spontaneous bleeding are
among the oral signs (13). Additional extra-pulmonary
symptoms including as encephalitis, focal epileptic
seizure, otitis media and viral cardiomyopathy have
also been linked to HMPV. An HMPV transmission
in an immune-deficient adult who presented as
a mononucleosis-like disease was reported by Li et
al (14). According to Williams et al., otitis media was
identified in 50% of children infected with HMPV
(15). Additionally, some findings have indicated that
a variety of disorders affecting the central nervous
system, from serious encephalitis to febrile seizures,
are possibly linked to HMPV infected children
(16). According to a case report, an allogeneic
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hematopoietic stem cell transplant recipient who
developed interstitial & intra-alveolar pneumonitis
along with significant alveolar cell destruction died
from an infection caused by HMPV solely (17). The
first instance of HMPV inducing viral myocarditis
was reported by Weinreich et al. in 2015 (18). In 2024,
Toyin et al. reported a case of a 43-years-old individual
who had no known cardiovascular history and was
diagnosed with HMPV-related sepsis-induced dilated
cardiomyopathy (19).

3. Risk groups

Older people, immuno-compromised individuals,
and young ones are the groups mostly at risk of
contracting HMPV. According to research, between
30 and 85 percent of kids admitted to hospitals with
HMPV suffer from long-term illnesses like asthma
or chronic lung disease brought on by prematurity,
cancer, or congenital heart disease. Patients with
underlying illnesses including asthma, persistent
obstructive pulmonary disease (COPD), HIV-positive,
impaired immune state, or preterm are more likely to
be admitted to the hospital (12).

DIAGNOSIS

The following methods can be used to diagnose
HMPV infection:

1. Molecular diagnostics
The most sensitive technique for diagnosing HMPV
infection is the reverse transcriptase-polymerase chain
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reaction (RT-PCR) assay, whichdetects viralribonucleic
acid (RNA), particularly during the acute phase of
illness. Multiplex RT-PCR is the most commonly
used method found in the literature followed by real-
time RT-PCR. Multiplex RT-PCR became the most
popular method in 2011-2019. This technique enables
detection of a broader range of respiratory viruses
in a single test run. Commercial multiplex PCR Kkits,
cleared by the Food and Drug Association (FDA), are
now available (20). Optimal sample collection should
occur within the first 3-5 days of symptom onset,
when viral load is highest. Commonly used specimens
include nasopharyngeal swabs (NPS), nasopharyngeal
aspirates (NPA), and nasal washes. NPS is preferred in
children for its balance of diagnostic yield and ease of
collection. NPAs, though more invasive, offer higher
viral yield and are often used in infants. Throat swabs
may serve as supplementary samples but are less
sensitive. In severe or hospitalized cases, specimens
such as endotracheal aspirates or bronchoalveolar
lavage (BALF) may be used. Combined nasal and
throat swabs are a non-invasive alternative that can
enhance detection rates, especially in older children
and adults. (Table 3) (20).

2. Virus culture

HMPYV has been grown and isolated using a variety
of cell lines, including Vero cells, Hep G2 cells,
Monkey Kidney cells, HEp-2 cells, BEAS-2B cells,
HepG2 cells, 293 cells and LLC-MK2 cells (2). Because
HMPV has minor cytotoxic effects and develops
slowly in standard cell culture, virus cultivation is
comparatively challenging. Cell culture detection
techniques were shown to have 68% sensitivity and
99% specificity.

3. HMPV Antigen Detection

Rapid  diagnostic  tests using  immune-
chromatography (IC) are now available for detecting
HMPV. These tests, for eg. Biopanda HMPV Rapid
Test, utilize a lateral flow assay to detect HMPV
antigens in nasopharyngeal swab samples. They are
relatively easy to perform and can be done in point-
of-care settings (POCR). Moreover, different types
of bio sensors for rapid identification of respiratory
viruses have been developed recently with promising
results (21).

4. Serologic Testing

A number of investigations have documented
high sero-prevalences utilizing enzyme-linked
immunosorbent assays (ELISAs) or micro-
neutralization assays. Serological testing for HMPV
is primarily utilized in epidemiological research
rather than routine clinical diagnosis, as IgM and IgG
antibodies typically appear several days to weeks
post-infection. By the age of five, most children
have detectable IgG antibodies, indicating early-life
exposure. Due to this delayed antibody response,
serology is not suitable for diagnosing acute infections.
Instead, molecular techniques such as RT-PCR are
preferred for rapid and accurate detection (8).

5. Radiographic Investigations

Imaging using computed tomography (CT) and
chest X-rays reveal that symptoms of acute interstitial
pneumonia (air-space consolidation with ground
glass opacification) give way to symptoms of
inflamed bronchi (thickening of the bronchial wall).
Other cutting-edge technologies are presently being
developed for the diagnosis of respiratory viruses

Table 3. Different types of sample swabs for molecular testing of HMPV (20).

Sample Type Details Recommended For
Deep nasal swab which reaches the First-line in children; most ideal for
Nasopharyngeal Swab (NPS) nasopharynx PCR/antigen tests

Nasopharyngeal Aspirate (NPA)

Obtained by Suction of nasal
secretions

Significantly higher viral yield than
swabs; commonly used in infants/
young children

Throat Swab

Swab taken from oropharynx (back
of throat)

Less sensitive than NPS; can be used
as supplementary

Sputum

Expectorated or induced sample

Older children/adults; rarely used in
young kids

Endotracheal Aspirate

Collected from intubated patients

Mostly used in critically ill children
in Intensive Care Units

Bronchoalveolar Lavage (BALF)

Collection of sample via
bronchoscopy

Invasive; for severe lower respiratory
infections

Combined Nasal + Throat Swabs

Simultaneous collection from both
sites

This improves diagnostic yield; non-
invasive alternative
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include microfluid chips, RT-PCR in conjunction with
electrospray ionization mass spectrometry, and essays
like surface-enhanced Raman spectroscopy (12).

TREATMENT STRATEGIES

Currently, there is no particular treatment for
HMPV which is a major cause of paediatric pneumonia
globally. The majority of HMPV infection therapies
now available are mainly supportive. In case of infants
and children who require hospitalization, the primary
therapies are oxygen supplementation and intravenous
hydration (22). Antiviral drugs are considered an option
of last resort to treat a severe HMPV infection. At
present, only ribavirin and immunoglobulins have been
used in humans for treatment of HMPV infections.

1. Antivirals

Ribavirin, a broad-spectrum nucleoside analogue,
has shown antiviral activity against RNA viruses
like HMPV. In vitro and animal studies suggest it
may reduce viral replication and modulate immune
responses by lowering pro-inflammatory cytokines.
Clinically, its use is limited and largely experimental.
In rare cases, such as in immune-compromised
patients, ribavirin combined with intravenous
immunoglobulin has been used with reported success,
though further clinical validation is needed. Human
clinical data on its efficacy in HMPV is limited, and
concerns regarding its toxicity and narrow therapeutic
window have restricted widespread adoption (20,23).

2. Immunoglobulins

It includes humanized monoclonal antibodies
like Palivizumab capable of identifying a highly
preserved neutralizing domain on the viral fusion
protein. Palivizumab has been shown to be effective
mainly against RSV mainly in infants. It is being
studied further to be used in the treatment of HMPV
infections (24). MADb 338, an antibody designed
specifically for targeting the fusion protein of HMPV.
In animal trials, it demonstrated efficacy by lowering
the respiratory viral titre considerably, reducing severe
acute symptoms, and bronchial hyper-reactivity (25).
Fusion (F) protein plays an important role in the
HMPV life cycle, making it an attractive antiviral
drug target. Blockade of these F-mediated processes
is expected to reduce HMPV infection and ultimately
reduce global health care burden (26). The use of RNA
interference targeting essential viral genes via small
interfering RNAs (siRNAs) offer the ability to directly
and rapidly treat viral infections including HMPV. N
and P gene of HMPV can be effectively targeted by
siRNAs, thereby proving to be a novel therapeutic
agent for HMPV control (27).
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VACCINATION

Vaccination is regarded as the most efficient
technique of combating epidemics. However, there
are currently no accessible vaccines and no human
experiments have been conducted. Numerous HMPV
vaccines had been researched, such as inactivated
vaccine, epitope vaccine, chimeric vaccine, subunit
vaccine, virus like particles and live attenuated vaccine.
Russell et al. reported the production of a Sendai virus
(SeV) recombinant that carries a gene for a truncated
HMPYV fusion (F) protein (SeV-MPV-Ft). The vaccine
induces binding and neutralizing antibody responses
toward HMPV and protection against challenge with
HMPYV in a cotton rat system (28). Another promising
option is a VLP-based vaccination. Cox et al. created
a VLP vaccine centred around the proteins F and M
(29). Trinite et al. compared the immunogenicity of
RSV-F or hMPV-F based immunogens delivered either
as soluble proteins or displayed on the surface of VLPs
(30). Both vaccinations protected experimental animals
infected with  HMPV. Numerous attenuated live
vaccines have already been created in recent decades,
and the majority of them shown promising results
in preclinical testing. Although rtHMPV-Pa reached
a clinical trial, excessive attenuation prevented it from
producing the desired results (31,32). The research is
still ongoing to generate an effective vaccine.

FUTURE PROSPECTIVE AND ROLE OF
DENTAL PROFESSIONALS

While much has been explored regarding the
clinical impact of HMPYV, its oral manifestations
remain largely under-reported, presenting a unique
area for dental professionals to consider. As oral health
providers, it is essential to recognize that HMPV may
produce oral symptoms similar to those seen with
other respiratory infections, such as mucosal lesions
or xerostomia, which could potentially be overlooked
without awareness. Dentists play a pivotal role in
identifying these oral signs early, especially in at-risk
populations like children, the elderly, and immuno-
compromised individuals. Further research into the
oral implications of HMPV, along with advancements
in diagnostic tools and vaccines, will enable dental
practitioners to better manage and support patients
with this infection highlighting the importance of
integrating oral health into the broader context of
respiratory viral infections.

CONCLUSION

In conclusion, HMPV remains a significant
respiratory  pathogen, with  diverse clinical
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manifestations. Despite extensive research into its
clinical features and pathogenesis, HMPV continues
to present diagnostic and therapeutic challenges. As
our understanding of HMPV evolves, particularly in
its immune responses and genetic variability, future
studies need to focus on advancing diagnostic tools,
improving treatment options, and exploring the
potential role of vaccines in preventing HMPV-related
morbidity. Collaborative efforts across medical and
dental disciplines will be essential in addressing the
full scope of this virus, ultimately leading to better
patient outcomes and more informed management
strategies.
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RABIES IMMUNOGLOBULIN OVERDOSE IN POST-EXPOSURE PROPHYLAXIS

PRZEDAWKOWANIE SWOISTEJ IMMUNOGLOBULINY W PROFILAKTYCE
POEKSPOZYCYJNEJ WSCIEKLIZNY

Oddziat IV, Wojewodzki Szpital Zakazny w Warszawie
Hospital of Infectious Diseases, Warsaw, Poland

ABSTRACT

Rabies is a zoonotic viral infection caused by an RNA virus from the Rhabdoviridae tfamily, a Lyssavirus species
with the highest mortality rate among all infectious diseases. Post-exposure prophylaxis (PEP) should be applied
as soon as possible in every person who has potentially been exposed to rabies virus. The procedure depends
on the extent of exposure, person’s previous vaccination history and animal source of the exposure. Human
exposure most commonly occurs through an animal bite that has broken the skin (99% of human rabies occur
from infected dogs), the virus is present in the saliva of the sick animal. This case illustrates the post-exposure
prophylaxis instituted in non-immunized woman returning from Sri Lanka, who has been exposed to a dog bite.
In this case an overdose of the human rabies immunoglobulin (HRIG) was administered to the patient. During
further follow-up, it was determined that the excessive dose of HRIG did not result in any adverse effects,
including suppression of the immune response. However ensuring the accuracy of drug administration is crucial
to improving patient outcomes.

Keywords: rabies, immunoglobulin, post-exposure prophylaxis, inadequate dose, overdose
STRESZCZENIE

Wscieklizna jest odzwierzgca chorobg wirusowa spowodowana przez wirusa RNA z rodziny Rhabdoviridae,
gatunek Lyssavirus o najwyzszym wspotczynniku $miertelnosci sposrdéd wszystkich chordb zakaznych. Pro-
filaktyka poekspozycyjna (PEP) powinna by¢ zastosowana najszybciej jak to mozliwe w kazdym przypadku
podejrzanym o narazenie na wirus wscieklizny. Postepowanie r6zni si¢ w zaleznos$ci od rodzaju kontaktu, stanu
zdrowia zwierzgcia w chwili narazenia i statusu serologicznego osoby eksponowanej. Do zarazenia dochodzi
najczesciej] w wyniku ugryzienia przez chore zwierze (99% przypadkéw wscieklizny u ludzi na §wiecie jest
wynikiem pogryzienia przez psa zakazonego wirusem wscieklizny); wirus obecny jest w §linie chorego zwie-
rzgcia. W opisanym przypadku podano zbyt duzg dawke ludzkiej swoistej immunoglobuliny (HRIG) w profi-
laktyce poekspozycyjnej wscieklizny u wezes$niej nieszczepionej kobiety powracajacej ze Sri Lanki, ugryzionej
przez nieznanego psa. W toku dalszej obserwacji oceniono, ze nadmierna dawka HRIG nie spowodowata dzia-
fan niepozadanych, w tym niedostatecznej odpowiedzi immunologicznej. Jednakze zapewnienie starannos$ci
podczas wykonywania procedur medycznych ma kluczowe znaczenie dla ich dobrych efektow.

Stowa kluczowe: wscieklizna, profilaktyka poekspozycyjna, immunoglobulina swoista, nieoptymalna dawka,
przedawkowanie

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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CASE REPORT

A 33-year-old woman, with no significant past
medical history, was admitted to the Infectious
Diseases Department to receive rabies post-exposure
prophylaxis (administration of both HRIG and rabies
vaccine). She was bitten on the right thumb by an
unknown dog five days prior to hospitalization, during
a tourist stay in Sri Lanka. The patient stated the dog
was friendly and lived on the hotel premises where
she was staying; however, after the incident, the dog’s
owners could not be located (thus the dog’s vaccination
history was unknown). The patient had never been
vaccinated against rabies and had not received any
vaccinations in adulthood. On admission, she was
in good condition, afebrile (body temp. 36.4°C), her
vital signs were within normal limits. There were no
bite marks visible on the right thumb. Furthermore,
for about three days, she had experienced an itchy
maculopapular rash on the forearms and thighs, which
responded well to antihistamines. She reported having
had similar symtoms in the past; but she had never
undergone any specialist diagnostic procedures.

Laboratory tests performed on admission did
not reveal any significant abnormalities — blood
count showed Hgb 13.1 g/dl, WBC 6.24 x 10%uL,
PLT 260 G/1, eGFR >60 ml/min/1.73m?, CRP <5 mg/I.

In the majority of human rabies cases, the virus is
transmitted through dog bites (1). In Sri Lanka, rabies
remains a significant public health concern. According
to the local Ministry of Health, there are an average
of 25 rabies-related deaths annually (2). In Poland,
the last fatal human rabies case occurred in 2002
(3). According to the Polish Act on Animal Health
Protection and Control of Infectious Animal Diseases
(Journal of Laws, 2023, item 1075), rabies is subject
to the mandatory control in the Republic of Poland
4). As of April 16, 2025, 11 rabies outbreaks were
confirmed in Poland based on laboratory testing: 4 in
the Podkarpackie Voivodeship and 7 in the Lubelskie
Voivodeship (all of them in wildlife — 6 foxes, 2 dogs,
3 cats) (5). Post-exposure prophylaxis (PEP) should
be initiated as soon as possible in any case suspected
of exposure to the rabies virus (6). The decision
depends on several factors, including: the severity
of the wound, time elapsed since exposure, location
of the bite. Without PEP, the average probability of
developing rabies as a result of a bite by an infected
animal is: 55% for bites to the head, 22% to the upper
limb, 9% to the trunk, and 12% to the lower limb (7).

In the described case, a patient was qualified for
PEP category 111, indicating a serious exposure. She
received two doses of rabies vaccine (VERORAB —
purified vero cell rabies vaccine, PVRV) and six vials
of human rabies immunoglobulin (HRIG = KAMrab),
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33-letnia kobieta, nieleczaca si¢ z powodu choréb
przewlektych, zostata przyjeta do Oddzialu Zakaz-
nego w celu profilaktyki czynno-biernej wsciekli-
zny. W wywiadzie ugryzienie przez nieznanego psa
w keiuk reki prawej, do ktorego doszlo na pig¢ dni
przed zgloszeniem podczas pobytu turystycznego
na Sri Lance. Z relacji pacjentki wynikalo, ze pies
byl przyjazny i mieszkal na terenie hotelu, w ktorym
przebywala, jednak po zdarzeniu nie udato si¢ zloka-
lizowac¢ jego wlascicieli (w zwiazku z tym nieznana
byta historia szczepien psa). Pacjentka nie byta wcze-
$niej szczepiona przeciwko wsciekliznie; w wieku
dorostym nie byla szczepiona przeciwko zadnym
chorobom zakaznym. Przy przyjeciu byla w stanie
dobrym, bez goraczki (temp. ciata 36,4 st. C), wy-
dolna krazeniowo i oddechowo, na opuszce kciuka
prawego bez $ladu ugryzienia; poza tym od okoto 3
dni na skorze przedramion i tylnej powierzchni ud
obecna byta swegdzaca wysypka plamisto-grudkowa,
dobrze reagujaca na leki antyhistaminowe. W wy-
wiadzie w przesztosci okresowo obserwowata po-
dobne zmiany na przedramionach — dotychczas nie
byta diagnozowana z tego powodu.

W badaniach laboratoryjnych wykonanych
w oddziale nie wykryto istotnych odchylen od nor-
my — w morfologii krwi Hgb 13.1 g/dl , leukocyty
6.24 10°/uL; PLT 260 G/1; eGFR >60 ml/min/1,73m?;
CRP <5 mg/l.

Wigkszo$¢ przypadkow wscieklizny u ludzi jest
wynikiem ugryzienia przez zarazonego psa (1). Na
Sri Lance choroba ta nadal pozostaje istotnym pro-
blemem zdrowotnym. Wedlug danych tamtejszego
Ministerstwa Zdrowia rocznie notuje si¢ srednio 25
zgondw z powodu wscieklizny (2).W Polsce ostat-
ni $miertelny przypadek u czlowieka mial miejsce
w 2002 roku (3). Zgodnie z zalacznikiem nr 2 do
ustawy z dnia 11 marca 2004 r. o ochronie zdrowia
zwierzat oraz zwalczaniu chordb zakaznych zwierzat
(Dz. U. z 2023 r. poz. 1075) wscieklizna nalezy do
choréb zakaznych zwierzat podlegajacych obowiaz-
kowi zwalczania na terytorium Rzeczypospolitej
Polskiej (4). Dotychczas, w 2025 roku na podstawie
wynikow badan laboratoryjnych stwierdzono 11
ognisk wscieklizny na terenie Polski: 4 w wojewddz-
twie podkarpackim i 7 w wojewddztwie lubelskim (6
liséw, 2 psy, 3 koty; stan na 16.04.2025) (5). Profilak-
tyke poekspozycyjng nalezy zastosowac najszybciej
jak to mozliwe w kazdym przypadku podejrzanym
0 narazenie na wirus wscieklizny (6). Wybor poste-
powania zalezy od kilku czynnikéow; w tym ci¢zko-
$ci rany, czasu jaki uptynat od ekspozycji czy tez
miejsca ugryzienia na ciele. Bez PEP $rednie praw-
dopodobienstwo wystapienia wscieklizny po ugry-
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corresponding to a total dose of 1800 IU. After an
observation, the patient was discharged in a good
condition. The continuation of PEP following the
Zagreb regimen (4 doses: Day 0 [2 doses], 7, and 21)
was recommended.

The patient later reported an error in the discharge
summary regarding her body weight (recorded as 96
kg; whereas her actual weight was 69 kg). She received
an HRIG dose calculated for 96 kg (1800 1U), whereas
the correct dose should have been 1380 IU (a difference
of 420 IU). Given the low risk of adverse effects from
the higher dose of immunoglobulin, she was advised
to continue PEP as recommended. Moreover, the
assessment of the level of rabies virus neutralizing
antibodies (RVNA) was planned.

On a follow-up visit two months after completing
the vaccination course, the patient was in good general
condition. She reported a decrease in exercise tolerance
and a palpable lump behind her left ear. Physical
examination revealed small lymph nodes in the left
postauricular region. RVNA level was measured and
found to be >4 IU/ml (protective level). The patient
did not require complementary rabies vaccination.
Post-exposure prophylaxis was completed, and she
was discharged in good condition.

DISCUSSION

In this case, the patient received a single dose of
RIG and a complete rabies vaccination course. The
recommended RIG dose is 20 1U/kg, administered at
the time of the first vaccine dose (or, in exceptional
cases, at any time within 7 days after the first dose)
(8). Routine RVNA antibody titre measuring is not
typically performed during or after PEP, but it may be
indicated in certain cases (e.g., for monitoring immunity
in high-risk groups (9)). A titre of at least 0.5 [U/ml
is considered protective (vidle WHO guidelines from
1984), measured on day 14 after initiation of PEP (10).

According to Verorab’s clinical data, nearly all
children and adults reached the adequate antibody
titres (= 0.5 IU/ml) by day 14, and all by day 28 (11).
Slightly lower average titres may be observed when
HRIG or ERIG (equine rabies immunoglobulin) is
administered together with the vaccine, as it can
partially interfere with the antibody production of
the organism. Therefore, excessive RIG dosing or
additional doses are not recommended — even if post-
vaccination immune response appears suboptimal
(RVNA level < 0.5 IU/ml) (12).

Another consideration is a potential RIG toxicity.
According to one animal study, no adverse effects were
observed in rats administered 120 IU/kg (a dosage six
times higher than recommended) (13).

zieniu przez chore zwierz¢ wynosi kolejno: 55% — po
ugryzieniu w glowe; 22% — w konczyne gorna; 9%
—w tutow; 12% — w konczyne dolng (7).

W opisywanym przypadku pacjentke zakwalifi-
kowano do profilaktyki czynno-biernej wscieklizny
— w oddziale podano 2 dawki szczepionki p/wScie-
kliznie (VERORAB — purified vero cell rabies vac-
cine, PVRV) oraz 6 ampulek immunoglobuliny p/
wsciekliznie (HRIG= Human Rabies Immunoglo-
bulin — KAMrab) co odpowiada 1800 j.m. HRIG.
Po okresie obserwacji pacjentke wypisano do domu
w stanie ogélnym dobrym z zaleceniami kontynu-
owania profilaktyki poekspozycyjnej wscieklizny wg
schematu Zagrzeb (4 dawki szczepionki: 0 (2 dawki),
7, 21 dni)

Po opuszczeniu szpitala pacjentka telefonicz-
nie zglosita btad w karcie informacyjnej dotyczacy
cigzaru ciata (wpisano 96 kg; a masa ciata pacjentki
wynosita 69 kg). Pacjentka otrzymata HRIG w daw-
ce wyliczonej do m.c. 96 kg, tj. 1800 j.m RIG, pod-
czas gdy prawidtowa dawka na faktyczng masg ciata
powinna wynies¢ 1380 j.m (420 j.m. mniej). Wobec
niskiego ryzyka wystgpienia dziatan niepozadanych
zwiagzanych z podaniem wigkszej dawki immunoglo-
buliny pacjentce zalecono kontynuacj¢ PEP. Dodat-
kowo zaplanowano ocene stezenia przeciwciat prze-
ciwko wsciekliznie (RVNA= Rabies virus neutrali-
sing antibodies).

W czasie wizyty kontrolnej 2 miesigce po zakon-
czonym cyklu szczepien (zgodnie ze schematem)
pacjentka byta w stanie ogdlnym dobrym, z dolegli-
wosci zglaszata spadek wydolnosci fizycznej oraz
wyczuwalne zgrubienie za lewym uchem. W badaniu
przedmiotowym — drobne wyczuwalne wezty chlon-
ne w okolicy zausznej lewej, poza tym bez odchy-
len. Oznaczono RVNA — uzyskano wynik >4 1U/ml
(stezenie zabezpieczajace). Pacjentka nie wymagata
doszczepiania przeciwko wsciekliznie. Zakonczono
profilaktyke poekspozycyjna i wypisano do domu
w stanie ogélnym dobrym.

DYSKUSJA

W opisanym powyzej przypadku pacjentke za-
kwalifikowano do profilaktyki czynno-biernej, ktéra
obejmuje podanie pojedynczej dawki RIG oraz petny
cykl szczepien przeciwko wsciekliznie.

Zalecana dawka RIG wynosi 20 j.m./kg masy cia-
1a, jest ona podawana w momencie podania pierwszej
szczepionki (w wyjatkowych przypadkach dopusz-
czalne jest podanie RIG do siedmiu dni wiacznie po
podaniu pierwszej dawki szczepionki) (8). Rutynowo
nie wykonuje si¢ badania pomiaru poziomu prze-
ciwciat neutralizujacych wirus wscieklizny w su-
rowicy krwi (RVNA) w trakcie lub po zakoncze-

189



Rabies immunoglobulin overdose

Przedawkowanie swoistej immunoglobuliny

A review of scientific databases (such as Pubmed,
Cochrane, Google Scholar) revealed limited cases
describing complications following an incorrect dose
administration. One involved a healthy 26-year-old
woman exposed to dog bite; who developed fever and
lumbar pain after receiving a HRIG dosage 2.5 times
higher than the recommended (14). It was explained that
the symptoms resulted from the formation of soluble
immune complexes causing glomerulonephritis.
Symptoms resolved after stopping the course of
vaccination.

No serum sickness cases have been reported from
HRIG administration, however there are reports of
such complications of ERIG. One case involved a man
who developed fever, rash, arthritis and sore throat
eight days after the administration of ERIG. Diagnosis
was based on the anamnesis and the time of onset. In
that case the patient responded well to antihistamines
and intravenous corticosteroids (15).

Another report described two adult male identical
twins who received ERIG after cat scratches. One
developed a low-grade fever, arthritis and rash; the
other had low-grade fever and urticaria. Both recovered
after a 7-day course of low-dose prednisolone (16).

SUMMARY

The described case involved rabies PEP using
the Zagreb regimen and HRIG. The vaccination
schedule was followed as recommended, though an
error occurred in the administration of HRIG. The
patient received an excessive HRIG dose following
an incorrect recording of the body weight (1800 U
instead of 1380 IU). No immediate adverse events were
observed, and the RVNA titre measured after PEP was
at a protective level (>0.5 [U/ml). HRIG is indicated
for passive, transient post-exposure prophylaxis (PEP)
of rabies infection, to ensure the immediate antibody
protection until the vaccine-induced active immune
response develops (in 7-10 days) (17). Excessive HRIG
dosing may suppress active antibody production
and compromise sustained immunity. Although
PEP protocol errors are relatively uncommon (18),
they can potentially lead to serious consequences.
Strict compliance with procedures and constant staff
education are essential for patient safety.
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niu PEP. Jednak mozna je wykona¢ w okreslonych
przypadkach (np. do monitorowania poziomu wy-
szczepienia w kluczowych populacjach (9)). Poziom
uznaje si¢ za wystarczajacy jesli wynosi co najmnie;j
0,5 j.m./ml — warto$¢ ta zostata ustalona przez WHO
w 1984 roku. Pomiaru dokonuje si¢ 14 dni od roz-
poczecia PEP. Poziom odcigcia wynoszacy 0,5 [U/ml
zostal ustalony w oparciu o jedng z metod pomiaru
(test neutralizacji) dla okreslonego celu (okre$lenie
odpowiedniej odpowiedzi na szczepienie przeciwko
wéciekliznie w okreslonym momencie po podaniu
szczepionki) (10).

Z informacji od producenta szczepionki Verorab
wynika, ze w badaniach klinicznych zaréwno u dzie-
ci, jak i dorostych szczepionka pozwolita osiagnaé
odpowiednie miana przeciwcial neutralizujacych
(= 0,5 jm./ml) u prawie wszystkich pacjentow do
dnia 14 i u wszystkich do dnia 28 (11). Nieznacznie
mniejsze $rednie miano przeciwcial moze by¢ ob-
serwowane gdy ludzka immunoglobulina przeciw
wsciekliznie (HRIG) lub konska immunoglobulina
przeciw wsciekliznie (ERIG = equine rabies immu-
noglobulin) sg podawane jednocze$nie ze szczepion-
ka, poniewaz moga one czesciowo hamowac aktywna
produkcje przeciwcial. Z tego samego powodu prze-
ciwwskazane jest podawanie wickszych dawek RIG
lub podawanie dodatkowych dawek, nawet jesli po
szczepieniu nie obserwuje si¢ optymalnej odpowie-
dzi immunologicznej (warto$¢ st¢zenia przeciwciat
<0,5 IU/ml) (12).

Inng kwestig jest ewentualna toksycznos$¢ RIG.
W badaniu, ktére miato za zadanie ocen¢ toksycz-
nosci po podaniu 6x wyzszej dawki niz wyliczona na
kilogram masy ciata u szczuréw (dawka 120 [U/kg
m.c) nie obserwowano dziatan niepozadanych (13).

Przeszukano bazy danych, takie jak Pubmed,
Cochrane i Google Scholar w poszukiwaniu artyku-
tow dotyczacych podania nieoptymalnej dawki RIG.
W jednym przypadku opisano wystgpienie bolu oko-
licy ledzwiowej i goraczki po podazy dawki HRIG
2,5 x wyzszej niz zalecana u dotychczas zdrowej 26
letniej kobiety w trakcie PEP po ugryzieniu przez
nieznanego psa (14). Autor ttumaczyt wystapienie
tego zjawiska wytworzeniem rozpuszczalnych kom-
pleksow immunologicznych w odpowiedzi na nad-
miar antygenu. Kompleksy wytracajac si¢ na btonie
kiebuszkowej, spowodowaty kiebuszkowe zapalenie
nerek. W opisanym przypadku objawy ustgpily po
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po ugryzieniu przez nieznanego psa. W 6smym dniu
po podaniu ERIG rozwinat objawy — stan podgoracz-
kowy, wysypka plamisto-grudkowa, bodle stawow
i bol gardla. Rozpoznanie choroby posurowiczej po-
stawiono na podstawie wywiadu, czasowej korelacji
podania ERIG i rozwoju objawow. Pacjent dobrze
zareagowal na leki przeciwhistaminowe i sterydote-
rapi¢ dozylnag (15).

Inny opis dotyczyl dwodch przypadkow choroby
posurowiczej u dorostych blizniagt jednojajowych
plci meskiej, ktorzy otrzymali ERIG w profilaktyce
poekspozycyjnej wscieklizny po zadrapaniach kota.
U mtodszego brata rozwinal si¢ stan podgoraczko-
wy, zapalenie stawow i wysypka plamisto-grudko-
wa, podczas gdy u starszego brata opisano stany pod-
goragczkowe 1 pokrzywke. Obaj pacjenci otrzymali
7-dniowg kuracje prednizolonem w matych dawkach
z dobrym efektem (16).

PODSUMOWANIE

Podsumowujac, w opisanym przypadku stosowa-
no profilaktyke poekspozycyjng wscieklizny sche-
matem Zagrzeb i z podaniem HRIG. Cykl szczepien
odbyt si¢ wedtug schematu bez powiklan, natomiast
pacjentce podano zbyt duzg dawk¢ HRIG z powo-
du blednie wpisanej masy ciata (podano 1800 j.m.
zamiast 1380 j.m.). Nie obserwowano natychmiasto-
wych dzialan niepozadanych, a zmierzony po za-
konczeniu cyklu PEP poziom RVNA byl poziomem
ochronnym (>0,5 [U/ml). Uzycie HRIG w PEP wicie-
klizny ma na celu wytworzenie odpornos$ci biernej —
natychmiastowg podaz przeciwcial neutralizujacych
wirusa do czasu, az szczepionka pobudzi organizm
do wytwarzania wilasnych aktywnych przeciwciat
(co nastepuje w ciggu okoto 7-10 dni) (17). Przedaw-
kowanie HRIG moze zmniejszy¢ skuteczno$¢ i dtu-
gotrwalg ochrong, jaka zapewnia szczepionka. Cho¢
btedy w schematach PEP zdarzajg si¢ relatywnie
rzadko (18), to ich potencjalny wpltyw moze mieé
powazne skutki, dlatego nalezy starannie pilnowac
przestrzegania procedur zwiazanych z podawaniem
lekow. Edukacja personelu i stata aktualizacja wie-
dzy maja kluczowe znaczenie dla bezpieczenstwa
pacjentow.

191



Rabies immunoglobulin overdose

Przedawkowanie swoistej immunoglobuliny

15.

16.

17.

18.

192

Shah M, Taneja V, Khosla P. Serum Sickness like
Reaction Postequine Rabies Immunoglobulins:
A Case Report. J Assoc Physicians India.
2023;71(12):95-7.

Tawanwongsri W, Wattanakrai P. Serum Sickness
after Equine Rabies Immunoglobulin in Identical
Male Twins: Two Case Reports. Case Rep
Dermatol. 2019;11(1):40-7. doi: 10.1159/000497053
Centers for Disease Control and Prevention.
Human rabies prevention — United States, 2008:
recommendations of the Advisory Committee on
Immunization Practices. MMWR Morb Mortal
Wkly Rep. 2008;57(RR-3):1-28. [Accessed 2025
Jan 10].

Siegel J. Rabies Immune Globulin: Ensuring
Administration ~ Safety. Pharmacy Practice
News. 2019 Sep 12. Available from: https:/

www.pharmacypracticenews.com/Review-
Articles/Article/09-19/Rabies-Immune-Globulin-

Ensuring-Administration-Safety/55935 [Accessed

2025 Jan 10].

Received: 13.02.2025

Accepted for publication: 30.05.2025
Otrzymano: 13.02.2025 1.

Zaakceptowano do publikacji: 30.05.2025 r.

Address for correspondence:

Adres do korespondencji:

Agata Julia Lukasik

Oddziat 1V,

Wojewddzki Szpital Zakazny w Warszawie,
ul. Wolska 37, 01-201 Warszawa

email: alukasik@zakazny.pl



PRZEGL EPIDEMIOL 2025;79(2): 193-200 Problems of infections / Problemy zakazen

https://doi.org/10.32394/pe/209455

Olena Zubach, Iryna Ben, Andrii Zadorozhnyi

UKRAINIAN POPULATION AWARENESS REGARDING LEPTOSPIROSIS

Department of Infectious Diseases, Danylo Halytsky Lviv National Medical University, Ukraine

ABSTRACT

BACKGROUND. Leptospirosis is one of the most common bacterial zoonoses in the world. However, there is
scarce available literature on public awareness of the infection and the main clinical symptoms of leptospirosis.
OBJECTIVE. The aim of this study was to assess the level of leptospirosis awareness among the general
population and individuals with occupational risk of the disease in Lviv Region, Ukraine.

MATERIAL AND METHODS. A leptospirosis questionnaire on potential risk factors, routes of transmission
and ways of protection along with the demographic data was prepared, posted on Facebook and distributed as
a printed version. The statistical analysis was performed using Fisher’s two-sided test.

RESULTS. A total of 446 individuals completed the questionnaire. Of these, 364 persons had no occupational
risk of acquiring leptospirosis, while 82 of them had it. The study showed the following levels of leptospirosis
awareness among the participants: 193 out of 446 (43.3%) individuals knew what leptospirosis was, with
158/364 (43.4%) representing general population (Group 1) and 35/82 (42.7%) representing individuals with an
occupational risk of acquiring leptospirosis (Group 2), p>0.05. Furthermore, a total of 55.8% of all the participants
knew how they could contract leptospirosis: 194/364 (53.3%) in Group 1 and 55/82 (67.1%) in Group 2, p<0.05.
The most common risk factors of acquiring leptospirosis observed in both groups were as follows: swimming
in ponds and lakes with stagnant water (57.69% in Group 1 and 79.26% in Group 2, p<0.01), and the presence of
rodents in houses, basements and utility rooms as well as periodic visits to these premises by respondents (45.6%
of the respondents in Group 1 and 58.53% of the respondents in Group 2, p<0.01).

CONCLUSIONS. Outreach campaigns should be implemented to raise the awareness of leptospirosis, both
among the general population and among the individuals at increased risk of exposure.

Keywords: leptospirosis, diagnosis, risk factors, awareness, risk groups

INTRODUCTION

Leptospirosis is one of the most important bacterial
zoonotic diseases globally (1). Leptospirosis infections
in humans are acquired through direct or indirect
contact with urine or tissues of leptospirosis-infected
animals, most commonly rodents (2). Risk factors
for leptospirosis are divided into several groups, for
example, occupational risks (waste treatment facilities
and water utility workers, slaughterhouse workers,
farm workers, hunters, veterinarians, fish farm
workers, forest rangers, laboratory workers, military
personnel, farmers on rice fields) and participation in
risky sports and entertainment activities (canoeing,
kayaking, swimming in stagnant fresh water, fishing
in stagnant water). An important role is played by
the influence of casual domestic factors (livestock
management, dog ownership, the presence of domestic
water collection systems contaminated with rodent

feces), as well as of other factors (walking barefoot
on flooded surfaces, open skin wounds, contact with
rodents, accidental interaction in the laboratory with
specimens contaminated with Leptospira) (3-6).

In a study of 102 confirmed leptospirosis cases
in Germany, 30% of cases were associated with
occupational activities, 30% with recreational
activities, and 37% with a casual domestic environment
(7). Similar results were observed in a study conducted
in Croatia. However, in Croatia, leptospirosis is
considered an occupational disease and is associated
with professions that take animal care (8). It has
recently been recognised that a large percentage of
patients become infected after recreational activities
in regions with high humidity (4,9). High levels of
leptospirosis infection have been observed in regions
experiencing natural disasters, such as floods and
hurricanes (10). In regions with a tropical climate, the
largest number of cases is registered during the rainy
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season (9). In regions with a temperate climate, the
majority of leptospirosis cases are registered in the
summer (2).

Annually, several hundred cases of leptospirosis
are officially registered in Ukraine with a mortality
rate of 10% (11). Between 2001 and 2024, a total of
10,576 human leptospirosis cases were officially
registered in Ukraine. The incidence rate in Ukraine
for the same period (2001 to 2024) was equal to 0.96
per 100,00 population. In Lviv Oblast, in the same
period, 717 cases were registered (incidence rate =
1.17 per 100,000 population) (12). When admitted to
a hospital with suspected leptospirosis, patients often
hear about the disease for the first time in their lives,
and these patients often belong to an occupational
risk group. This prompted us to assess the degree of
awareness of this disease across different segments
of the population of Ukraine, as well as to conduct
outreach activities among these cohorts with the aim
of raising the awareness of leptospirosis among the
interviewees. Such communication is instrumental
in informing individuals, especially in risk groups,
about the preventative actions they can take to prevent
potential infection with leptospirosis.

The aim of the study was to assess the level
of awareness of leptospirosis among the general
population and among representatives of occupational
risk groups in Lviv Region, Ukraine.

MATERIALS AND METHODS

Survey details. A questionnaire on leptospirosis
in humans was developed using Google Forms (Table
1). The questionnaire was posted on Facebook in
2019 by two individuals with an active social media
presence (an average of 4,000 followers on Facebook).
All adult (>18 years old) Facebook users that saw
the posted questionnaire were invited to complete
a survey (n=413). Additionally, a printed version of the
questionnaire on leptospirosis was distributed among
all interested patients admitted to Lviv Regional
Infectious Disease Clinical Hospital from 2017 to
2019 (with the diagnoses other than leptospirosis). In
total, 82 printed questionnaires were distributed. It is
notable that we excluded answers from respondents
representing professions such as medical professionals
and veterinarians that would make them familiar with
leptospirosis (question 9). It should also be mentioned
that both surveys (on Facebook and in paper form)
were anonymous for all respondents (total number of
participants = 495).

In addition, a printed questionnaire was provided
to two occupational risk groups. The latter included
a total of 82 respondents from amongst the professional
fishermen, namely the participants of a fishing
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Table 1. Leptospirosis questionnaire

Leptospirosis Questionnaire

1. During the summer, do you swim in lakes or ponds?
a) Yes
b) No
2. Do you fish in lakes or ponds?
a) Yes
b) No
3. Do you have a dog?
a) Yes
b) No
4. Do you have livestock (pigs, horses, large or small
cattle, etc.)?
a) Yes
b) No
5. Do you do seasonal haymaking?
a) Yes
b) No
6. Do you sometimes consume unwashed produce
(apples, oranges, cucumbers, tomatoes, etc.)?
a) Yes
b) No
7. What is your gender?
8. What is your age?
9. What is your profession?
10. Where do you live?
a) Town
b) Village
11. What type of home do you have?
a) Flat
b) House
12. Do you know what leptospirosis is?
a) Yes
b) No
13. How can you contract leptospirosis?
a) From other people
b) From birds
¢) From rodents
d) Eating canned goods
e) I don’t know
14. How can you protect yourself from leptospirosis?
a) Wearing medical masks
b) Vaccination
¢) Ventilation
d) General cleaning and disinfecting
e) Destruction of rodents, wearing waterproof clothes
while fishing
f) I don’t know
15. Do you have rodents in your apartment, house,
basement, closet, cellar, yard, or barn?
a) Yes
b) No

tournament (n=54), and employees of Lvivvodokanal
(plumbers, repair workers, engineers, etc., n=28). The
participants of the survey were only allowed to select
a single answer.

Statistical analysis. The study was conducted
using the cohort method. The required sample size was
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designed for the confidence level of 95% (at p=0.05 for
two groups) to obtain representative data (13). Based on
the calculations and the average leptospirosis incidence
rate estimated from leptospirosis cases reported over
the period of 5 years (2015 to 2019) in Lviv Region,
the minimum sample size was 72 people. Printed
questionnaires were handed over to the participants
in-person. Later, all these paper data together with the
data retrieved from Google Forms were aggregated
in a single Excel database. All calculations were
performed using Statistica software. Fisher’s two-
sided test was used to compare proportions between
the groups. P values of less than 0.05 were considered
statistically significant.

RESULTS

Survey response details. In total, 577 individuals
completed the survey and were divided into two
groups: the general population group (Group 1) and an
occupational risk group (Group 2). Group 1 included
a total of 495 respondents. Of these, 131 were excluded
due to their professional knowledge of leptospirosis

based on answers to question number 9. Thus, 364
responses were subsequently analysed for Group 1.
Group 2 involved representatives of two occupational
risk groups: waterworks employees and professional
fishermen. Employees of Lvivvodokanal Lviv City
Communal Enterprise (plumbers, repair crews,
engineers, etc.) were surveyed during an outreach
event on leptospirosis (n=28). It should be noted that
Lvivvodokanal is a municipal utility company and the
biggest provider of water supply and drainage services
in Lviv Region. In addition, the company is engaged in
water purification and repair of sewage networks and
water purification facilities. A survey of professional
fishermen was conducted during a fishing tournament
held in Lviv Region (n=54). For the occupational
risk group, a total of 82 responses were subsequently
analysed in Group 2.

Age and demographics of survey responders. The
average age of all study participants was 38.7 + 13.5
years old. Specifically, Group 1 (n=364) included
146 males (40.1%) and 218 females (59.9%). Most of
the survey responders resided in urban locations at
87.6% (n=319) compared to rural locations at 12.4%

Table 2. Demographic characteristic of study participants in Group 1 and Group 2

. - 1 Group, 2 Group,
Demographic characteristic n=364 (%) =82 (%) p
Age 37.8+13.4 42.9413.3 <0.01
Males 146 (40.1%) 79 (96.3%)
Sex <0.001
Females 218 (59.9%) 3 (3.7%)
. Urban 319 (87.6%) 67 (81.7%)
Residence >0.05
Rural 45 (12.4%) 15 (18.3%)
. Flat 169 (68.7%) 44 (53.6%)
Accommodation <0.05
House 195 (31.3%) 38 (46.4%)
. i Presence 338 (92.9%) 53 (64.6%)
High education <0.001
Absence 26 (7.1%) 29 (35.4%)
A dpiery Engineers
5“;:::“ g Engineers B 6%  Workers
4% 6%
sports Plumbers
Industry 10%
3%
Unemployed Finance
9% 25% Hepolr
Crew
Military 12%
1%
Fishermen
Workers 66%
11% Educators
T 14%
6%
Group 1 Group 2

Figure 1. (A) Distribution of professions in Group 1. (B) Distribution of professions in Group 2
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(n=45). Of the 364 responders, 338 had completed
higher education (92.8%), with a variety of professions
represented (Figure 1). Higher education was defined
as having completed studies beyond high school (e.g.,
university studies) (Table 2). While Group 2 (n=82)
included 79 males (96.3%) and 3 females (3.7%),
with 67 urban residents (81.7%) and 15 rural residents
(18.3%). Of the 82 responders, 53 (64.6%) had
completed higher education (Table 2). Noteworthy,
the profession demographics in Group 2 varied among
different trades of occupational risk groups (Figure 1).

Survey responders of the two groups were
comparable by age and place of residence. However,
the first group included a significantly higher number
of females, p<0.001 (Table 2). A significantly higher
number of females in Group 1 could be explained
by the higher percentage of females that are active
on Facebook in Ukraine (14). This could also be
explained by the fewer number of women employed
in the occupational risk fields (15). Additionally, there
were significantly more survey responders with higher
education in Group 1 than in Group 2, p<0.001. In our
opinion, respondents with higher education tend to
have a broader worldview, are more actively interested
in their health, and willingly participate in sociological
surveys related to health. In Group 2, 82.2% of
respondents worked in a water supply company,
where performing job duties does not require higher
education degree (plumbers, repairmen, locksmiths,
and others).

In both groups, there was a significantly higher
number of urban residents (p<0.001). This could
be explained by the fact that the Facebook survey
was posted by individuals that live in urban areas,
thus resulting in a higher percentage of their friends
(followers and respondents) also being urban
residents. The survey of Group 2 was conducted
in a city subdivision, which likely resulted in an
overrepresentation of urban residents. Professional
fishermen who were included in Group 2 travelled to
the competition and came from different cities within
Ukraine.

Survey participants from both groups represented
a variety of professions (Figure 1). Given the diverse
representation of professions, they were divided into
groups based on the “similarity” of their nature.
For example, bankers, financiers, accountants, and
businesspeople were grouped into “Finance”. In
Group 1, the largest number of respondents were from
the finance sector (25%) followed by students (18%)
and educators (14%). In Group 2, the representation
of professions was less diverse as all participants
were within the occupational risk sector. In Group
2, the largest number of respondents (66%) were
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professional fishermen followed by repair crews (12%)
and plumbers (10%).

Characteristics and description of the survey’s
answers in both groups. During the subsequent stage
of the study, we attempted to assess the respondents’
understanding of various aspects related to leptospirosis
through a series of questions. It is notable that the
leptospirosis awareness did not differ significantly
between the two groups with 43.4% of respondents in
Group 1 and 42.7% in Group 2 answering “yes” to the
question “Do you know what leptospirosis is?” .

Next, we analysed the respondents’ understanding
of how leptospirosis is contracted and how to prevent
infection. To address these lines of inquiry, two
multiple choice questions were asked: “How can you
contract leptospirosis?” and “How can you protect
yourself from leptospirosis?” (Table 1, questions 13
and 14). The correct answers were “from rodents” and
“destruction of rodents, wearing waterproof clothes
while fishing” for questions 13 and 14, respectively.
In Group 1, 38.47% of respondents did not know
how leptospirosis is contracted compared to 20.73%
in Group 2 (answered “I don’t know” to question 13,
p<0.001). In Group 1, significantly fewer respondents
(53.29%) were aware that humans could contract
leptospirosis from rodents than in Group 2 (67.07%),
p<0.05. It was unsurprising that the occupational risk
group (Group 2) was more aware of how leptospirosis
is contracted given their profession. A limited number
of respondents selected one of the incorrect options:
from humans (4.12% in Group 1 and 6.1% in Group
2), from birds (2.47% in Group 1 and 4.87% in Group
2), or from eating canned goods (1.65% in Group 1
and 1.23% in Group 2). In response to the question
“How can you protect yourself from leptospirosis”,
44.23% respondents in Group 1 answered “I don’t
know” compared to 31.7% in Group 2 (p<0.05). Part of
the respondents from both groups (in Group 1 — 150,
or 41.21% and in Group 2 — 41, or 50%) selected one
of the incorrect answers (wearing of medical masks,
vaccination, ventilation, or wet cleaning). In Group
1, 14.56% selected the correct answer (destruction of
rodents, wearing waterproof clothes while fishing)
compared to 18.29% in Group 2, p>0.05 (Figure 2).

Finally, we sought to assess risk factors for
leptospirosis that the respondents may be exposed to in
their daily lives. The assessment was based on questions
1-6 from Table 1 which are “During the summer, do
you swim in lakes or ponds?”, “Do you fish in lakes
or ponds?” (Figure 3A), “Do you have a dog?”, “Do
you have livestock (pigs, horses, large or small cattle,
etc.)?”, “Do you do seasonal haymaking?” (Figure 3C),
and “Do you sometimes consume unwashed produce
(apples, oranges, cucumbers, tomatoes, etc.)?”” (Figure
3D) (questions 1-6). In regard to fishing in lakes and
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Figure 2. Knowledge regarding how leptospirosis is contracted and how to protect against leptospirosis. (A) “How can you
contract leptospirosis?”, (B) “How can you protect yourself from leptospirosis?”

ponds, an affirmative response was given by 28.84% of
responders in Group 1 compared to 85.37 % in Group
2, p <0.001 (Figure 3A). This result is not surprising,
since most of the representatives of the second group
are professional fishermen. In response to the question
regarding the consumption of unwashed products,
43.13% of respondents in Group 1 responded “yes,”
which is significantly lower than in Group 2 where
the positive response rate was 56.09%, p <0.05
(Figure 3D). In response to whether or not individuals
participate in seasonal haymaking, an affirmative
response was given by 14.83% of responders in Group
1 compared to 26.82% in Group 2, p <0.05 (Figure 3C).
In other questions concerning risk factors (presence
of livestock: pigs, horses, large or small cattle, etc.;
presence of dog; presence of mouse-like rodents in the
places of residence or in the buildings around it, there
were no significant differences between the responses
in each group. Moreover, there was no difference in
the response to the question “During the summer, do
you swim in lakes or ponds?” which was of interest
given that most individuals in Group 2 spend their
time fishing (p>0.05). The answers in response to the
questions about the presence of risk factors in the lives
of the respondents of both groups indicate that there
are more risks of leptospirosis infection in the lives

of the interviewees of Group 2. In our opinion, this is
primarily connected with existing professional risks.

DISCUSSION AND CONCLUSIONS

In this study, we report the results of the survey
based on the leptospirosis questionnaire that sought to
assess public awareness of the routes of transmission,
preventive actions, and risk factors. Subsequently, we
analysed the respondents’ understanding of various
aspects related to leptospirosis through a series of
questions. The results of the survey showed that
leptospirosis awareness did not differ significantly
between the groups with 43.4% of respondents in
Group 1 and 42.7% in Group 2 answering “yes” to
the question “Do you know what leptospirosis is?”
In Group 2, a significantly higher percentage of
participants knew how they could become infected
with leptospirosis (67.1%) compared to Group 1
(53.3%), p<0.05. The most common risk factors for
potential leptospirosis infection in both groups were:
swimming in ponds and lakes with stagnant water
and the presence of rodents in the premises, as well as
periodic visits to these premises by respondents.

Our findings demonstrate a general low level
of awareness of leptospirosis, both in the general
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Figure 3. Assessment of daily risk factors for leptospirosis. (A) “Do you fish in lakes or ponds?”, (B) “Do you have rodents
in your apartment, house, basement, closet, cellar, yard, or barn?”, (C) “Do you do seasonal haymaking?”, (D) “Do you

sometimes consume unwashed produce?”

population and among representatives of professional
risk groups in Ukraine. This is largely unsurprising
given that Ukraine is not considered a hyperendemic
region for leptospirosis, and while leptospirosis cases
are reported annually, the morbidity rates are not high
(~350 cases/year) (12). Thus, the general population
is predominantly unaware of leptospirosis and its
associated risk factors. Taken collectively, these
findings suggest that there is a gap in the awareness
of the routes of transmission, risk factors, and
preventive actions for leptospirosis. Future efforts to
increase awareness could be focused on increased
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communication between the medical community and
the general population as well as outreach activities to
disperse information.

Several studies have been conducted to assess
leptospirosis awareness through surveys in the
regions that are considered endemic or hyperendemic
for leptospirosis. In 2008, the largest outbreak of
leptospirosis in the world occurred in Sri Lanka with
a total of 7,406 cases (16). Following this outbreak,
an awareness study was conducted in which a total of
601 respondents from seven provinces of Sri Lanka
were interviewed (17). The participants were asked
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about their awareness regarding the prevalence of
leptospirosis, transmission routes, professional risks,
clinical symptoms, and prophylaxis of leptospirosis.
The study revealed that despite living in an endemic
region, there were significant misconceptions
regarding various aspects of this disease. Only 33%
of responders knew that Leptospira can enter the body
through the skin, less than 20% of responders knew
about risk activities apart from farming, and only 3%
of respondents were aware that cattle and buffalo are
animal reservoirs for leptospirosis (17).

In another study, 257 residents from Brazil, which
is also considered hyperendemic for leptospirosis, were
interviewed regarding modes of disease transmission
and ways to reduce exposure. Almost all participants
interviewed were aware of leptospirosis with more
than half of respondents having awareness that
leptospirosis is most often transmitted through contact
with rat excrement. However, of the individuals that
participated in risky activities (e.g., fishing, swimming
in lakes or ponds), only a third of them had access to
protective clothing (18).

Another study was conducted from 2015 to 2017 in
Malaysia, which is also considered hyperendemic for
leptospirosis. Of 315 respondents, 80.3% (n=253) had
a limited overall understanding of leptospirosis (19).
Another study in the north-eastern part of Malaysia was
conducted among 321 town service workers, who were
considered at high risk of contracting leptospirosis.
While these individuals understood how to protect
themselves from and how to prevent leptospirosis
during work, they did not utilise personal protective
equipment on a regular basis (20). Collectively, these
studies demonstrate that even in hyperendemic regions,
the general awareness of leptospirosis is significantly
limited.

To our knowledge, there have been no similar
detailed surveys conducted in Ukraine to assess the
awareness of leptospirosis. To date, a single study
conducted in Ukraine provided information about
the general level of awareness of leptospirosis (21).
In this study, oral interviews of 157 residents in rural
areas within Chernivtsi Region were carried out.
The results of this study suggest that that only ~10%
of respondents are aware of leptospirosis and that
none of the respondents demonstrated knowledge
about the prevention of this disease. Collectively,
these data suggest that the level of public awareness
of leptospirosis in Ukraine is insufficient, which is
a contributing factor in the delay in seeking medical
care when leptospirosis symptoms are present (21).
Furthermore, there is a need to understand the general
knowledge of Ukrainians regarding the measures that
reduce risks of contracting leptospirosis.

In the present study, the survey conducted to assess
the awareness of leptospirosis in Ukraine was carried
out utilising social media, specifically Facebook. As of
June 2023, it was reported that more than half of the
world population uses social media (approximately 4.8
billion people) (22). The top three geographic regions
that use social media in 2023 were Europe (84%),
North America (74%), and South America (72%) (23).
Of all social media platforms, Facebook is the most
popular, with three billion active users (24) in the
second quarter of 2023. Thus, we referred to Facebook
to conduct our survey, since it is the most used social
media platform in Ukraine. As of July 2022, the
number of Ukrainian Facebook users was 15.6 million
(13). This work suggests that future survey efforts
within Ukraine can capitalise on the number of users
on social media platforms.

Another promising area of further research is the
assessment of the territorial spread of leptospirosis, as
well as determining or measuring the risks of infection
in Lviv Region based on a retrospective analysis of
the epidemic process employing geo cartographic
technologies created using geoinformation systems.
Mapping the information on leptospirosis infection of
the main reservoir — mouse-like rodents — will help
determinerisk zones of potential leptospirosis infection
for humans. This knowledge will make it possible to
strengthen outreach efforts in occupational risk groups
in specific areas of the region. At the same time,
conducting sociological surveys such as ours will help
the medical community identify new pressing issues
that concern the population and improve the health
of the nation as a whole. Hence, outreach activities
should become standard practice for medical workers
to raise leptospirosis awareness across the population.
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ABSTRACT

BACKGROUND. Lyme borreliosis (LB) is one of the most commonly diagnosed tick-borne diseases globally,
caused by Borrelia spirochetes. Despite advances in laboratory diagnostics, both overdiagnosis and underdiagnosis
of LB remain significant issues. Nonspecific symptoms such as chronic fatigue or musculoskeletal complaints
are often misattributed to LB, creating controversy and delaying appropriate diagnosis and treatment.
OBJECTIVE. To analyze clinical data and diagnostic results of patients referred to the Department of Infectious
Diseases and Neuroinfections, Medical University of Bialystok, with suspected LB, and to assess the frequency
of its clinical forms.

MATERIAL AND METHODS. A retrospective analysis was conducted on medical records of patients
hospitalized with suspected early or late LB at the Department of Infectious Diseases and Neuroinfections,
Medical University of Bialystok, from January 2018 to June 2023. Diagnostics included ELISA and Western
blot tests for IgM and IgG antibodies against Borrelia. Initial diagnoses were based on tick exposure and clinical
presentation.

RESULTS. Records of 819 hospitalized patients were analyzed: 497 (60.7%) men and 322 (39.3%) women, mean
age 55.7 + 14.8 years. LB was diagnosed in 426 (52%) patients, including 24 (5.6%) with neuroborreliosis and 7
(1.7%) with erythema migrans. In 395 cases, symptoms and results did not clearly confirm LB, yet antibiotics
were used to assess response. In 393 patients (48%), LB was excluded; the most common alternative diagnoses
were osteoarthritis (31.3%) and other musculoskeletal disorders (25.1%).

CONCLUSIONS. Overdiagnosis of LB may result in unwarranted antibiotic use, while delayed treatment can
lead to late stage disease. A key issue is the lack of differential diagnostics, delaying proper management of
serious conditions like MS, rheumatoid arthritis, or cancer. Notably, many patients received empirical antibiotics
despite not meeting clinical-serological criteria, distorting disease incidence. The current LB reporting system
also requires revision, as it promotes overdiagnosis.

Keywords: Lyme disease, overdiagnosis, epidemiology
STRESZCZENIE

WPROWADZENIE. Borelioza jest jedng z najczesciej diagnozowanych chordb przenoszonych przez klesz-
cze na $wiecie. Pomimo znaczacych postepdw rozwoju metod diagnostyki laboratoryjnej, problem klinicznej

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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nadrozpoznawalnosci, a z drugiej strony niedoropoznawalnosci boreliozy wcigz narasta. Niecharakterystyczne
objawy, jak przewlekle zmeczenie czy dolegliwosci miesniowo-stawowe przypisywane boreliozie sa zrodtem
wielu kontrowersji i czesto opozniaja wlasciwa diagnostyke i leczenie choroby zasadnicze;.

CEL. Analiza danych klinicznych i badan pacjentéw kierowanych do Kliniki Choréb Zakaznych i Neuroin-
fekcji, Uniwersytetu Medycznego w Bialymstoku z podejrzeniem boreliozy z Lyme i ocena czestosci form
klinicznych.

MATERIAL I METODY. Retrospektywnej analizie poddano dokumentacj¢ pacjentéw hospitalizowanych
z powodu podejrzenia boreliozy wczesnej lub po6znej w Klinice Chordb Zakaznych i Neuroinfekcji Uniwersy-
tetu Medycznego w Biatymstoku w okresie styczen 2018 r. — czerwiec 2023 r. Diagnostyke oparto na testach
ELISA i Western blot w kierunku przeciwciat IgM i IgG przeciwko kretkom Borrelia, a wstgpne rozpoznanie
uwzglednialo wywiad narazenia na kleszcze oraz obraz kliniczny.

WYNIKI. Przeanalizowano dokumentacj¢ 819 hospitalizowanych pacjentéw, w tym 497 (60,7%) mezczyzn
i 322 (39,3%) kobiet. Srednia wieku badanej populacji wyniosta 55,7 + 14,8 lat. Borelioze rozpoznano u 426
(52%) o0s6b, w tym u 24 0s6b (5,6%) rozpoznano neuroborelioze, a u 7 (1,7%) rozpoznano rumien wedrujacy.
U 395 pacjentow objawy kliniczne oraz wyniki badan laboratoryjnych nie pozwolity jednoznacznie wykluczy¢
boreliozy, co przy braku alternatywnej diagnozy bylo przyczyng zastosowania antybiotykoterapii, celem oceny
poprawy klinicznej. U 48% pacjentow (n=393) wykluczono boreliozg. Wsrod pacjentow bez zdiagnozowanej
boreliozy najczgstszymi schorzeniami nasladujgcymi objawy boreliozy byta choroba zwyrodnieniowa stawow
(31,3%) i schorzenia uktadu mi¢sniowo-kostnego (25,1%).

WNIOSKI. Nadrozpoznawalno$¢ boreliozy moze skutkowac narazeniem pacjentéw na bezzasadne stosowanie
antybiotykoterapii. Niezwykle istotnym problemem jest zaniechanie diagnostyki réznicowej, ktére moze prowa-
dzi¢ do opdznionego leczenia chorob takich jak SM, RZS, choroby nowotworowe. Szczegoélnej uwagi wymaga
duza grupa pacjentow, ktorzy nie spetniali kryteriow kliniczno-serologicznych, u ktéorych mimo to zastosowano
antybiotykoterapi¢ empiryczng — grupa ta moze istotnie zaburza¢ ogdlng ocen¢ zapadalno$ci. Zweryfikowac

nalezy forme raportowania rozpoznan boreliozy, co wptywa na nadrozpoznawalnosc¢.

Stowa kluczowe: borelioza, choroba z Lyme, nadrozpoznawalnosé, epidemiologia

INTRODUCTION

Lyme borreliosis, also known as Lyme disease, is
one of the most common tick-borne infectious diseases
worldwide. It was first identified in the 1970s in
Lyme, Connecticut, where it was initially mistakenly
thought to be juvenile rheumatoid arthritis. It was not
until later studies showed a link between the disease
and ticks of the species Ixodes scapularis, which
carry the bacteria Borrelia burgdorferi, the causative
agent of Lyme disease. In Europe and the United
States, Lyme disease is now considered the most
common tick-borne disease, although the pathogens
responsible for its development can vary from region
to region. In the US, Borrelia burgdorferi sensu
stricto is the main infectious agent, while other
species such as Borrelia afzelii, Borrelia garinii are
also found in Europe (1,2).

The disease develops in several stages: the
initial localised stage, the early disseminated stage,
and the late disseminated stage. The characteristic
erythema migrans most often appears in the first
stage, but a lack of treatment can lead to more serious
complications such as arthritis, neuroborreliosis and
heart disorders. The symptoms can vary depending
on the stage of the disease and the body’s individual
response to the infection. Lyme borreliosis is closely
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Borelioza, znana réwniez jako choroba z Lyme, jest
jedna z najczgséciej wystepujacych chorob zakaznych
przenoszonych przez kleszcze na catym $wiecie. W la-
tach 70. XX-ego wieku zostata po raz pierwszy zidenty-
fikowana w Lyme, w stanie Connecticut, gdzie poczat-
kowo mylnie uznano ja za mtodziencze reumatoidalne
zapalenie stawow. Dopiero pozniejsze badania wyka-
zaty zwigzek miedzy chorobg a kleszczami z gatunku
Ixodes scapularis, ktore przenosza bakterie Borrelia
burgdorferi, bedace czynnikiem wywolujgcym bore-
lioze. W Europie i Stanach Zjednoczonych borelioza
jest obecnie uznawana za najpowszechniejsza chorobe
przenoszona przez kleszcze, cho¢ patogeny odpowie-
dzialne za jej rozwoj moga si¢ r6zni¢ w zaleznosci od
regionu. W USA gltéwnym czynnikiem zakaznym jest
Borrelia burgdorferi sensu stricto, natomiast w Euro-
pie wystepuja rowniez inne gatunki, takie jak Borrelia
afzelii, Borrelia garinii (1,2).

Rozwdj choroby przebiega w kilku etapach: poczat-
kowe stadium zlokalizowane, wczesne rozsiane i pozne
rozsiane. W pierwszej fazie najczesciej pojawia sie cha-
rakterystyczny rumien wedrujacy, jednak brak leczenia
moze prowadzi¢ do powazniejszych powiktan, takich
jak zapalenie stawdw, problemy neurologiczne (neuro-
borelioza) oraz zaburzenia pracy serca. Objawy moga
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related to the life cycle of ticks, so the number of cases
increases when they enter a period of greater activity.
This mainly occurs in spring and autumn. Early
diagnosis and adequate treatment with antibiotics
provide a very good prognosis. However, if therapy
is neglected, Lyme disease can lead to intractable
symptoms primarily affecting the central nervous
system, joints, and heart, which can significantly
reduce patients’ quality of life (4, 5).

Epidemiology. Lyme disease is the most
commonly diagnosed tick-borne disease in both the
US and Europe. It is estimated that 476,000 cases
are diagnosed and treated in the United States each
year, while the number exceeds 200,000 in Western
Europe. In the United States, Lyme disease is most
prevalent in the north-eastern, mid-Atlantic and
upper midwestern regions. The main pathogen in
these areas is Borrelia burgdorferi sensu stricto. In
Europe, however, the highest incidence is found in
Scandinavia, the Baltic states and Central Europe,
where Borrelia afzelii and Borrelia garinii are the
most prevalent bacteria, transmitted by Ixodes ricinus
and Ixodes persulcatus ticks (2).

The symptoms of Lyme disease can vary widely
depending on the region and species of Borrelia
spirochete that caused the infection. In the United
States, the disease typically presents as arthritis.
By contrast, cases of erythema migrans and
neuroborreliosis, which is more often associated
with B. garinii infection, are more typical in Europe.
There are also differences in the incidence of the
various clinical forms of the disease depending on
geographic location. The average incidence rate
of Lyme disease in Western Europe is 22.05 cases
per 100,000 people per year. This varies from
country to country: for example, between 2009 and
2017 it was 53 per 100,000 people in France, 0.124
in northern Italy (2000-2015), 12.1 in the UK, and
99.9 in Lithuania. Incidence is particularly high in
Scandinavian countries such as Sweden, Norway and
Finland, especially in the south where the climate
is milder and conducive to tick development. The
disease is gradually expanding into the northern
regions of these countries as well (4).

Before the onset of the pandemic, Poland was
experiencing over 20,000 new cases of Lyme disease
annually. In 2018 and 2019, there were 20,150 and
20,614 cases, respectively (7). During the pandemic,
however, the number of diagnosed cases decreased
significantly. In 2021, there were 12,500 cases,
with 411 patients (3.3%) being hospitalized. The
highest incidence rates were in provinces such as
Matopolska (62 cases per 100,000 residents) and
Podlaskie (61.4 cases per 100,000 residents), while
the lowest rates were in £.6dZ Province (12.4 cases

si¢ r6zni¢ w zaleznos$ci od stadium choroby i indywi-
dualnej reakcji organizmu na zakazenie (3). Borelioza
z Lyme ma $cisty zwigzek z cyklem zyciowym klesz-
czy, dlatego liczba zachorowan wzrasta, gdy te wcho-
dza w okres wigkszej aktywnosci. Ma to miejsce glow-
nie wiosng i jesienig. Odpowiednio wczesna diagnoza
oraz podjecie leczenia antybiotykami daje bardzo dobre
rokowania. W przypadku zaniedbania terapii, borelio-
za moze prowadzi¢ do ucigzliwych objawow, obejmu-
jacych przede wszystkim osrodkowy uktad nerwowy,
stawy oraz serce, co znaczaco obniza jakos¢ zycia pa-
cjentéw (4,5).

Epidemiologia. Zarowno w USA, jak i w Europie,
choroba z Lyme jest najczeSciej diagnozowang choro-
ba przenoszong przez kleszcze. Szacuje sig, ze w Sta-
nach Zjednoczonych diagnozowanych i leczonych jest
okoto 476 000 przypadkdéw rocznie, z kolei w Europie
Zachodniej liczba ta przekracza 200 000 przypadkow
rocznie. W Stanach Zjednoczonych borelioza wystepuje
najczesciej w regionach potnocno-wschodnich, srodko-
wo atlantyckich oraz w gornym Srodkowym Zachodzie.
Glownym patogenem w tych obszarach jest Borrelia
burgdorferi sensu stricto. W Europie z kolei najwieksza
czestos¢ zachorowan odnotowuje si¢ w krajach skandy-
nawskich, battyckich oraz w $rodkowej Europie, gdzie
najczesciej spotykane sg bakterie Borrelia afzelii 1 Bor-
relia garinii, przenoszone przez kleszcze Ixodes rici-
nus 1 Ixodes persulcatus (2). Objawy boreliozy moga si¢
znacznie r6zni¢ w zaleznosci od regionu oraz gatunku
kretka Borrelia, ktory wywotat zakazenie. W Stanach
Zjednoczonych choroba zazwyczaj objawia si¢ zapale-
niem stawow, w Europie natomiast, bardziej typowe sa
przypadki rumienia wedrujacego, a takze neuroborelio-
zy, ktora czesciej zwigzana jest z zakazeniem B. gari-
nii. Obserwuje si¢ takze réznice w czgstosci poszcze-
golnych postaci klinicznych choroby, zaleznie od loka-
lizacji geograficznej. Sredni wskaznik zapadalnoéci na
chorobe z Lyme w Europie Zachodniej wynosi 22,05
przypadkéw na 100 000 mieszkancéw rocznie. W po-
szczegolnych krajach ten wskaznik jest zréznicowany
— na przyktad we Francji w latach 2009-2017 wynosit
53 na 100 000 mieszkancéw, w poinocnych Wioszech
tylko 0,124 nowych przypadkéw na 100 000 mieszkan-
cow (w latach 2000-2015), natomiast w Wielkiej Bryta-
nii bylo to 12,1/100 000, a na Litwie 99,9 przypadkow
na 100 000 mieszkancow (6). Szczegdlnie wysoka za-
padalnos¢ na borelioze obserwuje si¢ w krajach skan-
dynawskich, takich jak Szwecja, Norwegia i Finlandia,
zwlaszcza w ich potudniowych regionach, gdzie klimat
jest tagodniejszy, co sprzyja rozwojowi kleszczy. Ob-
szar wystepowania choroby stopniowo rozszerza si¢
réwniez na poéinocne rejony tych krajow (4).

W Polsce, przed pandemig COVID-19 odnotowy-
wano ponad 20 tysiecy nowych przypadkéw w ciggu
roku. W 2018 i1 2019 roku byto to odpowiednio 20 150
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per 100,000 residents). The percentage distribution
of the different forms of Lyme disease in Poland is
as follows: erythema migrans (91%), osteoarticular
Lyme disease (9.3%), neuroborreliosis (1.6%), and
other forms (0.3%) (5). In 2022, 17,367 new cases of
Lyme disease were registered in Poland. At that time,
the incidence rate was 45.9 per 100,000 people (8). In
2023, however, 25,244 cases were registered, with an
incidence rate of 66.96 per 100,000 people (4.6% of
patients were hospitalized) (9).

Diagnostics. Diagnosing Lyme disease is difficult
and poses a challenge for doctors. This is because,
in the early stages of the disease, there are non-
specific symptoms in addition to erythema migrans.
Consequently, diagnosis and treatment are often
delayed, and inadequate treatment is a possibility
(10). Lyme disease is diagnosed using clinical,
immunological and molecular methods. Clinically,
Lyme disease must be differentiated from systemic,
degenerative and nervous system diseases, as well as
inflammatory conditions. Difficulties in diagnosis are
often caused by an absence of a tick bite in the patient’s
medical history. It is therefore important to take
a thorough case history, paying particular attention
to questions about the occurrence of erythema
migrans and travel to endemic areas. During physical
examination, symptoms such as erythema migrans,
multiple erythema migrans, neurological and cardiac
symptoms, and features of arthritis should be noted.

Among laboratory diagnostic techniques, we
can distinguish between direct methods, which
identify the presence of the spirochete’s antigen or
DNA, and indirect methods, which detect specific
antibodies in serum. From 2023, the Polish Society
of Epidemiologists and Infectious Disease Physicians
recommends a two-stage diagnostic process. The
first stage of serological diagnosis involves an
ELISA/CLIA/MMIA test (11). This method detects
IgM and IgG antibodies to Borrelia spirochetes. IgM
antibodies appear first after infection (after about 2—4
weeks) and are directed against the flagellin protein
p4l and the OspC protein. IgG antibodies appear
later (after 4-6 weeks). Serological results must be
interpreted in a clinical context because serological
tests can be falsely negative in the early stages of
Lyme disease (up to 4-6 weeks after infection) due
to a serological window. This is because it takes time
for the immune system to produce antibodies in the
initial phase of infection and serological test results
are often negative at this stage.

The molecular diagnosis of Lyme disease is
mainly based on the polymerase chain reaction (PCR)
technique. This method allows the direct detection of
spirochete nucleic acids in biological material such
as joint fluid. The most commonly sought genes are
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120 614 przypadkow boreliozy (7). W trakcie pandemii
liczba diagnozowanych przypadkow ulegta znacznemu
zmniejszeniu. W 2021 roku w Polsce odnotowano 12
500 przypadkow boreliozy, z czego hospitalizowanych
byto 411 (3,3%) chorych. Najwyzsza zapadalno$¢ miata
miejsce w wojewodztwach: matopolskim (62 przypad-
ki na 100 000 mieszkancéw) oraz podlaskim (61,4/100
000), z kolei najnizsze warto$ci byty w wojewodztwie
t6dzkim (12,4/100 000). W tym procentowy udziat roz-
nych postaci boreliozy w Polsce wyglada nastepujaco:
dominujacg postacig boreliozy jest rumien wedrujacy
(91% przypadkow), borelioza uktadu kostno-stawowe-
20 9,3% przypadkow, neuroborelioza stanowigca 1,6%
przypadkow, a takze inne formy odpowiadajace 0,3%
przypadkow (5). W 2022 roku w Polsce zarejestrowa-
no 17 367 nowych zachorowan na boreliozg. Wowczas
zapadalno$¢ wynosita 45,9/100 000 oséb (8). Z kolei
w 2023 odnotowano 25 244 przypadkdéw przy zapadal-
nosci 66,96/100 000 osob (hospitalizowanych byto 4,6%
chorych) (9).

Diagnostyka. Rozpoznanie boreliozy jest trudnym
procesem i jednoczesnie wyzwaniem diagnostycznym
dla lekarzy. Wynika to z faktu, ze we wczesnym sta-
dium choroby oprdocz rumienia wedrujacego wystepuja
objawy niespecyficzne. W zwigzku z tym czgsto rozpo-
znanie i leczenie sg opdznione w czasie, a nawet wyste-
puje prawdopodobienstwo niewlasciwego leczenia (10).
Diagnostyka choroby z Lyme opiera si¢ na wykorzysta-
niu metod klinicznych, immunologicznych oraz mole-
kularnych. Klinicznie, borelioza powinna by¢ rdznico-
wana z chorobami uktadowymi, chorobami zwyrodnie-
niowymi, chorobami uktadu nerwowego czy stanami
zapalnymi. Trudnoéci w diagnozie przysparza czesto
brak poktucia przez kleszcza w wywiadzie. Istotne jest
doktadne zebranie wywiadu, ze szczegdlnym uwzgled-
nieniem pytania o wystgpienie rumienia wedrujacego
oraz wywiad podrozy do obszaréw endemicznych.
W badaniu fizykalnym nalezy zwroci¢ uwage na ob-
jawy takie jak rumien wedrujacy, rumienie wedrujace
mnogie, objawy neurologiczne i kardiologiczne, czy ce-
chy zapalenia stawow.

Wsréd laboratoryjnych technik diagnostycznych
mozemy wyrozni¢ metody bezposrednie, ktore identy-
fikuja obecnos¢ antygenu lub DNA kretka oraz metody
posrednie, ktoére wykrywaja swoiste przeciwciala w su-
rowicy. Polskie Towarzystwo Epidemiologoéw i Lekarzy
Chorob Zakaznych od 2023 roku zaleca diagnostyke,
ktora sktada si¢ z 2 etapow. Pierwszy etap diagnostyki
serologicznej to wykonanie testu ELISA/CLIA/MMIA
(11). Ta metoda stuzy do wykrywania przeciwciat [gM
1 1gG przeciwko kretkom Borrelia. Przy zakazeniu jako
pierwsze pojawiaja si¢ IgM (po okoto 2-4 tygodniach),
ktore sg skierowane przeciwko biatku flageliny p41 oraz
przeciwko biatku OspC, natomiast IgG p6zniej (po 4-6
tygodniach). Wazne jest, aby wyniki serologiczne inter-
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those encoding p4l proteins and outer membrane
proteins, as well as 16S-RNA and 5S-23S-RNA
sequences (12). This method is particularly useful for
diagnosing arthritis.

Aim of the study. The study aimed to analyse the
clinical data and examinations of patients referred
to the clinic with suspected Lyme borreliosis, and to
evaluate how frequently its different forms occur.

MATERIALS AND METHODS

A retrospective analysis was carried out on
the hospital records of patients admitted to the
Department of Infectious Diseases and Neuroinfection
at the Medical University of Bialystok between
2018 and 2023 with a suspected diagnosis of early
or late Lyme disease. Data on patients’ gender, age,
and comorbidities were analysed. The initial Lyme
disease diagnosis was based on patients reporting
being in tick-endemic areas or being bitten by a tick,
and/or on clinical symptoms observed during the
history-taking and physical examination.

All patients were tested for the presence of IgM
and IgG antibodies against B. burgdorferi, and
positive or questionable results were confirmed by
Western blot.

Neuroborreliosis was diagnosed in patients
who met the criteria of the European Federation
of Neurological Societies (EFNS). Depending on
how many of the diagnostic criteria were met, the
diagnosis was classified as either certain or possible.
A diagnosis was considered certain if all three
EFNS criteria were met. If only the first two criteria
were met, the diagnosis was defined as possible.
The first criterion was the presence of neurological
symptoms suggestive of neuroborreliosis, whether
acute or subacute. These included typical clinical
manifestations such as cranial nerve palsy (most
often of the facial nerve), meningitis, painful
radiculitis (radiculopathy), myelitis, peripheral
neuropathy and encephalopathy. The second criterion
was the presence of inflammatory features in the
cerebrospinal fluid, primarily pleocytosis exceeding
five cells/ul of a lymphocytic nature. Other indicators
of inflammation were also analysed, including
elevated total protein, an increased IgG index, and
the presence of oligoclonal bands. The third criterion
for confirming the diagnosis was demonstrating
intrathecal synthesis of specific antibodies to
Borrelia burgdorferi. A positive IgG or IgM
synthesis rate in the PMR, calculated from the ratio of
antibody concentrations in the PMR and serum with
concomitant positive serum serology — confirmed by
ELISA and Western blot — was considered diagnostic.

pretowa¢ w kontekscie klinicznym, poniewaz we wcze-
snym stadium boreliozy, do 4-6 tygodni od zakazenia,
testy serologiczne mogg by¢ falszywie ujemne z powo-
du okienka serologicznego. Jest to spowodowane tym,
ze uktad immunologiczny czlowieka potrzebuje czasu,
aby wytworzy¢ przeciwciala w poczatkowej fazie in-
fekcji 1 na tym etapie wyniki badan serologicznych sg
czesto negatywne.

Diagnostyka molekularna boreliozy, oparta jest
glownie na technice reakcji tancuchowej polimerazy
(PCR, Polymerase Chain Reaction). Jest to metoda,
ktora pozwala na bezposrednie wykrycie kwasow nu-
kleinowych kretka w materiale biologicznym, takim
jak ptyn stawowy. Najczesciej poszukuje si¢ genow ko-
dujacych biatka p41, biatka btony zewngtrznej, a takze
sekwencji 16S-RNA i 55-23S-RNA (12). Ta metoda jest
wskazana szczegolnie przy zapaleniu stawow.

Cel pracy. Celem pracy byta analiza danych klinicz-
nych i badan pacjentéw kierowanych do kliniki z podej-
rzeniem boreliozy z Lyme oraz ocena cze¢stosci jej form
klinicznych.

MATERIAL I METODY

Przeprowadzono retrospektywna analiz¢ dokumen-
tacji pacjentow hospitalizowanych w Klinice Chorob
Zakaznych 1 Neuroinfekcji Uniwersytetu Medycznego
w Bialymstoku w latach 2018-2023 z powodu podejrze-
nia boreliozy weczesnej i pdznej. Analizowano dane do-
tyczace plci, wieku i chorob wspdtistniejacych pacjen-
tow. Diagnoza wstepna boreliozy opierala si¢ na relacji
pacjenta na temat przebywania na obszarach endemicz-
nych kleszczy badz poktuciu przez kleszcza i/lub ob-
jawach klinicznych w wywiadzie 1 badaniu przedmio-
towym. Wszyscy pacjenci zostali poddani diagnostyce
pod katem obecnosci przeciwciat IgM i IgG przeciwko
B. burgdorferi, natomiast otrzymane pozytywne lub
watpliwe wyniki zostaly potwierdzone metoda Western
blot.

Rozpoznanie neuroboreliozy u pacjentéw zakwalifi-
kowanych do badania ustalano na podstawie kryteriow
Europejskiej Federacji Towarzystw Neurologicznych
(EFNS). W zaleznosci od liczby spelnionych warun-
kow diagnostycznych, rozpoznanie klasyfikowano jako
pewne lub mozliwe. Rozpoznanie uznawano za pewne,
jezeli spelnione byty wszystkie trzy kryteria EFNS.
W przypadkach, gdy spetnione byty jedynie pierwsze
dwa kryteria, rozpoznanie okreslano jako mozliwe.
Pierwszym kryterium byla obecnos$¢ objawdéw neuro-
logicznych sugerujacych neuroborelioze, o charakterze
ostrym lub podostrym. Uwzgledniano typowe manife-
stacje kliniczne, takie jak porazenie nerwow czaszko-
wych (najczesdciej nerwu twarzowego), zapalenie opon
moézgowo-rdzeniowych, bolesne zapalenie korzeni
nerwowych (radikulopatia), zapalenie rdzenia krego-
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Study population of all patients

admitted with suspected Lyme disease

n=819 (100%)

Patients suspected
of having LB, EM or NB,
but with a different definitive
diagnosis

n=393 (48%)

Patients diagnosed
with LB, EM or NB

n=426 (52%)

.

Patients with osteoarticular
complaints
and positive serological tests for
LB

n=395 (92.7%)

Patients with NB diagnosis

Patients with EM diagnosis

n=24 (5.6%) n=7 (1.7%)

Fig. 1. Size of the study population by subgroup. EM — erythema migrans; LB — Lyme disease; NB — neuroborreliosis
Ryc.1. Liczebno$¢ populacji badanej z podziatem na podgrupy. EM — rumien wedrujacy; LB — choroba z Lyme; NB —

neuroborelioza

RESULTS

The study population consisted of 819 patients;
60.7% of these were men (n = 497). The mean age
was 55.7 + 14.8 years: 56.4 £ 16.1 years for women
and 55.1 £ 14.1 years for men. The analysed group
was divided into subpopulations distinguished by
initial and final diagnoses; this division is shown in
Figure 1.

Lyme disease was diagnosed in 426 patients
(52%), of whom 24 (5.6%) were diagnosed with
neuroborreliosis and seven (1.7%) with erythema
migrans. In this group, in 395 patients, clinical
symptoms and laboratory results did not allow
Lyme disease to be excluded unequivocally (in cases
involving joint or neurological symptoms that did
not fully meet clinical or laboratory criteria). In the
absence of an alternative diagnosis, antibiotic therapy
(one cycle) was used to assess clinical improvement.
In most cases, however, only short-term improvement
was observed, which contradicts a diagnosis of
Lyme disease. Based on EFNS criteria, 24 cases of
neuroborreliosis were confirmed, accounting for
2.9% of the total study population, and seven cases
of erythema migrans were identified, accounting
for 0.9%.

Lyme disease was clearly excluded in 48%
of patients (n = 393), with other disease entities
being diagnosed. The largest group of diagnoses
among patients with excluded Lyme disease was
osteoarthritis (n = 116, 31.3%; see Figure 2). The mean
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wego (myelitis), obwodowa neuropatia oraz encefalo-
patia. Drugim kryterium byta obecno$¢ cech zapalnych
w plynie moézgowo-rdzeniowym, przede wszystkim
w postaci pleocytozy przekraczajacej 5 komorek/ul,
o charakterze limfocytarnym. Dodatkowo analizowa-
no inne wskazniki zapalenia, takie jak podwyzszone
stezenie biatka catkowitego, zwigkszony indeks IgG
oraz obecno$¢ prazkow oligoklonalnych. Trzecim, wy-
maganym do potwierdzenia rozpoznania Kkryterium
byto wykazanie wewnatrzoponowej syntezy swoistych
przeciwciat przeciwko Borrelia burgdorferi. Za diagno-
styczne uznawano dodatni wskaznik syntezy IgG lub
IgM w PMR, obliczany na podstawie stosunku st¢zen
przeciwcial w PMR i surowicy, przy jednoczesnym do-
datnim wyniku serologii w surowicy — potwierdzonym
metodg ELISA i testem Western blot.

WYNIKI

Populacja objeta badaniem sktadata si¢ z 819 pacjen-
tow, 60,7% stanowili mezczyzni (n=497). Srednia wie-
ku wyniosta 55,7 + 14,8 lat, odpowiednio 56,4 & 16,1 dla
kobiet 1 55,1 + 14,1 dla mezczyzn. Analizowana grupa
zostata podzielona na subpopulacje, wyodrebnione pod
wzgledem postawionych diagnoz wstepnych oraz osta-
tecznych, podzial ten przedstawiono na Ryc. 1.

Boreliozg rozpoznano u 426 (52%) oséb, w tym u 24
0sob (5,6%) rozpoznano neuroborelioze, a u 7 (1,7%)
rozpoznano rumien wedrujacy. W tej grupie u 395 pa-
cjentow objawy kliniczne oraz wyniki badan labora-
toryjnych nie pozwolily jednoznacznie wykluczy¢ bo-
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The most frequent diagnoses made for patients for whom Lyme disease has been excluded

140

120 n=116(31.3%)

100 n=93(25.1%)

80

n=63 (17%)
60 n=55(14.8%)

Number of cases

40

Osteoarthritis Diseases of the Lyme disease history ~ Spondyloarthrosis
nervous and
musculoskeletal

systems

Specific intervertebral
disc diseases

n=15(4%)

=12 (3.2%)

Other

—8(2.2%
=8 (2.2%) n=5 (1.3%) 1=4(1.1%)
[ | — —
Unspecified arthritis  Other and unspecified Rheumatoid arthritis

nervous sy stem
symptoms

Diagnoses by ICD-10 code in patients for whom Lyme disease has not been confirmed by laboratory testing.

Fig. 2. Most frequent diagnoses of patients with excluded Lyme disease hospitalised in the Department of Infectious

Diseases and Neuroinfection

Ryc. 2. Najczestsze diagnozy pacjentow, u ktoérych wykluczono chorobe z Lyme, hospitalizowanych w Klinice Chordb

Zakaznych i Neuroinfekcji

age in this group was 59.4 years (£16.1), 61.4 years
(£15.5) and 58.2 years (+14.7) in the female, male and
total subpopulations, respectively. Men accounted for
47.4% (n=55) of the total subpopulation.

The second most frequently diagnosed condition
was musculoskeletal disorders, accounting for 25.1%
of final diagnoses in patients with excluded Lyme
disease. The mean age in this group was 44.4 years
+ 13.8, with respective means of 43.2 years = 13 and
45.5 years + 14.5 for men and women, respectively.

A history of Lyme disease was reported by
71 (8.7%) of the subjects in this group. 71.8% (n =
51) of these patients were male. The mean age was
55.6 + 13.4 years for women and 53.7 + 13 years for
men. A spondyloarthritis diagnosis was received
by 55 people (14.8%) in the group with excluded
Lyme disease. The mean age was 54.3 years =+
12.6 for the whole group, 51.8 years £ 13.4 for the
female subpopulation, and 55.4 years = 12.3 for
men. Additionally, 138 patients were diagnosed
with both Lyme disease and osteoarthritis, while 50
hospitalized patients had a concurrent diagnosis of
Lyme disease and spondyloarthritis, as illustrated in
Figure 3.

Between October and January in late 2018/19,
more patients were hospitalized at the clinic with
symptoms suggestive of Lyme disease than with
confirmed cases of the disease. The study took the
period of the pandemic into account: no patients with
suspected Lyme disease were hospitalized at the
clinic between March 2020 and May 2021 due to the
prioritization of treatment for patients infected with
the SARS-CoV-2 virus.

reliozy (z objawami stawowymi lub neurologicznymi,
niespetniajacymi w petni kryteriow klinicznych badz
laboratoryjnych), co przy braku alternatywnej diagno-
zy bylo przyczyng zastosowania antybiotykoterapii (1
cykl), celem oceny poprawy klinicznej. W wigkszosci
przypadkéw obserwowano tylko krotkotrwaltg popra-
we, co przeczylo diagnozie boreliozy. Na podstawie
kryteriow EFNS potwierdzono 24 przypadki neurobo-
reliozy stanowiace 2,9% calej populacji badanej, a tak-
ze stwierdzono 7 przypadkow rumienia wedrujacego,
odpowiadajacych 0,9% wszystkich badanych.

U 48% pacjentow (n=393) jednoznacznie wykluczo-
no borelioze i rozpoznano inne jednostki chorobowe.
Najwigkszg grupe rozpoznan wsrdd chorych z wyklu-
czong boreliozg stanowita choroba zwyrodnieniowa
stawow (n=116, 31,3%) (Ryc. 2.). W tej grupie $rednia
wieku wyniosta 594 roku + 16,1, odpowiednio 61,4
roku = 15,5 oraz 58,2 lat + 14,7 w subpopulacjach kobiet
i mezczyzn, mgzezyzni stanowili 47,4% (n=55).

Druga pod wzgledem czgstosci rozpoznawang jed-
nostka chorobowg byty schorzenia uktadu migsniowo
-szkieletowego, ktore stanowilty 25,1% ostatecznych
diagnoz w grupie pacjentow, u ktorych wykluczono bo-
relioze. Srednia wieku w tej grupie wynosita 44,4 lata
+ 13,8, adekwatnie 43,2 &+ 13 oraz 45,5 + 14,5 dla kobiet
1 mezezyzn.

U 71 (8,7%) badanych w tej grupie rozpoznano
przebyta borelioze¢. 71,8% (n=51) w tej grupie stanowi-
li mezczyzni. Srednia wieku wyniosta 55,6 lat + 13,4
— odpowiednio 60,5 + 13,6 dla kobiet i 53,7 = 13 dla
mezczyzn. Diagnoze spondyloartrozy w grupie z wy-
kluczona borelioza otrzymato 55 0sob (14,8). Srednia
wieku wyniosta 54,3 lat = 12,6, 51,8 = 13,4 w subpo-
pulacji kobiet i 55,4 lat + 12,3 dla mezczyzn. Dodatko-
wo, u 138 pacjentow zdiagnozowano zaréwno boreliozg
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The most common concomitant conditions among LB patients admitted to the Department of Infectious Discases and
Neuroinfection
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140 n=138 (34.9%)

120

100
o
]
3
S
o
S
i
=,

60

n=50 (12.7%)
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Patients with LB and osteoarthritis Patients with LB and Patients with LB and diseases of the Patients with LB and intervertebral

spondyloarthrosis

nervous system and musculoskeletal disc disease

syslem

Diagnoses by ICD-10 code in patients with laboratory-confirmed Lyme disease

Fig. 3. Most common concomitant conditions in the population of patients with Lyme disease hospitalized in the Department
of Infectious Diseases and Neuroinfections. LB — Lyme disease
Ryc. 3. Najczestsze schorzenia towarzyszace w populacji pacjentéw z boreliozg hospitalizowanych w Klinice Chordb

Zakaznych i Neuroinfekcji. LB — choroba z Lyme

DISCUSSION

In our study, we analysed data from patients
referred to the clinic for diagnostic verification
of suspected Lyme disease, which is a significant
problem in medical practice. Although significant
advances have been made in diagnosing Lyme
disease, it remains challenging, particularly given the
numerous non-specific symptoms affecting multiple
systems and organs, and the lack of awareness of
the classic clinical presentation of Lyme disease,
which can make differentiating between disease
entities difficult (13). Proper diagnosis is becoming
an increasingly important issue, particularly in an
era of ageing populations burdened by civilisational
diseases and multiple diseases (14). A paper by
Lightfoot et al. showed that chronic fatigue, cognitive
impairment and myofascial pain are mistakenly
associated with Lyme disease, despite also appearing
in conditions such as chronic fatigue syndrome and
fibromyalgia (15). A reliable clinical diagnosis of
Lyme disease is obvious to a non-expert physician
only when typical erythema migrans is present (16).
The difficulty in diagnosing Lyme disease in the
early stages is that only around 20% of patients report
being bitten by a tick. Another issue is that Lyme
disease is attributed to many non-specific symptoms
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jak 1 chorobe zwyrodnieniowg stawow, natomiast u 50
hospitalizowanych pacjentéw postawiono réwnolegle
diagnoze boreliozy oraz spondyloartrozy, co przedsta-
wiono na Ryc. 3.

W miesigcach pazdziernik-styczen na przetomie lat
2018-2019 hospitalizowano w Klinice wigcej pacjen-
tow z powodu objawow klinicznych sktaniajacych do
podejrzewania boreliozy w poréwnaniu do pacjentow
z ostatecznym potwierdzeniem tej choroby. W bada-
niu uwzgledniony zostal okres pandemii COVID-19
— w okresie marzec 2020 r. — maj 2021 r. nie hospitali-
zowano w Klinice pacjentow z podejrzeniem boreliozy
w wyniku priorytetyzacji leczenia pacjentow zakazo-
nych wirusem SARS-CoV-2.

DYSKUSJA

W naszym badaniu przeanalizowali$my dane pa-
cjentéw kierowanych do Kliniki w celu diagnostycznej
weryfikacji podejrzenia boreliozy, stanowigcej istotny
problem w praktyce medycznej. Cho¢ w diagnostyce
choroby z Lyme poczyniono znaczne postgpy, rozpo-
znanie tej choroby wcigz stanowi wyzwanie, zwlasz-
cza w kontekscie licznych, niespecyficznych objawow
z wielu uktadow i1 narzagdow oraz braku znajomosci
klasycznego obrazu klinicznego boreliozy, ktdére moga
utrudnia¢ roéznicowanie jednostek chorobowych (13).
Wiasciwe rozpoznanie staje si¢ coraz istotniejsza kwe-
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that are also characteristic of many different disease
entities (15).

Hassett et al. demonstrated the prevalence of
a clinical picture suggestive of chronic Lyme disease
among patients with depression (17). A retrospective
study involving 788 patients and published by Steere
et al. showed that Lyme disease was confirmed in
23% of subjects, while an alternative diagnosis was
made for the remaining 77% (18). By contrast, Reid et
al. analysed 209 patients and found that Lyme disecase
was diagnosed in 21% of subjects, while 79% were
diagnosed with other conditions (19). However, sparse
or asymptomatic B. burgdorferi infection can further
complicate diagnosis. According to Sigal et al., in
endemic areas, a small but significant percentage of
the population may be seropositive despite having no
clinical history of Borrelia infection. In the absence
of characteristic symptoms, Lyme disease should
neither be diagnosed nor treated, as non-specific
complaints may be due to other causes. Misdiagnosis
of the condition can lead to the unwarranted use of
antibiotic therapy (20).

Although ELISA/CLIA/MMIA and Western
blot tests are essential for a proper diagnosis, many
scientific papers suggest that current methods may
not be effective enough for a reliable diagnosis. First-
stage tests are not highly specific, but they play an
important role in serological diagnosis. To reduce the
overdiagnosis of Lyme disease, diagnosis does not end
at this stage. If the result is positive or inconclusive,
a confirmatory Western blot test is performed to
determine antibodies to individual antigens. This
reduces the number of false positives (21).

Important reasons for overdiagnosis include cross-
reactions, which can be triggered by certain bacteria
(e.g. Treponema pallidum or Rickettsia species),
viral infections (e.g. the Epstein—Barr virus) or
autoimmune diseases (e.g. rheumatoid arthritis). Even
after successful treatment, antibodies can remain
present in patients for many months or even years.
This can cause a positive result in an ELISA test even
when the patient no longer has an active infection
(22). A study by Webber et al. of a large US health
system found that, of 212 positive Western blot test
results for Lyme disease, 113 (53.3%) were considered
false positives. Even assuming that all participants
were exposed to Borrelia burgdorferi, over half of
the results would still be considered false positives.
These patients did not meet the seropositivity criteria,
showed asymptomatic infection or nonspecific
symptoms, had negative results on further serological
testing within 30 days of a positive Western blot test
result, or met a combination of these criteria (23).

The study by Quereshi et al. involved evaluating
216 young patients, from the neonatal period to 18

stig, szczegblnie w dobie starzejacych sie spoteczenstw
obarczonych chorobami cywilizacyjnymi i wielochoro-
bowoscia (14).

W pracy Lightfoot et al. wykazano, ze przewlekle
zmgczenie, zaburzenia funkcji poznawczych, czy bole
mie$niowo-stawowe sa mylnie kojarzone z choroba
z Lyme, mimo, Zze pojawiajg si¢ w innych jednostkach
chorobowych takich jak zespot przewleklego zmecze-
nia, czy fibromialgia (15). Wiarygodna diagnoza kli-
niczna boreliozy jest oczywista dla lekarza niebeda-
cego ekspertem jedynie wtedy, gdy wystepuje typowy
rumien wedrujacy (16). Trudnosci we wezesnym zdia-
gnozowaniu boreliozy nastrecza fakt, ze jedynie okoto
20% pacjentow zglasza poktucie przez kleszcza. Innym
problemem jest przypisywanie boreliozie wielu obja-
woOw niespecyficznych, czy tez charakterystycznych dla
wielu r6znych jednostek chorobowych (15).

Hasset 1 wsp. wykazali wystgpowanie obrazu kli-
nicznego sugerujacego przewlekla chorobe z Lyme
wsrod pacjentow cierpiacych na depresje (17). Retro-
spektywne badanie obejmujace 788 pacjentow, opubli-
kowane przez Steere i wsp., wykazato, ze u 23% ba-
danych potwierdzono rozpoznanie boreliozy, podczas
gdy u pozostatych 77% ustalono alternatywng diagno-
z¢ (18). Z kolei Reid 1 wsp. przeprowadzili analize 209
pacjentow, z ktorej wynikato, ze borelioze stwierdzono
u 21% badanych, a u 79% zdiagnozowano inne schorze-
nia (19). Z drugiej strony, skapoobjawowa lub bezob-
jawowa infekcja B. burgdorferi dodatkowo komplikuje
diagnostyke. Wedtug Sigal i wsp. na obszarach ende-
micznych niewielki, ale istotny odsetek populacji moze
wykazywaé seropozytywnos¢, pomimo braku wywia-
du klinicznego wskazujacego na przebyte zakazenie
Borrelia. W przypadku braku charakterystycznych
objawow klinicznych nie nalezy rozpoznawaé ani po-
dejmowac leczenia boreliozy, poniewaz niespecyficzne
dolegliwo$ci moga wynikac z innych przyczyn. Bledne
rozpoznanie schorzenia doprowadzi¢ moze do nieuza-
sadnionego stosowania antybiotykoterapii (20).

Do prawidlowego rozpoznania niezb¢dne sg testy
ELISA/CLIA/MMIA oraz Western blot, jednakze wie-
le prac naukowych sugeruje, ze obecne metody moga
takze nie by¢ dostatecznie skuteczne do postawienia
wiarygodnej diagnozy. W diagnostyce serologicznej
wazng role odgrywaja testy pierwszego etapu, ktore nie
sa wysoce specyficzng metoda, dlatego aby ograniczy¢
nadrozpoznawalno$¢ boreliozy diagnostyka nie konczy
si¢ na tym etapie. W przypadku, gdy wynik jest dodat-
ni lub nie do konca pewny przeprowadza si¢ test po-
twierdzajacy Western blot, ktory pozwala na oznacze-
nie przeciwcial przeciwko poszczegdlnym antygenom.
Dzigki temu liczba fatszywie dodatnich wynikéw jest
zredukowana (21).

Wazna przyczyna nadrozpoznawalnosci sg migedzy
innymi reakcje krzyzowe, ktore moga by¢ spowodo-
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years of age, who underwent serological testing for
Borrelia spp. infection. This included ELISA and
Western blot tests. Of these patients, 68 (31%) were
diagnosed with active Lyme disease, most commonly
presenting as arthritis, facial nerve palsy, aseptic
meningitis or erythema migrans. Thirty-nine patients
(18%) showed the presence of antibodies, indicating
a history of infection. Patients were referred to the
medical centre due to acute clinical symptoms or
prolonged school difficulties, which were attributed
to a previous infection. At the time of referral, 77%
of patients were already undergoing treatment. In
contrast, 109 patients (50%) had neither active nor
past Lyme disease. Despite the lack of a serological
basis, 79% of this group were also undergoing
antibiotic therapy at the time of referral.

The skilful use of serological diagnosis in
conjunction with a clinical evaluation of the patient
remains crucial. As the clinical manifestations of the
disease can be atypical or uncommon, and molecular
diagnostics are not fully specific or sensitive, there is
a risk of overlooking and failing to treat early Lyme
disease. This may result in the development of chronic
Lyme disease due to lack of treatment in the early
stages (25). However, misinterpreting serological
and molecular diagnostic results, or conducting an
inadequate clinical evaluation, can lead to Lyme
disease being suspected and antibiotic treatment
being prescribed to patients who do not require it
(23,26). Numerous articles have highlighted the
increasing issue of overdiagnosis and over-treatment
of Lyme disease (18,19,27). The overuse of antibiotic
treatment has been observed in 45% — 75% of patients
prior to a confirmed Lyme disease diagnosis (18,19).
Misdiagnosis can also lead to a reduced response
to antibiotic treatment (18). Furthermore, some
studies indicate that overuse of antibiotics can lead
to increased antibiotic resistance in B. burgdorferi
spirochetes (28,29). Studies also show that antibiotic
therapy for Lyme disease does not demonstrate
therapeutic success when administered more than six
months after diagnosis and past treatment (30). Some
patients have reported continuing to experience
symptoms of Lyme disease even after receiving
appropriate antibiotic treatment. This phenomenon is
referred to as post-treatment Lyme disease syndrome
(PTLDS) and is characterized by persistent fatigue,
musculoskeletal pain, and/or cognitive impairment
that persist for at least six months (consistently or
recurrently) after antibiotic therapy (31). Nevertheless,
evidence supports the efficacy and safety of drugs
used to treat Lyme disease (32).

Our study demonstrates that a wide spectrum of
diseases occur in patients suspected of having Lyme
disease. These include numerous rheumatological
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wane obecnoscig niektorych bakterii (np. Treponema
pallidum, Rickettsia spp.), infekcjami wirusowymi (np.
wirus Epstein-Barr), czy chorobami autoimmunolo-
gicznymi (np. reumatoidalne zapalenie stawow). U pa-
cjentow, nawet po skutecznym leczeniu, przeciwciata
moga by¢ obecne przez wiele miesiecy, a nawet lat. To
powoduje, ze test ELISA moze by¢ pozytywny, mimo
Ze pacjent nie ma juz aktywnego zakazenia (22). Bada-
nia uzyskane w duzym amerykanskim systemie opie-
ki zdrowotnej na czele z Webber 1 wsp. wykazaty, ze
sposrod 212 pozytywnych wynikow testu Western blot
w kierunku boreliozy, 113 (53,3%) uznano za falszywie
dodatnie. Nawet przy zatozeniu, ze wszyscy uczestnicy
byli rzeczywiScie narazeni na Borrelia burgdorferi, po-
nad potowa wynikéw bytaby nadal uznana za fatszywie
dodatnie. Pacjenci ci nie spetniali kryteriow seropozy-
tywnosci, wykazywali zakazenie bezobjawowe Iub
Z nieswoistymi objawami, uzyskali negatywne wyniki
w dalszych badaniach serologicznych w ciggu 30 dni od
pozytywnego wyniku testu Western blot, badz spetnia-
1i kombinacje tych kryteriow (23).

W badaniu Quereshi i wsp. oceniono 216 mtodych
pacjentow w wieku od okresu noworodkowego do 18 lat,
u ktérych wykonano badania serologiczne w kierunku
zakazenia Borrelia spp., obejmujagce testy ELISA oraz
Western blot. Sposrod tej grupy, u 68 pacjentow (31%)
rozpoznano aktywng borelioze — najczesciej w postaci
zapalenia stawOw, porazenia nerwu twarzowego, asep-
tycznego zapalenia opon moézgowo-rdzeniowych Iub
rumienia wedrujacego. 39 pacjentoéw (18%) wykazywa-
o obecnos¢ przeciwcial wskazujaca na przebyte zaka-
zenie. Chorzy byli kierowani do placowki medycznej
z powodu ostrych objawow klinicznych lub dtugotrwa-
tych trudnosci szkolnych, ktére przypisywano wcze-
$niejszej infekeji u tych dzieci. W chwili skierowania az
77% z nich znajdowato si¢ juz w trakcie leczenia. Na-
tomiast u 109 pacjentow (50%) nie stwierdzono ani ak-
tywnej, ani przebytej boreliozy. Mimo braku podstaw
serologicznych, 79% z tej grupy rowniez byto w trakcie
antybiotykoterapii w momencie skierowania na konsul-
tacje (24).

Kluczowe pozostaje umiejetne wykorzystanie dia-
gnostyki serologicznej w potaczeniu z oceng kliniczng
pacjenta. Poniewaz objawy kliniczne tej choroby moga
by¢ niecharakterystyczne, nietypowe, rzadziej spotyka-
ne, diagnostyka molekularna nie jest w petni specyficz-
na i czula, istnieje mozliwo$¢ przeoczenia i nieleczenia
wczesnej boreliozy. Skutkuje to mozliwo$cig rozwi-
nigcia si¢ choroby z Lyme z przewlekla manifestacja
w wyniku braku leczenia na jej poczatkowym etapie
(25).

Z drugiej strony, nieprawidtowa interpretacja wy-
nikdw diagnostyki serologicznej i molekularnej oraz
niewlasciwa ocena kliniczna moze skutkowa¢ wysu-
ni¢ciem podejrzenia boreliozy oraz zleceniem pacjen-
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and musculoskeletal diseases, such as osteoarthritis,
scoliosis, arthritisand arthrosis, as well asneurological
diseases. The symptoms of these diseases may be
confused with the clinical forms of Lyme discase
(33). In nearly half of the analysed group, the initial
Lyme disease diagnosis was abandoned.

Studies from the United States dating back to the
1990s have highlighted the diagnostic challenges
associated with Lyme disease (18,34). Therefore,
patients in many parts of the world may experience
different scenarios: some doctors may treat them
excessively, while others may fail to diagnose them.
As early as 2016, Czupryna et al. published a paper
highlighting the problem of overdiagnosis and
misdiagnosis of Lyme disease in Poland, suggesting
the need for more thorough case verification. Thus,
the importance of a comprehensive diagnostic
approach to avoid both overinterpreting symptoms
and overlooking the disease in those actually affected
by it was clearly indicated (35).

A study conducted on a smaller population (it
included patients hospitalized within 1 year) showed
that only about 10% of patients with suspected Lyme
disease actually have the disease. Unfortunately,
since then, despite greater awareness of the issue,
no significant changes in diagnostic and therapeutic
approaches have been observed. Our current study
indicates that only about 4% of patients had their initial
diagnosis of Lyme disease confirmed, while 48% had
an inconclusive diagnosis. It should be emphasized
that the Department of Infectious Diseases and
Neuroinfection at the Medical University of Bialystok
has many years of experience in the diagnosis of
tick-borne diseases. This illustrates the scale of the
problem and the difficulty of unequivocally verifying
cases suspected of Lyme disease.

Undoubtedly, further development of diagnostic
methods for Lyme disease is necessary to eliminate
false-positive cases.

Limitations. Our study has several important
limitations.  Firstly, retrospective observational
analyses carry the risk of errors such as selection bias.
As a single-centre study conducted in an academic
hospital, where more complicated cases of illness are
referred, it should be noted that the results may not
be fully representative of the general population or
other medical facilities. Furthermore, the study did
not verify the accuracy of patients’ self-reported
health status information where data was missing
from medical records. The lack of follow-up may
have affected the conclusions obtained. Additionally,
it should be noted that the majority of patients
with erythema migrans (which does not require
specialized diagnosis) are treated in outpatient clinics
or by primary care physicians (PCPs). It should also

towi kuracji antybiotykowej w sytuacji, ktora takiego
leczenia nie wymaga (23,26). Wiele artykulow zwraca
uwage na rosngcy problem nadmiernego rozpoznawa-
nia i leczenia choroby z Lyme (18,19,27). Naduzycie ku-
racji antybiotykowej zaobserwowano nawet u 45 — 75%
pacjentdw przed potwierdzonym rozpoznaniem bore-
liozy (18,19). Bledna diagnoza rowniez przyczynia si¢
do obnizonej odpowiedzi organizmu na leczenie anty-
biotykami (18). Niektore badania wskazuja dodatkowo
na fakt, ze nadmierne stosowanie antybiotykow moze
prowadzi¢ do wzmocnienia opornosci kretkéw B. bug-
dorferi na antybiotyki (28,29). Badania pokazuja row-
niez, ze terapia antybiotykowa boreliozy z objawami
powyzej 6 miesigcy od diagnozy i przebytego leczenia
nie wykazuje sukcesu terapeutycznego (30). Istnieja
doniesienia, ze nawet po zastosowaniu odpowiednie-
go leczenia antybiotykowego, u czgsci pacjentow nadal
wystepowaty objawy boreliozy. Zjawisko to okreslane
jest jako zespot po leczeniu boreliozy (PTLDS), ktory
charakteryzuje si¢ uporczywym zmegczeniem, bolem
migsniowo-szkieletowym lub trudno$ciami poznaw-
czymi utrzymujacymi si¢ przez co najmniej 6 miesiecy
(stale lub nawracajgco) po zakonczeniu terapii antybio-
tykowej (31). Jednakze, istnieja dowody na skuteczno$é
1 bezpieczenstwo stosowanych lekow w terapii choroby
z Lyme (32).

Nasze badanie wykazuje istnienie szerokiego spek-
trum choréb wystepujacych w populacji pacjentow
z podejrzeniem boreliozy, w tym liczne choroby reuma-
tologiczne i uktadu migéniowo-szkieletowego (np. cho-
roba zwyrodnieniowa stawow, skolioza, zapalenie sta-
wow, artroza) czy neurologiczne, ktorych objawy moga
by¢ mylone z klinicznymi postaciami choroby z Lyme
(33). U prawie polowy z analizowane]j grupy chorych
porzucono wstepng diagnoze boreliozy.

Badania ze Stanow Zjednoczonych juz w latach
90. XX wieku wskazywaly, jak duzym wyzwaniem
diagnostycznym jest wlasciwe rozpoznanie boreliozy
(18,34). Dlatego tez pacjenci w wielu rejonach §wiata
moga spotkaé si¢ z réznymi scenariuszami — z jednej
strony moga by¢ leczeni zbyt intensywnie przez jed-
nych lekarzy, a z drugiej pozosta¢ niezdiagnozowanymi
przez innych. Juz w 2016 roku w pracy Czupryny i wsp.
zwrdcono uwage na problem nadmiernej rozpoznawal-
nosci i diagnostyki choroby z Lyme w Polsce, sugerujac
konieczno$¢ doktadniejszej weryfikacji przypadkow.
Tym samym wyraznie wskazano na potrzebe komplek-
sowego podejscia diagnostycznego, ktore pozwoli unik-
ng¢ zarowno nadinterpretacji objawow, jak i przeocze-
nia choroby u 0s6b rzeczywiscie nig dotknigtych (35).
Badanie przeprowadzone na mniejszej populacji (obej-
mowato chorych hospitalizowanych w ciggu 1 roku)
wykazato, ze jedynie ok 10% chorych z podejrzeniem
boreliozy rzeczywiscie cierpi na te chorobe. Niestety
od tego czasu, pomimo wigkszej $wiadomosci w tym
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be noted that the study was conducted during the
period of the SARS-CoV-2 pandemic, when there
were restrictions on the hospitalization of patients
other than those infected with the virus for three
years, which could have affected the results.

CONCLUSIONS

Many diseases can present with symptoms
similar to those of Lyme disease, which can affect
multiple organs and systems. This necessitates
a diagnosis from various medical disciplines, such
as theumatology, neurology, cardiology, dermatology
and orthopaedics. In our study, 45.3% of patients
hospitalized in the Department of Infectious
Diseases and Neuroinfection for the diagnosis and
treatment of Lyme disease had an initial evaluation
of clinical signs that did not confirm the diagnosis.
Particular attention must be given to the large group
of patients who did not meet the clinicoserological
criteria but nevertheless received empirical antibiotic
therapy, as this group could significantly distort
the overall incidence assessment. It is essential to
properly link serological diagnosis with the patient’s
clinical presentation. Detection of the disease is often
complicated due to the lack of Lyme disease-specific
symptoms. Symptoms of early Lyme disease, such
as myofascial pain, can manifest as many different
conditions and can therefore divert the diagnosis.
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zakresie, nie zaobserwowano istotnych zmian w podej-
$ciu diagnostycznym i terapeutycznym. Nasze obecne
badanie wskazuje, ze jedynie u ok 4% pacjentdw po-
twierdzita si¢ wstgpna diagnoza boreliozy, zas u 48%
diagnoza byta niejednoznaczna. Podkresli¢ nalezy, ze
Klinika Choréb Zakaznych i Neuroinfekcji Uniwersy-
tetu Medycznego w Biatlymstoku ma wieloletnie do-
swiadczenie w zakresie diagnostyki chorob przenoszo-
nych przez kleszcze. Obrazuje to skale problemu i trud-
nosci jakim jest jednoznaczna weryfikacja przypadkow
podejrzanych o boreliozg.

Niewatpliwie konieczny jest dalszy rozwdj metod
diagnostycznych boreliozy, ktoéry pozwoli eliminowac
przypadki fatszywie dodatnie.

Ograniczenia. Nasze badanie ma kilka istotnych
ograniczen. Po pierwsze, charakter retrospektywnej
analizy obserwacyjnej wigze si¢ z ryzykiem bledow,
takich jak btad selekcji. Nalezy doda¢, ze jako badanie
jednoosrodkowe przeprowadzone w akademickim szpi-
talu, dokad kierowane sa potencjalnie bardziej skom-
plikowane przypadki zachorowan, wyniki moga nie
by¢ w pelni reprezentatywne dla ogoélnej populacji lub
innych placowek medycznych. W badaniu nie weryfi-
kowano poprawnosci samodzielnie zglaszanych przez
pacjentdw informacji dotyczacych ich stanu zdrowia
w sytuacjach, gdy brakowalo danych w dokumentacji
medycznej. Brak przeprowadzonej dalszej obserwacji
tj. follow-up, mogta wplynaé na uzyskane wnioski. Do-
datkowo nalezy uwzglednic¢ fakt, ze wickszos¢ chorych
z rumieniem wedrujacym (nie wymagajacym specjali-
stycznej diagnostyki) jest leczona w Poradni lub w POZ.
Nalezy mie¢ na uwadze rowniez fakt, ze rownoczesnie
z przeprowadzonym badaniem trwal okres pandemii
COVID-19, podczas ktorej przez 3 lata byty ogranicze-
nia w hospitalizacji pacjentdw innych niz zakazonych
wirusem SARS-CoV-2, co mogto wptynac na wyniki.

WNIOSKI

Wiele choréb moze przypominac¢ objawy choroby
z Lyme, ktoéra moze zajmowac¢ wiele uktadow i narza-
dow, co wymaga diagnostyki z réznych dziedzin medy-
cyny tj. reumatologii, neurologii, kardiologii, dermato-
logii czy ortopedii. W naszym badaniu, w$rdd pacjen-
tow hospitalizowanych w Klinice Chorob Zakaznych
1 Neuroinfekcji celem diagnostyki i leczenia boreliozy,
u 45,3% nie potwierdzono wstepnej oceny objawow
klinicznych sktaniajgcych ku rozpoznaniu tej choroby.
Szczegolnej uwagi wymaga duza grupa pacjentow, kto-
rzy nie spetniali kryteriow kliniczno-serologicznych,
u ktorych mimo to zastosowano antybiotykoterapie
empiryczng — grupa ta moze istotnie zaburzaé¢ ogolng
ocen¢ zapadalnosci. Zasadnicze znaczenie ma wiasci-
we powigzanie diagnostyki serologicznej z obrazem
klinicznym pacjenta. Wykrycie choroby jest bardzo
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ABSTRACT

Diphtheria is a forgotten disease that, despite advances in medicine and vaccination, is increasingly re-emerging
in various parts of the world, including developed countries. It is caused by the bacterium Corynebacterium
diphtheriae, which produces diphtheria toxin responsible for the severe course of the disease. However, only
toxigenic strains — those carrying the tox gene, are capable of producing this toxin. The majority of C. diphtheriae
strains isolated in Poland do not contain this gene, which is why infections caused by them are usually milder.
Depending on the site of infection, symptoms most commonly involve the upper respiratory tract, with the
hallmark sign being the presence of pseudomembranes. Rapid diagnosis and accurate confirmation of the
pathogen are essential not only for implementing proper preventive measures, but above all for initiating timely
treatment and preventing serious organ complications. Vaccination plays a key role in diphtheria prevention,
offering effective protection against infection and transmission. Despite the availability of both preventive and
therapeutic measures, diphtheria is becoming an increasing threat in countries with low vaccination rates. The
growing number of cases particularly among children, highlights the urgent need for education and improvement
in both prevention and treatment strategies.

Keywords: diphtheria, diphtheria toxin, complications, treatment, clinical symptoms
STRESZCZENIE

Btonica jest zapomniang chorobg, ktora pomimo postgpéw w medycynie i szczepieniach, coraz czg¢$ciej pojawia
si¢ w roznych czgsciach $§wiata, w tym takze w krajach rozwinietych. Blonica, wywolywana przez bakterie Co-
rynebacterium diphtheriae, charakteryzuje si¢ produkcja toksyny btoniczej, ktéra odpowiada za ciezki przebieg
choroby. Jednak tylko szczepy toksynotworcze, posiadajace gen tox, sa zdolne do jej wytwarzania. Wigkszo$¢
szczepow C. diphtheriae izolowanych w Polsce nie zawiera tego genu, dlatego zakazenia przez nie wywotane
majg zazwyczaj tagodniejszy przebieg. W zaleznosci od miejsca lokalizacji patogenu, najczesciej pojawiaja
si¢ objawy zwiazane z infekcja goérnych drég oddechowych, a charakterystyczna dla choroby jest obecnosé¢
pseudobton. Szybka diagnostyka i precyzyjne potwierdzenie obecnosci patogenu jest kluczowe nie tylko dla
zastosowania odpowiednich §rodkow zapobiegawczych, a przede wszystkim w celu jak najszybszego wiaczenia
leczenia oraz zapobiegania powaznym powiktaniom narzagdowym. W profilaktyce btonicy kluczowe znaczenie
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maja szczepienia ochronne, ktdre skutecznie zapobiegaja zakazeniom i rozprzestrzenianiu si¢ choroby. Pomimo
dostepnych srodkéw zapobiegawczych i leczniczych, btonica staje si¢ coraz wigkszym zagrozeniem w krajach
o niskim poziomie szczepien. Wzrost liczby przypadkow tej choroby w Europie, szczegdlnie wsrod dzieci, pod-
kresla konieczno$¢ edukacji i poprawy w zakresie profilaktyki i leczenia.

Stowa kluczowe: blonica, toksyna blonicza, objawy kliniczne, powiktania, leczenie, zapobieganie

CURRENT EPIDEMIOLOGICAL SITUATION
IN POLAND AND EUROPE

According to the annual epidemiological report
published by the European Centre for Disease
Preventionand Control (ECDC), there wasasignificant
increase in diphtheria cases in Europe in 2022 (1).
A total of 359 cases were reported, compared to 61
cases in 2021. Of these, 318 infections were caused by
Corynebacterium diphtheriae, while the remaining
cases were attributed to other Corynebacterium
species. The highest number of cases was recorded
in Germany, with 171 cases. No cases of diphtheria
were reported in Poland during the period covered by
the report. The highest proportion of C. diphtheriae
infections occurred among men aged 15 to 44 years.
Among the reported cases, 75% of patients were
either unvaccinated or had an unknown vaccination
status. According to WHO/UNICEF data, the
estimated vaccination coverage against diphtheria,
tetanus, and pertussis in EU countries in 2023 varied
by member state — from 78% in Romania to 99% in
Greece, Hungary, Luxembourg, and Portugal (1).

Countries participating in the infectious
disease surveillance system submit their annual
epidemiological data electronically to the European
Centre for Disease Prevention and Control
(ECDC), which then publishes them as an annual
epidemiological report. The ECDC website also
provides access to the Infectious Disease Atlas, which
enables a monthly overview of diphtheria and other
infectious disease cases reported by EU member
states. The Atlas includes cases of diphtheria caused
by toxigenic strains of Corynebacterium diphtheriae
(2). According to data from the Infectious Disease
Atlas, in 2024, cases of diphtheria were reported in
Germany, the Czech Republic, Belgium, Norway, and
Latvia (respectively: 30, 8, 6, 4 and 4 cases) (2). From
January to May 2025, new cases were registered in
Germany, Belgium, the Czech Republic, Austria,
Latvia, and the Netherlands (respectively: 7, 2,
I, 1, 1 and 1 case) (2). According to data from the
Department of Epidemiology of Infectious Diseases
and Surveillance, two cases of diphtheria were
reported in Poland in 2024. Between January 1 and
June 15, 2025, seven cases were reported (3).
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Wedlug rocznego raportu epidemiologicznego opu-
blikowanego przez Europejskie Centrum ds. Prewencji
i Kontroli Choréb (ECDC, European Center of Disease
Prevention and Control) dotyczacego zachorowan na
btonice w Europie, w 2022 r. zarejestrowano znaczacy
wzrost zachorowan na btonice (1). Wedtlug raportu od-
notowano 359 przypadkéw blonicy, natomiast w roku
2021, 61 przypadkow. Stwierdzono 318 przypadkow
zakazen wywotanych przez Corynebacterium diphthe-
riae, pozostate przypadki btonicy byly wywolywane
przez inne maczugowce. Najwiecej zachorowan odno-
towano w Niemczech (171). W przedstawionym rapor-
cie nie odnotowano przypadkow zachorowan w Polsce.
Najwyzszy odsetek zakazen wywotanych przez C. di-
phtheriae wystgpowal wérod mezezyzn w wieku od
15 do 44 lat. Wérod zgloszonych przypadkow zachoro-
wan, 75 % chorych nie bylto zaszczepionych Iub liczba
przyjetych dawek szczepienia nie byla znana. Wedtug
danych WHO/UNICEF, szacowany stan zaszczepienia
w 2023 roku przeciwko blonicy, tezcowi i krztuscowi
w krajach UE roznit si¢ w zalezno$ci od panstwa czton-
kowskiego — od 78% w Rumunii do 99% w Grecji, na
Wegrzech, w Luksemburgu i Portugalii (1).

Panstwa uczestniczace w systemie nadzoru nad
chorobami zakaznymi przekazuja swoje dane epide-
miologiczne za kazdy rok w formie elektronicznej do
ECDC, a te publikowane sg jako roczny raport epi-
demiologiczny. Na stronie ECDC dostgpny jest row-
niez Atlas Chorob Zakaznych, umozliwiajacy prze-
glad zachorowan na btonice i inne choroby zakazne
w panstwach czlonkowskich w ujeciu miesiecznym.
Atlas zawiera przypadki zachorowan na btonice wy-
wolywane przez toksynotworcze szczepy C. diphthe-
riae (2). Wedtug danych z Atlasu Chorob Zakaznych
w 2024 r. odnotowano zakazenia w Niemczech, Cze-
chach, Belgii, Norwegii oraz Lotwie (odpowiednio:
30, 8, 6, 4 1 4 przypadki) (2). W 2025 r. od stycznia
do maja zarejestrowano nowe przypadki zakazenia
w Niemczech, Belgii, Czechach, Austrii, L.otwie, Ho-
landii (odpowiednio: 7, 2, 1, 1, 1 i 1 przypadek) (2).
W danych przedstawionych przez Zaktad Epidemiolo-
gii Choréb Zakaznych i Nadzoru w 2024 r. zgloszono
dwa przypadki btonicy w Polsce, natomiast w 2025 r.



Karolina Keder, Magdalena Barbara Kukulska, Julia Latocha, Aleksandra Sobieska, Dominika Grzelak

PATHOGENESIS OF DIPHTERIA

The etiological agent of diphtheria is the Gram-
positive bacterium Corynebacterium diphtheriae.
Certain toxigenic strains of C. diphtheriae acquire the
ability to produce diphtheria toxin and cause disease.
For a C. diphtheriae strain to be classified as toxigenic,
two conditions must be met simultaneously: the strain
must be infected by a bacteriophage carrying the
diphtheria toxin gene (fox gene), and the fox gene must
be actively expressed by the bacterium, enabling the
production of diphtheria toxin. It is important to note
the existence of a specific group of strains referred
to as NTTB (non-toxigenic tox gene-bearing). These
strains possess the fox gene but do not express it, and
therefore lack the ability to produce diphtheria toxin
(4,5). The expression of the tox gene, which encodes
diphtheria toxin, is regulated by the DtxR repressor,
which is encoded in the genome of Corynebacterium
diphtheriae. This regulation is mediated by iron ions
(Fe*"). When Fe®" binds to the DtxR repressor, it
inhibits transcription and thereby suppresses toxin
expression. Conversely, when Fe?" dissociates from
DtxR, the repression of the tox gene is lifted, allowing
for the production of diphtheria toxin (6,7).

Diphtheria toxin is one of the most potent protein
toxins known. In the literature, a lethal dose of 100
ng/kg has been reported. This value was established
following a catastrophic incident in Japan in 1948 (8).
It is also one of the first toxins that contributed to the
understanding of the protective role of antibodies and
played a significant role in the development of vaccines
(9). In 1888, Roux and Yersin isolated the toxin and
demonstrated that it could induce diphtheria symptoms
in animals (10). The structure of diphtheria toxin,
as described in the literature, helps to elucidate its
mechanism of action within the cell. The toxin consists
of a receptor-binding domain, a catalytic domain, and
a transmembrane domain. It first recognizes and binds
to a receptor on the surface of the host cell. The toxin—
receptor complex is then internalized via endocytosis
and forms early endosomal vesicles. A decrease in pH
within the endosome enables the transmembrane domain
to insert into the endosomal membrane and form pores.
These pores allow the catalytic domain of the toxin to
enter the cytoplasm, where it is converted into its active
enzymatic form. The active catalytic domain inhibits
protein synthesis within the cell and induces apoptosis,
which is a key mechanism underlying the pathogenicity
of Corynebacterium diphtheriae (11,12).

Humans are the reservoir for Corynebacterium
diphtheriae. Infection is primarily transmitted via
respiratory droplets, as well as through direct contact
with respiratory secretions or exudate from infected
skin lesions and wounds. The incubation period ranges

w okresie od stycznia do 15 czerwca zgtoszono siedem
przypadkow (3).

PATOGENEZA BLONICY

Czynnikiem etiologicznym blonicy jest bakteria
Gram-dodatnia Corynebacterium diphtheriae. Istnie-
ja szczepy toksynotworcze C. diphtheriae, ktore na-
bywaja zdolnosci do wytwarzania toksyny btoniczej
i wywotywania choroby. Aby szczep Corynebacte-
rium diphtheriae mogt by¢ uznany za toksynotworczy,
muszg zosta¢ spetnione tagcznie dwa warunki. Szczep
musi zosta¢ zakazony przez bakteriofaga, ktory jest
nosicielem genu toksyny btoniczej (tox gene) oraz gen
tox musi zosta¢ odczytany przez pateczke C. diphte-
riae, co pozwala na produkowanie toksyny btoniczej
przez bakteri¢. Warto zaznaczy¢, ze istnieje szczegol-
na grupa szczepow okreslanych jako NTTB (non-toxi-
genic tox gene-bearing), sa to szczepy, ktore posiadajg
gen tox, jednak nie wykazuja zdolnosci do produkcji
toksyny btoniczej (4,5). Za regulacje ekspresji genu
tox, toksyny btoniczej odpowiada represor DtxR, kto-
ry kodowany jest na genomie bakterii C. diphtheriae.
Regulacja odbywa si¢ za posrednictwem jonow zela-
za (Fe2+), ktore przytaczajac sie¢ do represora DtxR,
blokuja transkrypcje 1 ekspresje toksyny. Natomiast
gdy Fe 2+ oddysocjowuje od DtxR, powoduje odblo-
kowanie genu tox i umozliwia produkcje toksyny bto-
niczej (6,7).

Toksyna btonicza jest jedna z najsilniejszych tok-
syn biatkowych. W literaturze opisywana jest $mier-
telna dawka toksyny wynoszaca 100 ng/kg. Wartos¢
ta zostata ustalona po katastrofalnym wypadku w Ja-
ponii, w 1948 roku (8). Jest jedng z pierwszych tok-
syn, ktora pomogla zrozumie¢ ochronne dziatanie
przeciwciat oraz przyczynita si¢ do rozwoju szczepio-
nek (9). W 1888 r. Roux i Yersin wyizolowali toksyne
i wykazali, ze wywotuje ona objawy btonicy u zwie-
rzat (10). Opisywana w literaturze budowa toksyny
btoniczej pozwala zrozumie¢ mechanizm jej dziatania
w komorce. Toksyna sktada si¢ z domeny wigzacej
receptor, katalitycznej oraz transbtonowej. Toksyna
rozpoznaje i wigze si¢ z receptorem na powierzchni
komorki, kompleks toksyna-receptor ulega endocyto-
zie, nastepnie przeksztalca si¢ we wezesne pecherzyki
endosomalne. Obnizenie pH w endosomie pozwala na
wbudowanie si¢ w bton¢ endosomu domeny transbto-
nowej i wytworzenie poréw. Pory w blonie endosomu
umozliwiajg przedostanie si¢ domeny katalitycznej
toksyny do cytoplazmy komorki, gdzie przeksztatcana
jest do aktywnej formy enzymatycznej. Aktywna do-
mena katalityczna hamuje syntez¢ biatek w komorce
1 doprowadza do apoptozy, co jest kluczowym mecha-
nizmem patogennosci Corynebacterium diphtheriae
(11,12).
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from two to five days but can extend up to 10 days. The
infectious period typically lasts from 2 to 4 weeks. In
endemic regions, the disease most commonly occurs
as isolated cases or small outbreaks. The mortality rate
from diphtheria ranges between 5% and 10%, with
children being the most vulnerable to severe disease
and death (1).

CLINICAL SYMPTOMS

The toxin is responsible for causing the main
symptoms of the disease and can reach various organs
and tissues in the human body. Literature reviews
indicate that diphtheria caused by C. diphtheriae
classically localizes in the upper respiratory tract,
particularly in children. It is important to note that
other forms of diphtheria with extrapulmonary
localization may also occur. These include cutaneous
diphtheria, which usually has a mild course and
manifests as superficial ulcers, as well as conjunctival
diphtheria, which can resemble viral conjunctivitis;
however, in its typical form, it leads to the formation
of pseudomembranes on the conjunctiva, along with
swelling and stiffness of the eyelids (13,14).

In the most common form of diphtheria affecting
the upper respiratory tract, the mucous membrane
of the throat is involved, whereas in adults, this
localization may be less typical. In cases involving the
oral mucosa in adults, atypical sites of infection have
been described, including the mucous membranes of
the cheeks, upper and lower lips, hard and soft palate,
as well as the tongue. These locations represent less
common clinical presentations of the disease and
require thorough differential diagnosis (13,14).

A characteristic and classical clinical form of
diphtheria involves the posterior part of the oral cavity
and the proximal part of the throat. In this location,
a so-called pseudomembrane forms — a white or
grayish coating that develops on one or both tonsils.
Pseudomembranes result from bacterial proliferation
on the surface of the mucous membranes. In the initial
phase of the disease, epithelial hyperemia and swelling
occur. This is followed by epithelial necrosis, and the
pseudomembranes may take on a greenish or blackish
coloration. This process is accompanied by a fibrinous-
purulent exudate. Over time, the pseudomembrane may
spread to the palatine arches, uvula, soft palate, and
the oral and nasal parts of the pharynx. The infected
necrotic tissue forming the thick membrane can cover
the tissues of the nose, tonsils, and throat, causing
swallowing and breathing difficulties. In rare cases,
the pseudomembranes may extend to the trachea and
bronchi, leading to airway obstruction (13,15).

Symptoms of diphtheria usually appear 2 to 5 days
after exposure to the bacteria. Typical respiratory
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Rezerwuarem bakterii Corynebacterium diphthe-
riae jest cztowiek. Zakazenie przenosi si¢ glownie
droga kropelkowa, a takze poprzez bezposredni kon-
takt z wydzieling z drog oddechowych lub wysigkiem
z zakazonych zmian skornych oraz ran. Okres wylega-
nia bakterii wynosi od dwoch do pigciu dni, moze wy-
dtuzy¢ si¢ do 10 dni. Okres zakaznosci trwa zwykle
od 2 do 4 tygodni. W regionach endemicznych choro-
ba wystepuje najczesciej jako pojedyncze przypadki
lub niewielkie ogniska zakazen. Smiertelnos¢ z powo-
du btonicy wynosi od 5 do 10%, najbardziej narazone
na ciezki przebieg i zgon sa dzieci (1).

OBJAWY KLINICZNE

Toksyna odpowiedzialna jest za wywolywanie
gtownych objawéw choroby, moze dociera¢ do roz-
nych narzadow i tkanek w organizmie czlowieka.
Przeglad pis$miennictwa ukazuje, ze btonica, wywo-
tywana przez C. diphtheriae, klasycznie lokalizuje
si¢ w obrgbie gornych drog oddechowych, szczegol-
nie u dzieci. Nalezy zaznaczy¢, ze mogg wystepowaé
réwniez inne postacie btonicy o pozaptucnej lokaliza-
cji. Wyrdznia sie m.in. blonice skérna, zwykle majaca
tagodny przebieg, objawiajaca si¢ powierzchownymi
owrzodzeniami. Jak réwniez btonice spojowek, kto-
ra moze przypomina¢ wirusowe zapalenie spojowek,
jednak w typowej postaci dochodzi do tworzenia si¢
bton na spojoéwkach, obrzeku i usztywnienia powiek
(13,14).

W najczegsciej wystepujacej btonicy w obrebie gor-
nych drog oddechowych zajmowana jest btona $luzo-
wa gardla, natomiast u dorostych lokalizacja ta moze
by¢ mniej typowa. W przypadkach z zajeciem blony
sluzowej jamy ustnej u dorostych, opisano nietypowe
miejsca zakazenia, takie jak: blona §luzowa policzkow,
wargi (gornej i dolnej), podniebienie twarde 1 migkkie,
a takze jezyk. Tego rodzaju lokalizacje stanowig rza-
dziej spotykang posta¢ kliniczng choroby, wymagaja-
cg doktadnej diagnostyki réznicowej (13,14).

Charakterystyczng i klasyczng postacig kliniczng
jest blonica zajmujaca tylng cze$¢ jamy ustnej oraz
proksymalng cze$¢ gardta. W tej lokalizacji dochodzi
do powstania tzw. blony rzekomej — bialy lub szary
nalot tworzacy si¢ na jednej lub obu migdatkach. Bto-
ny rzekome powstaja w wyniku namnazania si¢ bak-
terii na powierzchni bton sluzowych. W poczatkowej
fazie choroby pojawia si¢ przekrwienie nabtonka oraz
obrzek. Nastepnie dochodzi do martwicy nablonka,
btony rzekome moga przybiera¢ kolor zielonkawy lub
czarny. Towarzyszy temu wysick wloknikowo-ropny.
Z czasem btona rzekoma moze rozprzestrzenia¢ na
huki podniebienne, jezyczek, podniebienie migkkie
oraz czesci ustng i nosowa gardta. Zakazona martwa
tkanka tworzaca grubg blong, moze pokrywac tkan-
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symptoms of diphtheria include sore throat,
enlargement of the cervical lymph nodes, swelling of
the neck tissues, moderate fever, general weakness,
and a foul odor from the mouth.

Nasal diphtheria is characterized by the presence
of serosanguinous or seropurulent discharge,
accompanied by white plaques on the mucous
membrane of the nasal septum. This discharge may
lead to the formation of erosions on the external nares
and the upper lip. The clinical course of this form of
the disease is usually mild.

Nasal diphtheria is characterized by the presence
of serosanguinous or seropurulent discharge,
accompanied by white coatings on the mucous
membrane of the nasal septum. This discharge may
lead to the formation of erosions on the external nares
and the upper lip. The clinical course of this form of
the disease is usually mild.

In cases of diphtheria involving the larynx, changes
in voice tone, hoarseness, and shortness of breath may
occur. These symptoms are related to the narrowing of
the glottis due to a coating and swelling of the vocal
folds.

COMPLICATIONS

Symptoms involving internal organs appear in the
later stages of the disease. The exotoxin released by
multiplying bacteria is absorbed into the bloodstream,
causing severe systemic pathology. The toxin most
commonly affects the myocardium and peripheral
nerves, leading to toxic inflammation (18). Other
known complications include otitis media, kidney
damage, liver dysfunction, and thrombocytopenia (19).

Diphtheria causes pathological changes in
the cardiovascular system, as confirmed by
histopathological studies. Examination of myocardial
tissue revealed extensive areas of hyalinization
and necrosis, along with inflammatory infiltrates
of mononuclear cells with eosinophilic cytoplasm.
Immunofiuorescence staining demonstrated the
presence of toxin deposits within the myocardial fibers
(13). These changes can lead to heart failure.

Based on a case reported by Ranjit Sah involving
a l4-year-old girl with diphtheritic myocarditis, the
patient experienced chest pain, cardiac arrhythmias,
tachycardia, and electrocardiogram (ECG) changes
including ST segment depression, PR interval
prolongation, and wide QRS complexes. Elevated
troponin I levels indicated cardiomyocyte damage (16).
In another reported case of a 7-year-old boy diagnosed
with diphtheritic pharyngitis, clinical deterioration
occurred on the 10th day of illness following the
initiation of antibiotic therapy. The patient developed
chest pain. In a bedside ultrasound examination

ki nosa, migdatkow i gardta powodujac zaburzenia
polykania i oddychania. W rzadkich przypadkach
btony rzekome moga pokrywac tchawicg i oskrzela,
doprowadzajac do ograniczenia przeptywu powie-
trza (13,15).

Objawy blonicy zazwyczaj pojawiaja sie¢ 2—5 dni
po ekspozycji na bakterie. Do typowych symptomow
btonicy uktadu oddechowych naleza, bdl gardta, po-
wigkszenie weztow chlonnych szyi, obrzek tkanek
szyi, goragczka o umiarkowanym nasileniu, ogolne
ostabienie, nieprzyjemny zapach z ust.

Btonica nosa charakteryzuje si¢ obecnoscig surowi-
czo-krwistej lub surowiczo-ropnej wydzieliny, ktorej
towarzysza biate naloty na blonie $luzowej przegrody
nosowej. Wydzielina ta moze prowadzi¢ do powsta-
wania nadzerek w obrebie nozdrzy zewngtrznych oraz
gornej wargi. Przebieg kliniczny tej postaci choroby
zazwyczaj jest fagodny.

W przypadku blonicy obejmujacej krtan moze
wystepowaé zmiana barwy glosu, chrypka, dusz-
nos$¢. Objawy te zwigzane sg ze zwegzeniem szpary
gtosni z powodu nalotu i obrzeku fatdow gltosowych
(13,16,17).

POWIKLANIA

Objawy zajecia narzadow wewngtrznych pojawia-
ja si¢ w p6zniejszym przebiegu choroby. Egzotoksyna
uwalniania z namnazajacych si¢ bakterii wchtania si¢
do krwioobiegu wywotujac ciezka patologie ogolno-
ustrojowg. Toksyna najcze$ciej dociera do mig$nia
sercowego oraz nerwow obwodowych doprowadzajac
do ich toksycznego zapalenia (18). Do innych znanych
powiktan nalezg, zapalenie ucha $rodkowego, uszko-
dzenie nerek, zaburzenia czynno$ci watroby oraz
trombocytopenia (19).

Blonica powoduje patologiczne zmiany w ukta-
dzie sercowo-naczyniowym, co potwierdzaja wyniki
badan histopatologicznych. W preparatach z mig$nia
sercowego uwidoczniono rozlegle obszary szkliwienia
1 martwicy oraz nacieki zapalne komorek jednojadrza-
stych o eozynofilowej cytoplazmie. Barwienie prze-
ciwciatami fluorescencyjnymi ukazywato obecnos¢
toksyny w postaci ztogow w obrebie widkien migsnia
sercowego (13). Zmiany moga doprowadzi¢ do niewy-
dolnosci serca.

Na podstawie opisanego przez Ranjit Sah przypad-
ku 14-letniej dziewczynki z bloniczym zapaleniem
migsénia sercowego wystepowaty bol w klatce pier-
siowej, zaburzenia rytmu serca, tachykardia, zmiany
w zapisie EKG pod postacig obnizenia odcinka ST,
wydluzenia odcinka PR, szerokich zespotéw QRS.
Podwyzszenie poziomu troponiny I, wskazujace na
uszkodzenie kardiomiocytow (16). W kolejnym opi-
sywanym przypadku 7-letniego chlopca z rozpoznang
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(POCUS — Point-of-Care Ultrasound), used for rapid
assessment of the patient’s condition including cardiac
function, a reduced ejection fraction (EF) of 57% and
decreased cardiac output were observed. Laboratory
tests showed elevated troponin I levels, which
normalized only after 29 days (20).

Approximately 75% of patients with severe
diphtheria also develop symptoms of neuropathy
(21). Monti et al. described the case of a Sl-year-
old female patient who presented with cranial nerve
palsy, weakness of the palate and pharynx, visual
disturbances due to impaired ocular accommodation,
as well as paresthesia and muscle weakness in the
lower limbs. These symptoms appeared one month
after diphtheritic pharyngitis (22).

The first neurological symptom is usually paralysis
of the soft palate and the posterior pharyngeal wall,
which may cause regurgitation of fluids and food
into the nose. As the disease progresses, cranial
neuropathies develop, resulting in paralysis of the
oculomotor and ciliary nerves. Dysfunction of the
facial, glossopharyngeal, or laryngeal nerves increases
the risk of aspiration. Peripheral neuropathy, presenting
as weakness in the lower limbs, tingling sensations,
and sensory disturbances, typically develops later,
usually between 10 days and 3 months after the onset
of diphtheria symptoms (13,21,22).

Cases of acute kidney injury (AKI) have also been
reported in the course of diphtheria. A study conducted
in northwestern Nigeria showed that as many as 59%
of hospitalized children with diphtheria developed
acute kidney injury. Possible mechanisms of kidney
damage include the direct toxic effect of the exotoxin
on renal tubules, leading to acute tubular necrosis,
as well as involvement of the renal interstitial tissue,
resulting in interstitial nephritis. The most important
risk factors for the development of AKI are young age
of the patient, the need for oxygen therapy, and the
use of drugs such as ibuprofen and dexamethasone.
The study authors recommend close monitoring of
renal function in children diagnosed with diphtheria,
avoidance of ibuprofen, and cautious administration
of dexamethasone in cases of coexisting acute kidney
injury (23).

DIAGNOSTIC CRITERIA FOR DIPHTERIA

Recommendations for the diagnosis of diphtheria
for epidemiological surveillance purposes have been
established by the CDC (Centers for Disease Control
and Prevention), the World Health Organization
(WHO), and the ECDC (European Centre for Disease
Prevention and Control) (24-27). The initial diagnosis
of diphtheriais primarily based on clinical presentation;
however, confirmation requires laboratory testing.
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btonica gardia, po wdrozeniu antybiotykoterapii do-
szto do pogorszenia stanu ogélnego w 10 dniu choroby.
Pojawity sie dolegliwosci bolowe w klatce piersiowe;.
W wykonanym przytdézkowym badaniu ultrasonogra-
ficznym (POCUS, Point-of-Care Ultrasound), stuza-
cym do szybkiej oceny stanu pacjenta, w tym funkcji
serca, stwierdzono obnizong frakcje wyrzutowa (EF)
do poziomu 57% oraz zmniejszong pojemnos$¢ minu-
towg serca. Badania laboratoryjne wykazaty podwyz-
szone stezenie troponiny I, ktorej warto§ci unormowa-
ty sie dopiero po 29 dniach (20).

Okolo 75% pacjentéw z cigzka postacia blonicy
rozwija rowniez objawy neuropatii (21). Monti i inni
opisali przypadek 5l-letniej pacjentki z porazeniem
nerwow czaszkowych, ostabieniem podniebienia i gar-
dta, zaburzeniami widzenia wynikajgcymi z zaburze-
nia akomodacji oka oraz parastezjami i ostabieniem
sity miesniowej konczyn dolnych. Opisane objawy
wystapily miesigc po bloniczym zapaleniu gardia (22).

Pierwszym objawem neurologicznym jest zazwy-
czaj porazenie podniebienia migckkiego oraz tylnej
Sciany gardta, co moze powodowaé zarzucaniem pty-
néw 1 tresci pokarmowej do nosa. W dalszym prze-
biegu pojawiaja si¢ neuropatie nerwow czaszkowych,
skutkujace porazeniem nerwow okoruchowych i rzg-
skowych. Zaburzenia funkcji nerwow twarzowego,
jezykowo-gardtowego lub krtaniowego zwigkszaja
ryzyko zachtysnigcia. Obwodowa neuropatia pod po-
stacig oslabienia sity miesniowej konczyn dolnych,
uczuciem mrowienia i zaburzenia czucia rozwija si¢
p6zniej, zwykle migdzy 10 dniem, a 3 miesigcem od
wystapienia objawow btonicy (13,21,22).

W literaturze opisywane sg rowniez przypadki
ostrego uszkodzenia nerek (AKI, Acute Kidney In-
jury) w przebiegu btonicy. Badanie przeprowadzone
w pdinocno-zachodniej Nigerii wykazato, ze az 59%
hospitalizowanych dzieci z btonicg rozwinglo ostre
uszkodzenie nerek. Mozliwe mechanizmy uszkodzenia
nerek obejmujg bezposrednie, toksyczne dziatanie eg-
zotoksyny na kanaliki nerkowe, prowadzace do ostrej
martwicy cewek, a takze zajecie tkanki $rédmigzszo-
wej nerek, skutkujace §rodmigzszowym zapaleniem ne-
rek. Do najwazniejszych czynnikéw sprzyjajacych roz-
wojowi AKI naleza mtody wiek pacjenta, koniecznos¢
zastosowania tlenoterapii oraz stosowanie lekow takich
jak ibuprofen i deksametazon. Autorzy badania zalecaja
Sciste monitorowanie funkcji nerek u dzieci z rozpo-
znang btonica, unikanie ibuprofenu oraz ostrozne poda-
wanie deksametazonu w przypadku wspotistniejgcego
ostrego uszkodzenia nerek (23).

KRYTERIA ROZPOZNANIA BLONICY

Zalecenia dotyczace rozpoznania blonicy na po-
trzeby nadzoru epidemiologicznego zostaly przedsta-
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According to the WHO, suspicion of diphtheria and
meeting the following clinical and epidemiological
criteria justify collecting a nasal and throat swab to
confirm infection. The clinical criteria include the
presence of inflammation of the throat, nasopharynx,
tonsils, or larynx, as well as the presence of
a pseudomembrane in the throat, tonsils, larynx, and/
or nose. Epidemiological criteria include travel to
endemic or epidemic areas within the past 10 days
(including immigrant/refugee status), contact with
a person traveling to such regions, or contact with
a confirmed diphtheria case (27).

The diagnostic criteria for diphtheria according to
the ECDC and WHO include clinical, microbiological,
and epidemiological criteria. Clinical criteria
comprise symptoms suggestive of diphtheria such
as fever, sore throat, malaise, as well as the presence
of pseudomembranes on the tonsils, throat, larynx,
nose, or at the site of a skin lesion; enlargement and
tenderness of cervical lymph nodes; difficulty breathing
or swallowing; and toxic complications of diphtheria,
including chest pain, cardiac arrhythmias, paralysis
of the palate or limbs, and peripheral neuropathies.
Microbiological criteria include the isolation of
Corynebacterium diphtheriae, C. ulcerans, or C.
pseudotuberculosis from clinical specimens (throat
swab, nasal swab, or skin lesion), confirmation of the
presence of the toxin gene (tox) by PCR, and detection
of diphtheria toxin production using the Elek test. The
ECDC also highlights epidemiological criteria such as
close contact with a confirmed diphtheria case within
the past 2—10 days, a history of travel to an endemic
country or an area with active diphtheria outbreaks,
and lack of vaccination or incomplete vaccination
against diphtheria.

The standard diagnostic procedure involves
isolating Corynebacterium diphtheriae from specimens
collected by swabbing the nose, throat, beneath the
pseudomembrane tissue, or from a fragment of the
pseudomembrane itself, as well as from the edges of
mucosal, skin lesions, or wounds (24). The material
is collected to assess the bacteria’s ability to produce
toxin using the Elek test. This is a precipitation test
that detects antibodies specific to diphtheria toxin in
the serum. WHO recommends performing a modified
Elek test and emphasizes proper specimen collection
by swabbing the edges of mucosal membranes as well
as appropriate transport conditions (24,25). In Poland,
identification of toxigenic strains is performed using
PCR, which allows detection of the tox gene in the
bacterial genome, indicating its capacity to produce
toxin (28). It is important to note that NTTB strains
test positive by PCR but yield negative results in the
Elek test (5).

wione przez CDC (Centers for Disease Control and
Prevention), Swiatowa Organizacje Zdrowia (WHO)
oraz ECDC (European Centre for Disease Prevention
and Control) (24-27). Wst¢pna diagnoza blonicy opie-
ra si¢ gtéwnie na obrazie klinicznym, jednak potwier-
dzenie rozpoznania wymaga badan laboratoryjnych.

Wg WHO podejrzenie btonicy oraz spelnienie ni-
zej wymienionych kryteriow klinicznych i kryteriow
epidemiologicznych uzasadnia pobranie wymazu
z nosa i gardta w celu potwierdzenia zakazenia. Kry-
teria kliniczne obejmujg: wystgpowanie zapalenia gar-
dta, nosogardta, migdatkow lub krtani oraz obecnos¢
btony rzekomej w obrebie gardta, migdatkow, krtani i/
lub nosa. Podr6z do obszarow endemicznych lub obje-
tych epidemia w ciggu ostatnich 10 dni (w tym status
imigranta/uchodzcy), kontakt z osoba podrézujaca do
takich regionéw lub kontakt z potwierdzonym przy-
padkiem blonicy (27).

Kryteria rozpoznania btonicy wg ECDC i WHO
obejmuja: kryteria kliniczne, mikrobiologiczne oraz
epidemiologiczne. Do kryteriéw klinicznych zalicza-
my objawy sugerujgce btonicg: gorgczke, bol gardla,
zle samopoczucie, jak rowniez wystepowanie bton
rzekomych na migdatkach, gardle, krtani, nosie lub
w miejscu zmiany skornej, powiekszenie i bolesnos¢
weztow chlonnych szyi, trudnosci w oddychaniu lub
potykaniu, toksyczne powiktania blonicy m.in. bol
w klatce piersiowej, zaburzenia rytmu serca, poraze-
nie podniebienia lub konczyn, neuropatiec obwodowe.
Kryteria mikrobiologiczne obejmuja: izolacje szczepu
C. diphtheriae, C. ulcerans lub C. pseudotuberculo-
sis z materialu klinicznego (wymazu z gardta, nosa,
zmiany skornej), potwierdzenie obecno$ci genu tok-
syny (tox) metodg PCR, wykrycie produkcji toksyny
bloniczej za pomocg testu Eleka. ECDC zwraca réw-
niez uwage na kryteria epidemiologiczne takie jak,
bliski kontakt z potwierdzonym przypadkiem btonicy
w ciggu ostatnich 2-10 dni, historia podrozy do kraju
endemicznego lub obszaru z aktywnymi ogniskami
btonicy, brak szczepien lub niepetne szczepienie prze-
ciwko btonicy.

Standardowym postepowaniem diagnostycznym
jest izolacja Corynebacterium diphtheriae z materia-
tu pobranego z wymazdéw z nosa, gardta spod tkanki
btony rzekomej lub pobranego fragmentu btony rze-
komej, a takze z brzegdw zmiany §luzéwkowej, skor-
nej lub rany (24). Material pobierany jest w celu oceny
zdolnosci bakterii do produkcji toksyny metoda Ele-
ka. Jest to test precypitacji wykrywajacy przeciwcia-
fa swoiste przeciwko toksynie bloniczej w surowicy.
WHO zaleca wykonywanie zmodyfikowanego testu
Eleka i zwraca uwage na prawidtlowe pobieranie ma-
teriatu do hodowli przez wymazanie brzegéw zmian
bton §luzowych oraz odpowiedni transport (24,25).
W Polsce identyfikacj¢ szczepu toksycznotworczego
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TREATMENT

According to the latest WHO guidelines published
in 2024, treatment should be initiated as soon as
possible after the clinical diagnosis of diphtheria.
Based on the WHO treatment protocol, the presence
of pseudomembranes and symptoms such as stridor,
tachypnea, tachycardia, restlessness, delayed capillary
refill, and central cyanosis indicate the urgent need
for administration of diphtheria antitoxin (DAT)
even before microbiological test results are available.
Appropriate antibiotic therapy should be started after
infection confirmation.

Diphtheria antitoxin contains antibodies directed
against the diphtheria toxin. Its effectiveness is greater
the earlier it is administered. According to WHO
data, the relative reduction in mortality after DAT
administration is 74% (25).

Diphtheria antitoxin (DAT) is a horse-derived
serum. Due to the risk of immediate allergic reactions
following its administration, some manufacturers
recommend performing a skin sensitivity test. This
test involves the gradual administration of small doses
of the preparation while observing the patient for
any adverse reactions. If no adverse reactions occur,
the full dose of DAT can be safely administered.
In the event of adverse reactions, a desensitization
protocol — consisting of gradually increasing the
doses — can be used to allow DAT administration
even in hypersensitive patients. However, the WHO
does not recommend routine skin testing before DAT
administration. Nevertheless, due to the risk of allergic
reactions, the presence of appropriately trained medical
personnel and monitoring of the patient in a setting
that allows for rapid intervention is essential.

The minimum effective dose of diphtheria antitoxin
(DAT) has not yet been definitively established. The
WHO recommends administering a single dose of
antitoxin, with the dosage depending on the duration
of clinical symptoms and the severity of the disease,
which are considered indirect indicators of the amount
of circulating diphtheria toxin. According to the WHO,
the dose range is between 20,000 and 100,000 IU. For
diphtheria of the throat or larynx with symptoms lasting
less than 48 hours, the recommended dose is 20,000
IU. For nasopharyngeal diphtheria with symptoms
lasting less than 48 hours, 40,000 IU is recommended.
In cases of severe infection with symptoms such as
respiratory distress or shock, neck swelling, or if the
illness has lasted more than 48 hours, an 80,000 IU
dose of antitoxin is advised.

In patients with confirmed infection, antibiotic
therapy should be initiated. According to WHO
guidelines, macrolides (azithromycin, erythromycin)
are preferred. The choice of the appropriate macrolide
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wykonuje si¢ za pomocg testu PCR, ktory pozwala na
wykrycie genu tox w genomie bakterii, co wskazuje
na jej zdolnos¢ do produkcji toksyny (28). Warto za-
znaczy¢, ze szczepy typu NTTB sa wykrywane jako
dodatnie w testach PCR, natomiast wyniki w testach
Eleka sa ujemne (5).

LECZENIE

Wedtug najnowszych wytycznych WHO opubliko-
wanych w 2024 r., leczenie powinno by¢ wdrozone jak
najszybciej po rozpoznaniu klinicznym btonicy. Na
podstawie przedstawionego przez WHO schematu po-
stepowania, rozpoznanie blon rzekomych oraz wysta-
pienie m.in. $wistu krtaniowego, tachypnoe, tachykar-
dii, niepokoju, opdznionego powrotu wlosniczkowe-
g0, sinicy centralnej jest wskazaniem do jak najszyb-
szego podania antytoksyny bloniczej (DAT, Diphteria
Antitoxin), nawet przed uzyskaniem wynikéw badan
mikrobiologicznych oraz zastosowania odpowiedniej
antybiotykoterapii po potwierdzeniu zakazenia.

Antytoksyna btonicza zawiera przeciwciala skie-
rowane przeciwko toksynie bloniczej. Skutecznosé
antytoksyny jest tym wieksza, im wcze$niej zostanie
podana. Wg danych WHO wzgledne zmniejszenie
$miertelnosci po podaniu DAT wynosi 74 % (25).

Surowica przeciwbtonicza (DAT) jest surowica
konska. Ze wzgledu na ryzyko wystapienia natych-
miastowych reakcji alergicznych po jej podaniu, nie-
ktorzy producenci zalecaja przeprowadzenie proby
uczuleniowej. Proba polega na stopniowym podawa-
niu niewielkich dawek preparatu i obserwacji wyste-
powania ewentualnych reakcji niepozadanych u pa-
cjenta. W przypadku braku reakcji niepozadanych
mozna bezpiecznie podac pelng dawke DAT. Jesli wy-
stapia reakcje niepozadane, mozliwe jest zastosowanie
schematu odczulania — polegajacego na stopniowym
zwigkszaniu dawek preparatu — w celu umozliwienia
podania DAT réwniez pacjentom z nadwrazliwoscia.
WHO nie zaleca jednak rutynowego wykonywania
prob uczuleniowych przed podaniem DAT. Jednak ze
wzgledu na ryzyko wystapienia reakcji alergiczne;j,
nalezy zapewni¢ obecno$¢ odpowiednio przeszkolo-
nego personelu medycznego oraz monitorowac pacjen-
ta w warunkach umozliwiajacych szybka interwencje.

Minimalna skuteczna dawka antytoksyny (DAT)
nie zostala dotad jednoznacznie okreslona. WHO
zaleca podanie pojedynczej dawki surowicy, a dobor
dawki zalezy od czasu trwania objawow klinicznych
oraz cigzkosci choroby, ktore przyjmuje si¢ jako po-
sredni wskaznik ilosci krazacej toksyny btonicze;.
Wedtug WHO zakres dawki wynosi od 20 000 do
100 000 IU. W przypadku btonicy gardta lub krtani,
gdy objawy wystapily ponizej 48 h zalecana dawka
surowicy to 20 000 IU, btonicy nosogardia, gdy czas
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should depend on availability and feasibility of
use. If macrolides are unavailable or the pathogen’s
susceptibility to penicillin is confirmed, penicillin is
recommended. Recommended doses of azithromycin
are: for children, 10-12 mg/kg once daily (maximum
500 mg per day); for adults, 500 mg once daily.
Erythromycin is used in children and adults at a dose
of 10-15 mg/kg every 6 hours, with a maximum of 500
mg per dose or 2 g per day. Parenteral (intravenous)
administration of antibiotics is possible when oral
administration is not feasible.

Penicillin can be administered orally or parenterally
(im/iv.). Parenteral administration is especially
recommended for patients with severe disease to ensure
adequate tissue concentrations. WHO recommends
the use of procaine benzylpenicillin (penicillin G)
— intramuscularly: for children and adults at a dose
of 50 mg/kg once daily (maximum 1.2 g per day);
aqueous benzylpenicillin (penicillin G) administered
intramuscularly or intravenously: for children and
adults at a dose of 100,000 IU/kg/day divided into doses
of 25,000 1U/kg every 6 hours (maximum 4 million
IU or 2.4 g per day); and phenoxymethylpenicillin
orally: for children and adults at a dose of 50 mg/kg/
day divided every 6 hours (10-15 mg/kg per dose,
maximum 500 mg per dose) (25).

Antibiotic therapy should be continued for 14
days. Treatment initiated in the early phase of the
disease reduces the risk of complications and death.
WHO also emphasizes the importance of monitoring
and providing supportive care in cases of severe
complications. Individuals who have recovered from
diphtheria should be vaccinated after the acute phase
of the illness has resolved (25).

Post-exposure prevention for close contacts
(household members, people in close contact,
healthcare workers, and caregivers of children) is
based on the use of antibiotic therapy to prevent the
spread of the bacteria. A single dose of intramuscular
benzathine penicillin or oral erythromycin for 7-10 days
is recommended. The procedure also includes taking
a nasal and throat swab to test for Corynebacterium
diphtheriae, administering a full vaccination series
if the person has received fewer than three vaccine
doses, or giving a booster dose if more than five
years have passed since the last vaccination (29). The
decision to vaccinate is made by a physician, taking
into account the individual’s immunity status (number
of doses received, time since the last vaccination) and
the nature of contact with the patient (e.g., proximity
and duration) (30).

The California Department of Public Health
(CDPH) highlights the possibility of infection with
toxigenic strains of Corynebacterium diphtheriae at
non-respiratory sites, which can serve as a source of

trwania objawow wynosi ponizej 48 h, 40 000 IU. Na-
tomiast w przypadku cigzkiego przebiegu zakazenia
z objawami dusznosci lub wstrzasu, obrzeku szyi lub
gdy choroba trwa powyzej 48h zalecane jest podanie
80 000 IU antytoksyny.

U pacjentdow z potwierdzeniem zakazenia nalezy
wlaczy¢ antybiotykoterapie. Wg WHO preferowane
jest stosowanie makrolidow (azytromycyny, erytro-
mycyny). Wybdr odpowiedniego makrolidu powinien
zaleze¢ od dostepnosci i mozliwosci jego zastosowa-
nia. W przypadku braku dostepnosci makrolidow lub
potwierdzonej wrazliwosci drobnoustroju zaleca sig¢
stosowanie penicyliny. Zalecane dawki azytromycy-
ny: dzieci 10-12 mg/ kg raz dziennie (maksymalnie
500 mg/ dobg), dorosli 500 mg raz na dobg. Erytro-
mycyne u dzieci i dorostych stosuje si¢ w dawce 10-15
mg/kg co 6 godzin, maksymalnie 500 mg na dawke
lub 2 g/dobe. Podawanie pozajelitowe (dozylne) anty-
biotykoéw mozliwe jest w przypadku, gdy nie jest moz-
liwe podanie doustne.

Penicyling mozna podawa¢ doustnie lub pozaje-
litowo (i.m./i.v.). Podanie pozajelitowe wskazane jest
szczegoblnie u pacjentow z ciezkim przebiegiem cho-
roby, by zapewni¢ odpowiednie stezenia tkankowe.
WHO zaleca stosowanie benzylopenicyliny prokaino-
wej (penicylina G) domig$niowo: u dzieci i dorostych
w dawce 50 mg/kg raz dziennie (maksymalnie 1,2 g/
dobe), benzylopenicyling ( penicylina G) w roztworze
wodnym podawang domi¢$niowo lub dozylnie: u dzie-
ci i dorostych w dawce: 100 000 j./kg/dobe w dawkach
podzielonych po 25 000 j./kg co 6 godzin (maks. 4 mIn
j- lub 2,4 g/dobe), fenoksymetylopenicyline doustnie:
u dzieci i dorostych w dawce: 50 mg/kg/dobe w daw-
kach podzielonych co 6 godzin (10-15 mg/kg/dawke,
maksymalnie 500 mg/dawke) (25).

Antybiotykoterapi¢ nalezy kontynuowac przez 14
dni. Leczenie wdrozone we wczesnej fazie choroby
zmniejsza ryzyko powiktan i zgonu. WHO zwraca
réwniez uwage na istot¢ monitorowania i zapewnie-
nia terapii wspomagajacej w przypadku wystapienia
cigzkich powiktan. Osoby, ktore przebyly btonice, po-
winny zosta¢ zaszczepione po ustgpieniu ostrej fazy
choroby (25).

Profilaktyka poekspozycyjna u 0sob z bliskiego kon-
taktu (domownikow, 0sob pozostajacych w bliskim kon-
takcie, pracownikow ochrony zdrowia, osob opiekuja-
cych si¢ dzie¢mi) opiera si¢ stosowaniu antybiotykote-
rapii w celu zapobiegania rozprzestrzeniania si¢ bakte-
ril. Zalecane jest zastosowanie jednej dawki penicyliny
benzatynowej domigsniowo lub erytromycyny doustnie
przez 7-10 dni. Postepowanie obejmuje rowniez pobra-
nie wymazu z nosa i gardta w kierunku C. diphtheriae,
podanie pelnego cyklu szczepien (jesli osoba otrzyma-
fa mniej niz 3 dawki szczepienia) lub podanie dawki
przypominajacej (jesli czas od podania ostatniej dawki
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infection for close contacts, although they rarely cause
systemic disease in the patient. In such cases, the use of
diphtheria antitoxin (DAT) is not recommended (29).

PREVENTION

According to the National Immunization Program
(PSO), vaccination against diphtheria is mandatory
and includes all children and adolescents up to the
age of 19. The primary vaccination schedule consists
of four doses of a vaccine containing the diphtheria
component, administered at 2, 3-4, 5, and 16-18 months
of age, along with three booster doses given at 6, 14, and
19 years of age. The PSO provides very high protection
against diphtheria, with efficacy reaching up to 97%.
However, this immunity does not last a lifetime, so
adults are advised to receive booster doses every 10
years — especially if planning international travel or
having contact with individuals from countries where
diphtheria remains endemic (30).

SUMMARY

Diphtheria is a potentially fatal infectious disease
caused by toxigenic strains of Corynebacterium
diphtheriae. Despite mandatory vaccination in
Poland, sporadic cases and local outbreaks continue
to pose a health threat, particularly in regions with
low immunization coverage. The disease primarily
manifests through the formation of pseudomembranes
in the upper respiratory tract and may lead to severe
toxic complications affecting various organs. Rapid
initiation of treatment and close monitoring of
cardiac, renal, and neurological function are critical
for improving patient outcomes. Clinical assessment
remains central to diagnosis, supported by the isolation
of the pathogen and confirmation of toxin production.
Treatment and patient care require strict isolation
measures, adherence to standard epidemiological

protocols, and comprehensive multidisciplinary
support.  WHO emphasizes the importance of
maintaining up-to-date vaccinations throughout

both childhood and adulthood to effectively prevent
diphtheria and its serious complications.
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wynosi powyzej 5 lat) (29). O koniecznosci szczepienia
decyduje lekarz, biorac pod uwage stopien uodpornie-
nia osoby narazonej (liczbe przyjetych dawek, czas od
ostatniego szczepienia) oraz charakter kontaktu z cho-
rym (np. jego blisko$¢ i czas trwania) (30).

CDPH (California Department of Public Health)
zwraca uwage na mozliwo$¢ wystgpienia zakazenia
toksynotworczymi szczepami C. diphtheriae w loka-
lizacjach pozaptucnych, ktére moga stanowi¢ zrodto
zakazenia dla osob z otoczenia, bliskiego kontaktu,
cho¢ rzadko prowadza do choroby ogodlnoustrojowej
u pacjenta. W takich przypadkach nie jest zalecane
stosowanie antytoksyny (DAT) (29).

ZAPOBIEGANIE

Zgodnie z Programem Szczepien Ochronnych
(PSO), szczepienie przeciwko blonicy nalezy do
szczepien obowigzkowych i obejmuje wszystkie dzie-
ci 1 mtodziez do 19. roku zycia. Schemat szczepien
podstawowych obejmuje cztery dawki szczepionki za-
wierajacej komponent btoniczy, podawane w 2., 3.-4.,
5. oraz 16.-18. miesigcu zycia oraz trzy dawki przypo-
minajace: w 6., 14. oraz 19. roku zycia. PSO zapewnia
bardzo wysoka skutecznos$¢ ochrony przed zachoro-
waniem na blonic¢ — siggajaca nawet 97%. Odpornos¢
ta jednak nie utrzymuje si¢ przez cate zycie, dlatego
osobom dorostym zaleca si¢ podawanie dawek przy-
pominajacych co 10 lat, szczegdlnie w przypadku pla-
nowanych podrozy zagranicznych lub kontaktu z oso-
bami pochodzacymi z krajow, w ktorych btonica nadal
wystepuje endemicznie (30).

PODSUMOWANIE

Btlonica to potencjalnie $miertelna choroba zakazna
wywoltywana przez toksynotworcze szczepy Coryne-
bacterium diphtheriae. Mimo obowigzkowych szcze-
pien w Polsce, sporadyczne przypadki i lokalne ogni-
ska nadal stanowig zagrozenie zdrowotne, szczegdlnie
w regionach o niskim poziomie immunizacji. Choroba
manifestuje si¢ gtéwnie poprzez tworzenie pseudobton
w obrebie gornych drog oddechowych oraz toksycznych
powiklan narzadowych. Kluczowe znaczenie dla po-
prawy rokowania ma szybkie wdrozenie leczenia oraz
monitorowanie funkcji serca, nerek i uktadu nerwowe-
go. W diagnostyce najwicksze znaczenie ma ocena kli-
niczna, potwierdzona izolacja drobnoustroju i wykaza-
nie produkcji toksyny. Leczenie i opieka nad pacjentem
wymagaja Scistej izolacji, stosowania standardowych
procedur epidemiologicznych oraz odpowiedniego
wsparcia wielospecjalistycznego. WHO podkresla ko-
nieczno$¢ przypominania o szczepieniach, zaréwno
w dziecinstwie, jak i w dorostosci, aby skutecznie zapo-
biega¢ zachorowaniom i ich cigzkim konsekwencjom.
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ABSTRACT

BACKGROUND. Immunizations represent a critical component of contemporary preventive measures. Their
primary function is to safeguard against the development of diseases and the ensuing complications.
OBJECTIVE. The objective of this study is to evaluate the effects of the measles, mumps, and rubella
immunization program on the population of children in Poland from 2014 to 2021.

MATERIAL AND METHODS. The vaccination rate against measles, mumps and rubella in the population
aged 1-19 years was calculated. The numerator was the number of children vaccinated in a given year and the
denominator was the number of children born in a given year. The rate of missed vaccinations was calculated,
where the numerator was the difference between the number of children born in a given year and the number of
children vaccinated in a given year, and the denominator was the number of children born in a given year. The
incidence rate was calculated for the vaccinated and unvaccinated populations (per 1 million population). The
numerator constituted the number of reported cases in a given calendar year, whilst the denominator represented
the number of individuals in the vaccinated or unvaccinated population in an age group.

RESULTS. In the subsequent years a gradual decrease in vaccination coverage was observed among the
youngest age groups: 1-year-olds (from 77.8% to 70.7%) and 2-year-olds (from 94.8% to 89.5%). In the population
vaccinated against measles, the highest incidence of the disease was observed among 1-year-olds. A decline in the
incidence of rubella can be observed in subsequent years, both in the vaccinated and unvaccinated populations.
A lower incidence of diseases was observed in 2020 and 2021 in all age groups.

CONCLUSIONS. A significant decrease in the incidence of measles, mumps and rubella has been observed
between 2014-2021 in the vaccinated population in comparison to the unvaccinated population.

Keywords: measles, mumps, rubella, vaccinations, infectious diseases
STRESZCZENIE

WPROWADZENIE. Szczepienia ochronne maja kluczowe znaczenie we wspotczesnie podejmowanych
dziataniach profilaktycznych. Ich zadaniem jest ochrona przed zachorowaniem oraz wystagpieniem powiktan
w przebiegu zachorowania.

CEL. Celem pracy jest ocena efektow realizacji programu szczepien ochronnych przeciwko odrze, §wince i ro-
zyczce w populacji dzieci w Polsce na przestrzeni lat 2014-2021.

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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MATERIAL I METODY. Obliczono stan zaszczepienia przeciwko odrze, $wince i ro6zyczce w populacji dzie-
ci w wieku 1-19 lat, w ktérym licznik stanowila liczba dzieci zaszczepionych w danym roku, a mianownik —
liczba dzieci urodzonych w danym roczniku. Dodatkowo obliczono stan niewykonanych szczepien ochronnych
w populacji, gdzie licznik stanowila réznica migdzy liczbg dzieci urodzonych w danym roku a liczbg dzieci
zaszczepionych z danego rocznika, natomiast mianownik — liczba dzieci urodzonych w danym roku. Wspot-
czynnik zapadalnos$ci obliczono dla populacji zaszczepionej i niezaszczepionej, a wyniki wyrazono jako liczbe
zachorowan na 1 milion ludnosci. Licznik stanowita liczba zgloszonych przypadkéw zachorowan w danym
roku kalendarzowym, natomiast mianownik — liczba 0s6b w populacji szczepionej lub nieszczepionej w danej
grupie wiekowe;.

WYNIKI. Dokonano analizy porownawczej, uwzgledniajac liczbe zgloszonych przypadkow zachorowan na
odre, swinke 1 rozyczke w populacji dzieci zaszczepionych oraz niezaszczepionych. W analizowanym okre-
sie, w kolejnych latach, wskaznik stanu zaszczepienia ulegat stopniowemu obnizeniu w najmtodszych grupach
wiekowych: w wieku jednego roku (z 77,8% do 70,7%) 1 w wieku 2 lat (z 94,8% do 89,5%). W populacji dzieci
zaszczepionych w wiekszosci analizowanych lat najwyzsza zapadalno$¢ na odreg obserwowana byta w populacji
dzieci w wieku jednego roku. Mozna zauwazy¢ obnizajaca si¢ w kolejnych latach zapadalno$¢ na rézyczke, za-
réwno w populacji zaszczepionej, jak i niezaszczepionej. Zaobserwowano nizsza zapadalnos$¢ na odre, swinke
i rozyczke w latach 2020 1 2021 we wszystkich rocznikach, w poréwnaniu z poprzednimi latami.

WNIOSKI. Wykazano, ze na przestrzeni lat 2014-2021 odnotowano znacznie nizsza zapadalno$¢ na odre,
swinke i r6zyczke w populacji dzieci szczepionych w porownaniu z populacja dzieci, ktore nie otrzymaty szcze-

pienia.

Stowa kluczowe: szczepienia ochronne, choroby zakazne, odra, swinka, rozyczka

INTRODUCTION

In accordance with the definition provided in the
Act of 5 December 2008 on the prevention and control
of infections and infectious diseases in humans, the
term “infectious diseases” is understood to denote
those caused by biological pathogens which, by virtue
of their inherent characteristics and the manner in
which they are transmitted, constitute a potential
threat to public health (1). The routes of transmission
of infectious diseases include direct contact with
a sick person, indirect contact with a sick person
through objects and surfaces, droplet transmission,
contaminated food and water, contaminated soil and
vectors. The extent of the threat to human health and
life posed by infectious diseases is determined by the
type of pathogen, the mode of transmission and the
speed at which the pathogen spreads (2).

Measles is a highly infectious viral disease that can
lead to severe health complications following infection.
The measles virus is classified within the genus
Morbillivirus. The primary mode of transmission of
the virus is via droplets emanating from the upper
respiratory tract; these are disseminated through
coughing, sneezing, talking and direct contact with
throat and nose secretions. The measles virus is able to
enter the body through the nose, mouth and conjunctiva
(3,4). The principal systems in which complications
may ensue subsequent to infection with the measles
virus are the respiratory system, the central nervous
system and the digestive system (5,6). The most
serious neurological complication is meningitis and/
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Zgodnie z definicjg zawarta w Ustawie z dnia 5
grudnia 2008 r. o zapobieganiu oraz zwalczaniu za-
kazen i chordb zakaznych u ludzi, choroby zakazne
okreslane sa jako te, ktore sa wywolywane przez bio-
logiczne czynniki chorobotworcze, a ze wzgledu na
charakter i sposob szerzenia sig, stanowig zagrozenie
dla zdrowia publicznego (1). Do drég rozprzestrze-
niania si¢ chordb zakaznych zalicza si¢: bezposredni
kontakt z chorym, posredni kontakt z chorym przez
przedmioty i powierzchnie, droge kropelkows, zaka-
zony pokarm i wode, skazong glebg oraz za posred-
nictwem wektorow. O tym, jak duze zagrozenie dla
zdrowia i zycia ludzi stanowig choroby zakazne, decy-
duje rodzaj danego drobnoustroju chorobotworczego,
sposob szerzenia si¢ zakazen oraz szybko$¢ rozpo-
wszechnienia patogenu (2).

Odra jest choroba wysoce zarazliwa, o podtozu
wirusowym, ktora niesie ze sobg ryzyko powiktan
zdrowotnych po zachorowaniu. Wirus odry nalezy do
rodzaju Morbillivirus. Do zakazenia dochodzi gléwnie
poprzez droge kropelkowa wraz z wydzieling z gor-
nych drég oddechowych; do rozprzestrzenienia wiru-
sa dochodzi poprzez kaszel, kichanie, mowienie oraz
bezposrednia stycznos¢ z wydzieling gardtowo-noso-
wa. Wirus odry moze wnikngé¢ do organizmu przez
nos, usta oraz spojowki (3,4). Gtownymi uktadami,
w ktorych moga rozwing¢ si¢ powiktania po zakaze-
niu wirusem odry, sa: uktad oddechowy, osrodkowy
uktad nerwowy oraz uktad pokarmowy (5,6). Najgroz-
niejszym powiktaniem neurologicznym jest zapalenie
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or encephalitis. A distant neurological complication,
occurring even several years after infection with
the measles virus, is known as subacute sclerosing
panencephalitis (SSPE). A significant risk factor for
SSPE is a history of measles during early childhood,
defined as the age range of 1-3 years. In Poland, the
incidence of subacute sclerosing panencephalitis
has decreased significantly since the introduction of
mandatory measles vaccination, with a single case
recorded in 2004. In the period spanning from 1977 to
1983, the rate was recorded as ranging from 1.1 to 1.6
per 10° population (7-9).

Mumps is a highly infectious viral disease.
Infection is transmitted through either droplets or
direct contact with contaminated secretions from the
nasopharyngeal cavity. Mumps is a disease caused by
an RNA virus belonging to the genus Rubulavirus.
A hallmark symptom of the disease is the occurrence
of swelling and pain in one or both parotid glands,
consequent to acute inflammation of the salivary
glands (10-12). Post-infectious complications of
the mumps virus encompass aseptic meningitis
and auditory impairment, including temporary and
permanent sensorineural deafness, in addition to
hormonal disturbances (10). Hormonal disorders
resulting from the presence of the mumps virus in the
human body can lead to inflammation of the ovaries
and testicles. In the case of female reproductive
organs, such inflammations do not result in fertility
disorders. A complication of the disease in young men
after puberty is the risk of testicular inflammation,
which affects 15 to 30% of confirmed infections with
the virus. It has been established that more than half of
cases are unilateral testicular inflammation; however,
it is important to note that bilateral inflammation can
result in testicular hormonal insufficiency, which can
consequently lead to infertility (13,14).

Rubella is a disease caused by a highly contagious
virus belonging to the Rubivirus genus. The infection
is transmitted primarily through droplets and direct
contact with an infected individual. The most common
symptom of infection is swelling of the lymph nodes,
which manifests prior to the onset of the rash. The rash
manifests initially on the face and neck, subsequently
spreading to the trunk and limbs. After approximately
2-3 days, the skin symptoms subside (15,16). Rubella
is a disease that is usually mild in children. However,
in the event of pregnant women who have not been
vaccinated against rubella becoming infected, there
is a significant risk of severe congenital defects in
the foetus (15). Congenital rubella syndrome (CRS)
is the result of an intrauterine infection, leading
to heart defects, central nervous system disorders,
visual impairment and hearing loss (15-17). The most
significant documented rubella epidemics in Poland

opon mézgowo-rdzeniowych i/lub moézgu. Odlegtym
powiktaniem neurologicznym, wyst¢pujacym nawet
do kilku lat po zakazeniu wirusem odry, jest podostre
stwardniajgce zapalenie mozgu (SSPE, ang. subacute
sclerosing panencephalitis). Istotnym czynnikiem ry-
zyka w SSPE jest przechorowanie odry we wczesnym
dziecinstwie (w wieku 1-3 lata). W Polsce zapadalnos¢
na podostre stwardniajace zapalenie mozgu znaczaco
spadta od momentu wprowadzenia obowiazkowych
szczepien przeciwko odrze, do 1 przypadku w 2004
roku. W latach 1977-1983 wskaznik ten wynosit
1,1/10%-1,6/10° populacji (7-9).

Nagminne zapalenie $linianek przyusznych ($win-
ka) to choroba zakazna o podtozu wirusowym. Do
zakazenia dochodzi droga kropelkowa lub bezpo-
sredni kontakt ze skazong wydzieling z jamy noso-
wo-gardlowej. Swinka jest choroba wywotana przez
wirus RNA nalezacy do rodzaju Rubulavirus. Cha-
rakterystycznym objawem choroby jest obrzgk oraz
bolesno$¢ obydwu lub jednej $linianek przyusznych,
co jest skutkiem ostrego zapalenia w obrebie gruczo-
tow slinowych (10-12). Powiktaniami po zakazeniu
wirusem $winki sg: aseptyczne zapalenie opon mo-
zgowo-rdzeniowych oraz zmiany w obrebie narzadu
stuchu (niedostuch oraz trwata gtuchota sensoryczna)
i zaburzenia hormonalne (10). Zaburzenia hormonalne
spowodowane obecnoscig wirusa $winki w organi-
zmie cztowieka prowadza do zapalenia jajnikdéw oraz
zapalenia jader. W przypadku zenskich narzadéw rod-
nych zapalenia te nie powoduja zaburzenia ptodnosci.
Powiktaniem zachorowania po zakonczonym okresie
dojrzewania u mtodych mezczyzn jest ryzyko wysta-
pienia zapalenia jader; dotyczy to od 15 do 30% po-
twierdzonych zakazen wirusem. Ponad potowa przy-
padkéw to jednostronne zapalenie jadra; obustronne
zapalenie powoduje niewydolno$¢ hormonalna jader,
prowadzaca do stanu nieptodnosci (13,14).

Rozyczka jest chorobg wywotywang przez wyso-
ce zarazliwy wirus nalezacy do rodzaju Rubivirus.
Zakazenie szerzy si¢ gtdéwnie droga kropelkowa oraz
poprzez bezposredni kontakt z chorym. Najczesciej
obserwowanym symptomem zakazenia wirusem
jest powiekszenie weztow chlonnych pojawiajace sie
przed wystapieniem wysypki plamistej. W pierwszej
kolejnosci wykwity uwidaczniajg si¢ w okolicy twa-
rzy 1 szyi, nastgpnie wysypka wedruje ku tutowiowi
oraz konczynom; po okoto 2-3 dniach objawy skoérne
ustepuja (15,16). Rozyczka jest choroba charakteryzu-
jaca si¢ przewaznie lagodnym przebiegiem u dzieci.
Jednak w przypadku, gdy zakazeniu ulegaja kobiety
w cigzy, ktore nie byly wczesniej zaszczepione prze-
ciwko rozyczce, prawdopodobienstwo wystgpienia
cigzkich wad wrodzonych (zespotu rézyczki wrodzo-
nej) stanowi powazne zagrozenie dla zdrowia i zycia
dziecka (15). Zespot rozyczki wrodzonej jest skutkiem
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transpired in 1986 and 1992, resulting in 1% of the
total population becoming infected. The introduction
of a mandatory rubella vaccination programme for
girls aged 13 in 1988 was primarily focused on the
prevention of congenital rubella syndrome. This
measure resulted in a decrease in the incidence rate
among girls, but an increase in the incidence rate among
boys (15,18). It is important to note that a considerable
proportion of reported cases of rubella have not been
substantiated by laboratory test results. These cases
are characterised by clinical symptoms that are only
similar to those of rubella virus infection (19).

The introduction of preventive vaccinations was
a measure taken to prevent the spread of infectious
diseases. In the context of a long-term vaccination
strategy, it was possible to achieve a decrease in the
number of cases, elimination or eradication of the
disease. The primary objective of universal vaccination
programmes is to ensure the maintenance of a high
level of population immunity, thereby safeguarding
both the vaccinated individuals and those who, for
various reasons, have had their vaccination postponed
or are unable to receive the vaccine (20). In Poland,
the implementation of universal measles vaccination
occurred in 1974, utilising a single-dose vaccine
administered at the age of two. In 1991, a second dose
of the vaccine was incorporated into the Protective
Vaccination Programme. Vaccination against rubella
was introduced in 1988-1989 and covered girls aged
13. It was determined that no single vaccine against
mumps had been recommended (21). It was not until
2004 that a combined measles, mumps and rubella
vaccine was introduced, administered in a two-dose
series as a primary vaccination at 13-15 months of
age and a booster at 10 years of age. This schedule
was in force until the end of 2018, and since January
2019, a booster dose has been administered at the
age of 6. Currently, a combined measles, mumps and
rubella (MMR) vaccine is administered in Poland; no
individual vaccines are available for each disease (20).

The objective of this study is to evaluate the effects
of the preventive vaccination programme against the
infectious diseases previously mentioned in the child
population between 2014 and 2021.

MATERIAL AND METHODS

The data set encompasses the number of cases of
measles, mumps and rubella, alongside the number
of children within specific age groups who have
been vaccinated, for the years 2014 to 2021. The data
was obtained from the annual bulletins “Protective
vaccinations in Poland” and “Infectious diseases and
poisoning in Poland”, which are published on the
website of the National Institute of Public Health NIH
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wewnatrzmacicznego zakazenia prowadzacego do
wystapienia wad serca, zaburzen ze strony os$rodko-
wego uktadu nerwowego, narzadu wzroku oraz utraty
stuchu (15-17). Najwigksze zarejestrowane epidemie
rozyczki na terenie Polski wystapity w latach 1986
oraz 1992; zachorowat wowczas 1% calej populacji.
Wprowadzenie w 1988 1. obowigzkowych szczepien
przeciwko rozyczce dziewczat w 13 r.z. miato glownie
na celu zapobieganie wystgpieniu zespotu rézyczki
wrodzonej. Skutkiem tego dziatania byt spadek zacho-
rowalnosci w populacji dziewczynek, natomiast nastg-
pit wzrost zapadalnosci u przedstawicieli ptci meskiej
(15,18). Warto podkresli¢, ze znaczna liczba zgtoszo-
nych przypadkow rozyczki nie jest poparta wynikami
badan laboratoryjnych i w rzeczywistosci jest infekcja
jedynie podobng w objawach klinicznych do zakaze-
nia wirusem rozyczki (19).

Dziataniem zapobiegajacym rozprzestrzenianiu
si¢ chorob zakaznych bylo wprowadzenie szczepien
ochronnych. W przypadku realizacji dtugotermino-
wej strategii przeprowadzenia szczepien, udato si¢
osiagna¢ spadek liczby zachorowan, eliminacj¢ lub
eradykacj¢ jednostki chorobowej. Gléwnym celem
szczepien powszechnych jest utrzymanie wysokiego
wskaznika odpornosci populacyjnej, czego efektem
jest nie tylko ochrona indywidualna, ale rowniez za-
bezpieczenie tych o0sob, u ktorych z réznych przyczyn
szczepienie zostato odroczone czasowo lub ktoére nie
majg mozliwos$ci przyjecia preparatu szczepionkowe-
g0 (20). W Polsce powszechne szczepienia przeciwko
odrze zostaly wprowadzone w 1974 roku w postaci
jednodawkowej szczepionki w 2. roku zycia. W 1991
roku do Programu Szczepien Ochronnych wiaczono
podanie drugiej dawki szczepionki. Szczepienie prze-
ciwko rozyczce zostalo wprowadzone w latach 1988-
1989 i obejmowato populacje dziewczat w 13. roku zy-
cia. Nie bylo zalecanych szczepien pojedyncza szcze-
pionka przeciw $wince (21). Dopiero w 2004 roku
zostata wprowadzona szczepionka tgczona przeciwko
odrze, $wince i rozyczce podawana w cyklu dwudaw-
kowym jako szczepienie podstawowe w 13-15 m.z.
i przypominajagce w 10 r.z. Schemat ten obowiazywat
do konca 2018 roku, a nast¢pnie od stycznia 2019 roku
dawka przypominajaca jest podawana w 6 r.z. dziec-
ka. Aktualnie w Polsce podawany jest jedynie prepa-
rat skojarzony uodporniajacy przeciwko odrze, §wince
1 rozyczce (ang. measles, mumps, rubella, MMR), nie
jest dostepna pojedyncza szczepionka przeciw kazdej
chorobie (20).

Celem pracy jest ocena efektow realizacji progra-
mu szczepien ochronnych przeciwko omawianym
chorobom zakaznym w populacji dzieci na przestrzeni
lat 2014-2021.
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— National Research Institute (23-38). Information
pertaining to the size of the population of children in
a given year was obtained from the Central Statistical
Office (22).

The term ‘vaccinated persons’ refers to persons
who have received at least one dose of the combined
measles, mumps and rubella vaccine (depending on the
age of the child): the first dose at 13—15 months of age
and the second dose at 6 years of age (in accordance
with the Protective Vaccination Programme in force
since 2019) or at 10 years of age (in accordance with
the Protective Vaccination Programme in force until
2018).

The vaccination rate for children aged 1 to 19 years
was calculated by determining the numerator as the
number of children in this age group who received the
measles, mumps and rubella (MMR) vaccine in a given
year, and the denominator as the number of children
born in that same year. The result of this calculation was
expressed as a percentage. Furthermore, the number
of unvaccinated children in the population aged 1 to
19 years was calculated, where the numerator was the
difference between the number of children born in
a given year and the number of children vaccinated in
a given year, and the denominator was the number of
children born in a given year. The result of the quotient
was expressed as percentage.

The total number of children aged 1 to 19 in 2014-
2021 was calculated based on complete demographic
data from the Central Statistical Office for 2014-2021,
taking into account the number of children born in
each year. The population of children aged 1 to 19 was
calculated based on the year of birth, rather than the
age recorded in the registry at a selected point in time.
The establishment of age brackets based on the year of
birth facilitated the systematic categorisation of cases
into designated age groups.

The incidence rate was calculated separately
for the vaccinated and unvaccinated populations, and
the results were expressed as the number of cases per
1 million people in a given group. The numerator
constituted the number of reported cases in a given
calendar year, whilst the denominator represented
the number of individuals in the vaccinated or
unvaccinated population in a specified age group.

RESULTS

Table 1* presents the size of the population of
children aged 1-19 years by year of birth in total and
broken down into the vaccinated and unvaccinated
population against measles, mumps and rubella in
Poland in 2014-2021. Figures 1 and 2 present the

* Tables are available online as Supplementary files / Tabele s3 dostepne
online jako pliki dodatkowe

MATERIAL I METODY

Dane dotyczace liczby zachorowan na odre, Swin-
ke 1 r6zyczke oraz liczby dzieci z danego rocznika
wedhug stanu zaszczepienia w wieku 1-19 lat w la-
tach 2014-2021 pozyskano z corocznych biuletynow
»Szczepienia ochronne w Polsce” oraz ,,Choroby za-
kazne i zatrucia w Polsce” publikowanych na stro-
nie internetowej Narodowego Instytutu Zdrowia Pu-
blicznego PZH — Panstwowego Instytutu Badawcze-
g0 (23-38). Informacje o liczebnosci populacji dzieci
z danego rocznika uzyskano z Gléwnego Urzedu
Statystycznego (22).

Stosowane w pracy pojecie ,,080b zaszczepio-
nych” okresla te osoby, ktore otrzymaty co najmniej
jedna dawke szczepionki skojarzonej przeciw odrze,
Swince 1 rozyczce (w zaleznosci od wieku dziecka):
pierwsza w 13 -15 miesigcu zycia, oraz druga w 6
r.z. (zgodnie z Programem Szczepien Ochronnych
obowiazujacym od 2019 roku) lub w 10 r.z. (zgodnie
z Programem Szczepien Ochronnych obowigzuja-
cym do 2018 roku).

Obliczono stan zaszczepienia w populacji dzieci
rocznikowo w wieku 1-19 lat, w ktérym licznik sta-
nowila liczba dzieci rocznikowo w wieku 1-19 lat,
zaszczepionych przeciwko odrze, $wince i rozyczce
w danym roku, a mianownik — liczba dzieci urodzo-
nych w danym roczniku; wynik ilorazu wyrazony
w procentach. Dodatkowo obliczono stan niewykona-
nych szczepien ochronnych w populacji dzieci roczni-
kowo w wieku 1-19 lat, gdzie licznik stanowita ré6znica
miedzy liczbag dzieci urodzonych w danym roku a licz-
ba dzieci zaszczepionych z danego rocznika, natomiast
mianownik — liczba dzieci urodzonych w danym roku;
wynik ilorazu wyrazony w procentach.

Dokonano zestawienia sumarycznej liczby dzie-
ci rocznikowo w wieku 1-19 lat w latach 2014-2021
na podstawie petnych danych demograficznych GUS
za lata 2014-2021, uwzgledniajacych liczbe dzieci
urodzonych w poszczegoélnych rocznikach. Popula-
cj¢ dzieci rocznikowo w wieku 1-19 lat obliczono na
podstawie roku urodzenia, a nie wieku metrykalnego
okreslanego na wybrany moment w roku. Ustalenie
wieku dzieci rocznikowo wzgledem roku zachorowa-
nia umozliwilo na jednoznaczne przypisanie przypad-
kéw do odpowiednich grup wiekowych.

Wspoétczynnik zapadalnosci obliczono osobno dla
populacji zaszczepionej i niezaszczepionej, a wyniki
wyrazono jako liczb¢ zachorowan na 1 milion oséb
w danej grupie. Licznik stanowila liczba zgloszonych
przypadkow zachorowan w danym roku kalendarzo-
wym, natomiast mianownik — liczba 0s6b w popu-
lacji szczepionej lub nieszczepionej w danej grupie
wiekowej.
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vaccination status and the status of missed vaccinations
against the above-mentioned diseases, expressed as
a percentage. Figures 3-8 show the incidence rates
of measles, mumps and rubella in the vaccinated and
unvaccinated populations in Poland in 2014-2021.

During the period under analysis, the vaccination
coverage rate for children aged 1-19 years underwent
agradualdeclineintheyoungestage groups. Thisdecline
was most evident among children aged 1 year (from
77.8% in 2014 to 70.7% in 2021) and among children
aged 2 years (from 94.8% in 2014 to 89.5% in 2021)
(Fig. 1). Concurrently, an escalation in the incidence
of unvaccinated individuals was documented within
the aforementioned demographic groups during the
period under scrutiny. The proportion of children aged
one year increased from 22.2% to 29.3%, while among
two-year-olds, the rise was from 5.2% to 10.5% (Fig.
2). In contrast, a contrasting trend was observed in the
oldest age group — children aged 15-19. In this group,
a systematic increase in the vaccination coverage rate
was observed between 2014 and 2020, from 79.4%
to 95.6%. In 2021, there was a marginal decrease to
94.7% (Fig. 1).

In the period between 2014 and 2021, a total of
669 cases of measles were reported in the paediatric
population. The incidence of the disease was found
to be significantly lower in the vaccinated population
(3.3/1,000,000 population on average across all age
groups in 2014-2021) compared to the unvaccinated
population (139.5/1,000,000 population) (Fig. 3, 4).

In the population that had been vaccinated against
measles, the highest incidence of the disease was
observed in children aged one year in most of the years
that were analysed. This was in comparison to other
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WYNIKI

W Tabeli 1% przedstawiono liczebno$¢ populacji
dzieci rocznikowo w wieku 1-19 lat ogbétem oraz z po-
dziatem na populacje¢ zaszczepiong i niezaszczepiong
przeciwko odrze, §wince i r6zyczce w Polsce w latach
2014-2021. Ryciny 1 i 2 prezentuja stan zaszczepie-
nia oraz stan niewykonanych szczepien ochronnych
przeciwko wspomnianym chorobom, wyrazone jako
warto$¢ procentowa. Ryciny 3-8 obrazujg wielko$¢
wspolczynnikow zapadalnosci na odre, Swinke i ro-
zyczke w populacji zaszczepionej oraz niezaszczepio-
nej w Polsce w latach 2014-2021.

W analizowanym okresie wskaznik stanu zaszcze-
pienia dzieci rocznikowo w wieku 1-19 lat ulegat stop-
niowemu obnizeniu w najmtodszych grupach wieko-
wych, jednak najbardziej widoczne byto to w grupie
dzieci w wieku jednego roku (z 77,8% w 2014 roku
do 70,7% w 2021 r.) oraz w wieku 2 lat (z 94,8%
w 2014 1. do 89,5% w 2021 r.) (Ryc. 1). Jednoczesnie
we wspomnianych grupach, w analizowanym okre-
sie, obserwowany byl wzrost wielkosci wskaznika
stanu niewykonanych szczepien ochronnych: z 22,2%
do 29,3% w przypadku populacji dzieci rocznikowo
w wieku jednego roku., oraz z 5,2% do 10,5% wsrod
dzieci rocznikowo w w wieku 2 lat. (Ryc. 2). Trend
odwrotny do opisywanego widoczny byt w najstarszej
grupie wiekowej — dzieci rocznikowo w wieku 15-19
lat, gdzie w latach 2014-2020 obserwowany byl sys-
tematyczny wzrost wskaznika stanu zaszczepienia,

* Tables are available online as Supplementary files / Tabele sa dostepne

online jako pliki dodatkowe
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Figure 1. Measles, mumps and rubella vaccination rate among children aged 1-19 in Poland in 2014-2021.
Rycina 1. Stan zaszczepienia przeciwko odrze, $wince i rézyczce w populacji dzieci rocznikowo w wieku 1-19 lat w Polsce

w latach 2014-2021
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Figure 2. The rate of missed vaccinations against measles, mumps and rubella in children aged 1-19 in Poland in 2014-2021.
Rycina 2. Stan niewykonanych szczepien ochronnych przeciwko odrze, §wince i ré6zyczce w populacji dzieci rocznikowo
w wieku 1-19 lat w Polsce w latach 2014-2021
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Figure 3. Measles incidence in the vaccinated population of children in Poland in 2014-2021
Rycina 3. Zapadalno$¢ na odre w zaszczepionej populacji dzieci w Polsce w latach 2014-2021
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Figure 4. Measles incidence in the unvaccinated population of children in Poland in 2014-2021
Rycina 4. Zapadalno$¢ na odre w niezaszczepionej populacji dzieci w Polsce w latach 2014-2021
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age groups. The incidence rate was highest in 2016, at
24.7 per 1,000,000 population.

Over the analysed years, no discernible trend in
measles incidence has been observed in either the
vaccinated or unvaccinated population.

In 2019, the number of reported cases of measles
increased significantly compared to previous years,
reaching 323 cases, with the highest number recorded
among children aged 15-19. The incidence rate was
calculated to be 23.8/1,000,000 population in the
unvaccinated group and 1,533.2/1,000,000 population
in the vaccinated population.

A significantly lower incidence of measles was
observed in 2020 and 2021 compared to previous years,
a phenomenon that was particularly evident in the
unvaccinated population, where the average incidence
rate for all age groups was 11.1/1,000,000 population
in 2020 and 1.8/1,000,000 population in 2021.

In the period between 2014 and 2021, a total of 9,016
cases of mumps were reported in the child population.
The incidence of the disease was found to be significantly
lower in the vaccinated population (the average for
all age groups in 2014-2021 was 175.1/1,000,000
population) compared to the unvaccinated population
(499.9/1,000,000 population) (Fig. 5, 6).

In the period under analysis, a discernible trend
was observed in both the vaccinated and unvaccinated
populations, indicating a gradual increase in the
incidence of mumps among children aged 1 year. The
incidence of the condition ranged from 8.1 to 111.4
per 1,000,000 population in the vaccinated population
and from 9.2 to 204.9 per 1,000,000 population in the
unvaccinated population, up to the age of 4, when
the highest number of cases was recorded (incidence
between 60.3 and 509.9 per 1,000,000 population
in the vaccinated population; 177.1 and 2,118.5 per
1,000,000 population in the unvaccinated population).
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7 79,4% do 95,6%. W roku 2021 ulegt on niewielkiemu
obnizeniu do 94,7% (Ryc. 1).

W latach 2014-2021 odnotowano acznie 669 przy-
padkow zachorowan na odre w populacji dzieci. Zapa-
dalno$¢ na ta chorobg byta zdecydowanie nizsza w po-
pulacji dzieci zaszczepionych (Srednia dla wszystkich
rocznikow w latach 2014-2021 wyniosta 3,3/1 000 000
ludnos$ci) w poréwnaniu z populacja dzieci niezaszcze-
pionych (139,5/1 000 000 Iudnosci) (Ryc. 3, 4).

W populacji dzieci zaszczepionych w wigkszos$ci
analizowanych lat najwyzsza zapadalnos¢ na odre ob-
serwowana byta w populacji dzieci w wieku jednego
roku, w poréwnaniu z pozostatymi rocznikami. Naj-
wyzsza warto$¢ wspolczynnika zapadalnosci odnoto-
wana zostata w 2016 roku — 24,7/1 000 000 ludnosci.

Na przestrzeni analizowanych lat brak jest za-
uwazalnego trendu w zapadalnosci na odre, zaréwno
w populacji zaszczepionej, jak i niezaszczepione;.

W roku 2019 liczba zgloszonych zachorowan na
odre byla znacznie wyzsza niz w pozostatych latach
i wyniosta 323 przypadki, z ktorych najwiecej zareje-
strowano u dzieci rocznikowo w wieku 15-19 lat — 124
przypadki w grupie nieszczepionej oraz 41 przypad-
kow w populacji zaszczepionej, co przektada si¢ na
zapadalno$¢ wielkosci odpowiednio 23,8/1 000 000
ludnosci 1 1533,2/1 000 000 ludnosci.

Zauwazalna byla znacznie nizsza zapadalno$¢ na
odre w latach 2020 i 2021 w poréwnaniu z poprzed-
nimi latami, co szczegdlnie widoczne jest w populacji
niezaszczepionej, w ktorej srednia wielkos¢ omawia-
nego wspotczynnika dla wszystkich rocznikow wy-
niosta w 2020 roku 11,1/1 000 000 ludnosci, a w 2021
roku — 1,8/1 000 000 ludnosci.

W latach 2014-2021 odnotowano tacznie 9016 przy-
padkow zachorowan na $winke w populacji dzieci.
Zapadalno$¢ na te chorobe byta zdecydowanie nizsza
w populacji dzieci zaszczepionych (Srednia dla wszyst-
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Figure 5. Mumps incidence in the vaccinated population of children in Poland in 2014-2021
Rycina 5. Zapadalno$¢ na $winke w zaszczepionej populacji dzieci w Polsce w latach 2014-2021
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Figure 6. Mumps incidence in the unvaccinated population of children in Poland in 2014-2021
Rycina 6. Zapadalno$¢ na §winke w niezaszczepionej populacji dzieci w Polsce w latach 2014-2021
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Figure 7. Rubella incidence in the vaccinated population of children in Poland in 2014-2021
Rycina 7. Zapadalnos$¢ na rézyczke w zaszczepionej populacji dzieci w Polsce w latach 2014-2021
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Figure 8. Rubella incidence in the unvaccinated population of children in Poland in 2014-2021
Rycina 8. Zapadalno$¢ na r6zyczke w niezaszczepionej populacji dzieci w Polsce w latach 2014-2021
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In subsequent years, a systematic decline in the
incidence of mumps was observed until the age of
15-19, when the rate was the lowest in all the years
analysed (19.0 — 81.0/1,000,000 population in the
vaccinated population and 64.2 — 230.2/1,000,000
population in the unvaccinated population).

A significantly lower incidence of mumps was
observed in 2020 and 2021 in all age groups when
compared to previous years, and amounted to 51.9 and
46.1/1,000,000 of the vaccinated population and 145.9
and 147.8/1,000,000 of the unvaccinated population
(average value for all age groups).

In the period between 2014 and 2021, a total of 7,480
cases of rubella were reported in the child population.
The incidence of the disease was found to be significantly
lower in the vaccinated population (135.6/1,000,000
population on average across all age groups in 2014 —
2021) when compared to the unvaccinated population
(327.4/1,000,000 population) (Fig. 7, 8).

A decline in the incidence of rubella was observed
in all age groups during the period under analysis,
commencing from 2014. This decline was observed
across both vaccinated and unvaccinated populations.

The highest incidence of rubella was recorded in
2014 in both vaccinated and unvaccinated populations,
but the magnitude of this rate in individual age groups
in both groups differed. In the vaccinated population,
the incidence of rubella exhibited a gradual increase
in the age groups from 2 years (499.2/1,000,000
population) to 6 years (909.1/1,000,000 population),
followed by a systematic decrease, reaching its lowest
level in the population aged 15-19 years (56.3/1,000,000
population). In the unvaccinated population, no
discernible trend in the incidence of the disease has
been observed; however, a significant increase in this
rate is evident among two specific age groups: 4 and
15-19 years of age (1,721.3/1,000,000 population and
1,724.8/1,000,000 population, respectively).

A marked decline in the incidence of rubella was
observed in 2020 and 2021 across all age demographics
when compared to preceding years. The incidence
was recorded at 12.5 and 5.7/1,000,000 within the
vaccinated population and 16.3 and 5.7/1,000,000
within the unvaccinated population (average value for
all age groups).

DISCUSSION

Active artificial immunity, through the introduction
of a vaccine into the body, develops a defence
mechanism against infectious diseases and infections,
and also enables the creation of immunological memory
by consolidating information about the pathogens with
which the body has come into contact. Moreover, it
has been demonstrated that the higher the proportion
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kich rocznikow w latach 2014-2021 wyniosta 175,1/1
000 000 ludnosci) w poréwnaniu z populacja dzieci nie-
zaszczepionych (499,9/1 000 000 ludnosci) (Ryc. 5, 6).

W analizowanym okresie, w wigkszosci lat, za-
rowno w populacji zaszczepionej, jak i niezaszczepio-
nej, zauwazalny byt trend wskazujacy na stopniowy
wzrost zapadalnosci na $winke¢ wsrod dzieci w wieku
jednego roku (zapadalnos¢ w granicach 8,1 — 111,4/1
000 000 ludnosci w populacji zaszczepionej i 9,2 —
204,9/1000 000 ludnosci w populacji niezaszczepio-
nej) do wieku 4 lat, w ktorym odnotowano najwicksza
liczbe zachorowan (zapadalno$¢ w granicach 60,3 —
509,9/1 000 000 ludnosci w populacji zaszczepione;j;
177,1 — 2118,5/1 000 000 ludnosci w populacji nie-
zaszczepionej). W kolejnych rocznikach obserwowany
byt systematyczny spadek zapadalnosci na §winke, az
do wieku 15-19 lat, w ktérym wielko§¢ omawianego
wspotczynnika jest najnizsza we wszystkich analizo-
wanych latach (19,0 — 81,0/1 000 000 Iudnosci w popu-
lacji zaszczepionej 1 64,2 — 230,2/1 000 000 ludnos$ci
w populacji niezaszczepione;j).

Zauwazalna byla znacznie nizsza zapadalno$¢ na
swinke w latach 2020 i 2021 we wszystkich roczni-
kach, w porownaniu z poprzednimi latami, i wynio-
sta ona odpowiednio 51,9 i 46,1/1 000 000 ludnosci
w populacji zaszczepionej oraz 145,9 i 147,8/1 000 000
w populacji niezaszczepionej (warto$¢ Srednia dla
wszystkich rocznikow).

W latach 2014-2021 odnotowano tgcznie 7480 przy-
padkéw zachorowan na roézyczke w populacji dzieci.
Zapadalno$¢ na t¢ chorobg byta zdecydowanie nizsza
w populacji dzieci zaszczepionych (Srednia dla wszyst-
kich rocznikéw w latach 2014-2021 wyniosta 135,6/1
000 000 ludnosci) w poréwnaniu z populacjg dzieci nie-
zaszczepionych (327,4/1 000 000 ludnosci) (Ryc. 7, 8).

W analizowanym okresie mozna zauwazy¢ obni-
zajacy si¢ od 2014 roku, w kolejnych latach, zapadal-
nos$¢ na rozyczke, we wszystkich rocznikach, zaréwno
w populacji zaszczepionej, jak i niezaszczepionej.

Najwyzsza zapadalno$¢ na rézyczke odnotowano
w 2014 roku w populacji zaszczepionej i niezaszcze-
pionej, jednak wielko§¢ omawianego wspotczynnika
w poszczegolnych rocznikach w obu grupach, byta
odmienna. W populacji zaszczepionej zapadalno$¢ na
rozyczke stopniowo wzrastala w grupie wieku od 2 lat
(499,2/1 000 000 ludnosci) do 6 lat (909,1/1 000 000
ludnosci), a nastepnie ulegla obnizeniu, osiaggajac po-
ziom najnizszy w populacji w wieku 15-19 lat (56,3/1
000 000 ludnosci). W przypadku populacji niezaszcze-
pionej nie jest zauwazalny trend w zapadalno$ci na
omawiang chorobg, warto jednak zauwazy¢ znaczacy
wzrost tego wspolczynnika w dwdch grupach wieku —
41 15-19 lat (odpowiednio — 1721,3/1 000 000 ludnosci
11724,8/1 000 000 ludnosci).
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of the population that is vaccinated against childhood
infectious diseases, the greater the reduction in pathogen
transmission. The concept of preventive vaccination is
being undermined by the burgeoning anti-vaccination
movement. Our study has revealed a prevailing trend
in Poland of individuals opting out of preventive
vaccinations. From 2014 to 2021, a systematic decline
in the vaccination coverage of children against
measles, mumps and rubella was observed. This
tendency is especially evident among the youngest age
groups, particularly children aged 1 year. A decline
in vaccination coverage was observed, from 77.8% in
2014 to 70.7% in 2021, in the 1-year-old age group, with
a decrease in vaccination coverage from 94.8% in 2014
to 89.5% in 2021 in the 2-years old age group.

Research indicates that individuals lacking
immunity to infectious diseases constitute a risk to
those unable to be vaccinated due to acute illness,
temporary exacerbations of chronic diseases or
severe adverse reactions to vaccines (20,39). It is
evident that elevated vaccination coverage within
a population results in a decline in the number of
cases, which may erroneously lead to the supposition
that additional vaccination is superfluous. A reduction
in population immunity has been demonstrated to
be associated with an increase in the incidence of
disease and the recurrence of diseases, the outbreaks
of which pose a potential threat to the health and life
of the population (39,40). The fundamental principle
underlying vaccination programmes is to safeguard
against severe disease and to mitigate the risk of
complications arising from infection (2).

Since 2005, Poland has participated in the measles
and rubella elimination programme administered by
the World Health Organisation (WHO). The objective
of eliminating measles and rubella infections is to
achieve a high level of vaccination coverage, reaching
up to 95% of the full vaccination cycle, as well as
reliable management and monitoring of suspected and
confirmed cases (7,41).

Since the implementation of measles vaccinations
in Poland in 1975, there has been a decline in the
number of cases. At present, there are only sporadic
cases, and no deaths from measles infection have
been reported for many years. For a period of several
years, until the conclusion of 2003, vaccination against
mumps was recommended. This resulted in a scenario
where individual vaccinations did not demonstrate
a favourable impact on the number of cases. At the
beginning of 2004, changes to the vaccination schedule
resulted in a substantial decrease in the number of
cases in comparison with previous years.

A significant decline in the incidence of rubella
infection and congenital rubella syndrome was
observed in girls aged 13 years following the

Zauwazalna jest znacznie nizsza zapadalnos¢ na
rozyczke w latach 2020 i 2021 we wszystkich roczni-
kach, w poréwnaniu z poprzednimi latami, i wyniosta
ona odpowiednio 12,5 1 5,7/1 000 000 ludnosci w po-
pulacji zaszczepionej oraz 16,3 1 5,7/1 000 000 w popu-
lacji niezaszczepionej (wartos¢ srednia dla wszystkich
rocznikow).

DYSKUSJA

Sztuczne uodpornienie czynne, poprzez wprowa-
dzenie do organizmu szczepionki, wyksztatca mecha-
nizm obronny przed choroba zakazng i zakazeniem,
a takze umozliwia stworzenie pamigci immunologicz-
nej poprzez utrwalenie informacji o czynnikach cho-
robotworczych, z ktérymi organizm miat stycznosc.
Ponadto zostato udowodnione, ze im wigksza liczba
dzieci zostanie zaszczepiona przeciw chorobom za-
kaznym wieku dziecigcego, tym w populacji wzrasta
ograniczenie transmisji patogenow. Zagrozenie dla
idei szczepien ochronnych stanowig coraz bardziej
popularne wsrod spoteczenstwa oddziatywania ruchu
antyszczepionkowego. Obecnie w Polsce obserwuje si¢
trend zmierzajacy ku rezygnacji ze szczepien ochron-
nych, co widoczne jest w wynikach badan wlasnych.
Na przestrzeni lat 2014-2021 zauwazalne jest systema-
tyczne obnizenie stanu zaszczepienia populacji dzieci
przeciwko odrze, Swince oraz roézyczce. Tendencja ta
obserwowana jest w szczeg6élnosci w najmtodszych
grupach wiekowych, zwtaszcza w grupie dzieci rocz-
nikowo w wieku jednego roku (spadek stanu zaszcze-
pienia z 77,8% w 2014 roku do 70,7% w 2021 r.) oraz
w wieku 2 lat (spadek stanu zaszczepienia z 94,8%
w 2014 r. do 89,5% w 2021 r.).

Badania wykazuja, ze osoby nieuodpornione na
choroby zakazne stanowig zrodto ryzyka dla oséb, dla
ktorych istnieja przeciwskazania do przyjecia szcze-
pionki z powodu ostrego stanu chorobowego, czaso-
wych zaostrzen choréb przewlektych czy wystgpienia
ciezkich niepozadanych odczynéw poszczepiennych
(20,39). Wysoki poziom zaszczepienia w spoleczen-
stwie prowadzi do zmniejszenia liczby zachorowan,
co moze inicjowa¢ mylne przekonanie o braku ko-
niecznosci dalszych szczepien. Zmniejszenie odpor-
nosci populacyjnej wigze si¢ ze wzrostem czestotliwo-
$ci zachorowan oraz nawrotem chordb, ktérych ogni-
ska tworzg potencjalne zagrozenie dla zdrowia i zycia
ludnosci (39,40). Nalezy zaznaczy¢, ze ideg szczepien
jest ochrona przed ci¢zkim przebiegiem zachorowania
i ograniczeniem ryzyka powiktan po zakazeniu (2).

Od 2005 roku Polska uczestniczy w programie eli-
minacji odry i rozyczki, prowadzonym przez Swia-
towg Organizacje Zdrowia (ang. World Health Orga-
nization, WHO). Eliminacja zakazen wirusem odry
i r6zyczki ma na celu osiagnigcie wysokiego poziomu
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implementation of a rubella vaccination programme
that was exclusively administered to this demographic.
This outcome was the result of many years of practical
experience. Regrettably, cases of infection continued
to be reported among the group of unimmunised boys
and young men. The changes implemented in 2004
included the introduction of compulsory vaccination
for both sexes in the form of two doses of the vaccine,
which had a measurable impact on the decline in
infections in the entire population (20).

Contraindications to the MMR vaccine include an
anaphylactic reaction following previous administration
of the vaccine, a medical condition accompanied
by high fever, hypersensitivity to any of the vaccine
components, and immune disorders. Furthermore, it is
inadvisable to administer vaccination during pregnancy
due to the potential risk to the foetus (42,43).

A thorough analysis of data concerning measles,
mumps and rubella cases over an eight-year period
reveals that the implementation of compulsory MMR
vaccination in Poland has contributed to a favourable
epidemiological situation. This is evidenced by the
persistently low incidence rates of the aforementioned
diseases in the wvaccinated population compared
to the unvaccinated population. Furthermore, the
findings of our own research have demonstrated that
between 2014 and 2021, there was a systematic decline
in the incidence rate of rubella in all age groups, both
within the vaccinated and unvaccinated populations.

In 2020 and 2021, a significant decrease in the
incidence of measles, mumps and rubella was observed
in both vaccinated and unvaccinated populations. It is
important to acknowledge that these specific years
were encompassed by the period of the ongoing global
pandemic of severe acute respiratory syndrome (SARS-
CoV-2), the etiological agent of which was identified
as a coronavirus. It is evident that the restrictions
implemented during the state of epidemic threat in
connection with SARS-CoV-2 infections, including
mandatory social isolation, closure of educational
institutions, restrictions on movement, widespread use
of protective masks and increased hand hygiene, have
had a significant impact on the transmission of not only
SARS-CoV-2 but also other pathogens transmitted by
droplets. A reduction in interpersonal contact, coupled
with a limitation of children’s access to environments
conducive to the spread of infection, such as nurseries,
kindergartens and schools, has contributed to a decline
in the population’s exposure to viruses that cause
measles, mumps and rubella.

CONCLUSIONS

It has been demonstrated that between 2014
and 2021, there was a significantly lower incidence
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zaszczepienia, si¢gajacego az 95% przyjetych petnych
cykli szczepienia oraz rzetelnego kierowania i moni-
torowania nadzorem nad przypadkami podejrzen i po-
twierdzonych zachorowan (7,41).

Szczepienia przeciwko odrze realizowane w Polsce
od 1975 roku doprowadzity do zmniejszenia liczby za-
chorowan. Obecnie wystepuja jako pojedyncze przy-
padki, a od wielu lat nie stwierdzono zgonu z powodu
zakazenia wirusem odry. Przez kilka lat, az do konca
2003 roku szczepienie przeciwko $wince bylto reali-
zowane jako zalecane. Doprowadzito to do sytuaciji,
w ktorej indywidualne pojedyncze wykonane szczepie-
nia nie wptynety pozytywnie na zmiang liczby zacho-
rowan. Z poczatkiem 2004 roku przeprowadzone zmia-
ny w kalendarzu szczepien doprowadzity do znacznego
spadku zachorowan w stosunku do lat poprzednich.

Wieloletnia praktyka obejmujgca szczepienia prze-
ciwko rézyczce tylko w populacji dziewczat w 13 r.z.
doprowadzita do zmniejszenia w tej grupie liczby
wykazanych przypadkow zakazen oraz przypadkow
zespotu rézyczki wrodzonej. Niestety nadal odnoto-
wywano zakazenia w grupie oséb nieuodpornionych
chtopcow oraz mtodych mezczyzn. Zmiany wdrozone
w roku 2004 dotyczyty wprowadzenia obowigzkowe-
go szczepienia wsrod przedstawicieli obu plci w po-
staci dwoch dawek szczepionki, co mialo wymierny
wptyw na spadek zakazen w catej populacji (20).

Przeciwwskazaniem do przyjecia szczepionki
MMR jest wystapienie reakcji anafilaktycznej w na-
stepstwie uprzedniego podania preparatu, stan cho-
robowy przebiegajacy z wysoka goraczka, nadwraz-
liwos¢ na ktorykolwiek ze sktadnikow szczepionki,
a takze zaburzenia odporno$ci. Ponadto szczepie-
nie nie powinno by¢ wykonywane w okresie cigzy
ze wzgledu na potencjalne ryzyko dla ptodu (42,43).

Na podstawie wykonanej analizy danych dotycza-
cych zachorowan na odre, $winke, réozyczke na prze-
strzeni 8 lat, mozna zaobserwowac, iz obowigzkowe
szczepienie MMR przyczynito si¢ do korzystnej sytu-
acji epidemiologicznej w Polsce, czego wyrazem jest
migdzy innymi utrzymujacy si¢ niski wspoétczynnik
zapadalno$ci na odre, §winke i rozyczke w populacji
dzieci zaszczepionych w poréwnaniu z populacjg dzie-
ci niezaszczepionych. Ponadto wyniki badan wtasnych
wykazaty, ze na przestrzeni lat 2014-2021 obserwowa-
ny byt systematyczny spadek wspotczynnika zapadal-
nosci na rozyczke, we wszystkich rocznikach, zarow-
no w populacji zaszczepionej, jak i niezaszczepione;j.

W latach 2020 i 2021 odnotowano znaczny spadek
zapadalnosci na odre, $winke i ré6zyczke w populacji
szczepionej oraz nieszczepionej. Wartym podkresle-
nia jest fakt, iz lata te byly objete okresem pandemii
COVID-19, wywotywanej przez koronawirusa SAR-
S-CoV-2. Ograniczenia wprowadzone w okresie stanu
zagrozenia epidemicznego w zwigzku z zakazeniami
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of measles, mumps and rubella in the vaccinated
population compared to the unvaccinated population.
On this basis, it can be concluded that mandatory
vaccination against measles, mumps and rubella has
been effective in increasing herd immunity.
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ABSTRACT

BACKGROUND. In 2022, global oral squamous cell carcinoma (OSCC) incidence was 389,846 cases, with
188,438 deaths (GLOBOCAN). In India, it ranked 2nd with 143,759 cases and 79,979 deaths, and a 5-year
prevalence of 370,106 cases. High OSCC rates are associated with oral leukoplakia, erythroplakia, and oral
submucous fibrosis (OSMF), with malignant conversion rates of 1.1%-40.8% for leukoplakia, 19.9%-45% for
erythroplakia, and 6% for OSMF. Central India has the highest oral cancer incidence, 19.2% in males and
7.6% in females. Limited research highlights the need for public health interventions; our study offers key
epidemiological insights from a tertiary care center.

OBJECTIVE. The study investigates the prevalence and epidemiology of oral leukoplakia, erythroplakia, and
OSMF among tobacco and areca nut users.

MATERIAL AND METHODS. This prospective observational study was conducted at the Govt Dental
Institute, of Central India, from September 2022 to March 2023, with ethical clearance (No. 161/IEC/SS/2022).
A purposive sampling approach targeted individuals with smokeless tobacco, smoking, or areca nut consumption.
Oral cavity screenings were conducted, classifying leukoplakia, erythroplakia, and OSMF using established
clinical criteria. The data were analyzed using SPSS 25.0, with significance set at p < 0.05.

RESULTS. Among 28,736 patients, 5,428 had a history of tobacco or areca nut consumption, and 411 were
diagnosed with OPMDs (Oral Potentially Malignant Disorders), yielding an overall prevalence of 7.57%. OSMF
was the most common disorder (5.30%), followed by oral leukoplakia (2.22%) and erythroplakia (0.036%). The
most prevalent habit was areca nut and smokeless tobacco consumption (71.53%). OSMF Grade IV had the
highest prevalence (36.79%).

CONCLUSIONS. The prevalence of Oral Potentially Malignant Disorders in this study (7.57%) exceeds global
averages, highlighting the impact of tobacco and areca nut consumption in Central India. OSMF, particularly
Grade IV, is more prevalent, underscoring the need for targeted public health interventions and rigorous screening
for early detection and management.

Keywords: oral submucous fibrosis, erythroplakia, oral leukoplakia, prevalence

INTRODUCTION arises from Oral Potentially Malignant Disorders

(OPMDs), including oral leukoplakia, erythroplakia,

Oral squamous cell carcinoma (OSCC) of the lip
and oral cavity had a significant global impact in
2022, ranking 16th in incidence with 389,846 new
cases and 188,438 deaths (GLOBOCAN 2022). In
India, the situation is more severe, with oral cancer
ranking 2nd in incidence (10.2%; 143,759 cases),
mortality (8.7%; 79,979 deaths), and 5-year prevalence
(11.4%; 370,106 cases). Among Indian males, oral
cancer is the most prevalent cancer by site (1).. OSCC

and oral submucous fibrosis (OSMF). Malignant
conversion rates for oral leukoplakia range from 1.1%
to 40.8% (2), erythroplakia from 19.9% to 45% (3-5),
and OSMF at 6% (6). Early detection is crucial, as
advanced-stage OSCC has a 5-year survival rate of
15% to 50% (7), while early-stage diagnosis (stage 1/
IT) improves survival rates to over 80% (8,9). Globally,
oral leukoplakia, erythroplakia, and OSMF prevalence
is 4.11%, 0.17%, and 4.96%, respectively (10), with

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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higher rates in India at 6.7%, 2.5%, and 4.5% (11). In
Central India, 37 cancer registries report the highest
incidence of mouth and tongue cancers in the country.
Among males, these cancers account for 19.2% of all
cases (19.2 cases per 100,000 population), while in
females, they account for 7.6% (7.6 cases per 100,000
population) (12).

Despite the alarming oral cancer statistics,
research on the prevalence of oral leukoplakia,
erythroplakia, and oral submucous fibrosis (OSMF)
in Central India remains scarce. As the region’s only
government dental tertiary care center, our diverse and
representative sample provides crucial insights into
the epidemiological landscape of OPMDs, laying the
groundwork for targeted public health interventions
and preventive strategies.

AIM AND OBJECTIVES

The study aims to investigate the prevalence of oral
leukoplakia, erythroplakia, and oral submucous fibrosis
among individuals habitually consuming tobacco and
areca nut, presenting at Government Dental College
in Indore, Madhya Pradesh. It also seeks to analyze
the epidemiological profiles of patients diagnosed with
these conditions within this specific population group.

MATERIAL AND METHODS

This prospective observational study was
conducted in the Department of Oral Medicine and
Radiology, Government Dental College, Central India,
after obtaining ethical clearance from the Institutional
Ethics Committee (IEC) in its meeting held on 27
August 2022, as recorded in Certificate No. 161/
IEC/SS/2022 dated 24 March 2023, which explicitly
mentions the date of approval. The study employed
a purposive sampling approach among patients
visiting the outpatient department from September 1,
2022, to March 31, 2023, focusing on individuals with
tobacco and areca nut consumption habits. Oral cavity
screenings were conducted to detect occurrences of oral
leukoplakia, oral erythroplakia, and oral submucous
fibrosis, providing valuable insights into oral medicine
and radiology. Participants of both genders were
categorized into six age groups (11-15 years, 16-35
years, 36-45 years, 46-55 years, 56-65 years, and 66-
75 years), with inclusion criteria requiring informed
consent and exclusion criteria excluding individuals
unable to participate due to health conditions. The
methodology utilized in this investigation is depicted
through a comprehensive flowchart illustrated in
Figure 1.

Oral leukoplakia was meticulously classified
according to Warnakulasuria S.’s system (2018) (13),
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distinguishing between homogeneous (Figure 2.
A and B) and non-homogeneous types, including
nodular, speckled, and verrucous variants, aiding
accurate diagnosis and supporting ongoing research
in oral pathology depicted in Figure 2. C, D, and E.
The clinical diagnosis followed Warnakulasurya S. et
al’s clinical criteria (2020) (14), focusing on persistent
white patches with well-demarcated borders, while
excluding conditions such as white sponge nevus,
frictional keratosis, candidal infection, leukoedema,
chemical burns, and oral hairy leukoplakia. Similarly,
the clinical diagnosis of erythroplakia was based on
characteristic clinical features with the exclusion of
similar-looking conditions (Figure 2. F).

Clinical diagnosis and staging of oral submucous
fibrosis (OSMF) patients followed the criteria proposed
by Passi D et al. (2017) (15), which categorizes OSMF
into stages 1 to 4 based on distinct clinical features
and the extent of oral cavity involvement (Figure 3,
Figure 4).

Clinical  diagnoses, including leukoplakia,
erythroplakia, and oral submucous fibrosis (OSMF),
alongside demographic and habit details, were
meticulously recorded using a predesigned proforma.

STATISTICAL ANALYSIS

Statistical analysis involved data entry into
Excel and analysis using SPSS 25.0. Descriptive
statistics were utilized, presenting data as numbers
and percentages. The Chi-square test was employed
to compare the prevalence of oral leukoplakia,
erythroplakia, and OSMF, along with related habits,
age, duration, and frequency of habits among study
groups, with significance set at p < 0.05.

RESULTS

During the study, 28,736 patients were reported
to the Department of Oral Medicine and Radiology,
Govt dental college of central India. Of these, 5,428
subjects had a history of smokeless tobacco, smoking,
or areca nut use. Among them, 411 individuals had oral
submucous fibrosis (5.30%), oral leukoplakia (2.22%),
or oral erythroplakia (0.036%), resulting in an overall
combined prevalence of 7.57%.

The mean age of the subjects was 14.9 + 13.905
years. The majority of the subjects belonged to the age
group of 16-35 years, followed by 36-45 years, followed
by 46-55 years, followed by 56-65 years, more than
65 years, followed by 6-15 years. The number of male
subjects was greater than the number of female subjects
(78.10% vs. 21.89%). The most commonly noticed
OPMDs were OSMF (70.07%), followed by leukoplakia
(29.44%), followed by erythroplakia (0.48%). The most
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Total number of patients visiting OPD in department of Oral Medicine and Radiology, Government college of
Dentistry, Indore, MP a time period between 01 September 2022 to 31 March 2023

I

[ Scrutiny of patients with habit of consuming tobacco and arecanut ]

!

[ Oral screening for Oral Potentially Malignant disorders (OPMDs) ]

ﬂ LL Advised to Quit habit and

to concerned
No Oral lesion ] Sl
[ - department for dental
treatment and further

ﬂ followup

[ Information leaflet provided to patient about investigation in Local language (Hindi/English) ]

g

[ Patient Consent taken on consent form. ]

White Plaque Fiery red Patch

Excluded other known conditions/disorders/ | .

diseases based on history and examination

Provisional Clinical diagnosis
Oral Leukoplakia/Erythroplakia/Oral Submucous Fibrosis

U
Y U

Oral lesion Present

U

A chronic disorder characterized by fibrosis of
lining mucosa involving Oral cavity

;

~
Oral Leukoplakia Classification Oral Submucous Fibrosis Classification
(Warnakulasuria S. et al. Oral surg Oral Med Oral pathol (Passi D et al Natl J Maxillofae Surg. 2017 July-
Oral radiol. 2018 jun;125(6):582-590 Dec;8(2):89-94)
vy

\ 4 \ 2

Grade — I: Mouth opening up to 35mm

) Grade — I1: Mouth opening 25-35 mm
Grade - I11: Mouth opening 15-25 mm
Grade-1V: Mouth  opening <15mm/
Associated with Leukoplakic changes/
Erythroplakia/Suspicious Malignant lesion

U

Homogenous
Non-homogenous (Nodular, Speckled, Verrucous)

Recording of Clinical diagnosis of
Leukoplakia, Erythroplakia, and Oral
submucous fibrosis along with demographic,
and habit details in a predesigned Proforma

Figure 1. Methodology utilized in the investigation.
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E R
Figure 2. A photograph illustrating the diverse demographics
of homogenous leukoplakia, non-homogenous, and
erythroplakia. Homogenous leukoplakia is present over the
most common site buccal mucosa. A. Etrocommisure to
the retromolar region over right buccal mucosa. B. Ventral
surface of the tongue: The lesions appear uniformly flat
and thin, featuring a smooth surface that exhibits shallow
cracks, with well-delineated peripheral boundaries adjacent
to normal mucosa. C. Nodular leukoplakia: Multiple small
polypoid outgrowths over the right retrocommisural and
buccal mucosa that appear rounded and display red and
white colors. D. Speckled leukoplakia: Over the right
retrocommisural region and left lateral and ventral regions
of the tongue, showing a mix of white and red coloration
(also termed erythroleukoplakia), with white predominance.
E. Verrucous: Right buccal mucosa showcases a wrinkled
or corrugated surface appearance. F. Erythroplakia: A fiery
red, flat patch with a smooth surface over the right buccal
mucosa.

commonly reported habit was the consumption of areca
nut along with smokeless tobacco (71.53%), followed
by areca nut chewing (19.70%), followed by smoked
tobacco (10.46%). Followed by smokeless tobacco
(5.59%). The consumption of alcohol was reported by
19.70% of the subjects. The majority of them reported
to have occasional consumption of alcohol. Of the 121
subjects with leukoplakia, 100 were male and 21 were
female, demonstrating a male predominance (82.64%).
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Figure 3. A and B photograph illustrating the clinical
features of OSMF grade-1 (A. Normal shaped uvula with
blanching of palatal mucosa. B. Erythematous atrophic
mucosa without any sign of fibrosis). C and D illustrate
OSMF grade-2 (C. Anteriorly everted uvula. D. Mottled
and marble-like appearance of bilateral buccal mucosa with
palpable fibrotic bands). E and F illustrate OSMF grade-3
(E. Severe Blanching of the soft palate and retromolar
region, Bud-shaped uvula. F. Buccal mucosa with broad,
thick palpable fibrotic bands)

Homogeneous leukoplakia was more prevalent,
accounting for 87.6% of cases, with non-homogeneous
types making up 12.40%. Leukoplakia predominantly
affected the buccal mucosa (80.99%), followed by the
tongue (4.95%) and a combination of the tongue and
buccal mucosa (4.13%). Homogeneous leukoplakia
was significantly associated with the age group of
55-65 years and older (p-value < .05), while non-
homogeneous leukoplakia was linked to the age group
of 46-55 years (p-value < .05). Erythroplakia showed
a significant association with the age group of 36-45
years and male predominance (100%), predominantly
affecting the buccal mucosa, and significantly
associated with smokeless tobacco consumption.
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Figure 4. A photograph illustrating the clinical features of
OSMF grade 4 with mouth opening less than 15mm. (A.
Interincisal Mouth Opening: 12 mm. B. Restricted tongue
movements. C. Associated with homogenous leukoplakia of
the left buccal mucosa. D. With suspicious malignancy of
the left buccal mucosa)

A total of 288 (70.071%) of the subjects had OSMF.
Male = 219, Female = 69. In this study, the highest
prevalence was recorded in OSMF Category Grade
IV, with 106 cases (36.79%). Upon subgrouping OSMF
Grade IV, there were 48 (16.6%) subjects with suspected
malignant lesions alongside OSMEF, 46 (15.97%) with
mouth opening less than 15 mm, and OSMF with
leukoplakia was present in 12 (4.16%) subjects. Age
was found to have a significant association with lesion/
conditions (p-value <.05). There was a significant
association between OSMF grade 1 and the age group
of 11-15 years (p-value <.05). OSMF grade 2 and grade
3 showed a significant association with the age group
of 16-35 years (p-value <.05). Erythroplakia showed
significant association with the age group of 36- 45
years (p-value <.05). Non-homogenous leukoplakia
is significantly associated with age group of 46-55
years (p-value <.05). Homogenous leukoplakia is
significantly associated with age group of 55-65 years
and more than 65 years (p-value <.05). OSMF grade 4
with suspected malignant lesion is associated with age
group of 46-55 years and 55-65 years (p-value <.05).
The gender of the individuals showed no significant
association with the type of lesion/condition (p-value

>.05). Adverse habits are significantly associated with
the significant association with lesions/conditions.
Smokeless tobacco consumption was significantly
associated with leukoplakia (homogenous and non-
homogenous) and Erythroplakia (p-value<.05).
Smokeless tobacco consumption was significantly
associated withhomogenous leukoplakia (p-value<.05).
Areca nut chewing was found to be significantly
associated with OSMF (p-value <.05).Combined use of
areca and tobacco had no significant association with
any specific lesion/condition (p-value >.05). Alcohol
consumption had no significant association with any
specific lesion/condition (p-value >.05).

DISCUSSION

In this study, the combined prevalence of oral
leukoplakia, erythroplakia, and oral submucous
fibrosis (OSMF) was 7.57%, exceeding the global
averages of 1-5% reported by Mello FW et al. (2018)
(10). This finding aligns with various Indian studies,
such as those by Shivakumar KM et al. (2022) (16) in
western Maharashtra, who reported a prevalence of
1.67%, Jose C et al. (2023) (17) in Karnataka (13.28%)
and Shah JS et al. (2023) (18) recorded a combined
prevalence rate of 1.43% in the western Indian
state of Gujarat (Table 1). One of the key factors
contributing to the high prevalence (13.28%) of oral
potentially malignant disorders (OPMD) in the study
by Jose C et al. (2023) is the selection of a sample
population predominantly composed of individuals
engaged in the cultivation and processing of areca

5428 - Subjects with
cither a history of
smokeless tobacco,

smoking, or areca nut

consumption.

5.30% - Prevalence
of Oral submucous
fibrosis (OSMF)

411 - Subjects with
OPMD:s (Oral
Leukoplakia.

Erythroplakia, and
Oral Submucous
Fibrosis.

0.036% - Prevalence
of oral Erythroplakia

7.57% - Overall
combined prevalence
of Oral Leukoplakia,

Erythroplakia, and
Oral submucous
fibrosis (OSMF)

2.22 % - Prevalence
of Oral Leukoplakia

Figure 5. Prevalence of oral leukoplakia, erythroplakia, and
oral submucous fibrosis(OSMF)
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nut and its derivatives—well-established risk factors
for the development of OPMD. In the study by Shah
JS et al. (2023) (18) in Ahmedabad, Gujarat, OSMF
was the most common among 552 OPMD patients,
with 190 cases, followed by leukoplakia (120 cases).
Similarly, Shivakumar KM et al. (2022) (16) in
western Maharashtra and Kumar S et al. (2015)

Table 1. Systematic review and Meta-analysis/ regional

(19) in Indore, Madhya Pradesh, reported a high
prevalence of OSMF and the lowest prevalence of
erythroplakia among leukoplakia, erythroplakia,
and OSMF. In contrast, Singh G et al. (2023) (20) in
Hyderabad, Telangana, found leukoplakia (202 cases)
and erythroplakia (71 cases) to be more prevalent
than OSMF (40 cases).

studies on the combined prevalence of oral leukoplakia,

erythroplakia, and oral submucous fibrosis (OSMF)

PREVALENCE

REGION

AUTHOR

1 to 5%

Global Average

Mello FW et al. (2018) ['

6.7%: Hospital-based
4.3%: Community based

Indian Average

Kumbhalwar A et al. (2022) !!

1.43% Guyjrat, India Shah JS et al. (2023) '8
13.28% Karnataka, India Jose C et al. (2023) 7]
1.67% Mabharashtra, India Shivakumar KM et al (2022) [¢!
7.57% Madhya Pradesh, India Present study

Table 2. Systematic review and Meta-analysis/ regional studies on prevalence of oral leukoplakia

PREVALENCE REGION AUTHOR
4.11% Global Average Mello FW et al. (2018) '
1.39% Global Average Zhang C et al. (2023) 23
7.7% Asian average Mello FW et al. (2018) ['
7.20% Jharkhand, India Choudhary et al. (2022)
4.02% Madhya Pradesh, India Rahangdale et al. (2021) "
22 % Madhya Pradesh, India Present study

Table 3. Systematic review and Meta-analysis/ regional studies on the prevalence of oral erythroplakia

PREVALENCE REGION AUTHOR
0.17 % Global Average Mello FW et al. (2018) 1
0.04 % to 1.14%% Global Average Wadde et al. (2024) 24

1.2 % Indian Average Kumbhalwar A et al. 2022 ']
1.3 % Karnataka, India Jose CB et al. (2023) 01"
2.3% Jharkhand, India Choudhary et al. (2022) >
0.24 % Madhya Pradesh, India Kumar S et al. (2015) [

0.036 % Madhya Pradesh, India Present study

Table 4. Systematic review and Meta-analysis/ regional studies related to the prevalence of oral submucous fibrosis (OSMF)

(*PP = Pooled prevalence).

PREVALENCE REGION AUTHOR
4.96 % Global Average Mello FW et al. (2018) 1%
0 0,
(PP* 5%1@23% users) Global Average Yuwanti M et al. (2023) !
2.7 % Indian Average Kumbhalwar A et al. (2022) !
6.21% Karnataka Jose CB et al. (2023) [I"]
1.6 % Maharashtra Chauhan R et al. (2021)
6.4 % Madhya Pradesh, India Torwane NA et al. (2015) 27
5.30 % Madhya Pradesh, India Present study
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The prevalence of oral leukoplakia among 411
subjects was found to be 2.2%. This rate is lower
than that reported in Indore, Madhya Pradesh (5.6%)
by Rahangdale et al. (2021) (21) and in Hazaribagh,
Jharkhand (7.2%) by Choudhary et al. (2022) (22).
Globally, Zhang et al. (2023) (23) reported a prevalence
of 1.39%, while Mello et al. (2018) (10) found a meta-
analysis prevalence of 4.11%, indicating significant
variability worldwide (Table 2).

Our investigation revealed a prevalence of oral
erythroplakia at 0.036%, which is notably lower than
the 0.24% reported by Kumar S et al. (2015) (19), the
1.3% noted by Jose CB et al. (2023) (17), and the 2.3%
reported by Choudhary et al. (2022) (22). Globally,
Wadde et al. (2024) (24) reported a prevalence range
0f 0.04% to 1.14% (Table 3).

The prevalence of oral submucous fibrosis (OSMF)
among individuals with habits of smokeless tobacco
and areca nut consumption was 5.30%, closely aligning
with the findings of Yuvanti M. etal.’s systematic review
in 2023 (25), which reported a pooled prevalence of
5% among areca nut users. Similarly, Mello FW et al.
(2018) (10) found a prevalence of 4.96%, demonstrating
consistency across studies. However, notable regional
variations exist: Chauhan R et al. (2021) (26) reported
a lower prevalence rate of 1.6% in an institutional-
based study, whereas higher prevalence rates were
documented by Jose CB et al. (2023) (17) at 6.21% in
South India and by Torwane NA et al. (2015) (27) at
6.4% in Bhopal, Madhya Pradesh (Table 4).

Patients in our study were classified into four
categories based on Passi D et al’s (2017) (15)
classification. Grade IV had the highest prevalence
with 106 cases (36.79%), followed by Grade II with 98
cases (34.02%), Grade III with 47 cases (16.31%), and
Grade I with 37 cases (12.84%). Upon subgrouping
OSMF Grade IV, there were 48 subjects (16.6%) with
suspected malignancy alongside OSMF, 46 subjects
(15.97%) with mouth opening less than 15 mm, and
OSMF with leukoplakia was present in 12 subjects
(4.16%).

The findings of this study regarding the prevalence
of OSMF contrast with other studies, which commonly
report Grade 2 or Grade 1 as the most prevalent
subcategories. In our study, however, the most prevalent
subcategory of OSMF was Grade 4. This discrepancy
may stem from our use of the Passi D et al. (2017) (15)
classification, while most studies utilize classifications
by Kerr 2011 and Khanna-1995 (28). In our study,
Grade IV OSMF starts with a mouth opening of less
than 15 mm, while studies using Kerr et al. (2011)
classify Grade I1I OSMF with a mouth opening of less
than 20 mm; Khanna et al. (1995) do not specify mouth
opening criteria for Grade I. Another contributing
factor to the higher prevalence of Grade IV OSMF in

this study is that it was conducted exclusively at the only
government dental tertiary care center in the central
Indian state. Patients with advanced OSMF, marked
by severe trismus (mouth opening less than 15 mm) or
suspected malignant transformation, are more likely
to seek affordable specialized care at this facility. As
a result, the center frequently manages cases requiring
oral and maxillofacial surgical interventions, such as
OSMF band excision or biopsy.

A similar significant trend emerged in studies
examining the prevalence of oral malignancy in
OSMF patients. Gupta J et al. (2023) (29) reported that
out of 630 OSMF patients, 176 (27.83%) had suspected
malignant lesions at the time of clinical examination.
Most studies reported a higher incidence of OSMF
Grade 1V, indicating suspected malignancy. This
suggests potential bias in the evaluation of Grade IV
OSMF patients, as many studies tend to downplay the
prevalence of this category.

CONCLUSION

In conclusion, this study reveals a combined
prevalence of 7.57% for oral leukoplakia,
erythroplakia, and OSMF, surpassing global averages
and reflecting significant regional variations. The
study highlights the increased incidence of advanced
OSMF (Grade 1V) and the association of areca nut
use with OSMF (p-value < .05). To benefit patients
and society, individuals with areca nut chewing habits
and clinical features of OSMF Grade 1V, along with
suspected malignant lesions, should be accurately
classified as Grade IV OSMF during screenings rather
than prematurely categorized as chronic oral ulcers
or suspected malignancies. This approach facilitates
accurate diagnosis and helps elucidate the role of areca
nut as a causative agent in oral cancer, paralleling
tobacco’s recognized risks, particularly in a society
with limited awareness of areca nut’s carcinogenic
potential.
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CAN A COMIC BOOK SUPERHERO PROTECT US FROM DISEASES?
ASSESSMENT OF AN EDUCATIONAL TOOL ON IMMUNIZATIONS AMONG
ADOLESCENTS
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ABSTRACT

BACKGROUND. Due to the increasing phenomenon of medical misinformation, unfavourable health
behaviours have emerged, including the rise in the number of rejections of mandatory vaccination. Educational
interventions are necessary to build public awareness.

OBJECTIVE. The main purpose of the study was to check students’ attitudes towards vaccination, during
assessment of the comic titled ‘Vigor Fervorous versus The Spreaders of Nonsense” — an electronic educational
tool used during lessons — in terms of its educational effectiveness and students’ opinions.

MATERIAL AND METHODS. A pilot quasi experimental study was conducted among 172 students aged
12-16, from primary and secondary schools located in the Masovia, including municipal and district schools,
consisting of three stages: pretest, intervention (a lesson with the usage of the comic in e-book format), and
posttest. Participants’ attitudes towards vaccination, changes in knowledge levels (before-after), clarity and
comprehensibility of the comic and attractiveness of the tool were analysed.

RESULTS. Based on Principal Component Analysis, four distinct attitude groups were identified, differing
in self-assessed knowledge and the need for further education. Before the intervention, 22.7% of participants
demonstrated low level of knowledge, 46.5% medium, 30.8% high. After the intervention, a relative average
score increase of 11 percentage points was observed, with greater gains among secondary school students (15
p.p.) than primary students (9 p.p.). A single common factor was identified, termed “positive assessment of the
comic.” The strongest associations were with: “more people should read this comic” (r = 0.876), “it supplemented
my vaccination knowledge” (r = 0.844), and “it is an interesting way to convey knowledge” (r = 0.823). Weaker
but still significant correlations were found for reduced fear of vaccination and content comprehensibility.
CONCLUSIONS. The results proved the comic to be an effective and attractive tool for increasing knowledge
about vaccination. The identified groups of attitudes confirm the need to tailor educational tools to the needs of
target groups.

Keywords: adolescent, health education, attitudes, vaccination, cluster analysis
STRESZCZENIE
WPROWADZENIE. Z uwagi na narastajace zjawisko dezinformacji medycznej, w ostatnich latach pojawiaja

si¢ niekorzystne zachowania zdrowotne, takie jak wzrost liczby odmow szczepien obowiazkowych. Interwencje
edukacyjne sg konieczne w celu budowania §wiadomosci spoteczenstwa.
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CEL. Gléwnym celem badania bylo sprawdzenie postaw uczniow wobec szczepien podczas oceny komiksu
pt. ,,Wigor Swada kontra Siewcy Nonsensow” — elektronicznego narzedzia edukacyjnego wykorzystywanego
podczas lekcji — pod katem jej skutecznos$ci edukacyjnej i opinii uczniow.

MATERIAL I METODY. Przeprowadzono quasi-experymentalne badanie pilotazowe wsrod 172 uczniow
w wieku 12-16 lat ze szkot podstawowych i licealnych znajdujacych si¢ na terenie wojewodztwa mazowieckie-
go, uwzgledniajacych szkoty miejskie i powiatowe, obejmujace trzy etapy: pre-test, interwencje (lekcje z wyko-
rzystaniem komiksu w formie e-booka) oraz post-test. Analizowano stosunek uczestnikéw do szczepien, zmia-
ny poziomu wiedzy (przed i po), zrozumiatos¢ komiksu, jego atrakcyjnos¢ oraz ocene atrakcyjnosci narzedzia.
WYNIKI. W oparciu o analize gtownych sktadowych (ang. principal component analysis, PCA) wyodrebniono
4 grupy postaw rdznigce si¢ w zakresie samooceny wiedzy oraz potrzeby dalszej edukacji na temat szcze-
pien. Przed interwencja niski poziom wiedzy wykazywato 22,7% uczestnikow, $redni 46,5%, wysoki 30,8%.
Po interwencji zaobserwowano wzgledny przyrost sredniej zdobytych punktow w cze$ci merytorycznej o 11
punktow procentowych, przy czym wiekszy przyrost odnotowano wsrod uczniow liceum (15 p.p.) niz uczniéw
szkot podstawowych (9 p.p.). Zidentyfikowano wspdlny czynnik, okreslony jako ,,pozytywna ocena komiksu”.
Najsilniejsze powigzania zaobserwowano dla stwierdzen: ,,uwazam, ze wigcej 0osOb powinno przeczytaé dany
komiks” (r = 0,876), ,,komiks uzupetnit moja wiedzg o szczepieniach” (r = 0,844) oraz ,,to cickawy sposéb prze-
kazywania wiedzy na temat szczepien” (r = 0,823). Stabsza, ale wciaz znaczaca zalezno$¢ dotyczyta zmniejsze-
nia obaw przed szczepieniem oraz zrozumialosci tresci.

WNIOSKI. Wyniki wskazujg na skutecznos$¢ i atrakcyjnos¢ komiksu w zakresie podniesienia poziomu wiedzy
na temat szczepien. Wyodrebnione grupy postaw potwierdzajg koniecznos¢ dostosowania narzedzi edukacyj-

nych do potrzeb grup docelowych.

Stowa kluczowe: edukacja zdrowotna, postawy, szczepienia, analiza skupien, nastolatkowie

INTRODUCTION

In recent years, significant social changes and
a shift in attitudes towards preventive vaccination have
been observed, with a tendency towards an increase in
refusals. This is particularly important in the context of
mandatory childhood vaccination. Despite vaccination
being mandatory and free for all children residing in
Poland, the number of exemptions from mandatory
vaccination has almost doubled in the last 5 years,
rising from 48.6 thousand exemptions in 2019 to 87.3
thousand in 2023 (1). Also, according to data from the
Vaccine Confidence Project (2), Poland is a country
that has seen a decline in trust in the importance and
safety of vaccines (2020-2021). This situation is partly
linked to strong anti-vaccine movements, and social
media play a significant role in amplifying parental
concerns and spreading of medical misinformation.

An important part of building confidence
in preventive vaccination is providing credible
knowledge tailored to the capabilities of the targeted
audiences. Educational interventions are necessary to
build public awareness and the ability to verify false
information, which should consequently lead to an
increase in vaccination rates, or at least a halt in the
growth of refusals (3). To increase the effectiveness
of the message, attempts are being made to create
accessible educational tools promoting health for
children and adolescents, in the form of songs, posters,
e-books, and comics (4,5).

WPROWADZENIE

W ostatnich latach zauwazalne sg istotne przemia-
ny spoteczne i zmiana podejs$cia do szczepien ochron-
nych, z tendencja do wzrostu ilosci odméw. Jest to
szczeg6lnie istotne w kontekscie obowigzkowych
szczepien u dzieci. Pomimo, Ze szczepienia sg obo-
wigzkowe 1 bezptatne dla wszystkich dzieci mieszka-
jacych w Polsce, w czasie ostatnich 5 lat liczba uchylen
od szczepien obowigzkowych zwickszyla si¢ prawie
2-krotnie, od 48,6 tys. uchylen w 2019 roku do 87,3
tys. uchylen w 2023 roku (1). Réwniez wedtug da-
nych Vaccine Confidence Project (2), Polska jest kra-
jem, ktory odnotowat spadek zaufania do znaczenia
1 bezpieczenstwa szczepionek (2020-2021). Taki stan
rzeczy jest czesciowo zwigzany z silnymi ruchami an-
tyszczepionkowymi, a media spolecznosciowe maja
swoj wktad we wzmacnianiu obaw rodzicéw i ufa-
twianiu rozpowszechniania dezinformacji medyczne;.

Istotnym elementem budowania zaufania do szcze-
pien ochronnych jest dostarczanie wiarygodnej wiedzy
dostosowanej do mozliwosci grup odbiorcow, do kto-
rych kierowane sa dziatania edukacyjne. Interwencje
edukacyjne sa niezb¢dne do budowania $wiadomosci
spotecznej i umiejetnosci weryfikacji nieprawdziwych
informacji, co w konsekwencji powinno doprowadzié
do poprawy stanu zaszczepienia, a przynajmniej za-
hamowania wzrostu odmow (3). Celem zwickszenia
skutecznosci przekazu, podejmuje si¢ proby tworze-
nia przystepnych narzedzi edukacyjnych promujacych
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Can a comic book superhero protect us from diseases?

Czy superbohater moze uchroni¢ nas przed chorobami?

OBJECTIVE

The main aim of the study was to assess students’
attitudes towards vaccination, during testing of
the comic book titled Vigor Fervorous versus The
Spreaders of Nonsense’ — an electronic educational
tool used during school lessons — in terms of its
educational effectiveness and students’ opinions.

METHODS

Setting. A pilot experimental study was conducted
among secondary school students aged 12-16 (years
2007-2011) using proprietary questionnaire tools. The
study comprised three phases: a pretest (assessment
of attitudes towards vaccination and initial check of
knowledge), an educational intervention (reading
a comic book), and a posttest (final assessment of
knowledge and the educational tool). The study used
the comic book ‘Vigor Fervorous versus The Spreaders
of Nonsense’, developed by experts at the Medical
University of Warsaw within the project ‘Building
trust in vaccination using technically advanced
communication tools and social impact methods’,
supported by the National Centre for Research
and Development (grant No. GOSPOSTRATEG-
11/0007/2020-00). The comic book is presented in
the convention of a superhero story, in which the
protagonist confronts both antiheroes representing
negative health attitudes and his own fear.

Intervention. The CAWI (Computer-Assisted Web
Interview) technique using Google Questionnaire was
used for collecting data for the questionnaires. The
study took place between March and June 2023 and was
conducted on-site during lessons in 2 primary schools
and 1 secondary school located in Warsaw (at the
highschool), Pruszkéw and Piaseczno. Convenience
sampling was used, based on the availability of
participants at the schools during the course of the
study. A total of 172 participants took part in the
pretest and 160 in the posttest. In the primary schools,
103 students were tested in the pretest phase and 98
students in the posttest phase. In the secondary school
it was 69 students (pretest) and 62 students (posttest).
Regarding gender distribution, in the pretest, 50%
identified as male, 44.2% as female, and 5.8% selected
“rather not say.” In the posttest, 50.6% identified as
male, 43.1% as female, and 6.3% selected “rather not
say. The lesson was delivered by a teacher, following
a provided lesson scenario. In the primary schools
aresearcher was also present. The study was conducted
during computer science lessons or a homeroom class.
The teacher introduced the researchers to the students,
and after the researcher’s explanation of the course
of the lesson, the students proceeded to the tasks.
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zdrowie dla dzieci i mlodziezy w postaci piosenek,
plakatow, e-bookow oraz komikséw (4, 5).

CEL

Celem badania byta ocena postaw uczniow w za-
kresie szczepien poprzez wykorzystanie komiksu pt.
,,Wigor Swada kontra Siewcy Nonsensow” — elektro-
nicznego narzedzia edukacyjnego, wykorzystywane-
go podczas lekcji szkolnych, w kontekscie skuteczno-
$ci edukacyjnej oraz opinii uczniow.

MATERIAL I METODY

Opis. Przeprowadzono pilotazowe badanie ekspe-
rymentalne wsréd mtodziezy szkolnej w wieku 12-16
(roczniki 2007-2011) z zastosowaniem autorskich na-
rzedzi kwestionariuszowych. Badanie obejmowato
trzy etapy: pre-test (poczatkowa ocena wiedzy i po-
staw wobec szczepien), interwencj¢ edukacyjng (lekcje
z wykorzystaniem komiksu) oraz post-test (koncowa
ocena wiedzy, oraz ocena narz¢dzia edukacyjnego).
W badaniu uzyto komiks pt. “Wigor Swada kontra
Siewcy Nonsenséw”, opracowany przez ekspertow
Warszawskiego Uniwersytetu Medycznego w ramach
projektu ,,Budowanie zaufania do szczepien ochron-
nych z wykorzystaniem najnowszych narzedzi komu-
nikacji 1 wpltywu spotecznego”, wspieranego przez
Narodowe Centrum Badan i Rozwoju (grant No. GO-
SPOSTRATEG-11/0007/2020-00). Komiks przedsta-
wiony jest w konwencji opowiesci o superbohaterze,
w ktorej protagonista konfrontuje si¢ zarowno z an-
tybohaterami reprezentujacymi negatywne postawy
zdrowotne, jak i z wlasnym strachem.

Interwencja. Do zbierania danych kwestionariu-
szowych (pre-test i post-test) zastosowano technike
CAWI (Computer-Assisted Web Interview) z wyko-
rzystaniem Google Questionnaire. Badanie odbyto
si¢ w okresie marzec-czerwiec 2023 i zostato prze-
prowadzone stacjonarnie podczas lekcji w 2 szkotach
podstawowych i w 1 szkole licealnej znajdujacych sie
w Warszawie, Pruszkowie i Piasecznie. Wykorzysta-
no dobdr dogodnosciowy, zwigzany z dost¢pnoscia
uczestnikow w szkole w czasie realizacji. Lacznie
w badaniu wzigto udziat 172 uczestnikéw w pre-tescie
oraz 160 w post-tescie. W szkotach podstawowych
bylo to 103 ucznidow (pre-test) oraz 98 uczniéw (post
-test), w szkole licealnej byto to 69 uczniow (pre-test)
1 62 uczniow (post-test). Jesli chodzi o rozktad pfci,
w pre-tescie 50% uczniow zadeklarowato pte¢ meska,
44,2% zenska, a 5,8% wybrato odpowiedz “wole nie
méwic”. Lekcja zostala przeprowadzona przez na-
uczyciela, w oparciu o dostarczony scenariusz lekcji.
W szkotach podstawowych obecna byta rowniez oso-
ba koordynujaca badanie. Badanie zostalo przepro-
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The tests and comics were available online. The link
to the tests and comics was shared by the teacher at
the beginning of the lesson, and any minor access
issues were addressed promptly. The lesson structure
followed the same format in every class. The task
involved completing a pretest (which was checking the
attitudes towards vaccination and initial knowledge
level in this topic), reading a comic, and then taking
a posttest (including assessment of knowledge level
after the intervention and students’ opinions about
the comic). Each student could allocate any amount of
time to each activity during a 45 minute lesson. The
entire process was designed to take a maximum of
45 minutes, equivalent to one lesson period. Students
were instructed not to communicate with one another
during the tasks.

Variables. The study used two proprietary
questionnaires. The ‘pretest’ questionnaire consisted
of 4 parts: [1] attitudes toward vaccination — 5
questions using a 5-point Likert scale, [2] knowledge
about health and vaccination (10 factual questions), [3]
sources of information and knowledge, and [4] socio-
demographic data. The ‘posttest’ questionnaire also
consisted of 4 parts: [1] evaluation of the comic — 5
questions using a 5-point Likert scale, [2] knowledge
about health and vaccination (10 factual questions, the
same as in the pretest), [3] socio-demographic data,
and [4] socio-demographic data.

Statistical methods. The data was analysed using
IBM SPSS software, v. 28.0.1 (IBM Corp, Armonk,
NY, USA). Descriptive statistics were conducted to
characterize the study sample. The Chi-square (}2)
test was used to determine the significance of between-
group differences. Statistical significance was set at p
<0.05.

In assessing knowledge, one point could be earned
for each correct answer out of 10 questions assessing
students’ knowledge on vaccination. Interpretation of
results: 0-4 points — low level of knowledge, 5-7 points
—medium level of knowledge, 8-10 points — high level
of knowledge (Figure 1). The results from the pretest
and posttest were compared to evaluate whether there
was an increase in knowledge after the educational
intervention.

To evaluate students’ opinions about the educational
comic, responses to five Likert-type items (1 =definitely
no to 5 = definitely yes) were averaged. Based on mean
values, responses were grouped into three categories:
negative, neutral, and positive assessment.

To identify the underlying structure of attitudes
towards vaccination, exploratory factor analysis (EFA)
was performed using the principal axis factoring
(PAF) method without rotation. This approach
yielded three interpretable dimensions of vaccination
attitudes. Factor loadings were analysed to determine

wadzone podczas lekeji informatyki lub godziny wy-
chowawczej. Badacze zostali przedstawieni uczniom
przez nauczyciela i wytlumaczyli przebieg lekcji. Na-
stepnie uczniowie przystapili do wykonywania zadan.
Testy 1 komiks byty dostepne online. Link do testow
i komiksu zostat udostepniony przez nauczyciela na
poczatku lekcji, a ewentualne drobne problemy byly
rozwigzywane na biezgco. Struktura lekcji byla iden-
tyczna we wszystkich klasach. Zadanie polegato na
wypelnieniu pre-testu (oceniajacego postawy uczniow
wobec szczepien oraz ich wyjsciowy poziom wiedzy
na ten temat), przeczytaniu komiksu, a nastgpnie wy-
pelnieniu post-testu (obejmujacego oceng¢ poziomu
wiedzy po interwencji oraz opini¢ uczniéw na temat
komiksu). Podczas 45 minutowej lekcji kazdy uczen
mogl przeznaczy¢ dowolng ilo$¢ czasu na poszcze-
golne czesci zadania. Caty proces zostal zaplanowa-
ny tak, by miescit si¢ w czasie trwania jednej godziny
lekcyjnej, czyli 45 minut. Uczniowie zostali poinstru-
owanli, aby nie komunikowali si¢ ze sobg podczas wy-
konywania zadan.

Zmienne. W badaniu uzyto dwoch autorskich sce-
nariuszy. Kwestionariusz ,,pre-test” skladal si¢ z 4
czesci: [1] postawy wobec szczepieh — 5 pytan z uzy-
ciem 5-cio stopniowej skali odpowiedzi (skala Liker-
ta), [2] wiedza na temat zdrowia i szczepien (10 pytan
merytorycznych), [3] zrédta informacji i wiedzy oraz
[4] dane spoteczno-demograficzne. Kwestionariusz
,»post-test” rowniez sktadat si¢ z 4 czesci: [1] ocena ko-
miksu — 5 pytan z uzyciem 5-cio stopniowej skali od-
powiedzi (skala Likerta), [2] wiedza na temat zdrowia
i szczepien (10 pytan merytorycznych, tych samych co
w pre-tescie), [3] dane spoteczne [4] demograficzne.

Metody statystyczne. Dane analizowano przy
uzyciu programu IBM SPSS, v. 28.0.1 (IBM Corp, Ar-
monk, NY, USA). W celu scharakteryzowania badanej
proby przeprowadzono statystyki opisowe. Do okre-
$lenia istotnosci roznic migdzygrupowych zastosowa-
no test ¥2. Istotnos¢ statystyczng oparto na kryterium
p < 0,05. Przy ocenie stanu wiedzy, za kazdg popraw-
nie udzielong odpowiedz, sposrod 10 pytan sprawdza-
jacych wiedzg ucznidow w temacie szczepien mozna
byto uzyskac¢ jeden punkt. Interpretacja wynikow: 0-4
pkt. — niski poziom wiedzy, 5-7 pkt. — $redni poziom
wiedzy 8-10 pkt. — wysoki poziom wiedzy (Rycina 1).
Wyniki z pre-testu oraz post-testu zostaty ze sobg po-
rownane, aby ocenié, czy nastapit przyrost wiedzy po
interwencji edukacyjnej.

Do oceny narzegdzia edukacyjnego uzyto 5 py-
tan, a odpowiedziom przyporzadkowano wartosci:
1 — zdecydowanie nie, 2 — raczej nie, 3 — ani tak, ani
nie, 4 —raczej tak, 5 — zdecydowanie tak. Z wynikow
zostaty wyciagnigte Srednie wartosci, a na nich pod-
stawie stworzono 3 kategorie opinii na temat komiksu:
negatywna, neutralna i pozytywna.
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Figure 1. Knowledge levels of students in the pretest and posttest

Rycina 1. Poziomy wiedzy uczniéw w pre-tescie i post-tescie

item—factor associations. Additionally, Pearson’s
linear correlation coefficients were used to assess the
strength of relationships between individual items and
extracted factors. To further explore patterns in student
attitudes, cluster analysis using the k-means method
was conducted. This analysis enabled the identification
of four distinct groups based on students’ scores on the
extracted factors.

Finally, to assess students’ perceptions of the
comic itself, a separate exploratory factor analysis
(EFA) wusing the principal axis factoring (PAF)
method was conducted on five evaluation items. This
analysis revealed a single dominant factor, interpreted
as a general positive assessment of the educational
material.

Ethics. The study was submitted to the Bioethics
Committee of the Medical University of Warsaw
(AKBE/58/2023). Parents of the children were informed
about the voluntary participation in the lesson, the
anonymity of the collected data, and the possibility of
expressing objections. One parent expressed objection
to their child’s participation in the study and as a result,
the child did not take part in the study.

Funding. The study was funded by the Medical
University of Warsaw as part of the Student Mini-
Grant (NZC/2/Z/MG/N/22).

RESULTS

A total of 172 students participated in the study. In
the pretest, 40% were high school students and 60%
were primary school students. In the posttest, 160
students participated: 39% from high school and 61%
from primary school. Regarding gender distribution,
in the pretest, 50% identified as male, 44.2% as female,
and 5.8% selected “rather not say”. In the posttest,
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Do identyfikacji struktury postaw wobec szczepien
zastosowano eksploracyjng analiz¢ czynnikowa (EFA)
z wykorzystaniem metody osi gtéwnych (PAF) bez ro-
tacji. Umozliwito to wyodrebnienie i analize trzech
wymiardw postaw wobec szczepien. Przeanalizowano
tadunki czynnikowe w celu okreslenia powiazan po-
szczegolnych pozycji z czynnikami. W celu dalszego
zbadania wzorcoOw postaw uczniow przeprowadzono
analizg skupien z wykorzystaniem metody k-$rednich,
co umozliwito identyfikacje czterech wyraznych grup
na podstawie wynikow ucznidow w odniesieniu do wy-
odrebnionych czynnikow.

Dodatkowo w celu oceny odbioru samego komiksu
przez ucznidéw, przeprowadzono osobng eksploracyj-
ng analize czynnikowa (EFA) metoda osi gtownych
(PAF) na podstawie pieciu pozycji oceniajgcych ma-
teriat edukacyjny. Analiza ta wykazata istnienie jed-
nego dominujacego czynnika, ktory mozna interpre-
towac jako ogolng pozytywna oceng¢ materialu eduka-
cyjnego.

Etyka. Badanie zostato zgtoszone do Komisji Bio-
etycznej Warszawskiego Uniwersytetu Medycznego
(AKBE/58/2023). Rodzice dzieci zostali poinformo-
wani o dobrowolnym uczestnictwie w lekcji, anonimo-
wosci zbieranych danych oraz mozliwosci wyrazenia
sprzeciwu. Jeden z rodzicéw wyrazit sprzeciw wobec
uczestnictwa dziecka w badaniu i w rezultacie dziecko
nie uczestniczyto w badaniu.

Finansowanie. Badanie zostalo sfinansowane
przez Warszawski Uniwersytet Medyczny w ramach
Minigrantu Studenckiego (NZC/2/Z/MG/N/22).

WYNIKI
W badaniu wzieto udzial tacznie 172 uczniow.

W pre-tescie 40% stanowili uczniowie szkot $rednich,
a 60% uczniowie szkol podstawowych. W post-tescie
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50.6% identified as male, 43.1% as female, and 6.3%
selected “rather not say”.

Attitudes towards vaccinations. Factor analysis
included 5 variables and yielded 3 factors (dimensions).
Table 1. presents the factor loadings for individual
items reflecting attitudes towards vaccination. Factor
1 was strongly related to 2) “I would like to learn
more about vaccination” and 3) “We could discuss
vaccination-related topics more often during school
lessons” Factor 2 was strongly related to 1) “I know
enough about preventive vaccination.” and 4) “The
topic of vaccination is raised in my home.” Factor 3
was strongly related to 5) “I’'m afraid of vaccination
(reversed).”

Clusteranalysis of the 3 factors allowed for assigning
the participants into 4 groups distinguished by their
knowledge on vaccination before the intervention:

The first group (16.3%) is characterized by a lack
of willingness to deepen their knowledge, while
having a high fear of vaccinations (as indicated by the
regression-based factor score for Factor 3) . This is
a puzzling attitude that occurs with similar frequency
at every level of knowledge (low level of knowledge to
high: 33.33%, 38.46%, 28.21%)).

The second group (21.5%) expressed a willingness
to deepen their knowledge, as they assess their current
knowledge as low.

The third group (32.6%) wants to deepen their
knowledge even though they assess their current
knowledge as high.

The fourth group (29.7%) did not show a willingness
to deepen their knowledge, despite a low self-rating
of their knowledge, while simultaneously having no
fears (Table 2, Cluster 4, high score for Factor 3) about
vaccination.

Experimental part — changes in knowledge
levels. The study involved 172 students aged 12 to 16
years. Changes in knowledge levels were observed
after participation in the lesson using a comic book.
Prior to the educational intervention, knowledge levels
varied: 22.7% of respondents had low knowledge,
46.5% had average knowledge, and 30.8% had high

wzieto udziat 160 uczniow: 39% ze szkot srednich
i 61% ze szkot podstawowych. Rozklad plci prezen-
towal si¢ nastgpujaco: w pre-tescie 50% uczestnikow
okreslito si¢ jako chtopcy, 44,2% jako dziewczeta,
a 5,8% wybrato odpowiedz ,,wole nie mowic”. W po-
st-tescie 50,6% jako chtopcy, 43,1% jako dziewczgta,
a 6,3% wybrato ,,wole nie mowic”.

Postawy wobec szczepien. Analiza czynniko-
wa objeta 5 zmiennych i pozwolita na wyodrebnie-
nie 3 czynnikéw (wymiarow). Tabela 1 przedstawia
wartos$ci tadunkéw czynnikowych dla poszczegol-
nych stwierdzen odzwierciedlajacych postawy wo-
bec szczepien. Czynnik 1 byt silnie powigzany z 2)
,,Chciat(a)bym dowiedzie¢ si¢ wigcej o szczepieniach
ochronnych” oraz 3) ,,Na lekcjach szkolnych mogliby-
$my czesciej poruszac zagadnienia zwigzane ze szcze-
pieniami”. Czynnik 2 byt silnie powigzany z 1) ,,Wiem
wystarczajaco duzo o szczepieniach ochronnych” oraz
, lemat szczepien jest poruszany w moim domu ro-
dzinnym”. Czynnik 3 byt silnie powigzany z 5) ,,0Oba-
wiam si¢ szczepien” (odwrotnie kodowane).

Analiza skupien przeprowadzona na podstawie
3 czynnikéw pozwolita przypisa¢ uczestnikéw do 4
grup, wyrdzniajacych si¢ poziomem wiedzy o szcze-
pieniach przed interwencja edukacyjna:

Pierwsza grupa (16,3%) charakteryzuje si¢ bra-
kiem chegci poglebiania wiedzy, przy jednoczesnym
duzym leku przed szczepieniami. Jest to zastanawia-
jaca postawa, ktéra wystepuje z podobng czestoscia
na kazdym poziomie wiedzy (kolejno od najnizszego
poziomu wiedzy, do najwyzszego: 33,33%; 38,46%;
28,21%).

Druga grupa (21,5%) wyrazita che¢ poglebienia
swojej wiedzy, poniewaz dotychczasowg ocenia jako
niska.

Trzecia grupa (32,6%) chce poglebia¢ swoja wie-
dz¢ mimo, ze dotychczasowg ocenia jako wysoka.

Czwarta grupa (29,7%) nie wykazata checi pogte-
bienia wiedzy, mimo niskiej oceny wiasnej wiedzy,
przy jednoczesnym braku obaw przed szczepienia-
mi (Tabela 2, klaster 4 — wysoki wynik dla czynnika
3) o szczepieniach) .

Table 1. Factor loadings for statements related to attitudes towards vaccination (results range from 1 to -1, where: 1
indicates strong support for the statement, and -1 indicates strong negation of the statement)

Tabela 1. Ladunki czynnikowe dla stwierdzen dotyczacych postaw wobec szczepien (wyniki mieszczg si¢ w przedziale od
1 do -1, gdzie 1 oznacza silng zgodg ze stwierdzeniem, a -1 oznacza silny sprzeciw)

Statement factor 1 factor 2 factor 3
1) I know enough about preventive vaccination -.024 .844 237
2) I would like to learn more about vaccination .854 132 -.092
.:():}Y(\)/zlclzlslig r;isl'scuss vaccination-related topics more often during 884 021 046
4) The topic of vaccination is raised in my home 202 770 -275
5) I'm afraid of vaccination (reversed) -.017 .009 961
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Table 2. Final cluster centers —identification of four attitudes
Tabela 2. Ostateczne centra skupien — identyfikacja czterech
postaw

Cluster
1 2 3 4
Factor 1 | -0.89131 0.7439 0.67638 | -0.79304
Factor2 | 0.26769 | -1.00695 | 0.81244 | -0.30853
Factor 3 | -1.23129 | -0.24506 | 0.18057 0.65551

knowledge (Figure 1). After the lesson, the average
score obtained in the substantive part of the survey
increased by 11 percentage points.

Primary school students scored lower in knowledge
on health and vaccination compared to secondary
school students, both in the pretest and posttest.
However, in both groups, an increase in the number
of correct answers in the factual section was observed
after reading the comic. The relative increase in the
average score was higher in secondary school students
(15 p.p.) compared to primary school students (9 p.p.).

Assessment of the comics by the students. The
comic received feedback, with 28.6% of primary
school students rating it the most positively, compared
to 19.4% of secondary school students. A larger
percentage of secondary school students (29%) rated
the comic least positively, compared to 21.4% of
primary school students.

A factor analysis using the Principal Axis Factoring
method was conducted on five items (la, 2a, 3a, 4a,
and 5a). The results indicate the presence of a single
dominant factor, interpretable as a general positive
assessment of the comic. The factor loadings for the
individual items were as follows: la (educational
value) — 0.844, 2a (engaging format) — 0.823, 3a
(comprehensibility) — 0.327, 4a (recommendation to
others) — 0.876, and 5a (clarification of vaccination
issues) — 0.703. This factor explains 55.19% of the total
variance (Table 3), suggesting a strong unidimensional
structure of perceived effectiveness. Notably, item 3a
showed a relatively low factor loading, which may
imply that students’ understanding of the content does
not strongly align with the other evaluated dimensions.
(Table 3).

A relationship was observed between knowledge
levels after the intervention and comic assessment.
Individuals with low knowledge levels in posttest were
most likely to rate the comic least positively (43.30%
of individuals in this group), while students with high
knowledge levels were least likely to rate the comic
least positively (only 13.8%) (Figure 2).

As part of the study, it was checked what sources
of information about vaccination the participants use.
As a reliable source of information on this topic, the
majority of people indicated medical personnel (66%)
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Cze$¢ eksperymentalna — zmiany w poziomie
wiedzy. W badaniu wzigto udzial w 172 uczniow
w wieku od 12 do 16 lat. Po udziale w lekcji z wyko-
rzystaniem komiksu zaobserwowano zmiang w pozio-
mie wiedzy o zdrowiu. Przed interwencja edukacyjna
poziomy wiedzy ksztaltowaly si¢ nastepujaco: 22,7%
respondentéw miato niski poziom wiedzy, 46,5%
sredni, a 30,8% wysoki (Rycina 1). Po lekcji odnoto-
wano wzgledny przyrost Sredniej wynikow uzyska-
nych w czeéci merytorycznej ankiety o 11 punktéw
procentowych.

Uczniowie szkot podstawowych uzyskali nizsze
wyniki z wiedzy o zdrowiu w poréwnaniu z uczniami
szkot srednich — zaréwno w pre-tescie, jak i post-tescie.
Jednak w obu grupach zaobserwowano wzrost liczby
poprawnych odpowiedzi po przeczytaniu komiksu.
Wzgledny wzrost procentowy Sredniej wynikow byt
Wwyzszy u uczniow szkot licealnych (15 p.p.) w porow-
naniu do uczniow szkot podstawowych (9 p.p.).

Ocena komiksu przez uczniow. Analiza czynni-
kowa przeprowadzona metoda osi glownych (Princi-
pal Axis Factoring) na pigciu stwierdzeniach (la, 2a,
3a, 4 a i 5a) wykazata istnienie jednego dominujacego
czynnika, ktéry mozna zinterpretowac jako ogolnie
pozytywna ocen¢ komiksu. Ten czynnik tlumaczy
55,19 % catkowitej wariancji (Tabela 3), co sugeruje
silng jednowymiarowa strukture postrzeganej sku-
tecznosci.

Komiks otrzymat opini¢ zwrotna — 28,6% uczniow
szkot podstawowych ocenilo go najbardziej pozytyw-
nie, w porownaniu do 19,4% uczniow szkot srednich.
Wigkszy odsetek uczniow szkot §rednich (29 %) oce-
nit komiks najmniej pozytywnie w poréownaniu do
21,4 % uczniéw szkot podstawowych.

Table 3. Factor loadings for statements assessing the comic
(results range from 1 to -1, where: 1 indicates strong support
for the statement, and -1 indicates strong negation of the
statement).

Tabela 3. Ladunki czynnikowe dla stwierdzen oceniajacych
komiks (wyniki od 1 do -1, gdzie: 1 oznacza silne poparcie
dla stwierdzenia, a —1 silne zaprzeczenie)

Statement Loading
la) The comic supplemented my knowledge 0.844
about vaccination ’
2a) It is an interesting way to convey
o 0.823
knowledge about vaccination
3a) The content of the comic was fully
0.327
understandable to me
4a) I believe more people should read this 0.876
comic '
Sa) After reading the comic I am less afraid
L 0.703
of vaccination
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Figure 2. Comic assessment by posttest knowledge levels
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Rycina 2. Ocena komiksu w zalezno$ci od poziomu wiedzy w post-tescie

and websites of government institutions such as United
Nations, Ministry of Health, and GIS (Chief Sanitary
Inspectorate) (46%).

Most students indicated medical professionals
(66%) and government websites (46%) as reliable
sources of information on vaccination. The most
popular social media platform was Messenger (77%),
followed by YouTube (77%) and Instagram (65%).

DISCUSSION

Summary of key results. The educational tool
also allowed for the identification of students’ attitudes
towards preventive vaccination. The distinction of four
groups of attitudes indicates the diversity of the target
audience. The attempt to use an educational tool in the
form of a comic proved to be feasible, both in primary
and secondary schools, demonstrating benefits in
effectively spreading knowledge about vaccination.
The comic was positively assessed by the study
participants. There was a positive relationship between
the appropriately positive reception of the comic and
the level of knowledge in the post-test. Although the
relatively low loading for content comprehensibility
(Table 1, question 3a — 0.327) has been noticed.
Based on the factor analysis, it cannot be conclusively
stated that the students failed to understand the
comic; however, the relatively low loading for content
comprehensibility (Table 1, question 3a — 0.327)
suggests a different pattern compared to the other
items. This may suggest that the study group was
too young. In future large-scale studies, it may be
advisable to consider selecting an older age group. On
the other hand, younger students rated the comic more

Ladunki czynnikowe dla poszczegdlnych stwier-
dzen byly nastepujace: la (wartos¢ edukacyjna) —
0,844, 2a (atrakcyjnos¢ formy) — 0,823, 3a (zrozumia-
os¢ tresci) — 0,327, 4a (che¢ polecenia innym) — 0,876
oraz 5a (wyjasnienie kwestii szczepien) — 0,703. Warto
zauwazy¢, ze stwierdzenie 3a miato stosunkowo niski
fadunek czynnikowy, co moze oznaczaé, ze zrozu-
mienie tresci przez ucznidow nie byto silnie powigzane
z innymi ocenianymi aspektami.

Zaobserwowano zalezno$¢ mi¢dzy poziomem wie-
dzy po interwencji a oceng komiksu. Osoby z niskim
poziomem wiedzy w post-tescie najczesciej oceniaty
komiks najmniej pozytywnie (43,30% 0sob z tej gru-
py), natomiast uczniowie z wysokim poziomem wie-
dzy najrzadziej wystawiali najnizsze oceny komikso-
wi (tylko 13,8%) (Rycina 2).

W ramach badania sprawdzono, z jakich zrodet
informacji o szczepieniach korzystaja uczestnicy.
Jako wiarygodne zrodto informacji, wigkszos¢ osob
wskazywata personel medyczny (66%) oraz strony
internetowe instytucji rzadowych, takich jak organi-
zacja Narodow Zjednoczonych, Ministerstwo Zdro-
wia 1 Glowny Inspektor Sanitarny (46%). Najczesciej
wskazywane media spotecznosciowe to: Messenger
(77%), YouTube (77%), Instagram (65%).

DYSKUSJA

Podsumowanie glownych wynikéw. Narzedzie
edukacyjne pozwolito rowniez na zidentyfikowanie
postaw ucznidow wobec szczepien profilaktycznych.
Wyroéznienie 4 grup postaw wskazuje na zroéznico-
wanie grupy docelowej. Proba zastosowania komik-
su jako narzedzia edukacyjnego okazata si¢ mozliwa
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positively overall, which suggests that the tool itself
is well-suited to this age group, while the content or
message may be more appropriate for slightly older
students.

Interpretation. The educational activities play
a key role in creating effective interventions promoting
vaccination and significantly influence the shaping of
health policy. Online surveys using descriptive analysis
offer an effective way to evaluate these interventions
and better understand their outcomes and the needs of
target populations. It is also important to highlight the
significantrole of proper training of school staff inusing
tools and methods aimed at increasing vaccination
rates. Research has shown that staff who have been
properly trained in the use of specific educational tools
are more likely and willing to use them, despite being
familiar with other alternative methods. Such training
not only increases competencies but also builds trust
in the selected tools, which translates into their more
effective use in practice (6).

Guides are being created about vaccination (7,8)
and how to talk about the topic with young people (9),
who, as the next generation, have a role in shaping
society’s vaccination rates. There is a need to raise
awareness about vaccines among young people
themselves, and a need for their greater participation
in decision-making about vaccinations addressed to
their age group (10).

The use of educational comic book in our
study emphasizes the potential and -effectiveness
of educational interventions among adolescents,
as evidenced by the increase in knowledge about
vaccination in all age groups. Using the same
factual questions in the pretest and posttest enabled
a consistent assessment of knowledge change and the
effectiveness of the educational intervention. Using
the same questions minimizes the influence of other
variables that are not related to the intervention itself.
In our study, more than half (54.1%) of the surveyed
students expressed a desire for further education on
vaccination. There is therefore potential to implement
educational tools on this topic.

Both primary and secondary school students
rated the comic rather positively. The results confirm
its attractiveness, especially for the younger group,
i.e. primary school students. However, better results
in both the pre- and posttest and a greater relative
percentage increase in knowledge occurred among
secondary school students, which may result from
a better understanding of content in this age group.

An interesting relationship emerged between the
number of points obtained in the factual part after
reading the comic book and the assessment of the
educational tool by young people. The students with
the lowest level of knowledge in the posttest rated the
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zarowno w szkotach podstawowych, jak i $rednich,
przynoszac korzysci w efektywnym przekazywaniu
wiedzy na temat szczepien. Komiks zostat pozytyw-
nie oceniony przez uczniéw badania. Zaobserwowano
pozytywna zalezno$¢ pomiedzy pozytywng oceng ko-
miksu a poziomem wiedzy w post-tescie. Proba zasto-
sowania komiksu jako narzedzia edukacyjnego oka-
zata si¢ mozliwa zaré6wno w szkotach podstawowych,
jak i $rednich, przynoszac korzysci w efektywnym
przekazywaniu wiedzy na temat szczepien. Na pod-
stawie analizy czynnikowej nie mozna jednoznacz-
nie stwierdzi¢, ze uczniowie nie zrozumieli komiksu
jednak stosunkowo niskie tadowanie czynnika dla
zrozumiato$ci moze sugerowa¢ odmienny wzorzec
odpowiedzi niz w przypadku pozostatych stwierdzen.
Moze to oznaczaé, ze grupa badana byta zbyt mto-
da. W przysztych badaniach na wickszg skal¢ warto
rozwazy¢ wybor starszej grupy wiekowej. Z drugiej
strony mtodsi uczniowie oceniali komiks ogolnie bar-
dziej pozytywnie, co sugeruje, ze samo narzedzie jest
dobrze dopasowane do tej grupy wiekowej, natomiast
tres¢ lub przekaz moze by¢ bardziej odpowiedni dla
nieco starszych uczniéw.

Interpretacja. Dziatania edukacyjne odgrywaja
kluczowa rol¢ w tworzeniu skutecznych interwencji
promujacych szczepienia oraz znaczaco wptywaja na
ksztattowanie polityki zdrowotnej. Skutecznos¢ tych
interwencji moze by¢ precyzyjnie oceniana za pomoca
ankiet internetowych, wykorzystujac metody analizy
opisowej, co pozwala na lepsze zrozumienie wynikéw
1 potrzeb spotecznych. Nalezy takze podkresli¢ istot-
ng role¢ odpowiedniego szkolenia personelu szkolnego
w zakresie stosowania narzedzi i metod majacych na
celu poprawe stanu zaszczepienia. Badania wykazaty,
ze pracownicy, ktorzy zostali odpowiednio przeszko-
leni w uzyciu konkretnych narzedzi edukacyjnych,
czesciej 1 chetniej z nich korzystaja, pomimo znajo-
mosci innych, alternatywnych metod. Szkolenia te nie
tylko zwigkszaja kompetencje, ale rowniez zaufanie
do wybranych narzedzi, co przektada si¢ na ich efek-
tywniejsze wykorzystanie w praktyce (6).

Powstaja przewodniki o szczepieniach (7,8) oraz
o tym, jak rozmawia¢ na ten temat z mtodzieza (9),
ktora jako kolejne pokolenie ma znaczenie w ksztat-
towaniu stanu zaszczepienia spoleczenstwa. Istnieje
potrzeba zwigkszania $§wiadomos$ci o szczepionkach
wsréd samej miodziezy oraz potrzeba wickszego
udziatu w procesie decyzyjnym dotyczacym szcze-
pien skierowanych do ich grupy wiekowej (10).

Wykorzystanie komiksu edukacyjnego w naszym
badaniu podkresla potencjat i skutecznos$¢ interwencji
edukacyjnych wsréd mlodziezy, czego dowodem jest
przyrost wiedzy na temat szczepien we wszystkich
grupach wiekowych. Zastosowanie tych samych pytan
merytorycznych w pre-tescie i post-tescie umozliwia
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comic book the least positively. This may be due to
lower interest in the comic book, lower focus on its
content and, as a result, a weaker educational effect.
However, this attitude requires further investigation to
develop an effective educational tool tailored to this
group.

An important result from the study is the
identification of four groups with different attitudes,
characterized by varying levels of fear of vaccinations
and willingness to deepen knowledge on the topic. The
majority of studies on attitudes towards vaccination in
this age group focus on vaccines addressing specific
health threats, such as COVID-19 or HPV (11,12).

The survey found that adolescents have confidence
in health care professionals, and most students
consider medical personnel to be a reliable source of
information on vaccination and health. The literature
on the subject emphasizes the role of physicians (13) in
providing accurate information to patients to increase
vaccination rates (14). According to some authors (13)
“even a one-minute conversation with a doctor about
vaccinations can, in some cases, positively influence
the decision to get vaccinated”. The role of school
nurses was also highlighted, as they play a key role in
implementing the vaccination program (14).

In a pilot project conducted in 28 public primary
and secondary schools in two German states (15),
the impact of school nurses on health literacy among
children, teachers, and parents was assessed. The
project was evaluated between 2016 and 2018 and
demonstrated that the presence of nurses contributed
to strengthening health literacy in schools. Health
literacy was measured using the Health Literacy for
School-Aged Children (HLSAC) scale for children,
and the European Health Literacy Short Scale (HLS-
EU-QI16) for adults. Across all participant groups, an
increase in health literacy levels was observed. Among
children, the proportion with low health literacy
decreased from 17.9% to 14.9%.

Interventions such as lessons conducted by teachers,
for example with the use of comics, support the actions
taken by physicians and represent an important
educational component in promoting vaccination.

Simultaneously, the study clearly demonstrates the
important role of social media in communicating with
young people. Our research suggests that Messenger,
YouTube, and Instagram are significant communication
channels for young people in the context of information
about vaccination. The popularity of social media is
further supported by other analyses, which indicate
that over 90% of teenagers actively use social media
platforms. However, interestingly, only 3.5% of them
use these tools to expand their knowledge about
health (16). This is a key observation that should be
considered when designing educational resources

ocen¢ zmian w wiedzy i pozwala wyciaggna¢ wnio-
ski na temat efektywnos$ci zastosowanej interwencji
edukacyjnej. Uzycie tych samych pytan pozwala zmi-
nimalizowa¢ wptyw innych zmiennych, ktore nie sa
zwigzane z samg interwencj3. W naszym badaniu, po-
nad potowa (54,1%) badanych uczniow wyraza cheé
dalszej edukacji na temat szczepien. Jest zatem poten-
cjal, aby wdraza¢ narzedzia edukacyjne na ten temat.

Zaréwno uczniowie w szkole podstawowej, jak 1 li-
cealnej ocenili komiks ogdlnie pozytywnie. Wyniki
potwierdzajg jego atrakcyjnos¢, zwlaszcza dla grupy
mtodszej, tj. ucznidw szkoty podstawowej. Jednakze
lepsze wyniki zar6wno w pre-tescie jak i post-tescie
oraz wickszy wzgledny przyrost procentowy wiedzy
wystepowaty wsrod licealistow, co moze wynikaé
z lepszego zrozumienia tre$ci w tej grupie wieckowe;.

Ciekawa zaleznos$cig okazala si¢ ilos¢ uzyskanych
punktdéw w czesci merytorycznej po przeczytaniu ko-
miksu, a oceng narz¢dzia edukacyjnego przez mlo-
dziez. Najmniej pozytywne oceny odnotowat komiks
wsrdd ucznidow z najnizszym wyjsciowym poziomem
wiedzy. Moze to wynika¢ z mniejszego zainteresowa-
nia komiksem, mniejszg koncentracjg na jego tresci
i w wyniku czego — stabszym efektem edukacyjnym.
Niemniej jednak, ta postawa wymaga dalszych badan,
aby utworzy¢ odpowiednie narzedzie edukacyjne do-
stosowane do tej kluczowej grupy badawcze;.

Wazng obserwacjg wynikajaca z badania jest wy-
roznienie czterech grup postaw o zroéznicowanym
poziomie obaw przed szczepieniem i postawg wobec
checi poglebiania wiedzy na ten temat. Wigkszo$¢ ba-
dan dotyczgcych postaw wobec szczepien w tej gru-
pie wieckowej koncentruje si¢ na szczepieniach wobec
konkretnych zagrozen zdrowotnych jak COVID-19
lub HPV (11, 12).

W badaniu wykazano, ze mtodziez ma zaufanie do
pracownikow ochrony zdrowia, a wigkszo$¢ uczniow
uwaza personel medyczny za wiarygodne zrodto in-
formacji na temat szczepien i zdrowia. Literatura te-
matu, podkresla si¢ role lekarzy (13) w rzetelnym
informowaniu pacjentéw w zwickszaniu wskaznika
stanu zaszczepienia (14). Wedlug niektorych autoréw
(13) “nawet jedna minuta rozmowy z lekarzem na te-
mat szczepien w niektorych przypadkach moze pozy-
tywnie wptywac na decyzj¢ o zaszczepieniu”. Pod-
kre$lano roéwniez role pielegniarek szkolnych, ktore
“odgrywaja kluczowa role w realizowaniu programu
szczepien” (14).

W pilotazowym projekcie przeprowadzonym
w 28 publicznych szkotach podstawowych i $rednich
w dwodch niemieckich landach (15), oceniano wptyw
obecnos$ci pielggniarek szkolnych na poziom wie-
dzy zdrowotnej wsrdd dzieci, nauczycieli 1 rodzicoéw.
Projekt Oceniono w latach 2016— 2018 i wykazano,
ze obecno$¢ pielegniarek przyczynia si¢ do wzmoc-
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and tools tailored to this age group. It’s important to
highlight the significance of peer-to-peer learning
(17), where students themselves lead discussions and
collaboratively find answers, sharing their knowledge.
The effectiveness of the method is attributed, among
other things, to the engagement of adolescents in
independently trying to solve problems (18). Moreover,
some studies suggest (19) that teenagers prefer seeking
health-related advice from their peers rather than
adults or specialists. Other sources point to the need
for a more active role of doctors in providing reliable
information about vaccinations (20). A conceptual
comic could potentially be a useful tool in peer-to-peer
learning (21).

Literature suggests that up to 25% of adults
experience needle phobia, often stemming from
childhood experiences (22). Consequently,
approximately 10% of the Canadian population
avoids vaccinations and other procedures requiring
needles, primarily due to pain and fear associated
with this anxiety (23). This highlights the importance
of understanding the emotions and fears related to
vaccinations from an early age to better cope with
their consequences in adulthood. It is crucial to better
understand the perspectives of children and teenagers,
as research in this age group is significantly less
numerous compared to analyses of attitudes towards
vaccination among parents (24).

Studies focusing on adolescent attitudes towards
vaccination have revealed that they consider two key
factors: the frequency of the disease they are being
vaccinated against and its potential consequences and
long-term complications. Moreover, vaccination is
often associated with younger age groups, which might
influence their motivation to receive booster doses
later in life (25). Considering the above, it’s clear that
adolescents should remain a key target for vaccination
education initiatives. Appropriate education can not
only reduce their anxieties but also increase awareness
of the benefits of vaccination.

Limitations. A convenience sample was applied,
which proved to be appropriate given the pilot and
quasi-experimental nature of the study. The sample
was constrained by the availability of students and
schools. Therefore, conclusions are limited to this
specific group and cannot be extrapolated to a larger
population. A study with a larger, more diverse sample
would be recommended. In future research, it would be
valuable to investigate long-term effects. Posttests can
be administered multiple times at varying intervals
to assess whether the changes observed immediately
after the intervention persist over a longer period.
Additionally, conducting the study with a larger
sample and using random sampling methods would
allow confirmation of whether the observed attitudes
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nienia kompetencji zdrowotnych w szkotach. Poziom
wiedzy zdrowotnej mierzono za pomoca skali HLSAC
(Health Literacy for School-Aged Children) dla dzie-
ci i skroconej europejskiej skali wiedzy zdrowotnej
HLS-EU-QI16 dla dorostych. We wszystkich grupach
uczestnikdw zaobserwowano wzrost poziomu wiedzy
zdrowotnej. Wérdod dzieci odsetek 0sob z niska wiedza
zdrowotng spadt z 17,9% do 14,9%.

Interwencje takie jak lekcje prowadzone przez na-
uczycieli, na przyktad z uzyciem komiksow, wspieraja
dziatania podejmowane przez lekarzy i stanowig istot-
ny komponent edukacyjny w promocji szczepien.

Rownoczesnie badanie wyraznie pokazuje, jak
istotng role peiniag media spotecznosciowe w komuni-
kacji z mtodziezg. Nasze badanie sugeruje, ze Messen-
ger, YouTube oraz Instagram sg istotnym kanatem ko-
munikacji dla mtodych ludzi w kontekscie informacji
o szczepieniach. Popularno$¢ mediéw spotecznoscio-
wych potwierdzaja rowniez inne analizy, ktore wska-
zuja, ze ponad 90% nastolatkow aktywnie korzysta
z platform spotecznosciowych.

Co jednak interesujace, jedynie 3,5% z nich wy-
korzystuje te narzedzia do poszerzania wiedzy na
temat zdrowia (16). To kluczowa obserwacja, ktora
powinna by¢ brana pod uwage przy projektowaniu
edukacyjnych zasobow 1 narzedzi dedykowanych
tej grupie wickowej. Warto podkreslic wage eduka-
cji rowiesniczej (peer-to-peer learning) (17), w mysl
ktorej uczniowie sami prowadza dyskusj¢ i znajduja
wspolnie odpowiedz, dzielg si¢ miedzy soba posiada-
ng wiedzg. Skuteczno$¢ metody przypisuje si¢ m.in.
zaangazowaniu milodziezy podczas samodzielnej
proby rozwigzania problemu (18). Co wigcej, wedtug
niektorych badan (19) nastolatkowie wolg szukac po-
mocy w kwestiach zwigzanych ze zdrowiem u swoich
réwiesnikow, a nie u dorostych lub specjalistow. W in-
nych zrédtach wskazuje si¢ na potrzebe aktywniejszej
roli lekarzy w dostarczaniu wiarygodnych informacji
o szczepieniach (20). Okazuje si¢, ze komiks koncep-
cyjny moze by¢ potencjalnie uzytecznym narz¢dziem
w edukacji rowiesniczej (21).

Literatura sugeruje, ze nawet do 25% dorostych
odczuwa lgk przed iglami, przy czym czesto zro-
dtem tego leku sa doswiadczenia z dziecinstwa (22).
W wyniku tego okoto 10% populacji Kanady unika
szczepien oraz innych procedur wymagajacych uzycia
igiet, gtéwnie z powodu bolu i obaw zwigzanych z tym
lekiem (23). To pokazuje, jak wazne jest zrozumienie
emocji 1 obaw zwigzanych ze szczepieniami juz od
najmtodszych lat, aby lepiej radzi¢ sobie z ich konse-
kwencjami w dorostym zyciu. Istotne jest, aby lepiej
poznawac¢ perspektywe dzieci i nastolatkow, ponie-
waz badania w tej grupie wiekowej sg znacznie mniej
liczne w poréwnaniu z analizami dotyczacymi postaw
wobec szczepien wsrdd rodzicow (24).
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towards vaccination are more broadly representative
of the youth population.

CONCLUSIONS

As an educational tool, comics appear to be effective
in increasing awareness about vaccinations, especially
if they are perceived as attractive by participants. The
outcomes of the intervention may have long-term
implications for public health efforts and could help
build trust in vaccination programs. Well-designed
health education, tailored to children and adolescents
and delivered through engaging and contemporary
formats, can serve as a powerful countermeasure to
misinformation.
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Ograniczenia. Zastosowano dobor dogodno-
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potwierdzenie, czy zaobserwowane postawy wobec
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WNIOSKI

Komiks jako narzgdzie edukacyjne jest skuteczny
w podnoszeniu poziomu wiedzy na temat szczepien,
szczegolnie jesli jest postrzegany jako atrakcyjny przez
uczestnikow. Wnioski z przeprowadzonych dziatan
moga mie¢ znaczenie w dtugoterminowych decyzjach
dotyczacych zdrowia publicznego oraz przekladac sie
na zaufanie spoteczne do programu szczepien. Wiasci-
wie prowadzna edukacja zdrowotna, dostosowana do
potrzeb dzieci i mtodziezy, prowadzona w angazujacy
sposdb, moze stanowi¢ skuteczng metode przeciw-
dziatania dezinformac;ji.
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ABSTRACT

Infectious diseases, such as the COVID-19, Zika virus, malaria, and Ebola, pose a serious threat to public health
worldwide. Their impact on society can be significant, especially in the context of globalization, migration,
and climate change. These diseases can spread quickly and efficiently, which requires the use of modern
monitoring and control tools. In this context, mobile technologies can play a crucial role in preventing and
controlling the spread of infectious diseases. This article will discuss both the benefits and limitations of using
mobile technologies in monitoring and combating infectious diseases, such as contact-tracing apps, systems for
collecting epidemiological data, and platforms supporting health education.

Keywords: mobile technologies, infectious diseases, health monitoring, mobile apps

STRESZCZENIE

Choroby zakazne, takie jak COVID-19, wirus Zika, malaria, czy Ebola, sa powaznym zagrozeniem dla zdro-
wia publicznego na catym $swiecie. Ich wplyw na spoteczenstwo moze by¢ znaczny, zwlaszcza w kontekscie
globalizacji, migracji oraz zmian klimatycznych. Choroby te moga rozprzestrzenia¢ si¢ szybko i efektywnie,
co wymaga zastosowania nowoczesnych narzedzi monitorujgcych i kontrolujacych. W tym kontekscie, techno-
logie mobilne moga odegra¢ kluczowa role w zapobieganiu oraz kontrolowaniu rozprzestrzeniania si¢ chordb
zakaznych. W artykule tym omowione zostana zarowno korzysci, jak i ograniczenia wynikajace z wykorzysta-
nia technologii mobilnych w monitorowaniu i zwalczaniu choréb zakaznych, takich jak aplikacje do $ledzenia
kontaktow, systemy gromadzenia danych epidemiologicznych oraz platformy wspierajace edukacj¢ zdrowotna.

Stowa kluczowe: technologie mobilne, choroby zakazne, monitorowanie zdrowia, aplikacje mobilne

INTRODUCTION

Technological advancement over recent decades,
particularly the dynamic development of mobile
technologies, has significantly influenced how
public health activities are conducted. These
technologies play a particularly important role in
monitoring infectious diseases, where the speed of
data acquisition, processing, and sharing is a crucial
element of an effective epidemiological response (1).
Mobile devices, combined with dedicated applications
and data analysis systems, enable not only the

WSTEP

Postep technologiczny ostatnich dekad, a zwlaszcza
dynamiczny rozwo¢j technologii mobilnych, znaczaco
wptynal na sposob prowadzenia dziatan z zakresu zdro-
wia publicznego. Szczegolnie istotna role pelnig one
w monitorowaniu choroéb zakaznych, gdzie szybko$¢
pozyskiwania, przetwarzania i udostepniania danych
stanowi kluczowy element skutecznej reakcji epidemio-
logicznej (1). Urzadzenia mobilne, w polaczeniu z de-
dykowanymi aplikacjami i systemami analizy danych,
umozliwiajg nie tylko natychmiastowe gromadzenie in-
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Technologie mobilne w monitorowaniu choréb zakaznych

immediate collection of health-related information
but also its real-time analysis and transmission to
appropriate institutions (2).

The importance of this topic has grown
especially in the context of global health crises
such as COVID-19, which highlighted the need for
rapid and efficient communication, epidemiological
surveillance, and integrated health data management
systems. In such conditions, mobile technologies
have proven to be not only a support for traditional
healthcare models but also a tool enabling innovative
approaches to prevention, diagnosis, and treatment of
infectious diseases (3).

The aim of this paper is to discuss specific areas
of mobile technology applications in infectious
disease monitoring through selected examples of
implemented applications. The main areas of use will
be presented, including support for epidemiological
surveillance, improved accessibility of healthcare
services, enhanced communication between patients
and medical staff, and support for educational and
preventive efforts.

The choice of this topic is driven by the growing
scale of challenges related to the global spread of
infectious diseases and the need to develop modern,
scalable, and effective public health solutions.
Understanding the potential of mobile technologies
in this context is of key importance for decision-
makers, public health practitioners, and health policy
makers.

The article analyzes selected mobile applications
that played a key role in infectious disease monitoring
(Table 1). The selection of these applications is
not accidental; they are examples of tools that not
only gained popularity but also proved effective
in combating the pandemic and other infectious
diseases. These examples illustrate the diversity of
approaches and technologies used in disease spread
monitoring. The article highlights both benefits, such
as improved efficiency in contact tracing and faster
public notifications, and limitations related to privacy
issues, technology accessibility, and variations in
legal frameworks. Analyzing these applications
allows for a better understanding of their impact
on health systems and provides insight into their
potential future development.
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formacji zdrowotnych, ale rowniez ich biezaca analize
i przesytanie do odpowiednich instytucji (2).

Znaczenie tego zagadnienia wzrosto szczegdlnie
w kontekscie globalnych kryzysow zdrowotnych, ta-
kich jak COVID-19, ktére uwidocznity potrzebe szyb-
kiej 1 efektywnej komunikacji, nadzoru epidemiolo-
gicznego oraz zintegrowanych systemow zarzadzania
danymi zdrowotnymi. Technologie mobilne okazaty si¢
w tych warunkach nie tylko wsparciem dla tradycyj-
nych modeli opieki zdrowotnej, ale rowniez narzedziem
umozliwiajgcym nowatorskie podej$cia do prewencji,
diagnostyki i leczenia choréb zakaznych (3).

Celem niniejszego opracowania jest omowienie po-
szczegolnych obszaréw zastosowan technologii mobil-
nych w obszarze monitorowania chorob zakaznych na
wybranych przyktadach wdrozonych aplikacji. Przed-
stawione zostang gléwne obszary ich zastosowania,
w tym wspomaganie nadzoru epidemiologicznego,
zwigkszenie dostgpnosci ustug zdrowotnych, poprawa
komunikacji miedzy pacjentami a personelem medycz-
nym oraz wspieranie dziatan edukacyjnych i profilak-
tycznych.

Wybor tego tematu podyktowany jest rosngcg skalg
wyzwan zwigzanych z globalnym rozprzestrzenianiem
si¢ chorob zakaznych oraz potrzeba opracowywania
nowoczesnych, skalowalnych i efektywnych rozwigzan
w zakresie zdrowia publicznego. Zrozumienie potencja-
tu technologii mobilnych w tym kontekscie ma istotne
znaczenie zaréwno dla decydentow, jak i1 praktykow
zdrowia publicznego oraz tworcow polityk zdrowot-
nych.

W artykule analizowane sa wybrane aplikacje mo-
bilne, ktore odegraty kluczowa role w monitorowaniu
choréb zakaznych (Tab. 1). Wybdr tych aplikacji nie
jest przypadkowy; sg to przyktady narzedzi, ktore nie
tylko zyskaty popularnos¢, ale rowniez wykazaty sku-
teczno$¢ w walce z pandemia i innymi chorobami za-
kaznymi. Przyktady te ilustrujg réznorodnos¢ podejsc
i technologii wykorzystywanych w monitorowaniu roz-
przestrzeniania si¢ chorob. Artykut podkresla zarowno
korzysci, takie jak zwigkszenie efektywnosci sledze-
nia kontaktoéw i szybsze informowanie spoteczenstwa,
jak 1 ograniczenia wynikajace z kwestii prywatnosci,
dostgpnosci technologii oraz r6znorodnosci w aktach
prawnych. Analiza tych aplikacji pozwala na lepsze
zrozumienie ich wptywu na systemy zdrowotne oraz
odniesienie si¢ do mozliwosci ich dalszego rozwoju
w przysztosci.
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BENEFITS OF USING MOBILE
TECHNOLOGIES.
APPLICATIONS OF MOBILE
TECHNOLOGIES IN PUBLIC HEALTH
PROTECTION

Automated contact tracing. Mobile technologies,
especially Bluetooth-based applications, enable
the automatic detection of contacts between users.
This feature was widely used during the COVID-19
pandemic to limit virus transmission. One example is
the TraceTogether app in Singapore, which recorded
close contacts between users (4), as well as the German
Corona-Warn-App, which used a decentralized
system to inform users about potential exposure (5).
The effectiveness of Tracelogether stemmed from
several key factors. Firstly, the app was introduced
very early during the COVID-19 pandemic, which
allowed for quick containment of the virus spread.
Secondly, the Singaporean government strongly
promoted its use, resulting in a high adoption rate.
According to official data, over 80% of Singapore
residents downloaded the app, making it one of the
most widely used contact tracing applications in the
world. Additionally, the use of TraceTogether became
mandatory in many public spaces in Singapore,
further enhancing its effectiveness (4).

Meanwhile, Corona-Warn-App, which also used
Bluetooth technology for contact tracing, contributed
to identifying potential infections and provided users
with up-to-date risk information. Its effectiveness
surpassed that of similar tools thanks to its open-
source nature and high level of public trust. Within
the first 24 hours of its release, it was downloaded
over 6.5 million times, and approximately 13 million
times within nine days. Studies showed that the app
had a real impact on reducing virus transmission
— users who received exposure notifications were
quicker to get tested and self-isolate, thereby
shortening infection chains (6).

In the context of COVID-19, the SwissCovid app
in Switzerland proved effective in contact tracing
and identifying potential infection hotspots. The
app was designed to protect user privacy, which
increased trust and adoption (7). Furthermore, such
applications can collect geolocation data, enabling
risk monitoring in specific geographic areas. This
data can be used to predict increases in case numbers
and initiate preventive actions.

At the global level, especially in Africa and Asia,
innovative applications are being implemented as key
tools for monitoring endemic diseases and managing
health crises. These digital platforms aim to improve
the efficiency of epidemic response, enabling faster
detection, tracking, and control of disease spread —

266

KORZYSCI Z WYKORZYSTANIA
TECHNOLOGII MOBILNYCH.
ZASTOSOWANIA TECHNOLOGII
MOBILNYCH W OCHRONIE ZDROWIA
PUBLICZNEGO

Automatyczne S$ledzenie kontaktéow. Technolo-
gie mobilne, zwlaszcza aplikacje oparte na Bluetooth,
umozliwiajg automatyczne wykrywanie kontaktow
pomiedzy uzytkownikami. Funkcjonalno$¢ ta zostala
szeroko wykorzystana w czasie pandemii COVID-19
w celu ograniczania transmisji wirusa. Przyktadem
jest aplikacja TraceTogether w Singapurze, ktora reje-
strowata bliskie kontakty miedzy uzytkownikami (4),
a takze niemiecka aplikacja Corona-Warn-App, ktéra
w oparciu o zdecentralizowany system informowata
uzytkownikdéw o mozliwym narazeniu (5). Skuteczno$¢
TraceTogether wynika z kilku kluczowych czynnikow.
Po pierwsze, aplikacja zostala wprowadzona bardzo
weczesnie podczas pandemii COVID-19, co pozwolito na
szybkie ograniczenie rozprzestrzeniania si¢ wirusa. Po
drugie, rzad Singapuru intensywnie promowat jej sto-
sowanie, co przetozylo si¢ na wysoki poziom adopciji.
Wedtug oficjalnych danych, aplikacja zostata pobrana
przez ponad 80% mieszkancoéw Singapuru, co uczyni-
fo ja jedna z najpowszechniej uzywanych aplikacji tego
typu na $wiecie. Dodatkowo, w Singapurze uzywanie
aplikacji TraceTogether stato si¢ obowigzkowe w wielu
miejscach publicznych, co jeszcze bardziej zwickszyto
jej skutecznosc¢ (4).

Z kolei Corona-Warn-App to narzedzie, wykorzy-
stujace technologie Bluetooth do $ledzenia kontaktow,
przyczynito si¢ do identyfikacji potencjalnych zakazen
oraz dostarczato uzytkownikom aktualnych informacji
o ryzyku ekspozycji. Skuteczno$¢ aplikacji byta wiek-
sza niz podobnych rozwiazan dzigki otwartemu kodowi
zroédlowemu i wysokiemu poziomowi zaufania spotecz-
nego. Juz w pierwszych 24 godzinach od udostepnienia
odnotowano ponad 6,5 mln pobran, a w ciggu pierw-
szych 9 dni — okoto 13 mIn. Badania wykazaty, ze apli-
kacja ta miata realny wplyw na ograniczenie transmisji
wirusa — uzytkownicy, ktorzy otrzymywali powiado-
mienia o kontakcie z osoba zakazong, podejmowali
szybciej decyzje o wykonaniu testu i samoizolacji, co
przektadato si¢ na skrocenie tancuchéw zakazen (6).

W  kontek$cie COVID-19, aplikacja taka jak
SwissCovid w Szwajcarii wykazaty wysoka skutecz-
no$¢ w $ledzeniu kontaktéw i identyfikacji potencjal-
nych ognisk zakazen. Narze¢dzie to zostato zaprojek-
towane w sposob zapewniajacy ochrone prywatnosci
uzytkownikow, co zwigkszylo poziom zaufania i ad-
opcje aplikacji (7). Dodatkowo, aplikacje takie moga
gromadzi¢ dane geolokalizacyjne, co umozliwia moni-
torowanie zagrozen w okreslonych rejonach geograficz-
nych. Takie dane mogg by¢ wykorzystywane do prze-
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particularly crucial in regions with limited access to
traditional medical resources and infrastructure (8).

One example is mHero, launched in Liberia in
2014 in response to the Ebola outbreak. The app
gained wide recognition for enabling real-time
communication between healthcare workers at
all levels — from primary care facilities to public
health centers. mHero is based on SMS and mobile
technology, making it accessible even in regions with
limited internet infrastructure, typical for countries
with low technological development. Thanks to this
technology, healthcare workers could report Ebola
cases, send data on new infections, monitor patient
conditions, and coordinate field interventions. Using
mHero during the Ebola epidemic allowed for the near-
instantaneous flow of epidemiological information,
enabling quicker decisions and preventive actions
such as isolating patients, implementing quarantines,
and distributing personal protective equipment.
The app played a crucial role in more effective
crisis management in Liberia, improving outbreak
monitoring and coordination, which directly impacted
the reduction of infections and deaths (9).

Another internationally recognized example is the
Go.Data application (launched in 2014), developed
by the World Health Organization (WHO). Go.Data
is an advanced tool used in many countries for
managing epidemiological data and contact tracing
during outbreaks. It was developed with infectious
diseases in mind, including COVID-19, Marburg
virus disease, Ebola virus disease (EVD), and other
endemic diseases. The application enables real-time
data collection, analysis, and monitoring, facilitating
quick identification of new disease clusters and their
potential sources.

Data in Go.Data are collected via standardized
epidemiological interview forms, lab reports, and
field notifications — both online and offline — and
then centrally analyzed within the system. This
allows for integrated case tracking and identification
of transmission chains. Go.Data is used to trace
infected individuals’ contacts, identify those who
may have been exposed, and assess the risk of
further disease spread. A key feature of Go.Data is
its ability to integrate with other crisis management
systems, allowing for seamless information exchange
between agencies, organizations, and governments.
Such collaboration enables effective epidemiological
data management and helps coordinate efforts such
as testing, patient isolation, vaccine distribution, and
public education (10).

A common feature of apps like mHero and
Go.Data is their potential to improve response speed
and effectiveness during epidemics. In regions often
facing limited health infrastructure, these digital

widywania wzrostu liczby zachorowan i podejmowania
dziatan prewencyjnych.

Na poziomie globalnym, zwlaszcza w Afryce i Azji,
wdrazane sg innowacyjne aplikacje, ktore stanowig klu-
czowe narzedzia w monitorowaniu choréb endemicz-
nych oraz w zarzadzaniu kryzysami zdrowotnymi. Te
cyfrowe platformy majg na celu poprawe efektywnosci
odpowiedzi na epidemie, umozliwiajac szybsze wykry-
wanie, $ledzenie i kontrolowanie rozprzestrzeniania si¢
chordb, co jest szczegolnie istotne w regionach z ogra-
niczonym dost¢pem do tradycyjnych zasobéw medycz-
nych i infrastruktury zdrowotnej (8).

Jednym z przykladow takiej aplikacji jest mHero,
ktora zostata wdrozona w 2014 roku w Liberii w odpo-
wiedzi na epidemi¢ Eboli. Aplikacja zyskata szerokie
uznanie ze wzgledu na zdolnos¢ umozliwienia komuni-
kacji w czasie rzeczywistym pomi¢dzy pracownikami
stuzby zdrowia na roznych szczeblach — od placowek
opieki podstawowej po centra zdrowia publicznego.
mHero opiera si¢ na technologii SMS i mobilnej, co
czyni ja dostepng nawet w regionach o ograniczonej
infrastrukturze internetowej, typowych dla krajow
o niskim poziomie rozwoju technologicznego. Dzigki
tej technologii, pracownicy shuzby zdrowia moga ra-
portowa¢ przypadki Eboli, przesyta¢ dane dotyczace
nowych zachorowan, monitorowac stan pacjentow oraz
koordynowa¢ dzialania interwencyjne w terenie. Za-
stosowanie mHero w czasie epidemii Eboli umozliwito
niemal natychmiastowy przeplyw informacji na temat
sytuacji epidemiologicznej, co pozwalato na szybsze
podejmowanie decyzji oraz wdrazanie odpowiednich
dziatan zapobiegawczych. Nalezalo do nich m.in. izo-
lowanie chorych, wdrazanie kwarantanny oraz dys-
trybucja $rodkoéw ochrony osobistej. Aplikacja mHero
odegrata kluczowg rolg w efektywniejszym zarzadza-
niu kryzysem zdrowotnym w Liberii, przyczyniajac si¢
do poprawy monitorowania epidemii oraz koordynacji
dziatan w odpowiedzi na rozprzestrzenianie si¢ wiru-
sa, co miato bezposredni wptyw na zmniejszenie liczby
zakazen i smierci (9).

Innym przyktadem, ktéry zdobyt migdzynarodowe
uznanie, jest aplikacja Go.Data (uruchomiona w 2014
roku), rozwijana przez Swiatowa Organizacje Zdro-
wia (World Health Organization, WHO). Go.Data to
zaawansowane narzgdzie wykorzystywane w wielu
krajach do zarzadzania danymi epidemiologicznymi
1 $ledzenia kontaktow podczas epidemii. Zostala opra-
cowana z mysla o chorobach zakaznych, takich jak
COVID-19, goraczka Marburg, goraczka krwotoczna
Ebola, a takze inne choroby endemiczne. Aplikacja ta
umozliwia zbieranie, analizowanie 1 monitorowanie
danych w czasie rzeczywistym, co pozwala na szybkie
identyfikowanie nowych ognisk choréb oraz ich poten-
cjalnych zrodet.
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tools offer invaluable support by enabling remote
health monitoring and easy information sharing
among medical staff and authorities.

Despite their success, implementing these
applications in countries with varying technological
development levels poses challenges. Examples like
mHero and Go.Data demonstrate how important it
is to adapt technology to local conditions, especially
in public health contexts and when protecting citizen
privacy.

The Aarogya Setu app, developed by the
Government of India in 2020, played a key role in
the fight against COVID-19, becoming one of the
most important tools for infection risk monitoring.
The app’s primary function was to track users’
contacts with individuals potentially exposed to the
coronavirus. Using Bluetooth and GPS technology,
Aarogya Setu was able to identify close contacts and
alert users if they had interacted with someone who
tested positive for COVID-19. A crucial element of
the app’s success was its massive adoption. Within
the first few weeks of launch, Aarogya Setu was
downloaded by over 100 million users, covering
a significant portion of India’s population. This
created a broad data base for identifying new
infection hotspots and responding more quickly
to virus spread. The app was also integrated with
government health monitoring systems, enabling
faster reactions to emerging threats. Moreover,
Aarogya Setu provided users with information
about available testing, isolation facilities, and up-
to-date public health guidelines, aiming not only to
monitor health status but also to educate the public
about the virus and prevention strategies. Thanks
to integration with other government initiatives,
the app became a central tool in India’s health crisis
management. However, despite its popularity, the app
faced controversy. Concerns about user privacy and
the data collected by the app were widely debated.
Some critics feared that large-scale personal data
collection could infringe on citizens’ privacy, despite
government assurances that data was anonymized
and used exclusively for epidemic-related purposes
(11). Despite these controversies, Aarogya Setu
received broad recognition for its role in detecting
and tracking the spread of COVID-19, which helped
accelerate preventive actions and increase public
health awareness (12).

Mobile contact tracing technologies can
significantly accelerate public health responses,
which is critical for limiting the spread of infectious
diseases. In traditional methods, several days
could pass from identifying an infected person to
notifying their contacts. With mobile apps, this time
is reduced to hours or even minutes. Automatically
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Dane w Go.Data zbierane s3 za po$rednictwem
standaryzowanych formularzy wywiadéw epidemio-
logicznych, raportéow laboratoryjnych oraz zgloszen
terenowych — zaré6wno online, jak i offline — a nastep-
nie centralnie analizowane w systemie. Umozliwia to
zintegrowane §ledzenie przypadkow oraz identyfikacje
fancuchow transmisji. Go.Data jest wykorzystywana do
sledzenia kontaktow osob zakazonych, identyfikowania
0sob, ktore mogly mie¢ z nimi kontakt, oraz oceny ry-
zyka dalszego rozprzestrzeniania si¢ choroby. Kluczo-
wa cechg Go.Data jest jej zdolnos¢ do integracji z inny-
mi systemami zarzadzania kryzysowego, co pozwala
na spojna wymiang informacji miedzy ré6znymi agen-
cjami, organizacjami i rzadami. Dzieki takiej wspotpra-
cy, aplikacja umozliwia efektywne zarzadzanie danymi
epidemiologicznymi, a takze pomaga w monitorowaniu
1 koordynowaniu dziatan, takich jak testowanie, izola-
cja chorych, rozprowadzanie szczepionek czy edukacja
spoteczna (10).

Wspolng cecha tych aplikacji, takich jak mHero
i Go.Data, jest ich potencjat w poprawie szybkosci re-
akcji 1 skutecznos$ci dziatan w obliczu epidemii. W re-
gionach, ktére czesto borykajg si¢ z ograniczong infra-
strukturg zdrowotna, te narzedzia cyfrowe stanowia
niezwykle cenne wsparcie, umozliwiajac zdalne moni-
torowanie sytuacji zdrowotnej, fatwe przesylanie infor-
macji migdzy pracownikami medycznymi i rzadami.

Mimo sukcesow, jakie odniosty te aplikacje, ich
wdrazanie w krajach o réznych poziomach rozwoju
technologicznego wiaze si¢ z wyzwaniami. Przyktady
takie jak mHero i Go.Data pokazuja, jak wazne jest do-
stosowanie technologii do lokalnych warunkow, co jest
szczegolnie istotne w kontekscie zdrowia publicznego
1 ochrony prywatnosci obywateli.

Aplikacja Aarogya Setu, opracowana przez rzad In-
dii w 2020 roku, odegrata kluczowa rolg w walce z pan-
demig COVID-19, stanowiac jedno z najwazniejszych
narzedzi do monitorowania zagrozenia zakazeniem.
Glowna funkcjonalnos¢ aplikacji polegata na §ledze-
niu kontaktow uzytkownikow z osobami, ktore mogty
by¢ narazone na zakazenie koronawirusem. Dzigki
wykorzystaniu technologii Bluetooth oraz GPS, Aaro-
gya Setu byla w stanie zidentyfikowa¢ bliskie kontak-
ty i1 ostrzega¢ uzytkownikow, jesli mieli oni stycznos¢
z osobami, ktore miaty pozytywny wynik testu na
COVID-19. Jednym z najwazniejszych elementow
sukcesu aplikacji bylo jej masowe zastosowanie. Juz
w pierwszych tygodniach od uruchomienia, Aarogya
Setu zostata pobrana przez ponad 100 milionow uzyt-
kownikow, co stanowito znaczng czg$¢ populacji Indii.
Dzigki temu aplikacja zyskata szeroka bazg¢ danych,
ktora mogta by¢ wykorzystana do identyfikowania no-
wych ognisk zakazen i szybciej reagowaé na rozprze-
strzenianie si¢ wirusa. Aplikacja byta rowniez powia-
zana z rzgdowymi systemami monitorowania zdrowia,
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notifying exposed individuals allows for rapid
isolation, reducing further transmission risk. These
technologies are especially useful for infectious
diseases with long incubation periods or those spread
by asymptomatic individuals. In such cases, infected
individuals may be unaware of their condition and
unknowingly transmit the virus. Mobile apps can
quickly identify and warn such individuals, enabling
early preventive measures (13). An example of
contact tracing effectiveness is South Korea, where
digital tracking systems based on mobile phone data,
credit card transactions, and surveillance enabled
quick reduction in COVID-19 cases. Despite privacy
concerns, this approach proved effective in combating
the epidemic (14).

Contact tracing via mobile technology is a valuable
tool in fighting infectious diseases. These applications
show that using Bluetooth to automatically detect
contacts can significantly enhance health service
responses and limit virus spread. However, ensuring
wide adoption and building public trust remain key
challenges in realizing their full potential in public
health protection.

Monitoring of media, search trends, and social
media for outbreak/epidemic detection. Mobile
technologies are effective tools for the early detection
of infectious disease outbreaks. By collecting and
analyzing data in real time, it becomes possible
to quickly identify emerging health threats (15).
Systems such as HealthMap can process data from
various sources, including social media, news reports,
travel data, laboratory information, and international
organizations. This enables the detection of disease
outbreaks before they become widely spread (16).

A notable example is the Zika pandemic in 2015,
which demonstrated how rapid outbreak detection
can aid in containment. Through the analysis of social
media data, HealthMap identified the first cases
of Zika even before clinical diagnoses began. This
allowed international health agencies to take faster
action in the regions affected by the Zika virus (17).

Another example of such a solution is the French
app TousAntiCovid. One of the key features of the
app is its integration with user-generated data —
both through a public space presence registration
system (TousAntiCovid Signal) and passive data
collection mechanisms related to user activity (e.g.,
frequency of logins, certificate downloads, use
of QR codes). This type of information can serve
as an early indicator of social behavior changes,
potentially signaling local outbreak clusters.
Additionally, the app functions as an information
channel, disseminating official epidemiological data
and public health announcements. User interactions
with this content — the number of views, update

co pozwalato na szybszg reakcj¢ w przypadku wykry-
cia potencjalnych zagrozen. Dodatkowo, Aarogya Setu
oferowata uzytkownikom informacje o dostepnych te-
stach, miejscach izolacji oraz aktualnych wytycznych
dotyczacych zdrowia publicznego, co miato na celu nie
tylko monitorowanie stanu zdrowia, ale takze edukacje
spofeczng na temat koronawirusa i jego zapobiegania.
Dzigki integracji z innymi inicjatywami rzadu, apli-
kacja stata si¢ kluczowym narzedziem w zarzadzaniu
kryzysem zdrowotnym w Indiach. Jednakze, pomimo
swojej szerokiej popularnosci, aplikacja nie byla wolna
od kontrowersji. Watpliwosci dotyczace prywatnosci
uzytkownikow oraz zbieranych przez aplikacje danych
byly przedmiotem debat. Niektorzy krytycy wyrazali
obawy, ze masowe gromadzenie danych osobowych
moglo naruszaé¢ prywatno$¢ obywateli, mimo zapew-
nien rzadu, ze dane te byly anonimowe i uzywane wy-
facznie w celach zwigzanych z epidemia (11). Mimo
tych kontrowersji, aplikacja Aarogya Setu zyskata sze-
rokie uznanie za swojg role¢ w szybkim wykrywaniu
i $ledzeniu rozprzestrzeniania si¢ COVID-19, co pomo-
glo w szybszym podejmowaniu dzialan zapobiegaw-
czych, a takze zwigkszeniu §wiadomosci spotecznej
w zakresie zachowan prozdrowotnych (12).
Technologie mobilne do $ledzenia kontaktow moga
znaczaco przyspieszy¢ reakcje stuzb zdrowia, co jest
kluczowe dla ograniczenia rozprzestrzeniania si¢ cho-
rob zakaznych. W tradycyjnych metodach, od momentu
zidentyfikowania osoby zakazonej do poinformowania
jej kontaktow moglo mina¢ nawet kilka dni. W przy-
padku aplikacji mobilnych ten czas jest skrocony do
kilku godzin lub nawet minut. Automatyczne powia-
damianie 0sob narazonych na zakazenie pozwala na
ich szybkie odizolowanie, co zmnigjsza ryzyko dalszej
transmisji choroby. Technologie te sg szczeg6lnie przy-
datne w przypadku chordob zakaznych, ktore maja dtugi
okres inkubacji lub sa przenoszone przez osoby bezob-
jawowe. W takich sytuacjach osoby zarazone mogg nie
by¢ $wiadome swojego stanu zdrowia i nie§wiadomie
rozprzestrzenia¢ wirusa. Dzigki aplikacjom mobilnym
osoby te moga zosta¢ szybko zidentyfikowane i ostrze-
zone o ryzyku, co pozwala na podjecie dzialan prewen-
cyjnych (13). Przyktadem efektywnosci aplikacji do §le-
dzenia kontaktow jest sytuacja w Korei Potudniowej,
gdzie systemy cyfrowego $ledzenia, oparte na danych
z telefonow komorkowych, transakcjach kartami plat-
niczymi oraz monitoringu, umozliwity szybkie ograni-
czenie liczby przypadkow zakazen COVID-19. Mimo
kontrowersji zwigzanych z ochrong prywatnosci, podej-
$cie to okazato si¢ skuteczne w walce z epidemig (14).
Sledzenie kontaktow za pomoca technologii mo-
bilnych jest jednym z narzedzi w walce z chorobami
zakaznymi. Aplikacje pokazuja, ze wykorzystanie
technologii Bluetooth do automatycznego wykrywania
kontaktéw moze znaczaco przyspieszy¢ reakcje stuzb
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frequency, user reactions — can be analyzed in real
time as proxy indicators of public concern, growing
interest in specific symptoms, or increased awareness
of virus transmission in a given region. From the
perspective of monitoring trends and population
behavior, TousAntiCovid serves as an integrated
tool combining sanitary surveillance functions,
an information distribution channel, and a passive
barometer of public sentiment. Although the app
does not directly analyze data from social media or
internet searches, its usage aligns with the broader
trend of leveraging digital data for early outbreak
detection and modeling pathogen spread (18).

Poland’s STOP COVID app (formerly ProteGO
Safe) is another example of a tool that integrated
monitoring functions with extensive informational
outreach. In addition to its core module for
anonymously tracing contacts with individuals
infected with SARS-CoV-2, the app provided users
with access to up-to-date epidemiological data. These
included daily confirmed case numbers, diagnostic
testing volumes, and interactive maps showing the
distribution of outbreaks at the regional level.

This kind of real-time data visualization not
only increased public awareness of the scale and
dynamics of the threat but also enabled users to
make more informed decisions regarding daily
health behaviors and mobility. These functions were
part of a broader trend in which mobile apps were
used not only to support direct infection prevention
but also to facilitate risk communication and help
local communities adapt to a changing epidemic
landscape (19).

Patient data collection. An important function
of mobile applications is enabling patients to
independently input data regarding their health
status, symptoms, or test results. Such solutions
provide significant support for both individuals and
the healthcare system. On the user side, these apps
facilitate real-time symptom monitoring, reminders
about health-related responsibilities (e.g., taking
medications, performing measurements, maintaining
isolation), and better management of personal health.
From a public health perspective, the data collected in
this way provides valuable epidemiological insights
that can be used to analyze trends, identify disecase
outbreaks, and assess the effectiveness of preventive
actions.

For example, the Polish app ProteGO Safe allowed
users to manually report positive COVID-19 test
results, supporting contact tracing systems and
enabling faster notification of potentially exposed
individuals. Another example is the mySugr
application, popular among people with diabetes,
which serves as a digital health diary. It allows not
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zdrowia 1 ograniczy¢ rozprzestrzenianie si¢ wirusow.
Jednak kluczowym wyzwaniem pozostaje zapewnie-
nie szerokiego zasiegu takich aplikacji oraz budowanie
zaufania spotecznego, co jest niezbedne dla osiggnigcia
ich pelnego potencjalu w ochronie zdrowia publiczne-
go.

Monitorowanie mediéw, trendéw wyszukiwan,
mediow spoleczno$ciowych w celu wykrywania
ognisk/epidemii. Technologie mobilne stanowig sku-
teczne narzedzie do wczesnego wykrywania ognisk
chordb zakaznych. Dzigki zbieraniu i analizowaniu
danych w czasie rzeczywistym mozliwe jest szybkie
rozpoznanie nowo pojawiajacych sie zagrozen zdrowot-
nych (15). Systemy takie jak HealthMap moga przetwa-
rza¢ dane pochodzace z roznych zrodet, takich jak me-
dia spoteczno$ciowe, raporty prasowe, dane z podrozy,
informacje z laboratoriéw oraz organizacji migdzy-
narodowych, co pozwala na wykrycie ognisk chorob
przed ich szerokim rozprzestrzenieniem si¢ (16).

Przyktadem jest pandemia Zika w 2015 roku, ktora
pokazuje, jak szybkie wykrywanie ognisk chorob moze
pomoc w ich opanowaniu. Dzigki analizie danych z me-
diow spolecznosciowych, HealthMap zidentyfikowat
pierwsze przypadki Ziki jeszcze przed rozpoczgciem
diagnozy. To umozliwito mi¢gdzynarodowym agencjom
zdrowotnym podjecie szybszych dziatan w regionach
dotknigtych wirusem Zika (17).

Przyktadem takiego rozwigzania jest rowniez fran-
cuska aplikacja TousAntiCovid. Jednym z kluczowych
aspektow aplikacji jest jej integracja z danymi gene-
rowanymi przez uzytkownikow — zaréwno poprzez
system rejestracji obecnosci w przestrzeni publicznej
(TousAntiCovid Signal), jak i mechanizmy pasywne-
go gromadzenia danych o aktywnos$ci uzytkownikow
(np. czestotliwos$¢ logowania, pobierania certyfikatow,
uzycia kodow QR). Tego typu informacje mogg stu-
zy¢ jako wezesne wskazniki zmian zachowan spotecz-
nych, potencjalnie sygnalizujacych lokalne ogniska
zakazen. Dodatkowo, aplikacja petni funkcje kanatu
informacyjnego, rozpowszechniajac oficjalne dane epi-
demiologiczne oraz komunikaty zdrowia publicznego.
Interakcje z tymi tresciami — liczba odston, czestotli-
wos¢ aktualizacji, reakcje uzytkownikéw — moga by¢
analizowane w czasie rzeczywistym jako proksymalne
wskazniki niepokoju spotecznego, rosnacego zaintere-
sowania konkretnymi objawami lub wzrostu $wiado-
mosci dotyczacej transmisji wirusa w danym regionie.
Z perspektywy monitorowania trendow i zachowan
populacyjnych, TousAntiCovid stanowi przyktad zinte-
growanego narzg¢dzia taczacego funkcje nadzoru sani-
tarnego, kanatu dystrybucji informacji oraz pasywnego
barometru nastrojow spolecznych. Cho¢ aplikacja nie
analizuje bezposrednio danych z medidw spoteczno-
Sciowych czy wyszukiwan internetowych, jej uzycie
wpisuje si¢ w szerszy nurt wykorzystania danych cy-
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only manual data entry but also automatic data
collection from compatible medical devices (such as
glucometers), offering a model for future tools aimed
at infectious disease prevention (20).

The use of mobile apps such as Flu Near You,
which allows users to report flu-like symptoms,
makes it possible to immediately monitor seasonal
spikes in illnesses and predict the development of
epidemics. This application, used in the United States
to monitor flu occurrences at the state level, enabled
precise tracking of infection surges. By collecting
data on infection levels, the app supported vaccination
campaigns and allowed for targeted preventive
measures in high-risk regions. Furthermore, in other
countries, the app was used to monitor additional
seasonal diseases, such as the common cold, and in
regions with a high risk of emerging epidemics. Flu
Near You represents a vital tool in modern infectious
disease surveillance, transforming the approach
to epidemiological oversight. The use of mobile
technology allows for real-time data collection,
significantly enhancing the effectiveness of public
health interventions by enabling quicker responses
to evolving threats and improving management of
health measures (21).

Support for healthcare systems and medical
communication. In regions where access to
traditional healthcare is limited due to infrastructural,
geographic, or economic challenges, mobile
technologies can play a crucial role in improving
the availability of medical services. In such areas —
where there is a lack of healthcare facilities or even
basic access to physicians — mobile technologies
enable remote consultations, diagnostics, and health
monitoring, thereby broadening access to healthcare
services (22).

According to the World Health Organization,
telemedicine refers to the provision of healthcare
services at a distance through information
technologies, for the purpose of diagnosis, treatment,
disease prevention, research, and education, aimed
at improving individual and community health (23).
Telemedicine platforms such as Telemedycyna Polska
offer patients the ability to consult with doctors
without the need for physical presence in a medical
facility (24). These solutions allow patients to discuss
symptoms remotely, receive advice, and even obtain
e-prescriptions — an especially valuable option
in areas with limited access to specialists. Such
platforms have become indispensable during health
crises like the COVID-19 pandemic, when visiting
healthcare facilities posed a risk of infection.

During the pandemic, telemedicine and mobile
technologies became essential tools in public health
management. Remote consultations enabled the quick

frowych do wczesnego wykrywania ognisk zakazen
i modelowania rozprzestrzeniania si¢ patogenow (18).

Rowniez polska aplikacja STOP COVID (wczesniej
ProteGO Safe) stanowita przyktad narzedzia integru-
jacego funkcje monitorujace z szeroko zakrojong dzia-
falnoscig informacyjng. Oprécz podstawowego modutu
stuzagcego do anonimowego $ledzenia kontaktéw z oso-
bami zakazonymi wirusem SARS-CoV-2, aplikacja
oferowata uzytkownikom dostep do aktualizowanych
na biezaco danych epidemiologicznych. Wsrod pre-
zentowanych informacji znajdowaty si¢ m.in. dzienne
liczby potwierdzonych przypadkow zakazen, wykona-
nych testow diagnostycznych oraz interaktywne mapy
ukazujgce rozmieszczenie ognisk choroby na poziomie
regionalnym.

Tego rodzaju wizualizacja danych w czasie rze-
czywistym nie tylko zwickszata swiadomos$¢ spotecz-
ng dotyczaca skali i dynamiki zagrozenia, lecz takze
umozliwiata uzytkownikom podejmowanie lepiej po-
informowanych decyzji w zakresie codziennych za-
chowan zdrowotnych i przemieszczania si¢. Funkcje te
wpisywaty si¢ w szerszy trend wykorzystywania apli-
kacji mobilnych jako narzedzi wspierajacych nie tylko
bezposrednig prewencje zakazen, lecz takze komunika-
cje ryzyka oraz adaptacyjne reagowanie spotecznosci
lokalnych na zmieniajaca si¢ sytuacje epidemiczng (19).

Zbieranie danych od pacjentéw. Wazng funkcja
aplikacji mobilnych jest umozliwienie pacjentom sa-
modzielnego wprowadzania danych na temat stanu
zdrowia, objawow czy wynikow testow. Tego typu roz-
wigzania stanowig istotne wsparcie zaroéwno dla 0sob
indywidualnych, jak i dla systemu ochrony zdrowia.
Po stronie uzytkownika, umozliwiajg one biezagce mo-
nitorowanie objawow, przypominanie o obowigzkach
zdrowotnych (np. przyjmowaniu lekoéw, wykonywaniu
pomiardéw, izolacji) oraz lepsze zarzadzanie wlasnym
stanem zdrowia. Z kolei z perspektywy instytucji zdro-
wia publicznego, dane zbierane w ten sposob dostarcza-
ja cennych informacji epidemiologicznych, ktére moga
by¢ wykorzystane do analizy trendow, identyfikacji
ognisk chorob oraz oceny skutecznos$ci dziatan prewen-
cyjnych.

Przyktadowo, polska aplikacja ProteGO Safe umoz-
liwiata uzytkownikom reczne zglaszanie pozytywnych
wynikow testow na COVID-19, co wspierato systemy
$ledzenia kontaktow i pozwalato na szybsze informo-
wanie potencjalnie zagrozonych osob. Innym przykta-
dem jest aplikacja mySugr, popularna wsrod pacjentow
z cukrzyca, ktora stuzy do prowadzenia cyfrowego
dziennika zdrowia. Aplikacja ta nie tylko umozliwia
reczne wprowadzanie danych, ale takze automatyczne
ich zbieranie z kompatybilnych urzadzen medycznych
(glukometréw), co moze by¢ wzorem dla przysztych
rozwigzan w obszarze profilaktyki chorob zakaznych
(20).
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diagnosis of symptoms and reduced the number of
visits to healthcare facilities, which helped to limit the
spread of the virus. Patients who did not require urgent
medical intervention could be monitored and treated
remotely, freeing up hospital resources and allowing
more efficient crisis management. Moreover, in
countries with significant infrastructural challenges,
these solutions enabled the continuation of medical
care without the need for long travel to urban centers
(25).

The implementation of mobile technologies
and telemedicine in areas with limited access to
traditional healthcare represents a breakthrough
in the delivery of medical services. Such solutions
provide patients with faster access to diagnostics,
treatment, and monitoring —even in the most remote
parts of the world. Thus, mobile technology becomes
a vital tool in promoting healthcare equity, especially
during public health emergencies.

Educational functions. Mobile technologies
play a vital role in health education and in engaging
communities in preventive activities. Through
mobile applications, users can access reliable health
information quickly, contributing to increased public
awareness of epidemiological threats and ways to
reduce their impact. In the context of infectious
diseases, health education is key to promoting
healthy behaviors and increasing the effectiveness of
preventive measures (26).

One notable example of effectively using mobile
technology for health education is Australia’s
COVIDSafe application. In addition to contact
tracing, the app provided users with up-to-date
epidemiological information, such as hygiene
guidelines, current restrictions, and vaccination
recommendations. Furthermore, it educated users
about COVID-19 by offering detailed information
about symptoms, methods of prevention, and
procedures in case of infection. As part of its
educational campaigns, the app also sent reminders
about health recommendations to reinforce preventive
behavior.

According to an Australian government report,
COVIDSafe contributed to a significant increase in
health awareness. After its launch, a 23% increase
was recorded in the number of people complying
with hygiene guidelines and travel restrictions.
Thanks to its educational features, the Australian
population was better prepared to cope with the
pandemic, resulting in fewer cases and less strain on
the healthcare system (27).

Apps like mySugr can serve as models for
educational tools in infectious disease prevention.
They could support users in daily preventive actions
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Dzigki zastosowaniu aplikacji mobilnych, takich
jak Flu Near You, ktore umozliwiaja uzytkownikom
zglaszanie objawow grypy, mozliwe jest natychmiasto-
we monitorowanie sezonowych wzrostow zachorowan
1 przewidywanie rozwoju epidemii. Flu Near You to
aplikacja, ktora byla wykorzystywana w Stanach Zjed-
noczonych do monitorowania wystgpowania grypy na
poziomie stanowym, umozliwiajac doktadne §ledzenie
wzrostow zachorowan. Dzigki zbieraniu danych o po-
ziomie infekeji, aplikacja wspierata zarzadzanie kam-
paniami szczepien oraz umozliwiata ukierunkowanie
dzialan prewencyjnych w regionach o podwyzszonym
ryzyku rozprzestrzeniania si¢ wirusa. Ponadto, w in-
nych krajach aplikacja byta stosowana do monitorowa-
nia innych chordb sezonowych, takich jak przezigbie-
nie, a takze w obszarach o wysokim ryzyku wystapie-
nia nowych epidemii. Aplikacja Flu Near You stanowi
istotny element wspotczesnych narzgdzi do monitoro-
wania chorob zakaznych, zmieniajac podejscie do nad-
zoru epidemiologicznego. Wykorzystanie technologii
mobilnej pozwala na zbieranie danych w czasie rzeczy-
wistym, co znaczaco zwigksza efektywnos¢ dziatan
w zakresie zdrowia publicznego, umozliwiajac szybsze
reagowanie na zmieniajace si¢ zagrozenia i poprawiajac
zarzadzanie interwencjami zdrowotnymi (21).

Wsparcie systemu ochrony zdrowia i komunika-
cji medycznej. W regionach, gdzie dostep do trady-
cyjnej opieki zdrowotnej jest ograniczony z powodu
trudnosci infrastrukturalnych, geograficznych czy eko-
nomicznych, technologie mobilne mogg odgrywac klu-
czowg role w poprawie dostgpnosci ustug medycznych.
W takich rejonach, gdzie brak jest odpowiedniej liczby
placowek zdrowotnych, a czasami nawet podstawowe-
go dostepu do lekarzy, technologie mobilne umozliwia-
ja zdalne konsultacje, diagnostyke oraz monitorowanie
zdrowia, co przektada si¢ na szeroki dostgp do opieki
zdrowotnej (22).

Telemedycyna, zgodnie z definicja Swiatowej Or-
ganizacji Zdrowia, to $wiadczenie ustug zdrowotnych
na odleglos¢ za pomocg technologii informacyjnych,
w celu diagnozy, leczenia, profilaktyki choréb, badan
oraz edukacji, poprawiajac zdrowie jednostek i spo-
fecznosci (23). Platformy telemedyczne, takie jak Tele-
medycyna Polska, oferuja pacjentom mozliwos¢ konsul-
tacji z lekarzami bez koniecznosci fizycznej obecnosci
w placéwce medycznej (24). Dzigki tym rozwigzaniom
pacjenci mogg zdalnie omawia¢ swoje objawy, otrzy-
mywac porady, a nawet uzyskiwaé e-recepty, co jest
szczegolnie cenne w rejonach o ograniczonym dostepie
do specjalistow. Takie platformy staja si¢ niezastapio-
nym narz¢dziem w okresach kryzysow zdrowotnych,
takich jak pandemia COVID-19, gdzie fizyczna obec-
no$¢ w placowkach zdrowotnych mogla wigzac si¢ z ry-
zykiem zakazen.
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— Sending reminders to wash hands, maintain
social distance, or wear masks;

— Providing real-time health updates on testing,
vaccinations, or isolation rules;

— Sharing educational content in the form of short
videos, infographics, and quizzes adapted to
different age groups (20).

Health education through mobile technologies
not only provides knowledge but can also actively
engage communities in preventive efforts. Apps such
as Safer Together in the U.S., integrated with public
campaigns, enabled users to participate in local
initiatives such as vaccination promotion and public
information campaigns (28). Community engagement
through mobile technologies may include:

— Creating online communities where users share
experiences and support each other;

— Organizing health challenges and educational
campaigns that motivate behavioral change;

— Offering access to local health resources, such as
vaccination site maps or lists of current sanitary
restrictions (29).

Although mobile technologies have great potential
in health education and infectious disease prevention,
their implementation faces several challenges:

— Ensuring a high level of privacy and data
protection for users;

— Building public trust in mobile applications
through operational transparency and reliable
information;

— Improving accessibility for older adults and those
with limited access to modern technology (30).
Effective health education apps must be tailored

to local cultural and social conditions to enhance

their impact and acceptance. Adapting applications
to local traditions, languages, and values is crucial
to help users adopt health recommendations more
easily. For example, in cultures with strong traditions
of folk medicine, apps could integrate modern
knowledge with local healing methods to increase

their acceptance (31).

Additionally, depending on the region, apps should
be designed with awareness of local social structures,
such as hierarchies or authority figures, which can
influence the success of health education efforts.
In communities with strong family ties, it may be
helpful to include features that allow family members
to use the app together. In places where community
leaders are highly influential, apps should collaborate
with them to spread health information.

Moreover, apps should be accessible to users with
limited access to modern devices by using simple
interfaces and ensuring compatibility with older
phones. By considering these factors, apps can more

Podczas pandemii COVID-19 telemedycyna i tech-
nologie mobilne staly si¢ kluczowymi narzedziami
w zarzgdzaniu zdrowiem publicznym. Zdalne konsulta-
cje pozwalaty na szybkie diagnozowanie objawow oraz
ograniczenie liczby wizyt w placowkach medycznych,
co przyczynito si¢ do zmniejszenia ryzyka rozprze-
strzeniania si¢ wirusa. Dzigki telemedycynie pacjenci,
ktorzy nie wymagali natychmiastowej interwencji me-
dycznej, mogli by¢ monitorowani i leczeni zdalnie, co
zwalniato zasoby szpitalne i umozliwiato bardziej efek-
tywne zarzadzanie kryzysem zdrowotnym. Ponadto,
w krajach o duzych trudnos$ciach infrastrukturalnych,
takie rozwigzania umozliwily kontynuacj¢ opieki me-
dycznej bez koniecznosci dtugotrwatych podrézy do
miast (25).

Wykorzystanie technologii mobilnych i telemedycy-
ny w obszarach o ograniczonym dostepie do tradycyjne;j
opieki zdrowotnej stanowi przetom w sposobie dostar-
czania ustug medycznych. Dzigki takim rozwigzaniom
mozliwe jest zapewnienie pacjentom szybszego doste-
pu do diagnostyki, leczenia i monitorowania ich zdro-
wia, nawet w najdalszych rejonach §wiata. Technologia
mobilna zatem staje si¢ istotnym narzedziem w walce
o rownos¢ w dostepie do opieki zdrowotnej, zwlaszcza
w okresach kryzysoéw zdrowotnych.

Funkcje edukacyjne. Technologie mobilne odgry-
waja istotng role w edukacji zdrowotnej oraz angazo-
waniu spotecznosci w dziatania profilaktyczne. Dzig-
ki aplikacjom mobilnym uzytkownicy moga uzyskaé
szybki dostep do sprawdzonych informacji na temat
ochrony zdrowia, co przyczynia si¢ do zwigkszenia
$wiadomosci spotecznej na temat zagrozen epidemio-
logicznych i sposobow ich ograniczania. W kontekscie
chordb zakaznych edukacja zdrowotna ma kluczowe
znaczenie dla budowania postaw prozdrowotnych oraz
zwigkszania skutecznosci dziatan prewencyjnych (26).

Jednym z przyktadow efektywnego wykorzysta-
nia technologii mobilnych w edukacji zdrowotnej jest
aplikacja COVIDSafe w Australii. Aplikacja ta, oprocz
funkcji §ledzenia kontaktow, oferowata uzytkownikom
dostep do biezacych informacji epidemiologicznych,
takich jak wytyczne dotyczace zachowania higieny,
obowigzujace ograniczenia czy zalecenia dotyczace
szczepien. Ponadto, aplikacja edukowata uzytkowni-
kow na temat COVID-19, udostepniajac szczegotowe
informacje o symptomach, metodach zapobiegania za-
kazeniu oraz procedurach postepowania w przypadku
wystapienia objawow. W ramach kampanii edukacyj-
nych, aplikacja wysylala réwniez przypomnienia o za-
leceniach zdrowotnych, co miato na celu zwigkszenie
przestrzegania zasad profilaktyki.

Wedtug raportu australijskiego rzadu, aplikacja CO-
VIDSafe przyczynita si¢ do znacznego wzrostu §wia-
domosci zdrowotnej w spoteczenstwie, a po jej wpro-
wadzeniu odnotowano 23% wzrost liczby osob stosuja-
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effectively engage users in preventive activities and
improve public health outcomes (32).

LIMITATIONS OF MOBILE TECHNOLOGIES

Infrastructure gaps and digital exclusion. The
development of mobile technologies in healthcare
is limited by infrastructure deficits and digital
exclusion, particularly in countries with low internet
access, such as Tanzania. In rural areas of Tanzania,
where healthcare infrastructure is underdeveloped,
health workers such as nurses, community workers,
and health advisors use mobile phones to quickly
transmit information about new cases of malaria and
other infectious diseases. This enables real-time data
collection, significantly improving epidemiological
surveillance and enabling quicker responses to
outbreaks (33). A key issue remains the inequality in
access to technology due to financial, educational, and
social barriers (34). Elderly people, rural residents,
and individuals with low digital literacy — even in
developed countries — are less likely to use health
applications (35), as evidenced by data from Poland,
where only 30% of people over the age of 60 regularly
use such apps (36). The lack of digital skills is just
as important as infrastructure limitations — even
where technology is available, users may struggle to
operate it (37). In regions such as Nigeria or India, the
problem is not only internet access but also the low
level of technological skills among both patients and
healthcare personnel (38).

Privacy and data protection issues. Data security
and privacy protection are among the main challenges
for mobile health applications. The collected data
— including information on location, health status,
and contact history — require strong safeguards and
transparency. A notable controversy surrounded
India’s Aarogya Setu app, criticized for its lack of
transparency and mandatoryuse (39), while Germany’s
Corona-Warn-App, based on a decentralized system,
enjoyed greater public trust (5). User trust in how
their data is processed is critical to the success of
health applications - lack of transparency can result
in low acceptance, even of technologically advanced
solutions (40). The introduction of international data
protection standards that take into account local legal
and cultural conditions is necessary to increase the
acceptance and effectiveness of mobile applications
worldwide (41).

Inaccurate data. Mobile applications often rely
on user-entered data, increasing the risk of errors
and incomplete information (42). For example,
Poland’s ProteGO Safe allowed manual reporting of
COVID-19 test results, which — without verification
— undermined the credibility of the data collected.
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cych si¢ do zalecen higienicznych i ograniczen podrozy.

Dzigki edukacyjnym funkcjom aplikacji, spotecznos¢

australijska byla lepiej przygotowana do radzenia sobie

z pandemia, co pozytywnie wptyneto na zmniejszenie

liczby przypadkow zakazen i obcigzenie systemu opie-

ki zdrowotnej (27).

Aplikacje takie jak mySugr moga postuzy¢ jako
wzor dla aplikacji edukacyjnych w zakresie profilak-
tyki chorob zakaznych. Moglyby one wspiera¢ uzyt-
kownikow w codziennych dziataniach profilaktycznych
poprzez:

— Przypomnienia o myciu rak, zachowywaniu dy-
stansu spotecznego czy noszeniu maseczek.

— Dostarczanie aktualnych zalecen zdrowotnych do-
tyczacych testowania, szczepien czy izolacji.

— Udostepnianie materiatdéw edukacyjnych w formie
krotkich filméw, infografik i quizéw dostosowa-
nych do réznych grup wiekowych (20)

Edukacja zdrowotna realizowana poprzez techno-
logie mobilne nie tylko dostarcza wiedzy, ale réwniez
moze aktywnie angazowa¢ spotecznosci w dziatania
prewencyjne. Aplikacje takie jak Safer Together w USA,
zintegrowane z kampaniami spotecznymi, umozliwiaja
uzytkownikom udziat w lokalnych inicjatywach, takich
jak promocja szczepien czy kampanie informacyjne
(28). Wykorzystanie technologii mobilnych do angazo-
wania spotecznosci moze obejmowac:

— Tworzenie spotecznosci online, w ktorych uzytkow-
nicy dzielg si¢ swoimi doswiadczeniami i wspierajg
si¢ nawzajem.

— Organizowanie wyzwan i kampanii edukacyjnych,
ktére motywujg do zmiany nawykow zdrowotnych.

— Dostep do lokalnych zasobow zdrowotnych, takich
jak mapa punktow szczepien czy lista aktualnych
ograniczen sanitarnych (29).

Chociaz technologie mobilne majg ogromny poten-
cjat w zakresie edukacji zdrowotnej i profilaktyki cho-
rob zakaznych, istniejg rOwniez wyzwania zwigzane
z ich wdrazaniem. Naleza do nich:

— Zapewnienie wysokiego poziomu prywatnosci
i ochrony danych uzytkownikow.

— Budowanie zaufania spotecznego do aplikacji mo-
bilnych poprzez transparentno$¢ dziatania i rzetel-
no$¢ informacji.

— Zwigkszenie dostgpnosci aplikacji dla osob star-
szych oraz tych, ktére majg ograniczony dostgp do
nowoczesnych technologii (30).

Skuteczne aplikacje edukacyjne w zakresie zdrowia
powinny by¢ dostosowane do lokalnych uwarunkowan
kulturowych i spotecznych, aby zwickszy¢ ich efek-
tywnos¢ i akceptacje w spoteczenstwie. Dostosowanie
aplikacji do lokalnych tradycji, jezyka 1 wartosci jest
kluczowe, aby uzytkownicy mogli tatwiej przyjac zale-
cenia zdrowotne. Na przyktad, w kulturach, gdzie silnie
obecne s3 tradycje medycyny ludowej, aplikacje moga
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Bluetooth-based technologies also have limitations —
in crowded spaces, they may record false contacts,
leading to unjustified alerts (43). To improve data
quality, integration of applications with healthcare
systems and official databases is necessary (44), as
well as the development of more precise localization
methods, such as GPS, Wi-Fi, or RFID, which are
especially useful in crowded environments (45). Only
with high-quality data is effective monitoring and
control of epidemics possible (46).

Lack of standardization. The lack of uniform
standards and limited compatibility between systems
significantly hinder the effective use of mobile
technologies on an international scale. Differences
in protocols, data formats, and integration with
healthcare systems lead to inefficiencies, particularly
in crisis situations (47). Examples from Poland
and Canada show that the lack of integration of
applications with national systems limits their
effectiveness. Effective international coordination
requires globally recognized technical standards —
such as HL7 or FHIR — and shared databases to enable
smooth information exchange and faster responses to
health threats (48).

SUMMARY AND CONCLUSIONS

The use of mobile technologies in public health
represents one of the most dynamically developing
areas of modern digital medicine. Examples of
mobile application implementations across various
geographical and epidemiological contexts show
that these technologies can support activities
in prevention, early threat detection, epidemic
management, and health education. Their usefulness
is particularly evident in crisis situations such as the
COVID-19 pandemic, when mobile tools enabled
automatic contact tracing, remote patient monitoring,
and facilitated communication among medical

personnel.

However, fully realizing the potential of these
solutions requires fulfilling several systemic
conditions. Firstly, these technologies must be

designed with the diverse needs of the population in
mind — taking into account digital barriers, varying
levels of technological literacy, and infrastructure
availability. Otherwise, there is a risk of exacerbating
health inequalities, particularly among older adults,
rural residents, and those in low-income countries.
Secondly, the effectiveness of mobile applications
depends on the quality and integrity of the data
collected. Challenges related to manual data entry
and the inaccuracy of Bluetooth-based technology
indicate a need for further development of more
precise localization methods and integration with

integrowa¢ nowoczesng wiedz¢ z lokalnymi metodami
leczenia, co zwigksza ich akceptacje (31).

Ponadto, w zalezno$ci od regionu, aplikacje po-
winny by¢ projektowane z uwzglgdnieniem lokalnych
struktur spotecznych, takich jak hierarchie i autorytety,
co moze wplyna¢ na skuteczno$¢ edukacji zdrowot-
nej. W spotecznosciach o silnych wigziach rodzinnych
warto wprowadzi¢ funkcje umozliwiajace wspolne ko-
rzystanie z aplikacji, podczas gdy w miejscach, gdzie
liderzy spoteczni majg duzy wptyw, aplikacja powinna
wspotpracowaé z nimi w celu szerzenia informacji.

Dodatkowo, aplikacje powinny by¢ dostepne row-
niez dla 0sob z ograniczonym dost¢gpem do nowocze-
snych technologii, poprzez proste interfejsy i kompa-
tybilnos¢ z starszymi telefonami. Uwzgledniajac te
czynniki, aplikacje mogg skuteczniej angazowaé uzyt-
kownikow w dziatania profilaktyczne, poprawiajac stan
zdrowia spoteczenstwa (32)

OGRANICZENIA TECHNOLOGII MOBILNYCH

Braki infrastrukturalne i wykluczenie cyfrowe.
Rozw¢j technologii mobilnych w ochronie zdrowia
ograniczajag braki infrastrukturalne oraz wyklucze-
nie cyfrowe, zwlaszcza w krajach o niskim dostepie
do internetu, takich jak Tanzanii. Na obszarach wiej-
skich Tanzanii, gdzie infrastruktura zdrowotna jest
stabo rozwinigta, pracownicy stuzby zdrowia, tacy jak
pielegniarki, pracownicy spoteczni i doradcy zdrowot-
ni, wykorzystuja telefony komorkowe do szybkiego
przesytania informacji o nowych przypadkach malarii
i innych choréb zakaznych. Dzigki temu mozliwe jest
zbieranie danych w czasie rzeczywistym, co znaczaco
poprawia nadzor epidemiologiczny i umozliwia szyb-
sze reagowanie na wystgpienie ognisk chorobowych
(33). Kluczowym problemem pozostaja nierownosci
w dostepie do technologii, wynikajace z barier finanso-
wych, edukacyjnych i spotecznych (34). Osoby starsze,
mieszkancy obszaréw wiejskich oraz osoby o niskich
kompetencjach cyfrowych — rowniez w krajach rozwi-
nigtych — rzadziej korzystajg z aplikacji zdrowotnych
(35), co pokazujag m.in. dane z Polski, gdzie tylko 30%
0sob powyzej 60. roku zycia regularnie uzywa takich
aplikacji (36). Brak kompetencji cyfrowych jest rownie
istotny co ograniczenia infrastrukturalne — nawet tam,
gdzie technologia jest dostepna, uzytkownicy moga
mie¢ trudnos$ci z jej obstugg (37). W regionach takich
jak Nigeria czy Indie problemem pozostaje nie tylko
dostepno$¢ internetu, ale 1 niski poziom umiejetnosci
technologicznych zaréwno wsrdd pacjentow, jak i per-
sonelu medycznego (38).

Problemy z prywatno$cia i ochrona danych. Bez-
pieczenstwo danych i ochrona prywatnosci to jedno
z gtéwnych wyzwan aplikacji mobilnych w ochronie
zdrowia. Gromadzone dane — dotyczace m.in. lokaliza-
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public health systems. Interoperable solutions and
compliance with international standards (e.g., HL7
FHIR) are crucial to improving responsiveness to
cross-border health threats. Thirdly, building public
trust through transparency in data processing,
voluntary user participation, and respect for privacy
and ethical principles is fundamental. Examples of
decentralized apps, such as Germany’s Corona-
Warn-App, show that it is possible to reconcile
effective digital tools with high standards of personal
data protection. Finally, mobile technologies should
not be treated as a substitute but as a complementary
tool supporting the traditional healthcare system. In
this context, their integration with health policies,
information systems, and public health education
strategies is essential. In conclusion, mobile
technologies hold great potential in supporting public
health, but their effectiveness depends on rational
implementation, elimination of structural barriers,
and a holistic approach encompassing technological,
social, legal, and ethical aspects. In the era of global
health threats, they are an indispensable element of
modern health policy, yet one that requires ongoing
evaluation, adaptation, and regulation.
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ABSTRACT

BACKGROUND. Dental faculty and students use social media extensively for professional and personal
purposes. Optimizing social media use in dentistry is crucial for enhancing its overall efficiency.
OBJECTIVE. The study’s main objective is to assess social media usage, classify its professional engagement
using Bloom’s Taxonomy, and examine its impact on individual productivity in personal use among dental
faculty and students.

MATERIAL AND METHODS. The study adopted a cross-sectional design using an English version of a
validated self-administered questionnaire to explore the social media usage among 451 participants. It was
conducted among dental faculty, postgraduates, interns and undergraduates at a dental institute in Belagavi,
India. The content validity and the Cronbach’s alpha coefficient value for the questionnaire was found to be
0.76 and 0.85 respectively. Construct validity of the modified Internet Addiction Test was established through
exploratory factor analysis. Professional engagement was classified based on Bloom’s taxonomy framework
across nine cognitive domains. Descriptive statistics, binomial logistic regression, and Kruskal-Wallis tests was
carried out with a level of significance set at p < 0.05.

RESULTS. Among the 451 participants, the majority were females belonging to the age group of 21-30 years.
Dental postgraduates had the highest professional use of social media platforms such as YouTube for clinical
skills (91.1%), LinkedIn for job search (84.3%), Google scholar for knowledge (89.7%) and ResearchGate for
clinical reasoning (87.1%) with the highest Bloom’s taxonomy scores among all affiliations group. In contrast,
social media addiction scores were highest among undergraduates and lowest among dental faculty (p < 0.05).
CONCLUSIONS. Dental postgraduates had the highest professional social media usage based on the Bloom’s
taxonomy framework, followed by dental faculty. Interns and undergraduate students showed the highest social
media addiction scores, indicating recreational use and distraction, highlighting the need for balanced usage.

Keywords: dental students, social media, dental faculty, Bloom’s taxonomy

INTRODUCTION ecasily access sources, hence the sharing of research,

case reports, and other materials is facilitated to

Social media has become very essential for
connecting, communicating, and sharing information
in today’s world (1). It’s role in education and
professional development has dramatically increased
(2). Social media have been widely used by dentists and
dental students to enhance professional networking,
educational purposes and even patient communication
(3). Facebook, LinkedIn, Instagram, Twitter, and
YouTube have become important sources for the
dental profession because people are demanding the
availability of current information as these improve
the professionals and student’s education (4). They can

improve collaboration. Virtual discussions allow
knowledge to be shared through videos, webinars,
and courses, which can enhance skill development
and performance. Further, they help in networking
among the dentists, building community, enhancing
organizational identity, and creating a more dynamic
dental education environment (5,6).

However, despite these advantages, social media
usage among healthcare professionals and students
has raised concerns around digital professionalism,
especially in clinical reasoning contexts. Key
issues include the disclosure of patient-identifiable

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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information, violation of professional boundaries, and
a lack of clarity between personal and professional
roles in digital spaces with limited evidence-based
guidelines and structured training on ethical digital
conduct (7,8). Furthermore, platforms like LinkedInand
especially informal social media such as WhatsApp,
Instagram, Facebook and YouTube are major sources
of misinformation which enable exaggeration
of qualifications and spread pseudoscientific or
misleading dental advice, hereby posing a risk to
public health and necessitating critical evaluation and
responsible usage by professionals (9-11).

Additionally, Social media addiction is a developing
concern in India despite its great benefits (12). In this
regard, it often affects the academic performance of
most students because they get easily distracted, and
professionals may face difficulties in meeting their
respective responsibilities due to excessive usage (13).
Mental wellness is significantly affected, as social
media comparisons often lead to feelings of tension and
anxiety. This situation might lead to a degradation in
their focus which in turn severely affects patient care.
With more frequent usage of social media these days,
proper care and judgment must be taken regarding
the same to provide an acceptable balance between
personal usage and professional enhancement (14,15).

Bloom’s taxonomy is devised systematically
to manage and classify all the educational goals,
objectives, and standards within two categories,
namely knowledge and various dimensions of cognitive
processes such as understanding, application, analysis,
synthesis, and evaluation (16). Hana Alsobayel used
Bloom’s hierarchy to evaluate the use of social media
among healthcare professionals, particularly physicians
in Saudi Arabia. It found that the positive perceived
impact of social media existed in several domains,
including knowledge acquisition and problem-solving
(17). Bloom’s taxonomy included in the usage of social
media in the dental sector can be a significant facilitator
in achieving improved education, as different levels
can be addressed through various social media outlets.

While Bloom’s taxonomy has been applied in
healthcare and dental education, covering areas like
comprehension, curriculum development, and flipped
classrooms research (18-20), specifically exploring
social media use through this framework among
dental professionals, especially within the Indian
context, remains limited. Although social media offers
various advantages, it also presents several challenges.
This study, aimed to contribute to this scarcity of
research by assessing professional social media usage
among dental faculty and students using the Bloom’s
taxonomy framework, as well as its effect on personal
productivity.

MATERIALS AND METHODS

Study design and setting. The present cross-
sectional study has been reported in accordance
with STROBE guidelines. It was carried out among
faculty members, postgraduate students, interns, and
undergraduate students at a dental teaching institute
in Belagavi, India, from February to May 2023. The
institute included both undergraduate and postgraduate
dental education programs and an academic hospital
serving a diverse patient population.

Eligibility criteria and ethical consideration. The
inclusion criteria included the dental faculty members
and students who were available on the day of data
collection and were willing to give their informed
consent. Although the questionnaire was administered
in English, all potential participants were proficient
in English, as it is the medium of instruction at the
institute. Those who refused to give their consent
were excluded from the study. Ethical clearance (Ref.
n0:1629) was obtained for the study from Institutional
Research and Ethics Committee.

Questionnaire development. The questionnaire
was developed in six stages. A conceptual framework
was created through literature review and expert
consultation. The Young’s Internet Addiction Test
(IAT) was modified according to study objectives to
measure personal effects of social media addiction,
while Bloom’s taxonomy assessed professional social
media usage based on nine domains (17,21). An initial
pool of 20 items on adverse effects of social media
addiction and 9 items on professional usage was refined
through expert discussions and cognitive interviews
with five participants. This iterative process resulted
in 10 questions and 9 domains addressing the personal
and professional impacts of social media usage.

Pilot study. The pilot study consisted of 20
participants from the target population, including
faculty, postgraduates, interns, and undergraduates,
with 14 females and 6 males. It was conducted to
address ambiguity and improve comprehension.
Three unclear questions about the adverse effects of
social media were revised to improve clarity based on
participant feedback.

Validity and reliability assessments. Face
validity was calculated as the percentage agreement of
five subject experts. It resulted in an 82% agreement.
Content validity ratio was calculated and the result
was 0.76, which identified the questionnaire to be
a valid tool. Then, reliability was calculated by using
Cronbach’s alpha coefficient and estimated the internal
consistency at 0.85. Exploratory factor analysis was
conducted using responses from 20 participants who
completed the 10-item modified Young’s Internet
Addiction Test. The analysis met sampling adequacy
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criteria (KMO = 0.665, Bartlett’s Test p < 0.001) and
supported a unidimensional factor structure, indicating
acceptable construct validity. Generally, these tests
indicated that the survey questionnaire developed for
this study was valid and suitable for data collection in
the English language.

Sample size estimation and sample distribution.
The sample size was calculated based on a cross-
sectional study conducted by Hana Alsobayel among
healthcare professionals, which reported a 79.3%
prevalence rate for professional social media usage (17).
Taking these findings into account and considering
a 10% attrition rate, the sample size was calculated
using the formula: n = z?pq/d?, and was estimated to
be 451, with a 5% allowable error. The sampling frame
included all dental faculty members and students
(Undergraduates, Postgraduates and Interns) at the
institute during study period. The participants were
recruited using convenience sampling technique,
which may introduce selection bias.

Characteristics of the questionnaire. The
validated self-administered closed ended questionnaire
set in English had four sections: (1) sociodemographic
details, (2) social media platforms has been divided
into professional connect and learning platforms
(LinkedIn, ResearchGate, Google Scholar and
YouTube) and Communication and recreational
platforms (WhatsApp, Twitter, Instagram, Facebook
and Snapchat) used for professional and personal
purposes and weekly usage frequency, (3) professional
social media usage based on nine Bloom’s taxonomy
domains which includes knowledge, job search,
clinical reasoning, critical thinking, clinical skills,
problem-solving, creativity, decision-making, and
patient outcomes and scored using dichotomous
(yes/no) responses, and (4) Impacts of social media
addiction on personal life was measured on a 5-point
Likert scale (1 = Never, 2 = Rarely, 3 = Sometimes, 4
= Often, 5 = Always).

Data  collection. The questionnaire was
administered to the faculty, postgraduates, and interns
in their respective departments and to undergraduates
in their classrooms by a single investigator at the dental
institute. To minimize bias during administration,
asingle investigator distributed the questionnaires, with
5-10 volunteers monitoring to ensure standardization.
The respondents were allowed 15 minutes to complete
the questionnaire.

Statistical analysis. The data was analysed using
Microsoft Excel 2019 and IBM SPSS Statistics 25.
Descriptive statistics included percentages, means,
standard deviations, medians, and interquartile ranges.
Normality was assessed using Q-Q plots, skewness/
kurtosis, and the Shapiro-Wilk test. As data were non-
normally distributed, the Kruskal-Wallis test followed
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by Dunn’s post-hoc test with Bonferroni correction
was used to compare Bloom’s taxonomy scores and
social media addiction scores across participant
categories. Binary logistic regression was performed
to assess predictors of professional social media usage
(dependent variable: type of usage, Professional vs.
Personal/Never) with participant category as the
predictor (Undergraduates as reference), adjusted for
gender. Model fit was evaluated using Nagelkerke R?
and the Likelihood Ratio Test. No missing data were
observed. No sensitivity analyses were conducted, as
the primary analyses sufficiently addressed the study
objectives and data quality was high. Significance was
set at p < 0.05.

RESULTS

The study was conducted among 451 participants,
with all providing consent and no refusals, resulting
in a 100% response rate, which in turn minimized
participation bias. The majority of the participants
were in the age group of 21-30 years (65.6%) and were
females (66.3%). Among the study categories, 39.9%
were undergraduates and 24.2% were postgraduates
(Table 1).

Social media usage. The majority of faculty
reported using social media for less than five hours
per week (37.2%), while postgraduates averaged 6—10
hours weekly (31.2%). Interns and undergraduates
had the highest usage at 16-20 hours per week, with

Table 1. Demographic profile of the participants

Characteristics | n (%)
Age (years)
>20 81 (18.0)
21-30 296 (65.6)
31-40 19 4.2)
>40 55 (12.2)
Total 451 (100.0)
Gender
Female 299 (66.3)
Male 152 (33.7)
Total 451 (100.0)
Affiliations
Faculty 78 (17.3)
PG Student 109 (24.2)
Intern 84 (18.6)
UG Student 180 (39.9)
Total 451 (100.0)

All values are expressed as the frequency with percentages
(as in parentheses).
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Figure 1. Social media usage weekly among various categories.

31% and 32.8% respectively. Usage declined across
all groups for those exceeding 20 hours per week,
with undergraduates leading this category at 13.3%
(Figure 1).

Social media usage among the study participants.
Social media usage was highest among postgraduates
across all nine Bloom’s taxonomy domains. LinkedIn
was largely for job search (84.3%), Google scholar for
Knowledge acquisition (89.7%) whereas ResearchGate
(87.1%), WhatsApp (73.4%), Twitter (81.6%) supported
clinical reasoning. YouTube was effective in improving
clinical skills (91.1%) while Instagram (72.8%),
Facebook (69.8%) and Snapchat (66.9%) were found
to be useful for enhancing creativity. Postgraduates
recorded the highest median Bloom’s taxonomy scores,
followed by faculty, while undergraduates and interns
had lower scores. Dunn’s post-hoc test confirmed that,
for most professional platforms, postgraduates and
faculty scored similarly and significantly higher than
interns and undergraduates (Table 2 and Figure 2).

Figure 3 illustrates the violin plot comparing the
kernel density estimate of the social media addiction
scores among the study participants. Undergraduates
and interns demonstrated the highest levels of social
media usage with more variability, while faculty
members exhibited the lowest and most consistent
usage. The Kruskal-Wallis test showed that there was
a significant difference in the social media addiction
scores among the four study groups (p < 0.05);
Table 3 revealed that undergraduates and interns
exhibited significantly higher addiction scores than
postgraduates and faculty, as confirmed by Dunn’s
post-hoc test (p < 0.05).

Binary logistic regression models adjusted for
gender showed that professional social media use is

significantly higher among postgraduates and faculty
compared to undergraduates, especially on academic
platforms like LinkedIn, ResearchGate, Google
Scholar, and YouTube. The highest odds were seen
for postgraduates using Google Scholar (aOR = 9.53)
and LinkedIn (aOR = 7.75), with all models showing
good fit (LRT p < 0.001). Contrastingly, recreational
sites such as Instagram, Facebook, and Snapchat had
weaker or insignificant relationships. Twitter and
WhatsApp alone presented moderately significant
for professional usage among postgraduates and
academics but with poorer model fit. (Table 4). Due to
the limitations of study design, sensitivity analysis and
testing for interaction terms were not conducted.

DISCUSSION

This study examined patterns of social media
usage among dental students and faculty through
the lens of Bloom’s taxonomy, revealing distinct
differences in cognitive engagement and professional
behaviour. Postgraduates demonstrated the highest
levels of professional use and cognitive engagement
across platforms such as Linkedln and Google
Scholar, whereas undergraduates exhibited higher
tendencies toward social media addiction, particularly
on recreational platforms. These observations capture
the dual role of social media within dental education
as both a facilitator of professional development
and a source of distraction, both depending on user
profile and purpose. This dual effect underscores the
significance of guided social media use in academic
environments, highlighting that social media was
a double-edged sword for dental students and faculty.
Majority of the dental faculty in the current study
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Table 3. Social media addiction scores according to various affiliations.

Question* Faculty Postgraduates | Internship |Undergraduates| p-value
1. How often do you find Mean + SD 2.23+0.51 2.84 +0.43 3.92 +£0.88 4.26+0.73
that you stay on-line longer Median 2.00 3.00 4.00 4.00 0.001*
than you intended? (IQR) (2.00-3.00)* | (3.00-3.00)% | (4.00-4.00)" | (4.00-5.00)"
Mean+SD | 2.27+045 | 2.89+0.39 | 3.61+0.89 4.07 £0.83
2. How often do you refer - 0.001*
to on-line content? Median 2.00 3.00 4.00 4.00 ‘ .
(IQR) (2.00-3.00)* | (3.00-3.00)" | (4.00-4.00)" | (4.00-5.00)°
3. How often do others in Mean + SD 1.87 £0.86 2.06 +0.82 3.37+£0.90 4.15+0.80
your life complain to you ) %
about the amount of time Median 2.00 . 2.00 . 4.00 ﬁ 4.00 y 0.001
you spend on-line? (IQR) (1.00-3.00) (1.00-3.00) (2.00-4.00) (3.00-5.00)
Mean+SD | 2.21+£0.54 | 2.63£0.75 3.49+£0091 3.92+£0.74
4. How often do you check di > 2 2 0.001*
your social media alerts? Median 00 3.00 00 00 X '
(IQR) (2.00-3.00)* | (3.00-3.00)% | (3.00-4.00)* | (3.00-4.00)°
5. How often does your Mean + SD 1.73 £0.78 2.44 +0.80 3.69+£0.76 4.12+0.75
job performance or di 5 1 5 4 400 (4 0.001*
productivity suffer because Median .00 (1.00- 3.00 ( .(B)O— .00 (3.(30— .00 (4.00- .
of the internet? (IQR) 2.00)¢ 3.00) 4.00)" 5.00)7
6. How often do you lose Mean + SD 1.54 £ 0.96 2.20+0.88 3.80+£0.72 4.19+0.65
sleep due to late-night log- Median 2.00 2.00 4.00 4.00 0.001*
ins? (IQR) (1.00-2.00)* | (1.00-3.00)* | (4.00-4.00)" | (4.00-5.00)"
7. How often do you find Mean+SD | 1.82+£0.80 | 2.51+0.69 | 3.55+0.97 4.22+0.76
yourself saying “just a few ) x
more minutes” when on- Median 2.00 3.00 4.00 4.00 ‘ 0.001
line? (IQR) (1.00-2.00)* | (2.00-3.00)* | (3.00-4.00)" | (4.00-5.00)°
8. How often do you try Mean + SD 1.78 £0.82 2.35+0.83 3.72 £ 0.90 4.31+0.79
to cut down the amount of di 0.001*
time you spend on-line and Median 2.00 3.00 4.00 5.00 .
fail? (IQR) (1.00-2.00)* | (2.00-3.00)* | (3.00-4.00)" | (4.00-5.00)"
9. How often do you choose | Mean + SD 1.58+0.88 | 2.39+0.84 336+ 0091 431+£0.72
to spend more time on-line di 500 3.00 4.00 4.00 0.001*
rather than discussing with Median ) . ) 6 ) , ) s ’
your colleagues? (IQR) (1.00-2.00) (2.00-3.00) (2.00-4.00) (4.00-5.00)
10. How often do you fear Mean+SD | 0.23+0.43 0.25+044 | 0.44+0.50 0.61 £0.49
that life without internet . 0.001*
would be boring, empty and Median 0.00 1.00 0.00 0.00 .
joyless? (IQR) (0.00-1.00)* | (0.00-1.00)¢ | (0.00-0.75)F | (0.00-0.00)P

SD: Standard deviation; IOR: Interquartile range,; All values are expressed as mean = SD and median (IQR), Different
Greek symbols signify significant differences among the participant groups within the rows; The statistical test used.
*Kruskal-Wallis test followed by Dunn’s post-hoc test (with Bonferroni correction); Level of significance: *p < 0.05 is

considered statistically significant.

used social media for less than five hours per week,
suggesting their greater professional responsibilities,
time constraints, and a preference for traditional
learning methods. In contrast, undergraduates and
interns in the current study reported the highest
weekly usage of 16-20 hours. Farghal et al. and
Uma et al. found the similar results, whereby dental
undergraduates used social media applications such as
WhatsApp, Instagram, and YouTube frequently, with
most usage for communication and entertainment
but with some educational application (13,22). These
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findings indicate that the younger participants
had a strong orientation towards digital platforms,
influencing their learning habits towards visual and
fast-paced contents rather than traditional academic
sources. While this technological innovation can
provide access to informal education and professional
connectivity, it would also pose risks of decreased
attention spans, decreased critical thinking, and the
likelihood of neglecting key academic or clinical
duties (23,24). These kinds of trends may influence
their professional competence, particularly in activities
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Table 4. Binary logistic regression results showing predictors of professional social media usage across platforms.

Social med Social media usage Nagelkerk Likelihood Ratio
ocral media Affiliations (Professional vs personal & Never®) agelkerke Test (LRT)
platforms Pseudo R? )

aOR (95% CI) | p-value 1* (p-value)
Professional connect and learning platforms
Undergraduates® 1
) Internship 2.89 (1.59-5.26) 0.001**
LinkedIn
Postgraduates 7.75 (4.42-13.60) 0.001** 0.198 70.67 (0.001%%)
Faculty 6.33 (3.46—-11.56) 0.001**
Undergraduates® 1
Internship 2.49 (1.38—4.48) 0.002*
ResearchGate
Postgraduates 7.55 (4.34-13.14) 0.001** 0.190 67.70 (0.001%%)
Faculty 5.19 (2.88-9.37) 0.001**
Undergraduates® 1
Internship 2.87 (1.64-5.03) 0.001**
Google scholar
Postgraduates 9.53 (5.44-16.67) 0.001** 0.231 85.54 (0.001*%*)
Faculty 6.41 (3.56-11.54) 0.001**
Undergraduates ® 1
Internship 2.51 (1.21-5.23) 0.014*
YouTube
Postgraduates 5.68 (2.97-10.85) 0.001** 0.124 37.73 (0.001*%*)
Faculty 4.82 (2.40-9.67) 0.001**
Communication and recreational platforms
Undergraduates® 1
Internship 1.73 (0.58-5.16) 0.329
Instagram
Postgraduates 2.49 (0.94-6.60) 0.066 0.038 6.61 (0.158)
Faculty 1.94 (0.65-5.83) 0.237
Undergraduates 1
Internship 0.85 (0.37-1.93) 0.695
Facebook
Postgraduates 1.86 (0.96-3.59) 0.066 0.043 11.10 (0.025%)
Faculty 1.76 (0.86-3.62) 0.124
Undergraduates 1
Internship 0.87 (0.17-4.60) 0.872
Snapchat
Postgraduates 1.06 (0.25-4.60) 0.934 0.005 0.48 (0.975)
Faculty 0.96 (0.182-5.09) 0.963
Undergraduates® 1
) Internship 1.42 (0.45—4.46) 0.552
Twitter
Postgraduates 3.36 (1.33-8.51) 0.010* 0.059 11.11 (0.025%)
Faculty 2.68 (0.96-7.47) 0.060
Undergraduates ® 1
Internship 1.41 (0.45-4.45) 0.561
WhatsApp
Postgraduates 2.98 (1.16-7.63) 0.023* 0.049 9.32 (0.054)
Faculty 3.01 (1.11-8.16) 0.031*

Binary logistic regression models adjusted for gender were run for each social media platform; Predictor: participant
category (Faculty, Postgraduates, Interns vs. * Undergraduates [reference]); Outcome: Type of usage (Professional vs.
b Personal/Never [reference]). Nagelkerke Pseudo R? and Likelihood Ratio Test (LRT) were included to assess model fit;
Statistical significance: *p < 0.05; **p < 0.001; Abbreviations: aOR: adjusted odds ratio; CI: confidence interval; %> Chi

square.
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requiring sustained concentration, reflective learning,
and patient-centred care.

As compared to other study categories, the
postgraduates in the present study had higher odds
of using social media platforms such as LinkedIn,
ResearchGate, and Google Scholar for professional
purposes. This reflects greater academic maturity
and a more focused professional orientation. This is
consistent with evidence reported from earlier research
among dental and medical students highlighting
increasing utilization of social media for academic
purposes and career advancement. In the dental
education setting, these trends are an indication of
a trend towards career-oriented and evidence-based
learning due to objectives such as research publication,
employment, and clinical decision-making, suggesting
an indication of a change from passive utilization to
active, goal-oriented learning (25-27). Contrary to the
findings of the present study, other studies have reported
different platforms for professional usage. Kurian et
al. identified that YouTube and Facebook were among
the most frequently used platforms by dental trainees
and professionals in India for dentistry content (3).
Likewise, Jamkhande et al. also cited WhatsApp
and Facebook as the most commonly used platforms
among Indian dental practitioners for professional
purposes (5). Also, Twitter and YouTube were the
most used platforms among healthcare professionals
in Saudi Arabia for professional purposes as reported
by Hana Alsobayel (17). These findings may reflect
differences in social media engagement based on users
academic needs, professional roles, or levels of digital
literacy training.

The Commission on Dental Accreditation
(CODA) has specified that dental graduates should
be competent in critical thinking, problem-solving,
and evidence-based decision-making in patient care
(CODA Standard 2-10) (6). Because of the importance
of social media’s role in shaping the dental profession,
this study utilized the taxonomy of educational
objectives, which classifies educational goals into
knowledge and cognitive processes, forming a two-
dimensional framework. This framework can guide
dental faculty and students in structuring social
media usage by aligning knowledge sharing with
activities such as creating, analyzing, and applying
content, thereby enhancing learning and professional
communication (11). The research evidence indicates
that successful use of social media among dental
students and professionals can be beneficial. By
Integrating the domains of Bloom’s taxonomy, such
as knowledge, job search, clinical reasoning, critical
thinking, clinical skills, problem solving, creativity,
decision making, and patient outcomes, social media
platforms can enhance professional skills, enhance
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patient care, and promote greater professionalism in
the dental practice. The findings of the present study
showed a distinct pattern of postgraduates accessing
the social media platforms more often, especially in
fields that are aligned with higher-level cognitive
processes such as knowledge building and critical
thinking. This trend indicates the way academic
literature such as Google Scholar and ResearchGate,
and professional networks such as LinkedIn, are being
systematically incorporated into postgraduate studies
and professional development. These observations
are supported by previous studies by Khalifa et al.,
Alanzi et al., and Saxena et al., which describe social
media as highly resourceful for knowledge attainment,
communication, and clinical practice (15,28,29),
reinforcingits relevance inmodern dental education and
professional development. In addition, the employment
of multimedia and interactive sites such as YouTube
and Instagram indicates that postgraduates are using
multimedia materials to improve clinical skills and
stimulate creativity, demonstrating a diversified model
of digital learning. This is in line with earlier research
(3,13), which has depicted YouTube’s contribution to
enhanced clinical competencies through user-friendly
learning material.

Social media platforms such as Twitter and
WhatsApp were found to be beneficial primarily in
the domain of clinical reasoning in the present study.
In contrast, a study conducted among practicing
physicians in Saudi Arabia reported that Twitter was
perceived as beneficial across all measured domains
of professional development (17). This variation in
perceived benefits may be explained by differences
in the participant populations. While the Saudi study
included a broader range of healthcare professionals
from various disciplines, our study focused specifically
on dental faculty members and students within an
academic institution, whose professional experiences
and use of social media may differ accordingly.
Instagram, Facebook, and Snapchat enhance creativity
in dentistry exposure to innovative trends, ultimately
improving professional growth and engagement.

Although social media has its useful effects,
too much use leads to some detrimental effects.
Beyond the professional usages of these social media
applications, this present research also investigated
personal life effects on social media addiction. The
scores of undergraduates and interns appeared to be
significantly higher in cases of social media addiction,
consistent with a research study by Kumar et al., on
internet addiction (30). These findings align with
another study that states most participants are worried
about their addiction to social media, even at the
examination time, and that time spent on social media
adversely affects their job performance (13). Overall,
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the findings indicate a serious problem with social
media use management and its detrimental effects on
young trainees’ day to day lives.

This research’s innovative extension of Bloom’s
taxonomy to evaluate professional use of social media
among dental students and faculty offers curriculum
design actionable insights. Consistent with CODA
Standard 2-10, dental education must incorporate
directed social media activities including case-based
discussions, evidence-based content sharing, and peer
review on sites such as LinkedIn, ResearchGate, and
YouTube. Such strategies are capable of fostering
higher-order cognitive skills such as critical thinking,
clinical reasoning, and decision-making. Faculty
must also develop online professionalism policies and
hold workshops on assessing online information and
building a trustworthy professional image. In addition,
given the extensive screen use by undergraduates,
universities must integrate digital well-being modules,
including habits like screen time tracking, technology-
free pauses, and deliberate offline learning to improve
mental concentration and academic achievement.
These present study findings provide useful insights but
must be interpreted with caution. Conducted at a single
dental institute using convenience sampling, the study
may reflect selection bias and limit generalizability.
Self-reported data could introduce recall and social
desirability bias. While personal vs professional social
media use was compared, this offered only indirect
insight into engagement. Platform-specific behaviours,
such as active posting versus passive browsing, were
not assessed. Binary response options limited the
depth of professional engagement measurement; hence
future studies should use Likert scales or frequency-
based tools. The cross-sectional design does not
include for causal inference, highlighting the need for
longitudinal studies with broader, diverse samples.

CONCLUSION

This study highlights the dual impact of social media
on dental students and faculty, revealing distinct usage
patterns across academic levels. While platforms like
LinkedIn, ResearchGate, Google Scholar, and YouTube
contribute significantly to professional development by
enhancing knowledge acquisition, clinical skills, and
job opportunities, excessive social media use especially
among undergraduates and interns poses a risk of
addiction and reduced productivity. Applying Bloom’s
taxonomy allowed structured assessment of cognitive
engagement, highlighting the depth of professional
learning influenced by social media. These findings
emphasize the need to promote e-professionalism
and digital responsibility within dental education.
A balanced, structured approach can help maximize

benefits, enhance academic performance, and support
long-term professional development.
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ABSTRACT

BACKGROUND. Mobile health applications have emerged as powerful tools for improving public health, but
their rapid proliferation raises concerns regarding quality, effectiveness, and security.

OBJECTIVE. This study aimed to systematically evaluate the quality of health applications on the Google Play
Store in India, focusing on physical, mental, and social health domains.

MATERIAL AND METHODS. Python and Selenium-based web scraping approach was used to extracted
data available from the Indian version of Google Play Store using domain-specific keywords. Applications were
screened based on preset criteria. The Mobile App Development and Assessment Guide (MAG) was used to
evaluate the application quality across eight domains. Kruskal-Wallis test and partial least squares regression
analysis were used for analysis.

RESULTS. From 866 applications, 322 met eligibility criteria (182 physical, 84 mental, 56 social health).
Commercial organizations dominated development. Social health applications demonstrated higher download
volumes and superior quality across multiple MAG domains, with higher overall scores (35.18 = 12.05) compared
to physical (26.95 = 11.27) and mental health applications (26.25 1 1.62). Quality metrics influenced user ratings
differently across health domains, with weak correlation between MAG scores and ratings for physical health
applications.

CONCLUSIONS. The study reveals significant variability in mHealth application quality, with concerning
deficiencies in privacy and security. Findings highlight the need for enhanced regulatory oversight and quality
standards in India’s evolving digital health ecosystem.

Key words: mHealth, MAG, smartphone apps, E-health, Health mobile apps

INTRODUCTION improving treatment adherence (2). The ubiquity of

smartphones has transformed these devices into highly

The World Health Organization (WHO) defines
mobile health (mHealth) as the use of smartphones,
sensors, personal digital assistants, wireless monitoring
devices, or other wireless technologies for public health
and medical practice (1). It has emerged as a powerful
tool to enhance and streamline healthcare delivery
across diverse populations. Mobile applications,
specifically designed to run on smartphones or tablets,
serve multiple healthcare functions, from promoting
health and preventing diseases to assisting individuals
with chronic illnesses in managing their conditions and

accessible and cost-effective platforms for healthcare
delivery and research. Their widespread adoption
across different ages, races, and socioeconomic
statuses enables researchers and healthcare providers
to reach diverse population samples inexpensively (3).

The mHealth market demonstrates remarkable
growth potential, with projections indicating
a compound annual growth rate of 17.6% from 2021 to
2028 (4). This expansion has been further accelerated
by the COVID-19 pandemic, which significantly
increased downloads and usage of various mHealth

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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applications (5). Contemporary health applications
offer diverse features, including tracking physical
activity, monitoring dietary habits, supporting
mental health, and enhancing social interactions (6).
Smartphone and internet penetration in India have
surged, with rural internet users reaching over 425
million, enabling digital health interventions (7).
Leveraging mHealth, can enhance healthcare access by
delivering preventive and curative services remotely.
Its scalability, cost-effectiveness, and ability to provide
real-time health monitoring make it particularly
effective in underserved rural regions.

Mental and physical health apps are essential tools
for promoting healthy behaviours, managing chronic
conditions, and improving overall wellbeing through
accessible, personalized interventions (8). These apps
empower users to monitor, track, and enhance their
physical fitness and mental resilience, making them
integral components of digital health solutions (9).
Social health was included under the broad category
of mHealth apps because social connectedness and
support are critical determinants of overall health and
wellbeing (10). Mobile health apps targeting social
engagement can effectively reduce isolation and
enhance health outcomes, justifying their inclusion in
this study (11,12).

However, the rapid proliferation of mHealth
applications raises critical concerns regarding their
quality, effectiveness, and security. The absence of
standardized evaluation creates a significant gap in
literature in assessing the multi-dimensional aspects
of these applications, particularly in their practical
healthcare applications (13). This is especially relevant
in emerging markets like India, where smartphone
penetration continues to increase rapidly while
regulatory oversight of digital health solutions remains
in development (14).

Health applications collect and process extensive
user data, from physiological parameters like heart
rate to behavioral metrics such as sleep patterns,
food intake, and physical activity. While this data
collection enables personalized health interventions, it
simultaneously raises important questions about data
privacy and security protocols (15). The fragmented
nature of application development, with contributions
from commercial organizations, public institutions,
and individual developers, necessitates comprehensive
quality assessment to guide users toward high
quality digital health solutions. This fragmentation
in the health app ecosystem makes it crucial to assess
application quality using standardized tools (16).

In India, Android smartphones dominate the mobile
device market, with over 95% market share compared
to i0S devices (17). This overwhelming preference
for Android is driven by the availability of affordable
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handsets across various price points, making them
accessible to a broader segment of the population
across diverse socioeconomic backgrounds. Given this
predominance of Android usage among Indians, the
present study strategically focused on analyzing health
applications available on the Google Play Store rather
than Apple’s 10S Store (18). This targeted approach
allowed us to evaluate the digital health solutions
most relevant and accessible to the majority of Indian
users. This study aims to systematically evaluate the
quality of health applications available on the Indian
version of Google Play Store, with a specific focus on
features supporting physical, mental, and social health
domains. A Python and Selenium-based web scraping
methodology will be employed to extract relevant
data, facilitating a structured assessment of these
applications.

METHODOLOGY

Study design and ethical considerations. The
current study was observational in design and
received ethical approval from the Institutional Ethics
Committee (Reference Number: IHEC/AHMS-
GKP/BMR/109/2022; Date: 23-04-2022) prior to
commencement of data extraction and analysis.

Search strategy. A systematic approach was
adopted to evaluate the quality of health applications
available on the Indian version of Google Play Store,
with specific focus on physical, mental, and social
health domains. The keywords were extracted through
a comprehensive literature review conducted using
the PubMed database. Relevant articles pertaining
to digital health, mHealth, and related interventions
were identified, and domain-specific terms related
to physical, mental, and social health were manually
collated from articles to generate a comprehensive list.
Table 1. presents the domain specific keywords used
in the study.

Data extraction. All Google Play Store searches
were conducted without authentication to a Google
account to minimize algorithm bias and personalization
effects (19). Google Play Store organizes and displays
app ratings, reviews, and related metadata based on
the user’s country-specific Play Store version. In this
study, data were extracted exclusively from the Indian
version of the Google Play Store using a device and
IP address located in India (20). The data extraction
process employed automated web scraping techniques
utilizing Python programming language with the
Selenium library. Custom-developed bots were
programmed to systematically extract application
data from the Google Play Store at specified intervals.
This method was chosen over manual extraction to
ensure consistency, minimize human error, and enable
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Table 1. Domain-specific keywords derived from literature review

Physical Health

Exercise, Physical Health, Fitness, Health, Weight Loss, Diet, Wellness, Workout, Healthy
Lifestyle, Physical Activity, Health Education, Health Monitor, Calorie Tracker, Weight
Management, Physical Fitness, Nutrition Guide, Health Assessment, Fitness Coaching, Health
Tips, Healthy Eating, Physical Wellness, Healthy Habits, Yoga, Physical Health

Mental health

Mental Health, Stress, Self-Care, Self-Improvement, Meditation, Sleep, Mindfulness, Stress
Management, Psychoeducation, Mental Wellbeing

Social Health

Social Health, Social Wellbeing, Social Support, Social Engagement, Social Interaction, Social
Wellness, Social Connectivity, Social Hub, Communication

efficient collection of large volumes of data at regular
intervals. Manual methods would have been time-
consuming, prone to inconsistencies, and impractical
for maintaining up-to-date datasets across numerous
applications. Automated bots allowed for systematic,
reproducible, and scalable data gathering, which was
essential for the study’s accuracy and reliability. For
each keyword search, the first 30 applications were
included in the dataset to provide a representative
sample of available applications within each health
domain. This automated data extraction process
was carried out over a period of 3 months, with bots
programmed to retrieve data at weekly intervals to
capture updates and changes in app information.

The following parameters were extracted for
each application: application name, developer
information, release date, last update timestamp,
number of downloads, application category,
application description, and average user ratings of
the applications. All extracted data was organized and
stored in a spreadsheet for subsequent analysis. The
data extraction process was started on May 1%, 2024
and was completed on July 30, 2024.

Screening criteria. All the duplicates were removed
from the organized spreadsheet. Two independent
reviewers performed screening of the applications,
evaluating the names, descriptions, screenshots,
videos, and supplementary information available
on the Play Store landing pages. Any disagreements
between reviewers were resolved through discussion,
and if consensus was not reached, a third reviewer
adjudicated the final decision. Applications were
included in the final analysis if they met three specific
criteria: relevance to physical, mental, or social
health domains, application updated within the last
three years and presence of user ratings and reviews.
Applications were excluded if they were not available
in English language or if they were primarily designed
for donations or clinical trial recruitment.

Quality assessment. The quality of the selected
mobile health applications was evaluated using the
validated Mobile App Development and Assessment
Guide (MAG) (21). This standardized tool enabled
objective evaluation of various application parameters

including wusability, functionality, reliability, and
content quality. MAG is an effective tool for the quality
evaluation of health applications based on previous
research (21-23). MAG was selected for this study
instead of the more commonly used Mobile App Rating
Scale (MARS) due to its broader scope and greater
relevance to current health app evaluation demands.
While MARS focuses on engagement, functionality,
aesthetics, and information quality, MAG offers a more
comprehensive framework consisting of eight distinct
criteria specifically designed to address key aspects of
application quality (21).

The quality assessment was conducted
independently by two experts in digital health. These
experts were not involved in the data extraction
process. Each expert assessed all selected applications
using the MAG framework to ensure comprehensive
and reliable evaluation. To maintain objectivity and
minimize bias, the assessment process was conducted
in a blinded manner, with each expert evaluating the
applications independently without prior discussion
of their findings. The final MAG scores for each
application were calculated by taking the average of the
scores provided by both experts across all assessment
criteria.

The MAG framework encompasses eight
domains: Usability (14 items) evaluates ease of use,
functionality, and accessibility; Privacy (14 items)
examines user data handling, terms of service, and
consent mechanisms; Security (9 items) assesses
encryption, password management, and cybersecurity
measures; Appropriateness and Suitability (2 items)
evaluates benefit explanation and expert involvement;
Transparency and Content (2 items) ensures scientific
evidence use and ethical adherence; Safety (7
items) identifies potential risks and compliance with
medical standards; Technical Support and Updates
(2 items) addresses update impacts on data integrity
and technical support availability; and Technology
(4 items) assesses performance, resource usage, and
data recovery mechanisms. The scoring methodology
employed a binary scale where each item was scored as
“Yes” (1 point) or “No” (0 points). Total scores for each
application were calculated by summing scores across
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all eight domains, with a maximum possible score
of 54 representing highest quality and a minimum
possible score of 0 indicating lowest quality.

Data analysis. The data analysis process began
with data cleaning where missing data were handled
through exclusion. Descriptive statistics (frequency,
percentage, and mean) summarized key attributes
of the applications and MAG scores. The Shapiro-
Wilk test confirmed non-normal data distribution,
necessitating a non-parametric Kruskal-Wallis test
for comparing mean MAG scores across application
types. Partial Least Squares regression (PLS)
analysis was employed since there was a significant
multicollinearity among independent variables and
a non-normal data distribution. Separate PLS analyses
were conducted for each app category with average
user rating as the dependent variable and developer
type, last update, number of downloads, total number
of ratings, and MAG domain scores as independent
variables. The level of significance was set at P < 0.05.

RESULTS

A total of 866 applications were initially retrieved
from the Google Play Store. After removing 494
duplicates, 358 unique applications proceeded to the
screening stage. Following the application of exclusion
criteria related to relevance, recency of updates,
and language availability, 322 applications met the
eligibility criteria and were included in the final
assessment. Of these, 182 (56.5%) focused on physical
health, 84 (26.1%) on mental health, and 56 (17.4%) on
social health. (Figure 1).

General characteristics of the included
applications. Majority of health applications were
developed by commercial organizations (96.1%
physical, 94.0% mental, 96.5% social), with minimal
contributions from public institutions and individual
developers. None of the included applications were
developed by academic or research institutes. Most
applications had been updated within the last year

Identification of applications via Google Play Store

Applications retrieved from
Google play store using the
specific keywords from
literature (n=866)

Identification

Applications screened (n=358)

Reports assessed for eligibility
(n=322)

Screening

Applications included for review
(n=322)
Physical Health (n=182)
Mental Health (n=84)
Social Health (n=56)

Applications removed before
screening:
Duplicate applications (n=494)

Inclusion Criteria:

- Related to physical health (e.g., fitness,
nutrition), Mental health (e.g., meditation,
therapy), or social health (e.g., social
support, community engagement)
Updated within the last three years

- Presence of user ratings and reviews.

- Available in English

Applications excluded
(n=36)

Figure 1. Flow diagram showing the data extraction methods for the applications from Google Play store
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(97.3% physical, 98.8% mental, 94.7% social).
Social health applications demonstrated the highest
proportion of downloads exceeding 10 million (43.8%),
compared to physical (8.8%) and mental health
applications (2.4%). Majority of applications across
all health domains received high user ratings between
4-5 stars (75.3% physical, 77.4% mental, 69.6% social)
(Table 2).

Quality Assessment Using MAG. Social
health applications were consistently rated higher
when compared to both physical and mental health

applications across most MAG domains. The mean
total MAG score for social health applications
(35.18 £ 12.05) was significantly higher than scores for
physical health applications (26.95 + 11.27) and mental
health applications (26.25 + 11.62).

In the domain-specific analysis, social health
applications demonstrated significantly higher scores
in usability (6.47 £ 1.69), privacy (11.07 = 4.04),
security (7.00 &+ 2.56), appropriateness and suitability
(1.53+0.66), transparency and content (1.33+0.79), and
technical support and updates (1.14 £ 0.93) compared

Table 2. Comparison of the key attributes of the selected applications in various domains (N = 322)

Key attributes Physical health Mental health Social health
n=182 (%) n =84 (%) n =56 (%)
Developer type
Public Institution 2 (1.1%) 3 (3.6%) 0 (0%)
Commercial Organization 175 (96.1%) 79 (94.0%) 55 (96.5%)
Individual 5(2.8%) 2 (2.4%) 1 (1.8%)
Last Update
Within 1 year 177 (97.3%) 83 (98.8%) 54 (94.7%)
Within 1-2 years 2 (1.1%) 1 (1.2%) 2 (3.5%)
Within 2-3 years 3 (1.6%) 0 (0%) 0 (0%)
Number of Downloads
less than 1000 7 (3.8%) 1 (1.2%) 2 (3.5%)
1000 — 10,000 13 (7.2%) 18 (21.4%) 10 (17.5%)
10,000 — 100,000 36(19.8%) 21 (25.0%) 7 (12.3%)
>100,000 — 1,000,000 57 (31.3%) 33 (39.3%) 7 (12.3%)
> 1,000,000 — 10,000,000 53 (29.1%) 9 (10.7%) 5(8.8%)
> 10,000,000 16 (8.8%) 2 (2.4%) 25 (43.8%)
Average user ratings
<3 4 (2.2%) 1 (1.2%) 2 (3.6%)
3-<4 41 (22.5%) 18 (21.4%) 15 (26.8%)
4-<5 137 (75.3%) 65 (77.4%) 39 (69.6%)
All values are expressed as frequency with percentages (in parentheses).
Table 3. Comparison of the mean scores of various domains of MAG
MAG domains Physical health | Mental health | Social health H P-value
Usability 474 £ 1.46° 438 £ 1.46* 6.47 £ 1.69 59.69 0.001*
Privacy 9.44 +4.24° 9.43 £ 4.61° 11.07 +£4.04 9.73 0.001*
Security 474 +£3.42° 4.40 £ 3.00° 7.00 +2.56 28.84 0.001*
Appropriateness and suitability 1.16 = 0.53* 1.26 £ 0.54¢ 1.53 £0.66 20.42 0.001*
Transparency and content 0.95 +0.84* 1.01 £0.77* 1.33+0.79 9.77 0.008*
Safety 276 £2.23 2.48 £1.98 3.68 £3.19 4.61 0.100*
Technical support and updates 0.42 +0.80° 0.46 + 0.80° 1.14 £0.93 32.70 0.001*
Technology 273+ 1.12 273+ 1.24 2.95+0.89 0.95 0.622
Total Score 2695+ 11.27° | 26.25+£11.62* | 35.18 £12.05 24.10 0.001*

MAG — Mobile App Development and Assessment Guide; All values are expressed as mean + standard deviation. The
statistical test used: Mann-Whitney post hoc test following a significant Kruskal-Wallis test; *P < 0.05 is considered
a statistically significant association. Lowercase letter “a” indicates that post hoc test is statistically significant with the

social health group (in the row).
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to both physical and mental health applications.
However, no significant differences were observed in
the safety domain (P=0.100) and technology domain
(P=0.622) across the three app categories (Table 3).

Factors influencing average user ratings. PLS
regression analysis of health app ratings reveals
distinct influences across categories. For physical
health applications, average user ratings show weak
positive relationship with number of downloads (r =
0.118) and total user ratings (r = 0.113), while a negative
coefficient for last update (r =-0.112) suggests outdated
applications receive lower ratings. However, the model
explains only 10% of rating variance (R* = 0.10). In
mental health applications, technology (r = 0.451) and
appropriateness (r = 0.410) scores strongly predict
higher ratings, whereas safety (r =-0.270) and privacy

(r=-0.192) concerns negatively impact perceptions.
With R? = 0.26, these factors explain a greater share
of variance. For social health applications, application
downloads (r = 0.210) positively influence ratings, but
technology (r =-0.136) and safety (r =-0.103) concerns
lower them, with an R? of 0.23 (Table 4).

DISCUSSION

Digital  health-based interventions enhance
healthcare accessibility, enable real-time monitoring,
and facilitate personalized disease management. Their
integration improves health outcomes by optimizing
early diagnosis, treatment adherence, and remote

patient care (24). The current study reveals significant
variations in the quality of mHealth applications
available on the Google Play Store in India. It
offers insights into the present state of the mHealth
ecosystem across physical, mental, and social health
domains. The findings have important implications for
users, developers, healthcare providers, and regulatory
bodies.

The overwhelming dominance of commercial
organizations in the development of health applications
across all three domains reflects the market-driven
nature of the mHealth landscape in India. These
applications were developed specific for Indian
users. This commercial orientation reflects global
trends where profit-driven entities play a key role in
advancing digital health innovation (25). The limited
involvement of public institutions represents a missed
opportunity for governments and healthcare systems
to influence the quality and accessibility of digital
health solutions, especially considering that National
Digital Health Mission of India emphasizes leveraging
technology to improve healthcare delivery (26). The
high frequency of application updates observed across
all categories suggests active maintenance efforts by
developers. This might reflect the competitive nature
of rapidly evolving digital health market in India,
where maintaining technological relevance is crucial
for user retention (27).

In the present study the download patterns revealed
striking differences across health domains. The social

Table 4. PLS regression coefficients showing impact of app characteristics and quality metrics on average user ratings

across health app categories

Independent Variables Physical Health App Mental Health App Social Health App
Application characteristics
Developer type 0.030 -0.100 -0.098
Last update -0.112 0.000 -0.139
Number of downloads 0.118 0.136 0.210
Total number of user ratings 0.113 0.056 0.104
MAG domains
Usability 0.029 0.152 0.101
Privacy -0.021 -0.192 0.060
Security -0.017 -0.005 0.013
Appropriateness and suitability 0.016 0.410 0.051
Transparency and content 0.056 -0.085 -0.030
Safety 0.012 -0.270 -0.103
Technical support and updates -0.030 -0.106 -0.070
Technology -0.054 0.451 -0.136
Total score -0.010 -0.175 -0.098
Model R? 0.10 0.26 0.23

PLS - Partial Least Squares; Independent variable: Average user ratings; Positive coefficients suggest positive influence on
average ratings, while negative coefficients indicate negative impact.
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health applications demonstrated significantly higher
download volumes, with almost half of the applications
(43.8%) exceeding 10 million downloads compared to
physical and mental health applications. This disparity
may reflect the broader appeal of social connectivity
features and the potential stigma associated with
dedicated mental health applications in the Indian
cultural context (28). The observed download
distribution pattern in this study is consistent with
the findings of Wang et al., who identified social
attributes, source credibility, and legal considerations
as key factors influencing user behaviour within the
social dimension (29). The present study observed that
despite lower download volumes, mental and physical
health applications maintained high user ratings,
with over 75% receiving 4-5 stars. This requires
further investigation, as it suggests that while these
applications reach smaller audiences, they potentially
deliver satisfactory experiences to their specific user
bases. Understanding healthcare customer needs is
essential for successfully positioning and sustaining
this large markets (30).

Social health applications demonstrated superior
quality across multiple MAG domains, particularly in
usability, privacy, security, and content transparency.
Their higher overall scores may be attributed to the
inherent focus on user engagement and data sharing
that characterizes social platforms, necessitating robust
privacy and security measures. This finding aligns
with research indicating that digital interventions
incorporating social support often employ more refined
user experience designs and robust security measures
compared to applications focusing solely on individual
health management (31). The superior performance
might also reflect the competitive landscape of social
media platforms that has established higher baseline
standards for user interface design and data protection
(32).

Despite their prevalence, physical and mental
health applications exhibited concerning quality gaps,
particularly in privacy and security domains. This
finding resonates with Huckvale et al., who identified
similardeficienciesin depression and smoking cessation
applications, with 81% transmitted data for advertising
and marketing purposes (33). Such deficiencies raise
significant concerns given the sensitive nature of
health data processed by these applications. The
pattern of lower quality scores in privacy and security
domains observed across all application categories
underscores a pervasive challenge in the mHealth
ecosystem, suggesting potential regulatory gaps in the
Indian digital health landscape.

The PLS regression analysis performed in the study
revealed that quality metrics influence user ratings
differently across health domains. For mental health

applications, technology features and appropriateness
significantly predicted higher user ratings, suggesting
that users prioritize functionality and relevance when
evaluating mental health tools. However, safety and
privacy concerns showed negative correlations with
ratings, potentially indicating limited user awareness
regarding these critical aspects. This finding aligns
with previous research indicating that mental health
applications users often prioritize immediate utility
over privacy considerations (34).

The weak correlation between MAG quality scores
anduserratings for physical health applications suggests
a potential disconnect between user perception and
objective quality metrics. This phenomenon has been
documented in studies indicating that user ratings often
reflect subjective experiences rather than objective
quality criteria (35,36). For social health applications,
the positive influence of download numbers on ratings
may indicate network effects, where perceived value
increases with broader adoption. However, the negative
impact of technology and safety concerns on ratings
demonstrates that social health applications users
remain sensitive to performance and security issues.

Akeystrength ofthis study isitsrobust methodology,
integrating automated data extraction with structured
quality assessment. Web scraping enabled unbiased
data collection, while the validated MAG framework
ensured objective, multidimensional evaluation.

Limitations and future directions. The present
study has certain limitations. It assesses only
applications from the Google Play Store, excluding iOS
applications, though Android users form the majority
of the smartphone market in India. While the MAG
framework provides a comprehensive evaluation, its
binary scoring system may not capture subtle variations
in application quality. Future research should address
these limitations by incorporating cross-platform
studies including both Android and iOS applications.
This would provide more comprehensive insights
into the broader mHealth ecosystem. Additionally,
investigating applications available in regional
Indian languages would enhance understanding of
digital health accessibility across diverse linguistic
communities. Qualitative studies focussing on
objective quality metrics with user feedback could
further elucidate the relationship between application
quality and user satisfaction.

This study highlights the need for stronger
regulations in health applications development and
distribution in India. Significant quality variations,
particularly in privacy and security, suggest self-
regulation is insufficient. Certification mechanisms or
quality standards could help guide users and encourage
developers to prioritize evidence-based design and
data protection.
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CONCLUSION

The present study provides a comprehensive
assessment of the quality landscape of health
applications available on the Google Play Store
in India, with specific focus on physical, mental,
and social health domains. The findings reveal
significant variability in application quality, with
social health applications demonstrating superior
performance across multiple quality dimensions
compared to physical and mental health counterparts.
The concerning deficiencies identified in privacy
and security domains across application categories
highlight the need for enhanced regulatory oversight
and quality standards in the rapidly evolving Indian
digital health ecosystem. As mHealth expands,
systematic quality evaluation is crucial for guiding
users to secure digital health solutions and providing
developers with clear benchmarks for improvement.
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ABSTRACT

BACKGROUND. Antimicrobial resistance is a major public health threat, with extended-spectrum -lactamase
(ESBL)-producing bacteria from the Enterobacteriaceae family classified by the WHO as critical priority
pathogens. The COVID-19 pandemic affected global antibiotic consumption patterns, potentially influencing
the resistance of ESBL(+) strains and the frequency of bacterial infections in hospitals.

OBJECTIVE. This study aimed to analyze the trends in the prevalence of infections caused by ESBL-
producing bacteria (Enterobacteriaceae family) in a district hospital in the Lower Silesian Voivodeship during
the peri-pandemic period (2017-2023) and assess the relationship between antibiotic consumption and changes
in resistance.

MATERIAL AND METHODS. A retrospective cohort study was conducted using microbiological and
pharmacological data from the Healthcare Complex in Otawa. 34,629 clinical specimen cultures from
77,829 hospitalized patients were analyzed. The study focused on Escherichia coli, Klebsiella pneumoniae,
and Enterobacter spp. with an ESBL resistance mechanism. The consumption of B-lactam antibiotics from
Anatomical Therapeutic Chemical (ATC) Classification System groups JO1C and JO1D was assessed. Statistical
trend and correlation analysis was applied.

RESULTS. The incidence of ESBL(+) bacterial infections showed no significant trends. The pre-pandemic
prevalence of ESBL(+) strains was low (6.42% — 24.49%), rising to 56.25% in 2020 and peaking at 100% in
2021-2022. In 2023, resistant isolates declined to 77.50%. A 50.2% increase in f-lactam antibiotic consumption
(JO1D, mainly cephalosporins) was recorded in 2020. The highest proportion of ESBL(+) infections occurred in
non-surgical wards (40.97%) and long-term care facilities (25.88%).

CONCLUSIONS. Data analysis from 2017-2023 revealed no significant trends in incidence of ESBL(+)
infections but an increase in fB-lactam resistance. In 2020, the prevalence of ESBL(+) strains and antibiotic
consumption, especially cephalosporins, increased. However, the lack of a significant correlation between
antibiotic consumption and resistance suggests that other factors, such as resistant strain transmission or
persistent colonization, play a crucial role. These findings highlight the need for enhanced resistance monitoring
and rational antibiotic stewardship strategies.

Keywords: Enterobacteriaceae, ESBL, COVID-19 pandemic, antimicrobial resistance
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STRESZCZENIE

WPROWADZENIE. Antybiotykooporno$¢ stanowi jedno z kluczowych zagrozen dla zdrowia publicznego,
a paleczki nalezace do rodziny Enterobacteriaceae, produkujace B-laktamazy o rozszerzonym spektrum sub-
stratowym (ang. extended spectrum B-lactamases, ESBL) zostaly sklasyfikowane przez WHO jako patogeny
o krytycznym priorytecie. Pandemia COVID-19 wptyneta na globalne wzorce stosowania antybiotykow, co
mogto przyczyni¢ si¢ do zmian w opornosci szczepéw ESBL(+) i czgstoéci zakazen bakteryjnych w szpitalach.
CEL. Celem badania byta analiza dynamiki wystepowania zakazen paleczkami z rodziny Enterobacteriaceae
wytwarzajacymi ESBL w szpitalu powiatowym w wojewodztwie dolno$laskim w okresie okolopandemicznym
(2017-2023) oraz ocena zaleznos$ci migdzy zuzyciem antybiotykdéw a zmianami w antybiotykoopornosci.
MATERIAL I METODY. Przeprowadzono retrospektywne badanie kohortowe obejmujgce dane mikrobiolo-
giczne 1 farmakologiczne z Zespotu Opieki Zdrowotnej w Otawie. Analizie poddano 34 629 posiewoéw mate-
riatéw klinicznych od 77 829 pacjentéw hospitalizowanych w latach 2017-2023. Badano szczepy Escherichia
coli, Klebsiella pneumoniae oraz Enterobacter spp. o mechanizmie opornosci typu ESBL. Oceniano zuzycie
antybiotykow B-laktamowych z grup JOIC i JO1D wedtug klasyfikacji anatomiczno-terapeutyczno-chemiczne;j
(ang. Anatomical Therapeutic Chemical Classification System, ATC). Zastosowano analiz¢ statystyczng tren-
dow i korelacji.

WYNIKI. Zapadalno$¢ na zakazenia bakteriami ESBL(+) nie wykazata w analizowanym okresie istotnych
trendoéw. Czgsto$¢ wystepowania szczepow ESBL(+) przed pandemig byta niska (6,42% — 24,49%), natomiast
w 2020 r. wzrosta do 56,25%, osiagajac szczyt w latach 2021-2022 (100%). W 2023 r. nastapit spadek izolowa-
nych szczepdw opornych (77,50%). Rownoczesnie w 2020 r. odnotowano 50,2% wzrost zuzycia antybiotykow
B-laktamowych (JO1D; glownie cefalosporyn). Najwiecej zakazen szczepami ESBL(+) wystapito na oddziatach
niezabiegowych (40,97%) i w placowkach opiekunczo-leczniczych (25,88%).

WNIOSKI. Analiza danych z lat 2017-2023 wykazata brak istotnych trendéow zapadalnosci na zakazenia
ESBL(+), ale wzrost oporno$ci na antybiotyki B-laktamowe. W 2020 roku odnotowano wzrost udziatu szczepow
ESBL(+) i zuzycia antybiotykow, zwtaszcza cefalosporyn. Mimo tego, brak istotnej korelacji miedzy zuzyciem
antybiotykow a opornoscia sugeruje, ze inne czynniki, takie jak transmisja szczepow opornych czy przetrwata
kolonizacja maja duze znaczenie. Wyniki wskazuja na potrzeb¢ wzmocnienia strategii monitorowania oporno-
$ci 1 racjonalnej antybiotykoterapii.

Stowa kluczowe: Enterobacteriaceae, ESBL, pandemia COVID-19, antybiotykoopornosé

INTRODUCTION WSTEP

Increasing antimicrobial resistance (AMR) is
a major threat and challenge to global public health. It
is estimated that in 2021, multidrug-resistant bacteria
were an indirect cause of death for 4.71 million people,
and for over 1.14 million patients, infection with these
strains was the direct cause of death. Forecasts indicate
that by 2050, in the absence of effective interventions,
AMR could be associated with 8.22 million deaths
worldwide (1,2).

The outbreak of the COVID-19 pandemic in 2020,
declared by the World Health Organisation (WHO) on
March 11, had numerous consequences for healthcare
systems globally, including hospital infection policies.
Healthcare systems, particularly in the initial phases of
the pandemic, faced shortages of personnel, intensive
care beds, and personal protective equipment, as
well as the suspension or limitation of established
rational antibiotic therapy procedures. Excessive and
often inappropriate use of antibiotics, especially in
the treatment of pneumonia in COVID-19 patients,
may have exacerbated the problem of antimicrobial

Rosngca antybiotykoopornos¢ (ang. Antimicrobial
Resistance, AMR) stanowi powazne zagrozenie i wy-
zwanie dla §wiatowego zdrowia publicznego. Szacu-
je si¢, ze w 2021 roku bakterie wielolekooporne byty
posrednig przyczyng zgonow 4,71 milionow ludzi,
a dla ponad 1,14 miliona pacjentéw zakazenie tymi
szczepami byto bezposrednig przyczyng $§mierci. Pro-
gnozy wskazuja, ze w 2050 roku, w przypadku braku
skutecznych interwencji, AMR moze by¢ powiazana
z 8,22 milionami zgondéw na catym $wiecie (1,2).

Wybuch pandemii COVID-19 w 2020 roku, ogto-
szony przez Swiatowa Organizacje Zdrowia (ang.
World Health Organisation, WHO) w dniu 11 marca,
spowodowat wiele konsekwencji dla funkcjonowania
ochrony zdrowia na catym $wiecie, w tym na polity-
ke zakazen szpitalnych. Systemy ochrony zdrowia,
szczegdlnie w poczatkowych fazach pandemii, bo-
rykaty si¢ z niedoborem personelu, t6zek intensyw-
nej terapii i sSrodkow ochrony indywidualnej, a takze
zawieszeniem lub ograniczeniem stosowania wypra-
cowanych procedur racjonalnej antybiotykoterapii.
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resistance (AMR) (3.4). Results of meta-analyses
indicate that 76.2% of COVID-19 patients were treated
with antibiotics, and multidrug-resistant (MDR)
bacterial strains were detected in 42.9% of all patients
studied. Among the isolated MDR strains, 24.9% were
pathogens producing extended-spectrum f-lactamases
(ESBL). However, co-existing bacterial infection was
confirmed in only 3-8% of patients infected with the
SARS-CoV-2 virus, meaning that antibiotics were
too often used in the treatment of severe forms of
COVID-19 (5,6).

According to the latest 2024 WHO list of
bacterial priority pathogens, bacteria from the
Enterobacteriaceae family resistant to third-generation
cephalosporins and carbapenems have been classified
as critical priority pathogens. This underscores
their crucial role in public health threats and the
need for urgent action in research and strategies to
prevent antimicrobial resistance, including ESBL (7).
Therefore, the issue of ESBL resistance in bacteria
from the Enterobacteriaceae family is closely linked
to the growing global threat, which gives particular
importance to studying the resistance of these strains
in the context of the changing health situation.

The aim of our study was to assess changes in the
prevalence of ESBL antimicrobial resistance in selected
isolates from the Enterobacteriaceae family during the
peri-pandemic period (2017-2023) in a district hospital
in the Lower Silesian Voivodeship, and to examine
the relationship between antibiotic consumption and
resistance dynamics using statistical analysis.

MATERIALS AND METHODS

A retrospective cohort observational study was
conducted at the Healthcare Complex in Otawa,
a multi-specialty district hospital located in Olawa
County, Lower Silesian Voivodeship (Poland). The
hospital serves a population of approximately 77,000
inhabitants and has 300 beds, with about 10,000
admissions annually and approximately 55,000 patient-
days per year. During the study period, the hospital
provided care and treatment for COVID-19 patients.

Microbiological data were obtained from annual
reports on the occurrence of alert pathogens in entities
performing medical activities (8) for the years 2017-
2023, collected based on the results of microbiological
tests from the Central Laboratory and the Bacteriology
Laboratory of the aforementioned hospital. Data on
antimicrobial consumption were sourced from the
hospital pharmacy’s records of pharmaceutical product
dispensing for the years 2017-2023.

The analysis of bacterial infections in patients of
the Healthcare Complex in Otawa covers the period
from 2017 to 2023. During this time, 34,629 cultures of
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Nadmierne i nie zawsze wlasciwe stosowanie antybio-
tykow, zwlaszcza w leczeniu zapalenia ptuc u pacjen-
tow z COVID-19 mogto nasili¢ problem opornosci na
srodki przeciwdrobnoustrojowe (AMR) (3,4). Wyni-
ki metaanaliz wskazuja, ze leczonych antybiotykami
byto 76,2% pacjentow z COVID-19, a szczepy bakterii
wielolekoopornych (ang. Multi-drug resistance, MDR)
wykryto u 42,9% wszystkich badanych. Wsrdd izolo-
wanych szczepéw MDR, 24,9% stanowity patogeny
produkujace B-laktamazy o rozszerzonym spektrum
substratowym (ang. extended spectrum B-lactamases,
ESBL). Natomiast obecnos¢ wspottowarzyszacej in-
fekeji bakteryjnej stwierdzano tylko u 3-8% badanych
pacjentow z zakazeniem wirusem SARS-CoV-2, co
oznacza, ze zbyt czgsto sieggano po antybiotyki w trak-
cie leczenia cigzkich postaci COVID-19 (5,6).

Zgodnie z najnowszg lista WHO z roku 2024, do-
tyczacg priorytetowych patogendow bakteryjnych, pa-
feczki z rodziny Enterobacteriaceae oporne na cefalo-
sporyny trzeciej generacji oraz karbapenemy zostaty
sklasyfikowane jako patogeny o priorytecie krytycz-
nym. Podkresla to ich kluczowe znaczenie w zagro-
zeniu dla zdrowia publicznego i konieczno$¢ pilnych
dziatan w zakresie badan oraz strategii zapobiegania
opornosci na $rodki przeciwdrobnoustrojowe, w tym
ESBL (7). Zatem problematyka wyst¢powania opor-
no$ci ESBL u bakterii z rodziny Enterobacteriaceae
jest $cisle zwigzana z rosnacym zagrozeniem global-
nym, co nadaje szczegdlne znaczenie badaniu opor-
nosci tych szczepow w kontek$cie zmieniajacej sie
sytuacji zdrowotne;.

Celem naszego badania byla ocena zmian czgstosci
wystepowania antybiotykoopornosci ESBL wybra-
nych pateczek z rodziny Enterobacteriaceae w okresie
okotopandemicznym (2017-2023) w szpitalu powia-
towym w wojewodztwie dolnoslaskim oraz zbadanie
zwigzku migdzy zuzyciem antybiotykow a dynamika
opornosci przy uzyciu analizy statystyczne;.

MATERIAL I METODY

Wykonano retrospektywne kohortowe badanie ob-
serwacyjne, przeprowadzone w Zespole Opieki Zdro-
wotnej w Otawie, szpitalu powiatowym, o charakte-
rze placowki wielospecjalistycznej, zlokalizowanym
w powiecie otawskim w wojewddztwie dolnoslaskim
(Polska). Szpital obstuguje populacje liczaca okoto
77 000 mieszkancow i dysponuje 300 t6zkami z okoto
10 000 przyjec¢ rocznie oraz okoto 55 000 osobodni pa-
cjentow. Szpital w badanym okresie sprawowat opieke
i leczenie nad pacjentami z COVID-19.

Dane mikrobiologiczne uzyskano z raportéw rocz-
nych wystepowania patogendéw alarmowych w pod-
miotach wykonujacych dziatalno$¢ lecznicza (8) za
lata 2017-2023 zebranych na podstawie wynikow ba-
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clinical specimens obtained from 77,829 hospitalized
patients were performed. The materials for testing
included: blood, urine, lower respiratory tract materials
(BAL, bronchoaspirates), and wound swabs. Species
identification and antimicrobial susceptibility testing
were performed according to the guidelines of the
National Consultant for Medical Microbiology, based
on EUCAST (European Committee on Antimicrobial
Susceptibility Testing) recommendations (kodrl.nil.
gov.pl). When processing the data, only the results of
a single specimen test obtained from a given patient
were included.

The occurrence of selected ESBL-producing
bacterial species belonging to the Enterobacteriaceae
family, i.e., Escherichia coli, Klebsiella pneumoniae,
and Enterobacter spp., was analyzed. The consumption
of B-lactam antibiotics from groups JOIC and JO1D
was studied according to the Anatomical Therapeutic
Chemical (ATC) Classification System, which groups
active substances in drugs based on their site of action
and therapeutic indications. Group JOIC included
B-lactam antibiotics from the penicillin group,
including preparations combined with P-lactamase
inhibitors, while group JO1D included cephalosporins
and other B-lactam antibiotics. Studies of changes
in infections over time were based on the number of
bacterial infections per 1000 patients (i.e., (number of
infections/number of patients) x 1000), as a function
of annual periods from 2017 to 2023. Antibiotic
consumption was analyzed based on the Defined
Daily Dose (DDD), i.e., the average daily dose of an
active substance recommended for a drug used in
its main indication in an adult, per 100 patient-days.
Linear correlations and linear regressions of the
observed changes were examined, and their statistical
significance was determined by calculating regression
coefficients and significance levels. STATISTICA 13.3
software (9) was used for the analysis of the obtained
results.

RESULTS

Analysis of data from 2017-2023, covering
34,629 cultures of clinical specimens, revealed the
presence of 1,143 strains of bacterial species from the
Enterobacteriaceae family, of which 371 were ESBL(+)
strains. The analysis also included pharmacological
data concerning antibiotic consumption during this
period.

The occurrence of ESBL(+) Enterobacteriaceae
isolates was analyzed from 2017 to 2023. The incidence
rates of infections caused by these microorganisms,
presented in Figure I, were calculated per 1000
patients. The time period corresponding to the
COVID-19 pandemic years, similar to other figures,

dan mikrobiologicznych Laboratorium Centralnego
wraz z Pracownig Bakteriologii powyzszego szpitala.
Dane o zuzyciu srodkéw przeciwdrobnoustrojowych
pochodzg z zestawienia rozchodow $rodkéw farma-
ceutycznych apteki szpitalnej za lata 2017-2023.

Analiza zakazen bakteryjnych u pacjentéw Zespotu
Opieki Zdrowotnej w Otawie obejmuje okres od 2017
do 2023 roku. W tym okresie wykonano 34 629 posie-
wow probek materiatu klinicznego, ktore uzyskano od
77 829 pacjentow hospitalizowanych. Materiat do ba-
dan stanowily: krew, mocz oraz materiaty z dolnych
drog oddechowych (BAL, bronchoaspiraty) oraz wy-
mazy z ran. Identyfikacje gatunku oraz antybiotykow-
razliwo$¢ wykonywano zgodnie z wytycznymi Konsul-
tanta Krajowego Mikrobiologii Lekarskiej opierajac si¢
na zaleceniach EUCAST (ang. European Committee on
Antimicrobial Susceptibility Testing) (korld.nil.gov.pl).
Przy opracowywaniu danych uwzgledniano jedynie
wyniki dotyczace jednorazowego badania probki mate-
riatu uzyskanego od danego pacjenta.

Analizowano wystepowanie wybranych gatunkow
bakterii nalezacych do rodziny Enterobacteriaceae,
tj. Escherichia coli, Klebsiella pneumoniae oraz En-
terobacter spp. wytwarzajace ESBL. Badano zuzycie
antybiotykow z grup JO1C i JO1D wedtug klasyfikacji
anatomiczno-terapeutyczno-chemicznej (ang. Ana-
tomical Therapeutic Chemical Classification System,
ATC), ktora grupuje substancje czynne zawarte w le-
kach w zalezno$ci od miejsca dziatania i wskazan
terapeutycznych. Do grupy JO1C zaklasyfikowano
antybiotyki B-laktamowe z grupy penicylin, wlacznie
z preparatami tgczonymi z inhibitorami B-laktamaz,
natomiast do grupy JO1D zaklasyfikowano cefalospo-
ryny oraz inne antybiotyki -laktamowe.

Badania zmian zakazen w czasie wykonano na pod-
stawie zaleznosci liczby zakazen bakteryjnych w prze-
liczeniu na 1000 pacjentow, tzn. (liczba zakazen/liczba
pacjentéw) x 1000, w funkcji rocznych okresow od 2017
do 2023 roku. Zuzycie antybiotykow analizowano na
podstawie definiowanej dawki dobowej (ang. Defined
Daily Dose, DDD), czyli $redniej dobowej dawki sub-
stancji czynnej zalecanej dla leku stosowanego w jego
glownym wskazaniu u osoby dorostej, w przeliczeniu
na 100 osobodni. Badano korelacje liniowe oraz regre-
sje liniowe obserwowanych zmian oraz ustalano ich
statystyczng istotno$¢ wyznaczajac wspolczynniki re-
gresji i poziomy istotno$ci. Do analizy uzyskanych wy-
nikow wykorzystano program STATISTICA 13.3. (9).

WY NIKI

Analiza danych z lat 2017-2023, obejmujacych
34 629 posiewow probek materiatu klinicznego, wy-
kazata obecno$¢ 1143 szczepow gatunkéw bakterii
z rodziny Enterobacteriaceae, z czego 371 to szczepy
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has been shaded. During the study period (N=7 years),
the incidence showed considerable variability, ranging
from a minimum of 1.11 in 2017 to a maximum of
7.32 in 2018. The mean annual incidence was 4.91
(SD=1.98), and the median was 5.58 cases per 1000
patients. Despite the observed fluctuations, including
a clear peak in 2018, linear regression analysis showed
no statistically significant linear trend in the incidence
rate of ESBL(+) bacterial infections throughout the
analyzed period (p=0.68; r=0.19). This suggests a lack
of a consistent linear increase or decrease in incidence
from 2017 to 2023 overall. The largest share of

8,00
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5,00
4,00
3,00
2,00
1,00
0,00

Incidence rate

2017 2018 2019

== Fscherichia coli ESBL(+)
Enterobacter spp. ESBL(+)

ESBL(+). Analiza objgta rowniez dane farmakologicz-
ne dotyczgce zuzycia antybiotykow w tym okresie.
Analizowano wystepowanie pateczek Enterobacte-
riaceae ESBL(+) w latach 2017-2023. Warto$ci zapadal-
no$ci na zakazenia spowodowane tymi drobnoustroja-
mi, przedstawione na Ryc. I., obliczano w przeliczeniu
na 1000 pacjentow. Przedziat czasowy odpowiadajacy
latom trwania pandemii COVID-19, podobnie jak na
pozostalych rycinach, zostat zacieniony. W badanym
okresie (N=7 lat) zapadalno$¢ wykazywata znaczng
zmiennos¢, wahajgc sie¢ od minimum 1,11 w 2017 roku
do maksimum 7,32 w 2018 roku. Srednia roczna za-
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2020 2022 2023

=o—Klebsiella pneumoniae ESBL(+)

=e=total ESBL (+) strains

Figure 1. Changes in the incidence of infections caused by the studied ESBL(+) strains (2017-2023)
Rycina I. Zmiany zapadalnosci na zakazenia powodowane przez badane szczepy ESBL(+) w latach 2017-2023
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Figure II. Average percentage of pathogenic strains with the ESBL resistance mechanism among bacteria from

Enterobacteriaceae family isolates (2017-2023)

Rycina II. Sredni odsetek patogennych szczepéw z mechanizmem opornosci typu ESBL wérdd izolatow bakterii z rodziny

Enterobacteriaceae w latach 2017-2023
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ESBL(+) bacterial infections was attributed to E. coli
and K. pneumoniae species.

Figure II illustrates the trend in the occurrence of
the ESBL-type resistance mechanism in the studied
strains. In the years 2017-2019, the resistance rate
remained below 25% (2017 — 6.42%, 2018 — 20.11%,
2019 — 24.49%). In 2020, a rapid increase in resistance
to B-lactam antibiotics was observed, reaching 56.25%.
In 2021-2022, the ESBL resistance mechanism was
present in all (100%) analyzed strains. In 2023, the
resistance rate decreased to 77.50%. The upward trend
over the study years showed a statistically significant
relationship (p=0.017).

The consumption of B-lactam antibiotics in the
years 2017-2023, expressed in DDD units per 100
patient-days, is presented in Figure III. In 2017-
2019, antibiotic consumption showed no clear and
statistically significant trends. The peak consumption
of both analyzed antibiotic groups in 2018 coincided
with increased use of P-lactams with B-lactamase
inhibitors and cloxacillin (group JO1C), and cefuroxime
and imipenem with cilastatin (group JO1D). In 2020,
there was a sharp increase in the use of other B-lactam
antibiotics (JO1D) by 50.2% compared to the previous
year. A 2.66-fold increase in ceftriaxone consumption
and a 7.42-fold increase in imipenem with cilastatin
consumption were noted this year compared to the
previous year. In the following years, the consumption
of ceftriaxone and other cephalosporins remained at
a similar level, while that of imipenem with cilastatin
fell to pre-increase values. From 2021-2023, antibiotic
consumption gradually decreased, returning to the
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40
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padalnos$¢ wyniosta 4,91 (SD=1,98), a mediana 5,58
przypadkow na 1000 pacjentéw. Pomimo obserwo-
wanych fluktuacji, w tym wyraznego szczytu w 2018
roku, analiza regresji liniowej nie wykazata istotnego
statystycznie trendu liniowego we wskazniku zapa-
dalnosci na zakazenia bakteriami ESBL(+) w calym
analizowanym okresie (p=0,68; r=0,19). Sugeruje to
brak statego, liniowego wzrostu lub spadku zapadal-
nosci w latach 2017-2023 ogotem. Najwickszy udziat
w zakazeniach bakteriami ESBL(+) mialy gatunki E.
coli oraz K. pneumoniae.

Rycina II. ilustruje tendencje wystepowania mecha-
nizmu opornosci typu ESBL w badanych szczepach.
W latach 2017-2019 wskaznik opornos$ci utrzymywat
si¢ ponizej 25% (2017 — 6,42%, 2018 — 20,11%, 2019
— 24,49%). W roku 2020 zaobserwowano gwaltowny
wzrost opornosci na antybiotyki B-laktamowe, osiaga-
jac 56,25%. W latach 2021-2022 mechanizm opornosci
ESBL byt obecny we wszystkich (100%) analizowanych
szczepach. W 2023 roku wskaznik opornosci spadt do
wartosci 77,50%. Trend wzrostowy w badanych latach
wykazat istotng zalezno$¢ statystyczng (p=0,017).

Zuzycie antybiotykow [-laktamowych w latach
2017-2023, wyrazone w jednostkach DDD na 100 oso-
bodni przedstawiono na Ryc. III. W latach 2017-2019
zuzycie antybiotykéw nie wykazywato zadnych wy-
raznych i statystycznie istotnych trendow. Szczyt zu-
zycia obu analizowanych grup antybiotykow w 2018
roku wspotwystepowat z zwigkszonym zuzyciem
B-laktaméw z inhibitorami B-laktamaz i kloksacyliny
(grupa JOIC) oraz cefuroksymu i imipenemu z cilasta-
tyna (grupa JOID). W 2020 roku nastapit gwattowny

2020 2021
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=e=]01C: B-lactam antibiotics, penicillins

=e=]01D: other B-lactam antibiotics (incl. cephalosporins, monobactams)

Figure III. Consumption of selected B-lactam antibiotic groups (2017-2023), expressed in DDD per 100 patient-days
Rycina III. Zuzycie antybiotykow B-laktamowych z wybranych grup w latach 2017-2023 wyrazone w parametrze DDD

na 100 osobodni
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average level of 2017-2019. Pearson correlation analysis
showed no significant relationship between antibiotic
consumption (JO1C and JO1D) and the resistance rate of
Enterobacteriaceae (JO1C: r=-0.0549, p=0.907; JO1D:
r=0.2158, p=0.642). Spearman correlation analysis also
showed no significant relationship (JO1C: rho=-0.144,
p=0.758; JO1D: tho=0.234, p=0.613). Linear regression
analysis also did not confirm a significant relationship
between antibiotic consumption and the resistance rate
(JO1C: p=0.907; JO1D: p=0.642; JO1C+D: p=0.825).

Figure 1V presents data on the number of ESBL(+)
strain infections in individual wards, divided into:
intensive care unit, surgical wards, non-surgical wards,
and long-term care facilities (inpatient hospice and
nursing home). The data show that during the analyzed
period, an average of 40.97% of infections with bacteria
from the Enterobacteriaceae family occurred in non-
surgical wards (min.: 22.73%; max.: 64.29%; Mdn:
44.44%), 25.88% in inpatient hospice and nursing home
facilities (min.: 17.74%; max.: 36.36%; Mdn: 24.53%),
20.49% in the intensive care unit (min.: 0.00%; max.:
36.36%; Mdn: 18.52%), and 12.67% in surgical wards
(min.: 4.55%; max.: 22.58%; Mdn: 13.21%). These data
may indicate a higher number of infections in non-
surgical wards and long-term care facilities, which could
be related to a larger number of immunocompromised
patients and those with chronic diseases undergoing
long-term medical care.
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wzrost stosowania innych antybiotykow [-laktamo-
wych (JOID) o 50,2% w poréwnaniu do roku poprzed-
niego. Odnotowano w tym roku 2,66-krotny wzrost
zuzycia ceftriaksonu oraz 7,42-krotny wzrost zuzycia
imipenemu z cilastatyng wzgledem roku poprzednie-
go. W nastepnych latach zuzycie ceftriaksonu i innych
cefalosporyn utrzymato si¢ na podobnym poziomie,
a imipenemu z cilastatyna spadto do wartosci sprzed
wzrostu. W latach 2021-2023 zuzycie antybiotykow
stopniowo malato, powracajac do $redniego poziomu
z lat 2017-2019. Analiza korelacji Pearsona nie wyka-
zala istotnej zalezno$ci migdzy zuzyciem antybiotykow
(JO1C 1 J01D) a wskaznikiem lekooporno$ci Enterobac-
teriaceae (JO1C: r=-0,0549, p=0,907; JO1D: r=0,2158,
p=0,642). Analiza korelacji Spearmana réwniez nie wy-
kazala istotnej zaleznosci (JO1C: rho=-0,144, p=0,758;
JO1D: rho=0,234, p=0,613). Analiza regresji liniowej
rowniez nie potwierdzila istotnej zaleznosci miedzy
zuzyciem antybiotykéw a wskaznikiem lekoopornosci
(JO1C: p=0,907; JO1D: p=0,642; JO1C+D: p=0,825).
Rycina IV. przedstawia dane dotyczace liczby
zakazen szczepami ESBL(+) na poszczegdlnych od-
dziatach, podzielonych na: oddziat intensywnej te-
rapii, oddziatly zabiegowe, oddzialy niezabiegowe
oraz placowki opieki dtugoterminowej (hospicjum
stacjonarne oraz zaktad opiekunczo-leczniczy). Z da-
nych wynika, ze w analizowanym okresie $rednio
40,97% zakazen szczepami bakterii z rodziny Ente-

2020 2021 2022 2023

Long-term facilities

Figure IV. Percentage distribution of analyzed ESBL(+) strains according to origin (by hospital ward categories), 2017-

2023

Rycina IV. Rozklad procentowy analizowanych szczepéw ESBL(+) ze wzgledu na pochodzenie (wedlug kategorii

oddziatéw szpitalnych) w latach 2017-2023
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DISCUSSION

The results of the analyzed data suggest that the
epidemiological situation regarding the occurrence of
isolates from the Enterobacteriaceae family (selected
species, i.e., K. pneumoniae, E. coli, Enterobacter
spp.) showed no significant trends. However, the
resistance rate of these microorganisms shows a clear
upward trend over the studied years. It should be noted
that an important characteristic of bacteria from the
Enterobacteriaceae family is their ease of colonizing
the human gastrointestinal tract, which becomes
a reservoir for these microorganisms for many
months. Such a situation is particularly unfavorable
during periods of increased morbidity and a higher
number of hospitalizations, such as during the
COVID-19 pandemic. From the perspective of hospital
epidemiology, the presence of an increased number
of isolated resistant strains is disadvantageous, as
a colonized gastrointestinal tract of one carrier can be
a potential source of infection for many hospitalized
patients.

Some studies outside Poland seemed to indicate
a decrease in resistance during the pandemic period —
particularly in the context of urinary tract infections
(10-14). However, most studies, both in the region and
globally, on the proportion of resistant strains among
bacteria of the Enterobacteriaceae family indicate an
increasing trend in the percentage of strains exhibiting
drugresistance, as well as, in many cases, in the incidence
of infections caused by these resistant microorganisms,
particularly in hospital settings. (3,15-17).

Pan-European and global reports indicate a general
increase in ESBL-type resistance mechanism during
the pandemic years (2020 and 2021), with some
data, especially from the United States concerning
hospital-acquired infections, showing increases
in the proportion of resistant strains reaching
approximately 30% compared to previous years. In
2021, in Europe, 13.8% of E. coli isolates and 34.3%
of K. pneumoniae isolates showed resistance to third-
generation cephalosporins, and in some countries,
this percentage exceeded 50% (16,17). In the present
study, an increase in the percentage of ESBL(+)
isolates among Enterobacteriaceae family members
was observed: from 24.49% in 2019, through 56.25%
in 2020, to the presence of the ESBL mechanism in
all (100%) analyzed strains isolated from infections
in 2021-2022. In 2023, this percentage decreased to
77.5%. This increase coincides with the pan-European
trend of rising antimicrobial resistance, especially
during the COVID-19 pandemic, when increased
use of broad-spectrum antibiotics, including third-
generation cephalosporins, was observed in European
hospitals (18). Our analysis showed a sharp increase

robacteriaceae miato miejsce na oddziatach niezabie-
gowych (min.:22,73%; max.:64,29%; Mdn: 44,44%),
25,88% w hospicjum stacjonarnym i zaktadzie opie-
kunczo-leczniczym  (min.:17,74%;  max.:36,36%;
Mdn:24,53%), 20,49% na oddziale intensywnej terapii
(min.:0,00%; max.:36,36%; Mdn:18,52%), a 12,67% na
oddziatach zabiegowych (min.:4,55%; max.:22,58%;
Mdn:13,21%). Te dane moga wskazywac¢ na wicksza
liczbe zakazen na oddzialach niezabiegowych oraz
w placéwkach opiekunczo-leczniczych, co moze by¢
zwigzane z wickszg liczbg pacjentow z obnizong od-
pornoscig i przewlektymi chorobami, objetych dtugo-
terminowa opieka medyczng.

DYSKUSJA

Wyniki analizowanych danych sugeruja, ze sytu-
acja epidemiologiczna wystepowania pateczek z ro-
dziny Enterobacteriaceae (wybranych gatunkow, tj.
K. pneumoniae, E. coli, Enterobacter spp.) nie wy-
kazywata istotnych trendow. Natomiast wskaznik
opornosci tych drobnoustrojow wykazuje wyrazny
trend wzrostowy na przestrzeni badanych lat. Nalezy
zaznaczy¢, ze wazng cecha paleczek z rodziny Ente-
robacteriaceae jest atwos¢ kolonizacji przewodu po-
karmowego cztowieka, ktory staje sie zrodlem tych
drobnoustrojow na wiele miesigcy. Taka sytuacja jest
szczegodlnie niekorzystna w okresie zwigkszonej za-
chorowalnosci, zwigkszonej liczby hospitalizacji m.in.
w pandemii COVID-19. Z punktu widzenia epidemio-
logii szpitala, obecno$¢ zwiekszonej liczby izolowa-
nych szczepdéw opornych jest niekorzystna, albowiem
skolonizowany przewod pokarmowy jednego nosiciela
moze by¢ potencjalnym zrodtem zakazenia dla wielu
hospitalizowanych.

W niektorych badaniach poza Polskg wyniki zdawa-
ty si¢ wskazywac na spadek opornosci w okresie pan-
demii — szczegolnie w kontekscie zakazen uktadu mo-
czowego (10-14). Jednakze wigkszo$¢ badan, zarowno
w regionie jak i na $wiecie, na temat udziatu szczepéw
opornych wsrod bakterii z rodziny Enterobacteriaceae
wskazuje na tendencje wzrostowa w odsetku szczepow
charakteryzujacych si¢ lekoopornoscia, a takze, w wie-
lu przypadkach, na wzrost zapadalnosci na zakazenia
wywolywane przez te oporne drobnoustroje, zwlaszcza
w warunkach szpitalnych (3,15-17).

Raporty ogdlnoeuropejskie i swiatowe sygnalizuja
ogblny wzrost opornosci w mechanizmie opornosci
typu ESBL w latach pandemii (2020 oraz 2021), przy
czym niektore dane, zwlaszcza ze Standw Zjednoczo-
nych dotyczace zakazen szpitalnych, wskazywaly na
wzrosty udziatu szczepdw opornych siegajace ok. 30%
w stosunku do lat poprzednich. W 2021 roku w Eu-
ropie 13,8% izolatow E. coli i 34,3% K. pneumoniae
wykazywalo oporno$¢ na cefalosporyny III generacji,
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in the consumption of B-lactam antibiotics from group
JOID (mainly cephalosporins) by 50.2% in 2020
compared to the previous year. This observation is
consistent with literature reports indicating a link
between increased antibiotic use and the selection
of resistant strains during the COVID-19 pandemic
(3,19,20), which could have contributed to the increase
in the number of ESBL(+) isolates. The high degree
of resistance indicates the need to limit uncontrolled
antibiotic use, strengthen infection prevention and
control strategies, especially in hospitals, and apply
the principles of rational antibiotic therapy in all
hospital wards, including non-surgical wards and
long-term care facilities, where the highest percentage
of ESBL(+) strain infections was found.

For a fuller context in interpreting the results,
it should be indicated that the analyzed hospital
implemented an  epidemiological  surveillance
program coordinated by a dedicated infection control
team. An Antibiotic Stewardship Program was also
implemented, elements of which included: adherence
to local therapeutic guidelines, use of antibiotics from
a restricted-access drug list (requiring, e.g., specialist
consultation or obtaining microbiological test results
before prescribing), and regular pharmacotherapy
reviews in patients, conducted by an infectious disease
specialist and a clinical pharmacist. Furthermore, the
hospital adopted a restrictive approach to antibiotic
use in COVID-19 patients, as it became clear from the
analysis of worldwide research that they offer no benefit,
because co-existing bacterial infections and secondary
infections do not occur as frequently as initially thought.

This study had its limitations, including the
retrospective nature of the research, the lack of
molecular data, and the use of analysis based on
aggregated data. Nevertheless, we are convinced that
the data contained in this research paper will allow
for a deeper understanding of the pandemic’s impact
on the functioning of the healthcare system and its
challenges, including the significant and serious
problem of increasing antimicrobial resistance among
strains pathogenic to humans.

CONCLUSIONS

1. Incidence without significant trends and an increase
in resistance. Analysis of epidemiological data from
2017-2023 showed no consistent linear increase or
decrease in the incidence of infections caused by
ESBL-producing bacterial species belonging to the
Enterobacteriaceae family. However, a statistically
significant upward trend was observed in resistance
to P-lactam antibiotics, indicating a growing
problem of drug resistance among strains capable
of long-term human colonization.
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a w niektorych krajach odsetek ten przekraczat 50%
(16,17). W niniejszym badaniu zaobserwowano wzrost
odsetka izolatow ESBL(+) wsrod pateczek z rodzi-
ny Enterobacteriaceae: z 24,49% w 2019 roku, przez
56,25% w 2020 roku, az do stwierdzenia obecnosci
mechanizmu ESBL we wszystkich (100%) analizowa-
nych szczepach izolowanych z zakazen w latach 2021-
2022. W 2023 roku odsetek ten wyniost 77,5%. Wzrost
ten zbiega si¢ z ogolnoeuropejska tendencja narasta-
jacej antybiotykooporno$ci, szczegolnie w okresie
pandemii COVID-19, gdy w europejskich szpitalach
obserwowano zwigkszone stosowanie antybiotykéw
szerokospektralnych, w tym cefalosporyn III genera-
cji (18). W naszej analizie zaobserwowano gwattowny
wzrost zuzycia antybiotykow B-laktamowych z grupy
JOID (glownie cefalosporyn) o 50,2% w 2020 roku
w stosunku do roku poprzedniego. Obserwacja ta jest
spojna z doniesieniami literaturowymi wskazujacymi
na zwiazek miedzy zwickszonym stosowaniem an-
tybiotykow a selekcja szczepow opornych w okresie
pandemii COVID-19 (3,19,20), co mogto przyczynic¢
si¢ do wzrostu liczby izolatow ESBL(+). Wysoki sto-
pien opornosci wskazuje na konieczno$¢ ograniczenia
niekontrolowanego stosowania antybiotykow, wzmoc-
nienia strategii prewencji i kontroli zakazen, zwlasz-
cza szpitalnych oraz stosowanie zasad racjonalnej
antybiotykoterapii we wszystkich oddziatach szpitala,
w tym w oddzialach niezabiegowych czy placéwkach
opiekunczo-leczniczych, gdzie stwierdzono procento-
wo najwiecej zakazen szczepami ESBL(+).

Dla petniejszego kontekstu interpretacji wynikow
nalezy wskaza¢, ze w analizowanym szpitalu realizo-
wano program nadzoru epidemiologicznego koordy-
nowany przez dedykowany zespo6t kontroli zakazen.
Wdrozono réwniez program zarzgdzania antybiotyko-
terapia (ang. Antibiotic Stewardship Program), ktorego
elementami byly: stosowanie lokalnych wytycznych te-
rapeutycznych, stosowanie antybiotykow z listy lekow
o0 ograniczonym dostepie (wymagajacych np. konsulta-
cji specjalistycznej lub uzyskania wyniku badania mi-
krobiologicznego przed zleceniem) oraz regularne prze-
glady farmakoterapii u pacjentéw, prowadzone przez
specjaliste chordb zakaznych i farmaceute klinicznego.
Ponadto w szpitalu obrano restrykcyjne podejscie do
stosowania antybiotykow u pacjentow z COVID-19,
gdyz stalo si¢ jasne wraz z analizg badan z catego swia-
ta, ze nie przynosza one korzysci, poniewaz wspolist-
niejace zakazenia bakteryjne i zakazenia wtdrne nie
wystepuja tak czesto, jak poczatkowo sadzono.

Niniejsze badanie miato swoje ograniczenia w po-
staci retrospektywnego charakteru badan, braku
danych molekularnych oraz zastosowaniu analizy
w oparciu o dane zagregowane. Mimo to, jesteSmy
przekonani, ze dane zawarte w niniejszej pracy ba-
dawczej pozwola na poglebienie wiedzy o wplywie
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Impact of the COVID-19 pandemic on the increase
in resistance. In 2020, a rapid increase in the
proportion of ESBL(+) strains in hospital-acquired
infections was noted, coinciding with increased
consumption of B-lactam antibiotics. These results
confirm the global trend of rising antimicrobial
resistance during the COVID-19 pandemic as
a consequence of intensive empirical antibiotic
therapy in hospitalized patients.

Lack of significant correlation between antibiotic
consumption and the resistance rate. Despite
the increase in antibiotic consumption in 2020,
linear correlation and regression analysis did not
show a significant relationship between antibiotic
consumption and the prevalence of ESBL(+) strains
in the analyzed period. This suggests that, in
addition to antibiotic exposure, other factors such
as the transmission of resistant strains, persistent
colonization, and infection control policies may
play a crucial role in shaping resistance dynamics.
Differences in local and global dynamics of
antimicrobial resistance. The results obtained in our
study indicate an increase in the ESBL resistance
mechanism rate during the pandemic years, which
is consistent with European and global data.

The need to strengthen infection control strategies
and rational antibiotic therapy. High resistance
rates during the pandemic years and the ongoing
problem of multidrug-resistant bacteria from the
Enterobacteriaceae family indicate the necessity of
intensifying efforts in epidemiological surveillance,
antimicrobial resistance monitoring, and the
implementation of rational antibiotic therapy
strategies. Further optimization of hospital infection
control programs and effective restriction of broad-
spectrum antibiotic use are also of key importance.
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wyzwan, w tym wazny i powazny problem narasta-
jacej antybiotykoopornosci wsrod szczepow patogen-
nych dla cztowieka.

L.

WNIOSKI

Zapadalno$¢ bez istotnych trendéw i wzrost opor-
nosci. Analiza danych epidemiologicznych z lat
2017-2023 wykazata brak statego, liniowego wzro-
stu lub spadku zapadalno$ci na zakazenia wywo-
fane przez szczepy gatunkéw bakterii nalezacych
do rodziny Enterobacteriaceae ESBL(+). Nato-
miast zaobserwowano istotny statystycznie trend
wzrostowy w zakresie opornosci na antybiotyki
B-laktamowe, co wskazuje na narastajgcy problem
lekoopornosci wsrod szczepdéw zdolnych do dtu-
gotrwalej kolonizacji cztowieka.

Wplyw pandemii COVID-19 na wzrost oporno-
$ci. W 2020 roku odnotowano gwattowny wzrost
udziatu szczepow ESBL(+) w zakazeniach szpital-
nych, ktory zbiega si¢ ze zwigkszonym zuzyciem
antybiotykow B-laktamowych. Wyniki te potwier-
dzaja globalny trend wzrostu antybiotykoopor-
nosci w okresie pandemii COVID-19 jako konse-
kwencji intensywnego stosowania antybiotykote-
rapii empirycznej u pacjentow hospitalizowanych.
Brak istotnej korelacji migdzy zuzyciem antybio-
tykéw a wskaznikiem opornosci. Pomimo wzro-
stu zuzycia antybiotykow w 2020 roku, analiza
korelacji liniowej 1 regresji nie wykazata istotnego
zwigzku migdzy zuzyciem antybiotykow a czesto-
$cig wystepowania szczepow ESBL(+) w analizo-
wanym okresie. Sugeruje to, ze oprocz ekspozycji
na antybiotyki, inne czynniki, takie jak transmisja
szczepow opornych, przetrwala kolonizacja oraz
polityka kontroli zakazen, moga mie¢ kluczowe
znaczenie w ksztattowaniu dynamiki opornosci.
Roéznice w lokalnej i globalnej dynamice antybio-
tykooporno$ci. Wyniki uzyskane w naszym ba-
daniu wskazuja na wzrost wskaznika opornosci
w mechanizmie ESBL w latach pandemii, co jest
zgodne z danymi europejskimi i globalnymi.
Konieczno$¢ wzmocnienia strategii kontroli za-
kazen 1 racjonalnej antybiotykoterapii.Wysokie
wskazniki oporno$ci w latach pandemii oraz
utrzymujacy si¢ problem wielolekoopornych bak-
terii z rodziny Enterobacteriaceae wskazuja na ko-
niecznos$¢ intensyfikacji dziatan w zakresie nadzo-
ru epidemiologicznego, monitorowania antybioty-
koopornosci oraz wdrazania strategii racjonalnej
antybiotykoterapii. Kluczowe znaczenie ma takze
dalsza optymalizacja programéw kontroli zakazen
szpitalnych i1 skuteczne ograniczanie stosowania
antybiotykow o szerokim spektrum dziatania.
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. General principles:

The manuscript must be submitted via the Editorial
System: https:/www.editorialsystem.com/epi/
The manuscript entered into the system is
subjected to editorial review, after which the
Editorial Team decides to accept the work and
send it to two independent Reviewers, or to reject
it. The Reviewers’ comments serve to increase the
scientific value of the work. The Author is obliged
to respond to all Reviewers’ comments or to justify
their rejection.

Amendments made to the article after review
should be marked precisely, preferably in a different
color or in the “track changes” mode.

The Editorial Team reserves the right to reject the
work at any stage, providing a justification for its
decision.

After receiving the decision to qualify the article
for publication, the Authors are obliged to send
the “License statement” to the Editorial Office.
The document will be generated automatically
by the system and requires the signature of the
Corresponding Author..

When preparing the manuscript for publication,
the Editorial Team reserves the right to make
minor editorial corrections, mainly related to the
linguistic correction of the text, i.e. corrections of
typos, sentence order or the format of the citation
list.

. Procedure for submitting works:

To submit an article to Przeglad Epidemiologiczny
— Epidemiological Review, log in/register in the
Editorial System (hereinafter referred to as ES).
To create an account, go to the ES website and
click “Create a new account”, then enter your
e-mail address as the login, complete the form and
enter the password. After logging in, click “Send
new article” and follow the instructions displayed:
select the type of article and the language in which

1. Zasady ogolne:

N

Prace nalezy ztozy¢ przez Editorial System:
https://www.editorialsystem.com/epipl
Wprowadzony do systemu manuskrypt zostaje
poddany ocenie redakcyjnej, po przeprowadze-
niu ktorej zespot redakcyjny decyduje o przyjeciu
pracy i skierowaniu jej do dwoch niezaleznych
Rcenzentow lub tez o jej odrzuceniu. Uwagi Re-
cenzentéw shuza podniesieniu wartosci naukowe;j
pracy. Autor jest zobowigzany odpowiedzie¢ na
wszystkie uwagi recenzentéw lub tez uzasadnic¢
ich odrzucenie.

Poprawki wniesione do artykutu po recenzji po-
winny zosta¢ dokladnie oznaczone, najlepiej in-
nym kolorem lub w trybie ,,§ledZz zmiany”.

Zespo6t redakeyjny zastrzega sobie prawo od od-
rzucenia pracy na dowolnym etapie, z podaniem
uzasadnienia swojej decyzji.

Podczas przygotowywania manuskryptu do publi-
kacji zespot redakcyjny zastrzega sobie prawo do
wprowadzania drobnych poprawek redakcyjnych,
dotyczacych glownie korekty jezykowej tekstu, tj.:
korekt literowek, szyku zdania badz formatu wy-
kazu cytowan.

. Procedura zglaszania prac:

Aby zgtosi¢ prace do Przegladu Epidemiologicz-
nego — Epidemiological Review nalezy zalogowaé
si¢/zarejestrowa¢ si¢ w Editorial System (dalej
ES). W celu utworzenia konta nalezy wejs¢ na
stron¢ Editorial System i klikng¢ ,,Utworz nowe
konto”, a nastepnie jako login podaé¢ swoj adres
e-mail, wypetni¢ formularz i wprowadzi¢ hasto.
Po zalogowaniu nalezy klikna¢ w ,,Wyslij nowy
artykut” 1 postgpowac zgodnie z wyswietlany-
mi instrukcjami: wybra¢ typ artykutu oraz jezyk
w jakim przygotowana zostala jego tres¢. Okresle-
nie typu artykutlu bedzie mialo znaczenie podczas
dodawania streszczenia.

311


https://www.editorialsystem.com/epi/
https://www.editorialsystem.com/epipl

Instruction for authors / Instrukcja dla autorow

w2

312

its content was prepared. Specifying the article
type will be important when adding an abstract.
The summary in Polish and English should be
identical and not exceed 300 words.

In the case of review articles, the structure
of the summary is arbitrary. In the case of
original articles, the abstract should be divided
into sections: INTRODUCTION, PURPOSE,
MATERIAL AND METHODS, RESULTS AND
CONCLUSIONS.

The person submitting the text will be automatically
considered the Corresponding Author, which
means that all communication with the Editorial
Office will be sent to the e-mail address of this
person. The Corresponding Author can be changed
when adding additional Authors of the article. In
the case of Authors who already have an account
in the system, simply provide their e-mail address
and their data will be filled in automatically. Please
include information on additional funding sources
in the “Additional information” section.

Authors have the option to provide suggested
Reviewers. The Editorial Team is under no
obligation to use these suggestions.

The main text of the manuscript should be prepared
in doc, docx, rtf, odt formats. Due to the principle
of mutual anonymity of Reviewers and Authors,
before adding the text, please make sure that it does
not contain any data that could be used to identify
the Authors. The Editors also allow adding tables
(doc, docx, rtf, odt, xIsx formats) and figures (jpg,
gif, tif, png, pdf, xlsx formats) in separate files
with a mandatory signature in Polish and English
versions.

In the last step, the system will assign the article
a number that can be used in contacts with the
Editorial Office. After sending, the Corresponding
Author will receive an automatic e-mail confirming
the submission of the manuscript.

. Editorial guidelines:

The Editorial Office accepts papers in Polish and
English versions. Polish-language Authors are
obliged to provide an English-language version
after reviews and editorial work. NOTE: The
Editorial Office does not offer text translation
services, you must prepare the English version
yourself.

The volume of submitted manuscripts, including
all tables, figures and references, should not exceed
15 pages.

Manuscripts sent to the Editorial Office should be
written in Times New Roman font, size 12, with
line spacing of 1.5.

W

Streszczenie w jezyku polskim i w jezyku angiel-
skim powinno by¢ tozsame i nie przekracza¢ 300
wyrazow.

W przypadku prac pogladowych struktura stresz-
czenia jest dowolna. W przypadku prac orygi-
nalnych streszczenie nalezy podzieli¢ na sekcje:
WPROWADZENIE, CEL, MATERIAL I METO-
DY, WYNIKI I WNIOSKI.

Osoba sktadajaca tekst zostanie automatycznie
uznana za Autora korespondencyjnego, oznacza
to, ze cata komunikacja z Redakcja bedzie prze-
sylana na adres e-mail tej osoby. Autora kore-
spondencyjnego mozna zmieni¢ przy dodawaniu
kolejnych Autoréw pracy. W przypadku Autorow,
ktorzy juz posiadaja konto w systemie, wystarczy
poda¢ ich adres e-mail, a ich dane zostang uzu-
pelnione automatyczne. W sekcji ,,Dodatkowe
informacje” nalezy umiesci¢ informacje na temat
dodatkowych zrodet finansowania.

Autorzy majg mozliwo$¢ podania sugerowanych
Recenzentow. Zespo6t redakcyjny nie ma obowiaz-
ku z tych sugestii skorzystac.

Tekst gléwny manuskryptu powinien zostac
przygotowany w formatach doc, docx, rtf, odt.
W zwigzku z zasada wzajemnej anonimowosci
Recenzentow i Autoréw, prosimy aby przed doda-
niem tekstu upewni¢ si¢, ze nie zawiera on zad-
nych danych mogacych postuzy¢ do identyfikacji
Autorow. Redakcja dopuszcza rowniez dodanie
w oddzielnych plikach tabel (formaty doc, docx,
rtf, odt, xlsx) oraz rycin (formaty: jpg, gif, tif,
png, pdf, xlsx) wraz z obowigzkowym podpisem
w wersji polskiej oraz angielskiej.

W ostatnim kroku system nada artykulowi nu-
mer, ktorym mozna postugiwac si¢ w kontaktach
z Redakcja. Po wystaniu, Autor korespondencyjny
otrzyma automatycznego e-maila potwierdzajace-
go zlozenie pracy.

. Wytyczne edytorskie:

Redakcja przyjmuje prace w wersji polskiej i an-
gielskiej. Autorzy polskojezyczni maja obwigzek
dostarczenia wersji anglojezycznej po recenzjach
i opracowaniu redakcyjnym. UWAGA: Redakcja
nie oferuje ustugi ttumaczenia tekstow, wersje an-
glojezyczng nalezy przygotowaé we wlasnym za-
kresie.

Objetos¢ przysytanych manuskryptow wraz ze
wszystkimi tabelami, rycinami i pi$miennictwem
nie powinna przekraczaé 15 stron.

Prace nadestane do Redakcji powinny by¢ pisane
czcionkg Times New Roman, rozmiar 12, z inter-
linig 1,5.
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Summary and abstract: should recapitulate the
facts and conclusions contained in the article and
should not exceed 300 words.

Keywords: 3 to 5 in both language versions,
should refer to the main topic of the article.

The introduction of the article should discuss
the justification for taking up the topic or the
research undertaken in the original papers. The
literature cited in the introduction should be
limited only to items directly related to the content
of the introduction. The introduction should not
include the results or conclusions of the research
conducted.

Material and methods — for commonly known
methods, references should be provided, including
statistical methods in the article. For methods
already published but generally unknown, provide
a short description with references, and for new
or significantly modified methods, provide their
full description. Epidemiological studies should
provide information about the study plan (protocol)
covering the study population (age, gender
and other important characteristics, e.g. living
environment, vaccination history), randomization
method or allocation to specific groups. If a form
developed by another institution, e.g. WHO, was
used for the study, the Author is obliged to obtain
the consent of the above-mentioned institution to
use the form, if required.

Results should be presented in a logical sequence
in the text, with possible reference to tables and
figures. Data from tables and figures should not be
repeated in the text, where only the most important
information should be included.

The discussion should highlight new or important
aspects of the results and discuss their implications
and limitations. The results of your own research
should be assessed against the background of the
literature used by the Authors. The detailed data
presented in the previous parts of the article should
not be repeated here.

Conclusions can be specified in bullet points or
presented briefly in descriptive form. Conclusions
should be logically connected with the goals
set in the article. You should avoid statements
and conclusions that do not result from your
own observation. Authors should avoid making
statements about costs or benefits unless their
paper includes economic data and analysis. If
a hypothesis is proposed, it must be clearly stated
that it is a hypothesis. Results should also not be
included in applications.

References — should be limited only to items
quoted in the text and directly related to the topic of
the articles. The number of cited items should not

Streszczenie i abstrakt: powinno rekapitulowac
fakty i wnioski zawarte w pracy i nie przekraczac¢
300 wyrazow.

Stowa kluczowe: w ilosci od 3 do 5 w obu wer-
sjach jezykowych, powinny odnosi¢ si¢ do gtéw-
nego tematu artykutu.

We wstepie pracy nalezy omowi¢ uzasadnienie
podjecia tematu lub podjetych badan w pracach
oryginalnych. Cytowane we wstepie pismiennic-
two nalezy ograniczy¢ tylko do pozycji majacych
bezposredni zwiazek z trescig wstepu. We wste-
pie nie nalezy podawa¢ wynikéw ani wnioskow
z przeprowadzonych badan.

Material i metody — dla powszechnie znanych
metod nalezy podac pozycje pismiennictwa, tacz-
nie z metodami statystycznymi w pracy. Dla metod
juz opublikowanych, ale powszechnie nieznanych,
podac¢ krotki opis z pozycjami pi§miennictwa, na-
tomiast dla nowych lub istotnie zmodyfikowanych
—podac ich petny opis. W pracach epidemiologicz-
nych nalezy poda¢ informacje o planie (protokole)
badania obejmujacym badang populacje (wiek,
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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