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ABSTRACT

Human papillomavirus (HPV) is the cause of one of the most common sexually transmitted infections and poses
a significant public health concern due to its link with various cancers. Despite widespread awareness of HPV,
actual knowledge about the virus remains limited, which limits the effectiveness of preventive measures such
as vaccination. This article reviews the literature to evaluate how HPV knowledge influences attitudes toward
vaccination. Studies indicate that access to education and healthcare is crucial in bridging knowledge gaps about
HPV. To improve awareness, vaccination rates, and screening participation, targeted educational interventions
and public health strategies are essential. Furthermore, changes in the education and training of healthcare
providers are necessary for the successful implementation of public health initiatives, boosting vaccination
uptake and increasing the performance of screening tests.

Keywords: HPV, STI, HPV epidemiology, HPV vaccinations
STRESZCZENIE

Zakazenia wirusem brodawczaka ludzkiego (HPV) nalezg do najbardziej rozpowszechnionych infekcji prze-
noszonych drogg plciowa, wptywajac istotnie na zdrowie publiczne ze wzgledu na zwiazek zakazenia HPV
z roznymi rodzajami nowotwordéw. Pomimo $wiadomosci problemu zakazen HPV, rzeczywista wiedza na temat
HPYV jest niska, co wptywa na matg skutecznos¢ dziatan prewencyjnych, w tym szczepien. W artykule pod-
jeto probe oceny wptywu wiedzy na temat HPV na postawy wobec szczepien w oparciu o przeglad literatury
tematu. Jak wynika z analizowanych prac, dostep do edukacji i opieki zdrowotnej odgrywa kluczowa role
w wypelnianiu brakow wiedzy na temat HPV. Poprawa swiadomos$ci w zakresie HPV oraz wskaznikow szcze-
pien i zglaszalno$ci na badania przesiewowe wymagaja ukierunkowanych interwencji edukacyjnych i strategii
w zakresie zdrowia publicznego. Zmiany w obszarze edukacji i szkolenia podmiotow $§wiadczacych opieke
zdrowotna sa niezbgdne do skutecznego realizowania programow zdrowia publicznego, zwickszenia stanu za-
szczepienia i wykonywania badan przesiewowych.

Stowa kluczowe: HPV, STI, epidemiologia HPV, szczepienia przeciw HPV

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

Human Papillomavirus (HPV) is a DNA virus from
the Papillomaviridae family, and HPV infections are
recognized as the most prevalent sexually transmitted
infections globally, affecting both sexes (1). There are
over 200 types of HPV virus, which are categorized
into high-risk and low-risk groups (1,2). Low-risk types
cause conditions like genital warts, which do not lead
to serious health problems. In contrast, high-risk HPV,
especially types 16 and 18, are associated with various
cancers including cervical, anal, penile, oropharyngeal,
vaginal, and vulvar cancers (3). Persistent high-risk HPV
infection is a significant risk factor for these cancers
(4). However, most HPV infections are asymptomatic
and resolve naturally within two years without medical
intervention in about 90% of cases (5).

The HPV vaccine is an effective preventive measure
recommended for both sexes, given to children from 9 to
15 years of age (typically starting at ages 11 or 12), and
can be administered up to age 26 (6). Many countries
have expanded their vaccination programs to include
men, recognizing this as important in reducing HPV
transmission. Safe sexual practices, such as consistent
and correct condom use, can reduce the risk of HPV
transmission but do not offer complete protection since
HPV can infect areas not covered by a condom. Limiting
the number of sexual partners significantly reduces
the risk of infection. Regular screenings, such as Pap
smears or HPV tests, can detect cervical abnormalities
that might be related to HPV and potentially cancerous
(7). Many infected males remain asymptomatic, with
persistent infections often presenting as genital warts.
Epidemiological data show that men play a crucial
role in transmitting HPV to women, highlighting the
importance of understanding men’s attitudes toward
this issue (8).

The HPV vaccine has been in use since 2000.
Currently, three types of vaccines are registered and
authorised in the European Union: the bivalent (targeting
types 16 and 18), the quadrivalent (targeting types 6, 11,
16, and 18) and the nine-valent (targeting types 6, 11,
16, 18, 31, 33, 45, 52, and 58) (9). Men are encouraged
to get vaccinated, as approximately 2% of male cancers
are related to HPV, including penile, head and neck, and
anal cancers. Men often serve as significant reservoirs
for transmitting the virus to partners (10).

Epidemiology of HPV infections. Epidemiological
data reveal that HPV incidence peaks in two age
groups: young adults (18-21 years) and older adults
(55-65 years). The high incidence in young adults
is likely due to the initiation of sexual activity and
higher numbers of sexual partners during this life
stage, which increases exposure risk (11,12). The peak
in older adults can be attributed to the reactivation of
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Wirus brodawczaka ludzkiego (HPV) to wirus
DNA z rodziny Papillomaviridae, wywotujacy zakaze-
nia uznawane obecnie za najpowszechniejsze infekcje
przenoszone droga ptciowa na $wiecie (1). Istnieje po-
nad 200 typow wirusa HPV, ktore sg klasyfikowane na
grupy wysokiego i niskiego ryzyka (1,2). Podtypy o ni-
skim ryzyku onkogennym wywotuja ktykciny konczy-
ste, ktore nie prowadzg do powaznych probleméw zdro-
wotnych. Natomiast HPV wysokiego ryzyka, zwtaszcza
typy 161 18, sa bezposrednio zwigzane z nowotworami,
w tym rakiem szyjki macicy, odbytu, pracia, gardta, po-
chwy i sromu (3). Przewlekte zakazenie HPV wysokie-
go ryzyka jest istotnym czynnikiem ryzyka tych nowo-
tworow (4). Wigkszos¢ zakazen HPV jest bezobjawowa
1 ustepuje samoistnie w ciggu dwoch lat bez interwencji
medycznej w okolo 90% przypadkow (5).

Szczepionka przeciwko HPV jest skutecznym
$rodkiem zapobiegawczym zalecanym dla obu ptci, po-
dawana jest dzieciom od 9 do 15 roku zycia, ale zalecana
jest tez po inicjacji seksualnej niezaleznie od wieku pa-
cjenta, zwykle do 26 r.z. (6). Wiele krajow rozszerzyto
swoje programy szczepien, aby obja¢ nimi takze mez-
czyzn, co znacznie ogranicza przenoszenia HPV. Bez-
pieczne praktyki seksualne, takie jak stosowanie pre-
zerwatyw, mogg zmniejszy¢ ryzyko przenoszenia HPV,
ale nie zapewniajg catkowitej ochrony, poniewaz HPV
moze zakaza¢ obszary nieostoniete przez prezerwaty-
we. Ograniczenie liczby partnerow seksualnych znacz-
nie zmniejsza ryzyko zakazenia. Regularne badania
przesiewowe, takie jak badanie cytologiczne lub testy
w kierunku HPV, moga wykry¢ nieprawidtowosci szyj-
ki macicy, ktore moga by¢ zwigzane z HPV (7). Wie-
lu zakazonych mezczyzn pozostaje bezobjawowych,
a przetrwale zakazenia czesto objawiaja sie klykcinami
narzadow plciowych. Dane epidemiologiczne pokazuja,
ze mezczyzni odgrywaja kluczowa rolg w przenoszeniu
HPV (8).

Szczepionka przeciwko HPV jest stosowana od
2006 r. Obecnie w Unii Europejskiej zarejestrowano
i dopuszczono trzy rodzaje szczepionek: dwuwalentna
(przeciwko typom 16 i 18), czterowalentng (przeciwko
typom 6, 11, 16 i 18) i dziewigciowalentng (przeciwko
typom 6, 11, 16, 18, 31, 33, 45, 52 i 58) (9). Mgzczyzn
zachgca si¢ do szczepien, poniewaz okoto 2% meskich
nowotworow jest zwigzanych z HPV, w tym rak pracia,
glowy i szyi oraz odbytu (10).

Epidemiologia zakazen HPV. Dane epidemiolo-
giczne wskazuja, ze szczyt zapadalnosci na HPV wy-
stepuje w dwoch grupach wiekowych: u mtodych doro-
stych (18-21 lat) i starszych dorostych (55-65 lat). Wyso-
ki wskaznik zapadalno$ci u miodych dorostych praw-
dopodobnie wynika z rozpoczecia aktywnosci seksu-
alnej i wigkszej liczby partnerow seksualnych w tym
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latent infections or new exposures due to changes in
immunity (11).

HPV  prevalence shows significant regional
variations. Sub-Saharan Africa reports the highest
prevalence at 24%, followed by Eastern Europe at
21%, and Latin America at 16% (11,13). These high
prevalence rates correlate with the lower implementation
of HPV vaccination programs and screening efforts in
these regions. Conversely, Western Europe and North
America have lower prevalence rates, benefiting from
extensive public health initiatives aimed at controlling
HPYV spread through vaccination and regular screenings
(14). In the United States, racial disparities are evident
in HPV-related cancer incidences. Hispanic and Black
women experience higher rates of cervical cancer
compared to their white counterparts. This discrepancy
is largely due to variations in access to healthcare
services, including HPV vaccination and cervical
cancer screening programs (14).

In the UK, cervical cancer incidence is also higher
in socially deprived areas, with a 65% higher rate
reported in the most deprived regions compared to the
least deprived (14). In Ecuador, a study found an overall
HPV prevalence of 65% among sampled women, with
high-risk HPV genotypes being predominant. Factors
such as early age at first intercourse, multiple sexual
partners, and use of contraceptives were associated with
higher infection rates (13,14). In China, a longitudinal
study showed a declining trend in HPV prevalence from
26.2% in 2013 to 14.5% in 2021, likely due to increased
awareness and vaccination efforts (15).

The prevalence and impact of HPV are closely linked
to a country’s development status. Developed nations,
with their robust healthcare systems, have successfully
implementedwidespread HPV vaccinationandscreening
programs, leading to reduced HPV prevalence and
associated cancer rates. For instance, the UK has seen
a significant decline in cervical cancer incidence due to
the National Health Service’s vaccination and screening
initiatives, despite challenges posed by socioeconomic
disparities (14,15). In developing countries, limited
access to healthcare services, vaccines, and educational
programs results in higher prevalence and greater health
burdens from HPV-related diseases (16).

OBJECTIVE AND METHODOLOGY

The primary objective of this paper was to assess
the impact of knowledge regarding HPV on vaccination
perceptions and practices. In this mini narrative review,
we examined HPV risk perception and prevention
measures and their impact on vaccination practices.
Literature was retrieved from databases including
PubMed, Scopus, and Google Scholar, focusing on
studies published in the last 20 years. Search terms

okresie zycia, co zwieksza ryzyko narazenia (11,12).
Szczyt u osob starszych mozna przypisac¢ reaktywacji
utajonych zakazen lub nowym narazeniom z powodu
zmian odpornosci (11).

Czestos¢ wystepowania HPV wykazuje znaczne
réznice regionalne. Najwyzsze odsetki zakazonych, na
poziomie 24%, zdiagnozowano na terenie Afryki Sub-
saharyjskiej, w Europie Wschodniej 21% i Ameryce
Lacinskiej 16% (11,13). Tak wysokie wskazniki czesto-
Sci wystepowania korelujg z problemami z wdrazaniem
programow szczepien przeciwko HPV 1 badan przesie-
wowych w tych regionach. Z kolei Europa Zachodnia
i Ameryka PoInocna majg nizsze wskazniki czgstosci
wystepowania, gtownie dzigki szeroko zakrojonym ini-
cjatywom zdrowia publicznego majacym na celu zwal-
czanie rozprzestrzeniania si¢ HPV poprzez szczepienia
i regularne badania przesiewowe (14). W Stanach Zjed-
noczonych widoczne sa dysproporcje rasowe w czgsto-
$ci wystepowania raka zwiazanego z HPV. Kobiety po-
chodzenia latynoskiego i czarnoskore czgsciej zapadaja
na raka szyjki macicy niz biate. Ta rozbiezno$¢ wynika
glownie z roznic w dostepie do ustug opieki zdrowotnej,
w tym szczepien przeciwko HPV i programéw badan
przesiewowych w kierunku raka szyjki macicy (14).

W Wielkiej Brytanii czgstos¢ wystgpowania raka
szyjki macicy jest rowniez wyzsza w obszarach uboz-
szych, z duzym odsetkiem osob spolecznie wyklu-
czonych, przy czym wskaznik ten jest o 65% wyzszy
w regionach o najwiekszej deprywacji spotecznej (14).
W Ekwadorze badanie wykazato ogdlna czestos¢ wy-
stepowania HPV na poziomie 65% wsrod badanych
kobiet, przy czym dominuja genotypy HPV wysokiego
ryzyka. Czynniki takie jak wczesny wiek pierwszego
stosunku, wielu partnerow seksualnych i stosowanie
srodkéw antykoncepcyjnych wigzaly si¢ z wyzszymi
wskaznikami zakazen (13,14). Analiza przeprowadzo-
na w Chinach wykazala spadkowg tendencj¢ czgstosci
wystepowania HPV z26,2% w 2013 r. do 14,5% w 2021
r., prawdopodobnie z powodu zwigkszonej swiadomo-
Sci 1 wysitkow na rzecz szczepien (15).

Czestos¢ wystepowania zakazen HPV i1 zwigza-
nych z nimi przypadkéw raka sa $cisle powigzane ze
statusem rozwoju kraju. Rozwinigte kraje, z wydolny-
mi systemami opieki zdrowotnej, skutecznie wdrozyty
szeroko zakrojone programy szczepien i badan przesie-
wowych, co doprowadzito do zmniejszenia czgstosci
wystepowania wirusa HPV i1 zwigzanych z nim przy-
padkéw raka. Na przyktad w Wielkiej Brytanii odno-
towano znaczny spadek czestosci wystepowania raka
szyjki macicy dzigki inicjatywom Narodowej Stuzby
Zdrowia w zakresie szczepien i badan przesiewowych,
pomimo wyzwan wynikajacych z nierownosci spotecz-
no-ekonomicznych (14,15). W krajach rozwijajacych si¢
ograniczony dostep do opieki zdrowotnej, szczepionek
i programow edukacyjnych skutkuje znacznie wigkszy-
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included “HPV knowledge”, “HPV vaccination” and
“vaccine hesitancy”. Articles were selected for their
relevance to understanding how knowledge gaps
influence the outcomes of prevention programs.

RESULTS AND DISCUSSION

The search identified studies examining knowledge
of HPV and attitude towards vaccinations in different
populations.

A study by Ejaz et al. on HPV prevention among
men who have sex with men and transgender women
in Pakistan found a lack of knowledge of HPV and
its health consequences as well HPV prevention.
Participants were largely unaware of HPV and its health
risks, primarily focusing on HIV. Despite this, they
expressed a positive attitude towards HPV vaccination
and screening once informed. Key barriers identified
included financial constraints, stigma from healthcare
providers, and lack of accessible services. The study
suggests the need for targeted educational interventions
and improved healthcare access for this vulnerable
population (7).

Chen et al. examined HPV vaccine hesitancy among
female university students in China. It found that 8.9%
of students hesitated to get vaccinated. Knowledge, risk
perception, and trust were negatively correlated with
vaccine hesitancy. Knowledge indirectly influences
hesitancy through trust and risk perception. The
study emphasises the need for improved public health
education to bridge these knowledge gaps, enhancing
trust and risk perception to reduce vaccine hesitancy
(17).

Similarly, a study in Miami, Florida, found among
unvaccinated women lower HPV knowledge compared
to the wvaccinated reproductive-age women. Key
barriers to vaccination included low-risk perception
and healthcare access issues, while motivators were
health protection and doctor recommendations. The
relationship between knowledge and HPV vaccination
indicates that enhancing basic HPV knowledge is
essential to increasing vaccine uptake and addressing
the knowledge gaps (18).

A study on French general practitioners (GPs)
presents the difficulties that doctors faced when parents
were hesitant to vaccinate their children against HPV.
Concerns about vaccine safety, and the association
with adolescent sexuality further complicated vaccine
promotion. The study identified three GP typologies:
effective, convinced but unpersuasive, and reluctant,
underscoring the need for enhanced educational
interventions and communication strategies to improve
HPYV vaccination rates (19).

Despite the widespread availability of HPV vaccines,
knowledge about the virus and the vaccine remains
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mi obcigzeniami zdrowotnymi i ekonomicznymi z po-
wodu choréb zwiazanych z wirusem HPV (16).

CEL I METODOLOGIA

Gléwnym celem artykutu byta ocena wptywu wie-
dzy na temat HPV na postrzeganie i praktyke szczepien
przeciw HPV. W krotkim przegladzie literatury prze-
analizowali$my wiedze¢ na temat HPV, postrzeganie ry-
zyka HPV 1 $rodki zapobiegawcze oraz ich wptyw na
praktyki szczepien. Literatur¢ wyszukiwano w bazach
danych, w tym PubMed, Scopus i Google Scholar, sku-
piajac si¢ na badaniach opublikowanych w ciggu ostat-
nich 20 lat. Terminy wyszukiwania obejmowaly: ,wie-
dze o HPV”, ,szczepienie przeciw HPV” i, nieche¢ do
szczepien HPV”. Artykuty wybrano ze wzgledu na ich
znaczenie dla zrozumienia, w jaki sposob luki w wie-
dzy wplywaja na wyniki programéw profilaktycznych.

WYNIKI I DYSKUSJA

W wyniku wyszukiwania zidentyfikowano prace
badajace wiedze na temat wirusa HPV i podejscie do
szczepien w roznych populacjach.

Badanie Ejaza i in. na temat profilaktyki HPV wérod
mezczyzn uprawiajacych seks z mgzezyznami i kobie-
tami transseksualnymi w Pakistanie wykazato brak
wiedzy na temat HPV i jego konsekwencji zdrowot-
nych, a takze profilaktyki HPV. Uczestnicy byli w duzej
mierze nieSwiadomi HPV i jego zagrozen dla zdrowia,
skupiajac si¢ gtéwnie na HIV. Mimo to wyrazili po-
zytywne nastawienie do szczepien 1 badan przesiewo-
wych HPV po uzyskaniu informacji. Zidentyfikowane
kluczowe bariery obejmowaty ograniczenia finansowe,
stygmatyzacje ze strony przedstawicieli opieki zdrowot-
nej i brak dostepnych ustug. Badanie sugeruje potrzebe
ukierunkowanych interwencji edukacyjnych i poprawy
dostepu do opieki zdrowotnej dla tej populacji (7).

Chen i in. zbadali populacj¢ pacjentow niezdecydo-
wanych co do szczepienia przeciw HPV wsrod studen-
tek uniwersytetu w Chinach. Odkryli, ze 8,9% studen-
tek miato znaczne obawy przed szczepieniem. Wiedza,
postrzeganie ryzyka i zaufanie byly negatywnie skore-
lowane z obawami przed szczepieniem. Badanie pod-
kresla potrzebe poprawy edukacji w zakresie zdrowia
publicznego w celu zniwelowania luk w wiedzy, zwigk-
szenia zaufania i postrzegania ryzyka w celu zmniej-
szenia niechgci do szczepienia (17).

Podobnie, badanie przeprowadzone w Miami na
Florydzie wykazato, ze wsrdod kobiet niezaszczepionych
wiedza na temat HPV byla nizsza w poréwnaniu do za-
szczepionych kobiet w wieku rozrodczym. Kluczowy-
mi barierami dla szczepien byty problemy z dostgpem
do opieki zdrowotnej i postrzeganie ryzyka zakazenia
jako niskiego, podczas gdy czynnikami motywujacymi
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modest. Many parents and adolescents are unaware of
key facts, and this lack of information, along with safety
concerns, significantly hinders vaccine acceptance (20,
21).

A study among Lebanese mothers highlights the
lack of knowledge about HPV and HPV vaccination.
While 58.9% of participants had heard of the HPV
vaccine, only 8.7% were vaccinated. The parents’
average knowledge score about HPV was 5.9 out of
16 questions (ranged between 0 and 16), and about the
HPV vaccine it was 2.6 out of 7 questions, indicating
low actual knowledge levels (22).

A survey on parents of girls aged 11-18 years old
in Greece found that while 99.4% of parents knew
about HPV and 98.8% knew about the vaccine, actual
vaccination rates of their daughters were low, with only
35% of girls fully vaccinated. Key factors influencing
vaccination included perceived ease of contracting
HPV, trust in medical professionals and physician
recommendations. Parents’ reliance on the internet/
social media for information negatively impacted
vaccination rates (23, 24).

In a study by Smolarczyk et al. only 62.5% of
patients had heard of HPV. The results, analyzed using
Fisher’s and chi-squared tests, revealed that parents’
knowledge about HPV and the vaccination was low,
with only 49.4% of correct answers in a knowledge-
verifying questionaire. Education and knowledge were
the only factors influencing parents’ attitudes towards
vaccination, while other factors such as age, gender,
place of residence, and number of children had no
significant impact. The findings suggest a need for
better education for parents regarding HPV risks and
the benefits of prophylactic vaccination (25).

The parents’ and adolescents’ low knowledge
about HPV significantly impacts HPV epidemiology
globally. Despite increasing awareness of HPV,
misunderstandings, and gaps in knowledge lead to
inadequate prevention behaviours, affecting vaccination
rates and screening practices. Low vaccination
coverage and irregular screening practices lead to
higher incidences of HPV-related cancers, particularly
cervical cancer, which remains a leading cause of death
among women in low- and middle-income countries.
The World Health Organization (WHQO) emphasises
the importance of bridging this knowledge gap through
targeted educational interventions. By improving public
understanding of HPV and the benefits of vaccination,
it is possible to increase vaccine uptake and regular
screening, thereby reducing the global burden of HPV-
related diseases (20,26). Moreover, healthcare providers
play a crucial role in addressing this inconsistency in
understanding. Studies indicate that recommendations
from medical professionals significantly boost
vaccination rates. However, healthcare providers

byty zalecenia lekarskie i tatwy dostep do szczepionek
w programach zdrowotnych. Ujawniony zwigzek mig-
dzy wiedzg i stanem zaszczepienia przeciw HPV wska-
Zuja na potrzebe rozszerzenia podstawowej edukacji
w zakresie HPV (18).

Badanie francuskich lekarzy rodzinnych (GP)
przedstawia trudno$ci, z jakimi borykali si¢ lekarze,
gdy rodzice wahali si¢ przed zaszczepieniem dzieci
przeciwko HPV. Obawy dotyczace bezpieczenstwa
szczepionek 1 zwigzek z seksualno$cig nastolatkow
dodatkowo utrudniaty promocje¢ szczepien. Badanie
zidentyfikowato trzy typologie GP: skuteczny, przeko-
nany, ale nieprzekonujgcy lub nieche¢tny, podkreslajac
potrzebe ulepszonych interwencji edukacyjnych 1 stra-
tegii komunikacyjnych w celu poprawy wskaznikéw
szczepien przeciwko HPV (19).

Pomimo powszechnej dostepnosci szczepionek
przeciwko HPV, wiedza na temat wirusa HPV i sa-
mej szczepionki pozostajg skromne. Wielu rodzicow
i nastolatkow nie jest Swiadomych kluczowych fak-
tow, a ten brak informacji, wraz z obawami o bezpie-
czenstwo, znacznie utrudniajg akceptacj¢ szczepion-
ki (20, 21).

Badanie przeprowadzone wsrdd libanskich matek
podkresla brak wiedzy na temat HPV i szczepienia
przeciw HPV. Podczas gdy 58,9% uczestnikow sty-
szato o szczepionce przeciwko HPV, tylko 8,7% byto
zaszczepionych. Sredni wynik wiedzy rodzicow na te-
mat HPV wyniést 5,9 na 16 pytan (w zakresie od 0 do
16), a na temat szczepionki przeciwko HPV wyniost
2,6 na 7 pytan, co wskazuje na niski rzeczywisty po-
ziom wiedzy (22).

Badanie przeprowadzone wsrod rodzicow dziew-
czat w wieku 11-18 lat w Grecji wykazalo, ze pod-
czas gdy 99,4% rodzicéw wiedziato o HPV, a 98,8%
wiedzialo o szczepionce, rzeczywiste wskazniki
szczepien ich corek byty niskie — tylko 35% dziew-
czat bylo w pelni zaszczepionych. Kluczowe czynniki
wplywajace pozytywnie na szczepienia obejmowaly
postrzegang tatwos$¢ zakazenia si¢ HPV, skutki zaka-
zenia oraz zaufanie do personelu medycznego. Pole-
ganie rodzicéw na informacjach pozyskanych w me-
diach spoteczno$ciowych w celu uzyskania informacji
o szczepieniach negatywnie wptyneto na wskazniki
zaszczepienia (23, 24).

W badaniu Smolarczyk i wsp. tylko 62,5% pacjen-
tow styszato o HPV. Analiza wynikéw badania wyka-
zala, ze wiedza rodzicéw na temat HPV i szczepien byta
niska — tylko 49,4% ankietowanych udzielita prawidto-
wych odpowiedzi w kwestionariuszu weryfikujacym
wiedzg. Wyksztalcenie 1 wiedza byty jedynymi czyn-
nikami wplywajacymi na postawy rodzicow wobec
szczepien, podczas gdy inne czynniki, takie jak wiek,
pte¢, miejsce zamieszkania i liczba dzieci, nie miaty
znaczacego wpltywu. Wyniki sugerujg potrzebe lepszej
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themselves sometimes are reluctant to vaccinate,
which can hinder their ability to advocate effectively
for vaccination (20). Addressing these knowledge gaps
through continuous medical education and training
is essential for enhancing their role in public health
advocacy (26).

Possible reasons for poor knowledge about HPV
vaccine. The spread of misinformation about the HPV
vaccine has significantly impacted public health efforts
to increase vaccination rates and reduce HPV-related
diseases. A critical source of this misinformation
is social media, where anti-vaccine content easily
spreads, without any control from experts. Research
highlights that pseudo-news websites, such as
“Collective  Evolution,” and organizations like
Children’s Health Defense, are primary disseminators
of false information about the HPV vaccine on
platforms like Facebook. These sources use persuasive
strategies typical of credible news reporting, making
it challenging for users to judge the reliability of the
information (27,28).

Studies have demonstrated that exposure to
negative opinions and misinformation on social media
can drastically alter parents’ attitudes toward HPV
vaccination. For instance, an experimental study
on tweets revealed that misinformation elements
negatively impacted parents’ perceptions and their
willingness to vaccinate their children (28). Similarly,
a narrative review of online misinformation about the
HPV vaccine showed that myths and conspiracies
have become pervasive on social media, contributing
to vaccine hesitancy among parents (28).

Misinformation is not limited to social media,
traditional media and interpersonal conversations also
play a role. A study analysing stories about the HPV
vaccine across various media found that narratives in
social media, traditional news outlets, and personal
conversations significantly influence public perception
and behaviour. Negative stories often emphasize fears
about vaccine safety and distrust in the healthcare
system, which can deter vaccination (29).

Addressing this challenge requires strategic public
health communication. Effective counter-messaging
involves using science-based information to directly
confront myths and misinformation. To achieve this,
actual knowledge must be measured and compared to
perceived knowledge. Research shows that messages
correcting common misconceptions and citing credible
sources, such as the Center for Disease Control and
Prevention, are most effective in changing attitudes
(30). Tailoring these messages to address specific
concerns, like vaccine ingredients, potential side
effects, and the healthcare system’s trustworthiness,
has been shown to positively influence parents’
decisions to vaccinate their children (31).
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edukacji rodzicow w zakresie ryzyka HPV i korzysci
wynikajacych z profilaktycznych szczepien przeciw
HPV (25).

Niska wiedza rodzicow i nastolatkow na temat HPV
ma w konsekwencji znaczacy wplyw na epidemiologie
HPV na $wiecie. Pomimo rosnacej §wiadomosci HPV,
luki w wiedzy prowadza do braku nieodpowiednich
zachowan profilaktycznych, co wplywa na wskazniki
szczepien 1 praktyki badan przesiewowych. Niski po-
ziom zaszczepienia i nieregularne wykonywanie badan
przesiewowych prowadza do wyzszej czestosci wy-
stepowania nowotworow zwiagzanych z HPV, w szcze-
golnosci raka szyjki macicy, ktory pozostaje gtéwna
przyczyng zgonow wsrod kobiet w krajach o niskich
i érednich dochodach. Swiatowa Organizacja Zdrowia
(WHO) podkresla znaczenie przezwyci¢zenia tej luki
w wiedzy poprzez ukierunkowane interwencje eduka-
cyjne. Poprzez poprawe zrozumienia problemu zakazen
HPV przez spoleczenstwo i korzysci ze szczepien moz-
liwe jest zwickszenie liczby szczepien i regularnych ba-
dan przesiewowych, zmniejszajac tym samym global-
ne obcigzenie chorobami zwigzanymi z HPV (20,26).
Badania wskazuja, ze zalecenia i informacje uzyskane
od pracownikow ochrony zdrowia znacznie zwiekszaja
wskazniki szczepien. Jednak niejednokrotnie pracow-
nicy ochrony zdrowia sami niechgtnie si¢ szczepia, co
moze utrudnia¢ im skuteczne propagowanie szczepien
(20). Uzupetnianie luk w wiedzy poprzez ciagla eduka-
cje 1 szkolenia medyczne jest niezbedne do zwigkszenia
roli pracownikéw medycznych w propagowaniu zdro-
wia publicznego (26).

Mozliwe przyczyny niskiej wiedzy na temat
szczepionki przeciwko HPYV. Rozprzestrzenianie
si¢ dezinformacji na temat szczepionki przeciw HPV
znaczgco wptyneto na dziatania w zakresie zdrowia
publicznego majace na celu zwickszenie wskaznikow
szczepien 1 ograniczenie zapadalnosci na choroby
zwigzane z HPV. Krytycznym zrodtem dezinformacji
sa media spolecznosciowe, gdzie tresci antyszczepion-
kowe szczegdlnie tatwo si¢ rozprzestrzeniajg, bez zad-
nej kontroli ze strony ekspertéw. Badania podkreslaja,
ze witryny pseudoinformacyjne, takie jak ,,Collective
Evolution”, oraz organizacje takie jak Children’s Health
Defense , sa gtownymi zrodtami fatszywych informa-
cji na temat szczepionki przeciw HPV na platformach
takich jak Facebook. Zrodta te stosuja strategie perswa-
zyjne typowe dla wiarygodnych doniesien prasowych,
co utrudnia uzytkownikom ocene wiarygodnosci infor-
macji (27,28).

Badania wykazaly, ze narazenie na negatywne opi-
nieidezinformacj¢ w mediach spotecznosciowych moze
drastycznie zmieni¢ nastawienie rodzicéw do szczepien
przeciwko HPV. Na przyktad badanie eksperymentalne
na Twitterze wykazato, ze elementy dezinformacji ne-
gatywnie wplynely na postrzeganie rodzicow i ich cheé
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Furthermore, understanding the dynamics of
misinformation spread can help in developing better
intervention strategies. A study mapping information
exposure on social media suggested that public
health organizations should harness these platforms
to counteract misinformation by using engaging and
scientifically accurate content (29,31). Additionally,
educational initiatives targeting healthcare providers
are crucial, as they play a significant role in advising
and reassuring hesitant parents about the benefits of
HPV vaccination (30,32).

Combating HPV  vaccine  misinformation
requires an approach that includes robust public
health campaigns, strategic use of social media, and
continuous education for healthcare providers. By
addressing the roots of misinformation and providing
clear, credible information, it is possible to improve
public perceptions and increase vaccination rates,
thereby reducing the burden of HPV-related diseases
globally (28-32).

CONCLUSIONS

The literature review reveals low knowledge
about Human Papillomavirus (HPV) and HPV
vaccine, which critically impacts public attitudes
towards vaccination and preventive practices. Actual
understanding — particularly of transmission modes,
risks, and vaccine efficacy — is often limited. This lack
of accurate knowledge leads to vaccine hesitancy and
lower vaccination rates, undermining efforts to control
HPV-related diseases.

Misinformation, especially on social media, further
exacerbates these knowledge gaps by spreading false
information about the safety and effectiveness of HPV
vaccines, which increases scepticism and reduces
willingness to vaccinate. Even healthcare providers,
who are key health advice sources, are sometimes
reluctant to vaccinate, limiting their ability to
recommend vaccination to patients effectively.

To address these issues, it is crucial to establish clear
educational goals and implement targeted, evidence-
based programs that provide accurate information to
both the public and healthcare professionals. These
efforts should also actively counter misinformation,
using reliable sources to correct misconceptions and
improve public understanding. Tailored educational
strategies, considering cultural and socioeconomic
differences, are essential to overcoming specific
barriers to vaccination. By bridging the knowledge
gap, these initiatives can enhance vaccination uptake,
promote regular screening, and reduce the global
burden of HPV-related diseases.

zaszczepienia swoich dzieci (28). Podobnie, przeglad
narracyjny dezinformacji online na temat szczepion-
ki przeciwko HPV wykazat, Zze mity i teorie spiskowe
staly si¢ powszechne w mediach spotecznosciowych,
przyczyniajac si¢ do eskalacji obaw rodzicow (28).

Dezinformacja nie ogranicza si¢ do mediow spotecz-
nosciowych, role odgrywaja rowniez media tradycyjne
i rozmowy interpersonalne. Badanie analizujace histo-
rie na temat szczepionki przeciwko HPV w réznych me-
diach wykazato, ze narracje w mediach spotecznos$cio-
wych, tradycyjnych serwisach informacyjnych i rozmo-
wach osobistych znaczaco wptywaja na postrzeganie
i zachowanie opinii publicznej. Negatywne historie
czesto podkreslaja obawy dotyczace bezpieczenstwa
szczepionek i nieufnos$¢ do systemu opieki zdrowotnej,
co moze zniechgci¢ do szczepien (29).

Rozwigzanie tego problemu wymaga strategicznej
komunikacji w zakresie zdrowia publicznego. Skutecz-
ne przeciwdziatanie polega na wykorzystaniu informa-
cji opartych na faktach do bezposredniego konfronto-
wania mitow i dezinformacji. Aby to osiggna¢, nalezy
zmierzy¢ rzeczywistg wiedze 1 porownac ja z postrze-
gang przez spoteczenstwo wiedzg. Badania pokazuja,
ze komunikaty korygujace powszechne btedne prze-
konania 1 powotujace si¢ na wiarygodne zrodla, takie
jak CDC, sa najskuteczniejsze w zmianie postaw (30).
Wykazano, ze dostosowywanie tych komunikatow do
konkretnych obaw, takich jak sktadniki szczepionek,
potencjalne skutki uboczne i wiarygodnos¢ systemu
ochrony zdrowotnej, pozytywnie wplywa na decyzje
rodzicow dotyczace szczepienia dzieci (31).

Ponadto zrozumienie dynamiki rozprzestrzeniania
si¢ dezinformacji moze pomdc w opracowaniu lepszych
strategii interwencji. Badanie mapujace ekspozycje na
informacje w mediach spoteczno$ciowych dowiodto, ze
organizacje zdrowia publicznego powinny wykorzysta¢
te platformy do przeciwdziatania dezinformacji poprzez
stosowanie angazujacych i naukowo poprawnych tresci
(29,31). Ponadto, kluczowe sg inicjatywy edukacyjne
skierowane do dostawcow ustug opieki zdrowotnej, po-
niewaz odgrywaja znaczacg role w doradzaniu i uspo-
kajaniu niezdecydowanych rodzicow co do korzysci
szczepienia przeciwko HPV (30,32).

Zwalczanie dezinformacji na temat szczepionek
przeciwko HPV wymaga podejécia obejmujacego stra-
tegiczne wykorzystanie mediow spotecznosciowych
1 ciggla edukacje pracownikéw ochrony zdrowia. Po-
przez zajecie sie przyczynami dezinformacji i dostar-
czanie jasnych, wiarygodnych informacji mozliwe jest
poprawienie postrzegania spotecznego i zwigkszenie
wskaznikdéw stanu zaszczepienia, zmniejszajac tym
samym obcigzenie chorobami zwigzanymi z HPV na
catym $wiecie (28-32).
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ABSTRACT

BACKGROUND. In recent times, smartphones have become a major part of our lives due to its various benefits
such as easy accessibility of information, social connectivity, convenience, smaller size etc. Smartphone overuse
can cause stress in a student which can invariably lead to clenching or grinding of teeth and temporomandibular
disorder.

AIM. The aim of this study was to evaluate the association between smartphone use, stress due to over-usage,
bruxism and temporomandibular disorders among dental students in a private dental institution in Chennai, India.
METHODOLOGY. The present cross-sectional study was conducted among dental undergraduates and
postgraduates studying in a private dental institution in Chennai about smartphone usage. A self-administered
pre-tested questionnaire containing 18 questions was filled out by the participants and was followed by a clinical
examination for Bruxism and Temporomandibular disorder. Descriptive statistics was used and the association
was assessed using Pearson’s Chi-Square test. Statistics were done using SPSS version 23.0 and the p-value was
set at 0.05.

RESULTS. Out of the total 121 participants, 80 (66.1%) were males and 41 (33.9%) were females. 99 (81.8%)
were undergraduates and 22 (18.2%) were postgraduates. 90 (74.4%) felt stressed when unable to use their
smartphone whereas 31 (25.6%) did not feel so. Bruxism was determined in 95 (78.5%) of the study participants,
including 87 out of 90 (96.7%) in those feeling stressed and 8 out of 31 (25.8%) in those not feeling stressed when
unable to use smartphone (p=0.0005).

CONCLUSION. In the present study, a significant association was found between stress over not being able to use
a smartphone and bruxism. Using smartphones for learning purposes definitely benefits when used appropriately.

Keywords: smartphone, dental students, stress, bruxism, temporomandibular disorder

INTRODUCTION

A smartphone can be defined as a device that can
perform all the functions of a computer. Nowadays,
smartphones have got different names such as mobile
phones, cell phones etc. which are used interchangeably
(D). In recent times, smartphones have become a major
part of our lives due to its various benefits such as
easy accessibility of information, social connectivity,
convenience, smaller size etc (1). In addition to
being able to make calls, modern smartphones can
also be used as a computer, media player, and video
camera to access information at anytime, anywhere
(2). Smartphone usage has been increasing recently
due to its advantages, but at the same time it has its
own disadvantages too. A study done by Alosaimi
FD et al in Saudi Arabia (2016) revealed that 27.2%
of university students use smartphones more than 8

hours per day (1). Technological developments have
led to the evolution of the smartphone and it has
become a fundamental part of our lives (3). Overuse
of smartphones can put strain on the body’s multiple
systems, particularly the musculoskeletal system.
When used in the same position for extended periods,
mobile phones may cause repeated trauma problems
(4). According to earlier research on the age-dependent
prevalence of smartphone addiction, teenagers are
more prone than adults to become addicted to digital
media and are also more likely to be engrossed in it.
Teenagers have a higher smartphone penetration rate
than people in other age groups, according to a recent
survey (5). At students’ point of view, they may prefer
using smartphones for learning purposes. A study done
by Bikumalla P et al in 2017 revealed that the attitude
of students was positive towards mobile learning (3).

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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Stress can be defined as any external physical
or mental demand on physical and psychological
wellbeing of an individual (6). Dentistry is a field in
which students tend to work as well as study at the
same time. The stress factors that can be experienced
by the dental students include time pressure, patient
scheduling, unmanageable patients, and highly
technical works (6). Dental tutees face lots of other
stress factors in addition to those related to their dental
profession (7). Dental students being youngsters likely
suffer from smartphone addiction that can lead to
stress. Due to such stress, they might tend to develop
the habit of bruxism and temporomandibular disorders.

Bruxism can be defined as movement disorder that
can result in grinding and clenching the teeth in the
oral cavity. It can occur due to multifactorial aetiology.
One of the most important psychological factors that
can lead to bruxism is stress (8). Psychosocial factors
such as smoking, orofacial pain, and clicking or
scraping joint noises have all been linked to bruxism
(9). Bruxism’s complex clinical association with
a wide range of disorders and effects makes it a highly
disputed topic in dentistry and several other fields
(10). A study done by Tinastepe M (11) in 2024 found
that compared to individuals with low anxiety and
depression, those with high anxiety and depression
had higher frequencies among avid smartphone users.
Another study done in Italy in 2016 found a positive
correlation between stress and bruxism among male
university students (12). This proves the fact that
bruxism can result due to stress factors in students.

The temporomandibular joint is important in
opening and closing and also in protrusive and
retractive movements of the mandible is one of
the most complex joint that is present in the human
body. Gnashing or clenching of teeth can cause
temporomandibular disorders (TMD) (13). Patients
with TMD usually suffer from muscle and/or joint
pain on palpation and on mandibular movements, joint
sounds and the mandibular range of motion may be
limited (14). Bruxism is ausual oral habit that can cause
overload and have detrimental effects on oral health,
including TMD, fracture to the teeth and damage
to dental restorations (15,16). Overload brought on
by bruxism may result in orofacial pain. In result,
orofacial pain can negatively impact jaw function as
well as psychological health and overall quality of
life (17). Previous research has shown that clenching
during the day usually happens when one is focused
on something (18). One of the main factors thought to
be responsible for TMDs is habitual clenching (19).

Smartphone addiction can cause stress in a student
which can invariably lead to clenching or grinding of
teeth and temporomandibular disorder. The objectives
of the study was to evaluate the smartphone usage

among dental students, determine the association
between smartphone usage, stress due to its
unavailability bruxism and temporomandibular joint
disorders, among dental students in a private dental
institution in Chennai, India.

METHODOLOGY

Study setting. The present cross-sectional
study was conducted for a period of three months
among dental undergraduates and postgraduates
studying in a private dental institution in Chennai
about smartphone usage. The study consisted of
a questionnaire completed by the participants and
followed by a clinical examination for bruxism and
temporomandibular disorder. Verbal consent was
obtained from each participant before participating in
the study. The study was approved and ethical consent
was obtained from the Institutional Review Board of
SRM Dental College, Ramapuram.

Sample size. A pilot study was conducted among
30 participants whose data was not included in the
final analysis to pre-test the questionnaire. The sample
size was estimated to be able to compare the frequency
of bruxism and temporomandibular disorder among
students without/with stress related to being unable
to use smartphones. The overall undergraduate and
postgraduate student population in a single institution
to be a maximum of 550, the hypothesized percentage
of stress due to inability of usage of smartphone and
bruxism or TMJ disorder to be 50%, confidence limit
as 5%, design effect of 1 and the significance level of
0.05 the sample size was estimated to be 127 by the
Openepi. The final sample of 121 was included for data
analysis after eliminating the sample with missing
data.

Study population. The sample included 121
undergraduates and postgraduates who are students at
a private dental institution in Chennai. The samples
were recruited by convenience sampling based on
the inclusion and exclusion criteria. The participants
were between the age group of 17-35 years. Inclusion
criteria in the study encompassed participants who
gave consent. All the students were informed about
the purpose of the study and confidentiality was
assured. Undergraduate and Postgraduate students
who were present during the time of examination were
included in the study. Students who own at least one
smartphone were included. Students who were hesitant
to participate, under orthodontic treatment, and who
have temporomandibular disorders previously due to
any other cause were not included in the study.

Study instrument. A self-administered pre-
tested questionnaire containing 18 questions was
given to all the samples recruited for the study. First
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5 questions assessing the socio-demographic details
were open-ended and other 13 were close-ended to
maintain uniformity in the responses obtained. Socio-
demographic details of the participants were obtained
from the initial 5 questions. The rest 13 questions
were to assess their educational qualification, place
of stay and details about their smartphone usage.
The questions which were put forward to assess their
smartphone usage were based on years of owning
a smartphone, price of the latest smartphone, data pack
in the smartphone, average monthly mobile bill, time
of usage of smartphone daily, feeling when unable to
use a smartphone, symptoms while staying away from
the smartphone, purpose of using the smartphone,
place of use of the smartphone, stressed when unable
to use the smartphone, other electronic gadgets. Self-
reported stress of the participants while being unable
to use their smartphones was recorded using the
questionnaire in the present study.

Clinical examination. After filling the
questionnaire, a clinical examination was done. It
was done according to American Dental Association
type 4 dental examination with available illumination.
The presence of masticatory muscle hypertrophy,
indentations on the tongue, lip, and/or a linea alba
on the inner cheek, as well as damage to the dental
hard tissues (such as cracked teeth), repeated failures
of prosthodontic constructions or restorative work,
or mechanical wear of the teeth (i.e., attrition) were
evaluated as clinical features of bruxism in order to
confirm its diagnosis (20). If any of these clinical
features were present then it was noted to be yes and
if not no. In the same manner, if the participants had
pain, deviation or clicking sound during opening and
closing of mouth during temporomandibular joint
examination, then it was noted as present and if not
absent.

Statistical tests used. Descriptive statistics was
done and the association was assessed using Pearson’s
Chi-Square test, and Fisher’s exact test was used to
assess the association between stress and bruxism.
Statistics was done using SPSS version 23.0 and the
significance level was set at 0.05.

RESULTS

The present study was a single institutional
cross-sectional study conducted among 121 dental
undergraduates and postgraduate students. The results
of the study are as below:

Table 1 shows the distribution of participants based
on gender, education and place of stay. Out of the
total 121 participants, 80 (66.1%) were males and 41
(33.9%) were females. 99 (81.8%) were undergraduates
and 22 (18.2%) were postgraduates. 83 (68.6%) of the
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participants stayed in their homes whereas 38 (31.4%)
stayed in a hostel.

Table 2. shows distribution based on responses to
questions on usage of the smartphone. The majority
of the participants 65 (53.7%) owned a smartphone
for a period of 1-5 years and the price of it was more
than INR 20,000 for 50 (41.3) participants. 110 (90.1%)
had data pack in their smartphone. Average monthly
mobile bill for 92 (76%) participants was INR 100 —
INR 500. The duration of usage of smartphones daily
for majority of participants, 59 (48.8%) was 1-5 years.
47 (38.8%) of participants felt that they were not being
able to communicate with others when unable to use
their smartphone. 46 (38%) participants used their
smartphone to check mail or social media. 55 (45.5%)
use their smartphone while hanging out with friends/
family.

Figure 1. shows distribution based on responses
to the question stressed when unable to use the
smartphone. 90 (74.4%) felt stressed when unable to
use their smartphone wherein 31 (25.6%) did not feel
SO.

Table 3. shows distribution based on clinical
examination for bruxism and temporomandibular joint
disorder. 95(78.5%) of participants had bruxism and
43(35.5%) had temporomandibular joint disorders.

Table 4 shows an association between stress
and bruxism. Overall 87 (71.9%) felt stressed when
unable to use their smartphone and had bruxism.

Stressful when unable to use smartphone

HYes

ENo

Figure 1. Distribution of participant’s feeling on stress when
unable to use the smartphone

Table 1. Distribution based on gender, education and place
of stay

Variables Categories N (%)
Male 80 (66.1)
Gender
Female 41 (33.9)
) Undergraduate 99 (81.8)
Education
Postgraduate 22 (18.2)
Home 83 (68.6)
Place of stay
Hostel 38 (31.4)
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Table 2. Distribution based on responses to questions on the usage of smartphone

Questions Responses N (%)
Less than 1 year 11 (9.1)
Years of owning a smartphone 1-5 years 65 (53.7)
More than 5 years 45 (37.2)
INR 5,000 — INR 10,000 23 (19)
Price of your latest smartphone INR 10,000 — INR 20,000 48 (39.7)
More than INR 20,000 50 (41.3)
. Yes 110 (90.1)
Data pack in smartphone
No 11 (9.1)
INR 100 — INR 500 92 (76)
Average monthly mobile bill INR 500 — INR 1000 24 (19.8)
More than INR 1000 5@4.1)
1 — 5 hours 59 (48.8)
Duration of usage of smartphone daily 5 —10 hours 46 (38)
More than 10 hours 16 (13.2)
Not being able to communicate with others 47 (38.8)
Losing connectedness 8 (6.6)
. Not being able to access information 16 (13.2)
Feeling when unable to use a smartphone -
Not being able to be updated 17 (14)
Unable to play games 6(5)
None of the above 27 (22.3)
Nervousness/ restless 16 (13.2)
S il ] . Uncomfortable 30 (24.8)
a};ﬁ};::)rllli r\;&; ile staying away from Anxious 108)
Weird 12 (9.9)
No symptoms 62 (51.2)
Checking mail or social media 46 (38)
Gaming and music 24 (19.8)
) News and information 4 (3.3)
Purpose of using a smartphone ;
Lecture notes and scheduling 2(1.7)
Texting/ chatting with friends and family 35(28.9)
Others 10 (8.3)
While watching TV, movie or dinner table 27 (22.3)
While travelling 20 (16.5)
Place of use of smartphone While waiting for somebody 8 (6.6)
While hanging out with friends/ family 55 (45.5)
When alone/ bored 11 (9.1)

Table 3. Distribution based on clinical examination for

Table 4. Association between stress and bruxism

bruxism and temporomandibular joint disorder Stressed Bruxism P-value
Condition Presence / Absence N (%) when unable
Yes 95 (78.5) to use No Yes Total
Bruxism : smartphone N (%) N (%) N (%)
A 20@L5) NoN (%) [23(19.90)| 8(6.6) |31 (25.6) | 00005
Temporomandibular Yes 43 (35.5) ° (00) 19.90)] 8.5 25.6)
joint disorder No 78 (64.5) Yes N (%) | 3(2.5) | 87(71.9) | 90 (74.4)
Total N (%) | 26 (21.5) | 95 (78.5) | 121 (100)

* p-value significant
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By group, 87 out of 90 (96.7%) of those who felt
stressed when unable to use their smartphone had
bruxism as opposed to 8 out of the 31 (25.8%) of those
who did not feel stressed. A significant p-value of
0.0005 was obtained while assessing the association
between stress and bruxism.

Table 5. Association between stress and temporomandibular
joint disorder

Stressed Temporomandibular joint
. P-value
when disorder
unable |
1o use NN; NYer NTOtOj
smartphone (%) (%) (%)
NoN (%) |17 (14.04)| 14 (11.5) | 31 25.6) | 0-201
Yes N (%) |61 (50.41)| 29 (23.9) | 90 (74.4)
Total N (%) | 78 (64.4) | 43 (35.5) | 121 (100)

Table 5 shows the association between stress and
temporomandibular joint disorder. Twenty-nine out of
90 (32.2%) of those who felt stressed when unable to
use their smartphones had temporomandibular joint
disorder as opposed to 14 out of the 31 (45.2%) of
those who did not feel stressed. The difference was not
statistically significant.

DISCUSSION

Smartphone plays a vital role in youngster’s life. Its
use has increased drastically among them. These new-
generation smartphones enable not only youngsters
but also others to talk as well as to connect with the
virtual world from anywhere (21). More than half of
our respondents, undergraduate and postgraduate
students, reported daily use of smartphones for 5
hours or longer. Smartphones can be used also for
educational purposes (22). Due to this fact, students
use it for a longer duration. Studies investigating the
usage of smartphones and its addiction among dental
students have been done (1,21). However, this was not
confirmed by our data, in which the main purpose of
smartphone use was rather leisure and communication
activities: 38% of participants used their smartphone
to check mail or social media. 45.5% use their
smartphones while hanging out with friends/ family.

In the present study, 66.1% were males and 33.9%
were females. In a study done by Bernabe E et al
(23) males chose dentistry than females which was in
accordance with the present study. Undergraduates
were 81.8% and only 18.2% were postgraduates which
could be due to lesser seat availability for postgraduates
than the undergraduates in dental institutions. 68.6%
of the participants stayed in their homes whereas
31.4% stayed in hostels which could be due to the fact
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that the institution in which the study was conducted is
situated at the heart of Chennai city because of which
many students would choose to come from their homes
and very few staying in hostels.

The study results shows that majority of the
participants i.e. 53.7% own a smartphone for a period
of 1-5 years, followed by 37.2% participants own it
for more than 5 years and 9.1% participants own it for
a period of less than 1 year. The reason for this might
be the craze of smartphones among youngsters being
high just in these past 5 years. The price of their latest
smartphone was more than INR 20,000 for 41.3% of
participants, followed by INR 10,000 — INR 20,000
priced phones for 39.7% and INR 5,000 — INR 10,000
for 19% participants. This finding might be due to the
importance given to the costly upgraded smartphones
by students. About 90.1% had a data pack in their
smartphone for which the blooming of internet among
youngsters can be regarded as a reason. Average
monthly mobile bill for 76% participants was INR 100
—INR 500, INR 500 —INR 1000 for 19.8% participants
and more than INR 1000 for 4.1% participants. This
could be due to availability of unlimited data packs
that are available in all networks under 500 rupees.
Duration of usage of smartphone daily for majority of
participants, 48.8% was 1-5 hours, followed by 5-10
hours in 38% of participants and more than 10 hours
in 13.2% of participants. 38.8% of participants felt that
they were not being able to communicate with others
when unable to use their smartphone and 14% felt that
they were not being able to be updated.

In the present study, 24.8% of participants felt
uncomfortable staying away from their smartphones.
But the majority of them, 51.2% did not have any
symptoms. In another study done in Lebanon among
university students (2017) (24), results showed that
38.1% of participants experienced low sleep quality,
whereas in the present study majority of them (51.2%)
did not experience any symptoms. Also a study done
in North Iran (2010) showed a significant relationship
between smartphone usage and insomnia (25).

In this study, 74.4% felt stressed when unable to
use their smartphone whereas only 25.6% did not feel
so. This could be due to the overuse of smartphones
by today’s youngsters causing addiction to it thereby
causing stress due to its unavailability.

The primary psychological factors linked to the
occurrence of bruxism in both adults and children
include personality traits including sensitivity to
stress and anxiety (26). Since people with high levels
of neuroticism and anxious expectations often use
bruxism as a way to vent their emotions, it explains the
pathophysiological process via which stress influences
the occurrence of bruxism (27). Our data demonstrate
the association between smartphone usage, bruxism
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and temporomandibular joint disorders, which has not
been substantiated anywhere.

The association between stress and bruxism showed
that 87 out of 90 (96.7%) of those who felt stressed
when unable to use their smartphone had bruxism as
opposed to 8 out of 31 (25.8%) of those who did not feel
stressed. A significant p-value of 0.0005 was obtained
while assessing the association between stress and
bruxism. A study done in Brazilian police officers in
2008 showed a positive association between stress and
bruxism (p<0.05) which was in accordance with the
present study (p=0.0005) (28). Another study done by
Katayoun E et al. has discussed that emotional stress
is one common factor that is often related to bruxism
(29).

A study done by Rai B et al. in 2013 revealed
higher levels of psychological distress among
temporomandibular disorder patients (30), whereas in
the present study, 29 out of 90 (32.2%) of those who
felt stressed when unable to use their smartphone had
temporomandibular joint disorder as opposed to 14 out
of the 31 (45.2%) of those who did not feel stressed,
and there was no significant association between
temporomandibular disorder and stress.

Limitations of the present study were that since it
was a single institution study, the results cannot be
generalized to the Indian dental students population
without caution. A limited number of dental students
who expressed their willingness to participate in the
study were only included. Although the intended
sample size was reached, we note that there is a risk
of volunteer bias. Similar studies including a larger
number of participants can be conducted to obtain
some generalizable conclusions.

CONCLUSION

Smartphones have a noteworthy spot among the
working as well as student population nowadays. The
results of this study emphasizes the need to understand
the long term effects of over usage of smartphones
on bruxism. In order to minimise the effects and
repercussions of bruxism, oral health care practitioners
should pay special attention to young adults who get
this complex behaviour due to the stress of not being
able to use their smartphones.
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ABSTRACT

INTRODUCTION. In 2022, more than 650,000 new cases of cervical cancer and more than 340,000 deaths
were registered worldwide. Poland has some of the highest incidence and mortality rates from cervical cancer
in Europe, despite the Cervical Cancer Prevention Program implemented for many years. Nowadays, with more
information available, women should not die from CC. To achieve this goal, it is necessary to increase women’s
awareness of prevention and educate them about health-promoting behaviours.

OBJECTIVE. Assessing women’s knowledge of cervical cancer prevention in a pilot study conducted at
a private gynecological practice in Krakow, Poland.

MATERIAL AND METHODS. The study group consisted of 153 women aged 18 years and older visiting
a private gynecological practice in Krakow, regardless of their place of residence. The study was conducted via
the Internet, using a questionnaire consisting of a general part (socio-demographic data) and a specific part on
knowledge of CC prevention (8 questions). Statistical analysis was performed using Statistica 13.3 software.
RESULTS. The majority of women declared regular gynecological examinations, with 125, (81.7%) respondents
visiting a gynecologist every 0.5-2 years. Only 10 (6.5%) female respondents answered all the knowledge survey
questions correctly, excluding the question about RSM symptoms, which was correctly answered by only one
person (0.6%). The statistical analysis revealed a significant correlation between respondent’s age and their
knowledge of cervical cancer risk factors and the timing of the first cytological examination. The results indicate
that older respondents have lower levels of knowledge on these topics. Women with higher education from large
cities provided the most correct answers.

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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CONCLUSIONS. The surveyed women’s knowledge of CC prevention is inadequate even in the group of
women who report regularly for gynecological examinations. There is a need to continue educational activities
on the principles of cytological examination, as well as the asymptomatic course of CC in its early stages.
Although most women in the study group reported undergoing regular gynecological examinations, their
knowledge about preventive screenings and cervical cancer is primarily acquired online. This suggests a need
to intensify educational efforts within medical offices.

Keywords: cervical cancer, prevention, knowledge assessment, risk factors
STRESZCZENIE

WPROWADZENIE. W 2022 roku na $§wiecie zarejestrowano ponad 650 000 nowych przypadkow raka szyjki
macicy i ponad 340 000 zgonéw. Polska ma jedne z najwyzszych wskaznikow zachorowalnosci i umieralno$ci
z powodu raka szyjki macicy (RSM) w Europie, pomimo realizowanego od lat Programu Profilaktyki Raka
Szyjki Macicy. W obecnych czasach, dzigki wigkszej dostepnosci informacji, kobiety nie powinny umiera¢
z powodu RSM. Aby osiggna¢ ten cel, nalezy zwigksza¢ swiadomos¢ kobiet w zakresie profilaktyki oraz edu-
kowa¢ w zakresie zachowan prozdrowotnych.

CEL PRACY. Ocena wiedzy kobiet odnosnie profilaktyki raka szyjki macicy w badaniu pilotazowym przepro-
wadzonym w prywatnym gabinecie ginekologicznym w Krakowie.

MATERIAL I METODY. Grupe badang stanowity 153 kobiety w wieku 18 lat i wiecej, uczeszczajace do pry-
watnego gabinetu ginekologicznego w Krakowie, niezaleznie od miejsca zamieszkania. Badanie przeprowadzo-
no przez Internet, przy pomocy kwestionariusza skladajacego si¢ z czgséci ogodlnej (dane socjodemograficzne)
oraz szczegdtowej dotyczacej wiedzy na temat profilaktyki RSM (8 pytan). Analizg statystyczng przeprowadzo-
no z wykorzystaniem programu Statistica 13.3.

WYNIKI. Wigkszos¢ kobiet deklarowata regularng zgtaszalno$¢ badania ginekologiczne, co 0,5-2 lata na wi-
zyty ginekologiczne zgltaszato sie 125 (81,7%) respondentek. Jedynie 10 (6,5%) respondentek odpowiedziato po-
prawnie na wszystkie pytania ankiety dotyczace wiedzy nt. RSM, wylaczajac z tego pytanie o objawy, na ktore
tylko jedna osoba odpowiedziata poprawnie (0,6%). Przeprowadzona analiza statystyczna wykazata istotng
zalezno$¢ pomiedzy wiekiem respondentek a wiedzg na temat czynnikow ryzyka RSM oraz wiedzg o terminie
wykonania pierwszego w zyciu badania cytologicznego. Z zaleznosci wynika, Ze im starsze respondentki tym
mniejszy poziom wiedzy na powyzsze tematy. Ankietowane kobiety z wyzszym wyksztalceniem oraz zamiesz-
kujace w duzych miastach udzielity najwigkszej liczby poprawnych odpowiedzi.

WNIOSKI. Wiedza badanych kobiet na temat profilaktyki RSM jest niedostateczna nawet w grupie kobiet
zglaszajacych si¢ regularnie na badania ginekologiczne. Istnieje potrzeba kontynuacji dziatan edukacyjnych na
temat zasad wykonywania badania cytologicznego, jak rowniez bezobjawowego przebiegu RSM we wczesnych
stadiach. Cho¢ wigkszo$¢ badanych kobiet deklarowata regularne badania ginekologiczne, ich wiedza na temat
profilaktyki i RSM pochodzi gtéwnie z Internetu. Sugeruje to potrzebe¢ zintensyfikowania dziatan edukacyjnych
w gabinetach.

Stowa kluczowe: rak szyjki macicy, profilaktyka, ocena wiedzy, czynniki ryzyka

INTRODUCTION

In 2022, there were more than 650,000 new cases
of cervical cancer and more than 340,000 deaths
worldwide. In the EU/EEA countries, there are
58,219 cases of cervical cancer diagnosed and more
than 26,961 deaths. Poland has some of the highest
incidence and mortality rates from cervical cancer in
Europe (1). It is now known that virtually every case of
cervical cancer is due to infection with an oncogenic
type of human papillomavirus (HPV) (2). HPV is also
responsible for the development of benign wart-like
lesions on the mucous membranes and skin (3). In
addition, infection with oncogenic types of HPV can
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WPROWADZENIE

W 2022 roku na §wiecie odnotowano ponad 650 000
nowych przypadkow raka szyjki macicy i ponad
340 000 zgonow. W krajach UE/EOG rozpoznaje si¢
58 219 przypadkow raka szyjki macicy i ponad 26 961
zgondw z tego powodu. Polska ma jedne z najwyzszych
wskaznikoéw zachorowalno$ci i umieralnosci z powodu
raka szyjki macicy w Europie (1). Aktualnie wiadomo,
ze praktycznie kazdy przypadek raka szyjki macicy wy-
nika z zakazenia onkogennym typem wirusa brodaw-
czaka ludzkiego (HPV) (2). HPV jest odpowiedzialny
réwniez za rozwdj tagodnych zmian o charakterze bro-
dawek na blonach $luzowych i skorze (3). Dodatkowo,
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be a risk factor for the development of other cancers,
such as anal, oral, pharyngeal and vaginal cancers
(4). Cigarette smoking, use of oral contraceptives,
high number of births and other sexually transmitted
diseases promote the development of cervical cancer
(5). So does early initiation of intercourse and
a large number of sexual partners (6). Early cervical
cancer usually produces no symptoms, and more
advanced forms produce uncharacteristic symptoms
(5). Prevention of cervical cancer includes HPV
vaccination and cytological screening (7). In Poland,
it is recommended that women between the ages of 25
and 64 report for cervical cytology screening every
three years (8). The main route of HPV transmission
is sexual contact (9). HPV vaccines provide protection
against the most common oncogenic types of HPV(10),
so vaccination should be given to girls and boys before
sexual initiation to prevent potential infection. As of
June 1, 2023, under the HPV vaccination program,
children aged 12 and 13 can receive free vaccination
(11).

Nowadays, with increasing knowledge of effective
prevention of this cancer and easy accessibility to
information, women should not lose their lives to
cervical cancer. In order to achieve this goal, it is
necessary to raise awareness among all women that
active prevention can prevent cervical cancer incidence
and mortality, and to educate about health-promoting
behaviours (12).

The study aimed to assess the knowledge of women
visiting a private gynecological practise in Krakow
about cervical cancer prevention in a pilot study.

MATERIAL AND METHODS

The survey was conducted between January 2024
and March 2024 among 153 women. The survey was
carried out by sending a link to an online survey
to women who attended a private gynecological
practice in Krakow during this period, regardless of
where they lived. Patients were informed that this
was an anonymous survey and about its purpose.
The inclusion criterion was age 18 or older, with no
upper age limit, and consent to participate in the
study. Although the prevention questions focused on
cytological examination, the group of women targeted
by the prevention program (25-64 years) was not
selected, as the aim was to examine the knowledge
of all women attending a gynecological office. The
research tool was a self-administered questionnaire
consisting of a general section (sociodemographic data)
and a specific section on the study group’s knowledge
of cervical cancer prevention, including knowledge
of risk factors, timing and frequency of cytological

zakazenie onkogennymi typami HPV moze stanowi¢
czynnik ryzyka rozwoju innych nowotwordw, takich
jak rak odbytu, jamy ustnej, gardta oraz pochwy (4).
Palenie papierosow, stosowanie doustnej antykoncepcji,
duza liczba porodéw oraz inne choroby przenoszone
droga plciowa sprzyjaja rozwojowi raka szyjki maci-
cy (5). Podobnie jak wczesne rozpoczecie wspotzycia
oraz duza liczba partnerow seksualnych (6). Wczesny
rak szyjki macicy zazwyczaj nie daje zadnych objawow,
a postacie bardziej zaawansowane dajg niecharaktery-
styczne symptomy (5). Profilaktyka raka szyjki macicy
obejmuje szczepienia przeciwko HPV oraz badania cy-
tologiczne (7). W Polsce zaleca sig, aby kobiety w wie-
ku od 25 do 64 lat zglaszaty si¢ na przesiewowe bada-
nia cytologiczne szyjki macicy co trzy lata (8). Glowna
droga przenoszenia wirusa HPV jest kontakt seksualny
(9). Szczepionki przeciwko HPV zapewniaja ochrong
przed najczgsciej wystepujacymi typami onkogennymi
HPV (10), dlatego szczepienie powinno by¢ wykonane
u dziewczat 1 chtopcow przed inicjacja seksualng, aby
zapobiec potencjalnemu zakazeniu. Od 1 czerwca 2023
roku, w ramach programu szczepien ochronnych, dzieci
w wieku 12 1 13 lat moga otrzymac bezplatne szczepie-
nia przeciwko HPV (11).

W obecnych czasach, przy coraz wigkszej wiedzy
na temat skutecznej profilaktyki tego nowotworu oraz
fatwej dostgpnosci do informacji, kobiety nie powinny
traci¢ zycia z powodu raka szyjki macicy. Aby osiagnaé
ten cel, nalezy zwigksza¢ $§wiadomos¢ wszystkich ko-
biet w zakresie aktywnej profilaktyki, ktéra moze zapo-
biega¢ zachorowaniom i zgonom z powodu raka szyjki
macicy oraz edukowac kobiety w zakresie zachowan
prozdrowotnych (12).

Celem pracy byla ocena wiedzy kobiet uczeszczaja-
cych do prywatnego gabinetu ginekologicznego w Kra-
kowie odnos$nie profilaktyki raka szyjki macicy, w ba-
daniu pilotazowym.

MATERIAL I METODY

Badanie zostalo przeprowadzone w okresie od
stycznia 2024 roku do marca 2024 roku wsrdd 153
kobiet. Badanie przeprowadzono wysytajac link do
ankiety internetowej do kobiet, ktore w tym okresie
uczeszczaly do prywatnego gabinetu ginekologiczne-
go w Krakowie, bez wzgledu na miejsce zamieszkania.
Pacjentki byly poinformowane o tym, ze jest to badanie
anonimowe i jakiemu celowi stuzy. Kryterium wiacze-
nia byt wiek 18 lat lub wigcej, bez gornej granicy wieku
oraz wyrazenie zgody na udzial w badaniu. Pomimo,
ze pytania dotyczace profilaktyki koncentrowaty si¢ na
badaniu cytologicznym, nie wybrano grupy kobiet, do
ktorej skierowany jest program profilaktyczny (25-64
lata), poniewaz celem bylo zbadanie wiedzy wszystkich
kobiet uczeszczajacych do gabinetu ginekologicznego.
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examinations, and symptoms of the disease (Appendix
available online). The questions were closed-ended.

Statistical analysis and data visualization were
performed using Statistica 13.3.

Pearson’s chi-squared test was used to examine the
relationship between qualitative variables.

A significance level of alpha=0.05 was adopted.

RESULTS

The characteristics of the group are shown in Table
1. The respondents were divided into four age groups.
The largest group was made up of respondents in the
40-59 age range (51%). The smallest group was women
over 60 years old — 5.2%. The analysis of the collected
information shows that most of the women surveyed had
a university degree (71.9%) or high school education
(27.5%). The vast majority of female respondents
indicated a city >500,000 of the population as their
place of residence — 47.7%. Residents of smaller cities
accounted for 26.7% and rural areas for 25.5% of the
surveyed group. Women in a relationship accounted
for 60.78%, while unmarried women accounted for
39.2%. Most of the women were economically active
(87.6%) and considered their socioeconomic situation
as good or very good (76.4%).

When asked “How often do you visit
a gynecologist?” 68 (44.4%) of the women surveyed
admitted that in the range of every six months to
a year. Fifty-seven (37.3%) women had gynecological
examinations once every two years, while women who
had gynecological examinations every five years or
less often accounted for 11.1% (17 women).

When asked about sources of information about
preventive examinations and CC itself, where several
answers could be marked, female respondents
overwhelmingly indicated the Internet — 75.2% (115)
in question about preventive examination and 80.4%
(123) about CC. The second most common source
of information was medical personnel. Information
about the prevention program was received through
this route by 58.8% (90), and about cervical cancer by
52.9% (81) of respondents. To a lesser extent, women
used magazines, media information leaflets or the
knowledge of friends.

When asked about the risk factors for the
development of CC, namely HPV infection, frequent
vaginal inflammation, a large number of sexual
partners, an abnormal cytology test result, early
age of sexual initiation, cigarette smoking, HIV
infection, multiple children, and a diet low in fruits
and vegetables, where the answer was multiple choice
and all answers were correct, most women chose HPV
infection (81.7%). A significant proportion correctly
indicated frequent vaginal inflammation (60.1%,
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Narze¢dziem badawczym byt samodzielnie przygotowa-
ny kwestionariusz sktadajacy si¢ z czesci ogdlnej (dane
socjodemograficzne) oraz czesci szczegdtowej dotycza-
cej wiedzy grupy badanej na temat profilaktyki raka
szyjki macicy, w tym znajomosci czynnikow ryzyka,
terminow i czgstotliwosci wykonywania badan cytolo-
gicznych, oraz objawow choroby (ankieta dostepna on-
line). Pytania miaty charakter zamknigty.

Analizg statystyczng oraz wizualizacje danych prze-
prowadzono z wykorzystaniem programu Statistica
13.3. W celu zbadania zalezno$ci pomiedzy zmiennymi
jakosciowymi wykorzystano test chi-kwadrat Pearsona.
Przyjeto poziom istotnosci alfa=0,05.

WYNIKI

Charakterystyka grupy zostata przedstawiona w Ta-
beli 1. Respondentki zostaty podzielone na cztery grupy
wiekowe. Najliczniejsza grupe stanowily ankietowane
w przedziale wiekowym 40-59 lat (51%). Najmniej licz-
ng grupe stanowily kobiety w wieku powyzej 60 lat —
5,2%. Z analizy zebranych informacji wynika, iz wick-
szos¢ badanych kobiet posiadata wyksztatcenie wyzsze
(71,9%) Iub $rednie (27,5%). Zdecydowana wiekszo$¢
respondentek podata jako miejsce swojego zamieszka-
nia miasto >500 tys. mieszkancow —47,7%. Mieszkanki
mniejszych miast stanowity 26,7%, a mieszkanki wsi
25,5% w badanej grupie. Kobiety w zwigzku stanowity
60,78%, natomiast kobiety stanu wolnego 39,2%. Wigk-
szo$¢ kobiet byla aktywna zawodowo (87,6%) 1 uznata
swoja sytuacje¢ socjockonomiczng jako dobrg lub bar-
dzo dobrg (76,4%).

Na pytanie ,,Jak czgsto uczgszcza pani do ginekolo-
ga?” 68 (44,4%) badanych kobiet przyznato, ze w prze-
dziale co po6t roku do roku. Raz na 2 lata badato si¢
ginekologicznie 57 (37,3%) kobiet, natomiast kobiety,
ktore badaty si¢ ginekologicznie co pig¢ lat lub rzadziej
stanowity 11,1% (17 kobiet).

Na pytanie dotyczace zrodet informacji o badaniach
profilaktycznych oraz o samym RSM, gdzie mozna
byto zaznaczy¢ kilka odpowiedzi, badane respondentki
w przewazajacej wigkszosci wskazaty Internet — 75,2%
(115) w pytaniu o badania profilaktyczne oraz 80,4%
(123) w pytaniu o RSM. Drugim co do czgstosci wy-
boru zrodtem informacji byt personel medyczny. Infor-
macje na temat programu profilaktycznego otrzymato
ta droga 58,8% (90), a o raku szyjki macicy 52,9% (81)
respondentek. W mniejszym stopniu kobiety korzystaty
z czasopism, ulotek informacyjnych mediow czy wie-
dzy znajomych.

Na pytanie o czynniki ryzyka rozwoju RSM (czyli
zakazenie HPV, czeste stany zapalne pochwy, duza licz-
ba partnerow seksualnych, nieprawidtowy wynik bada-
nia cytologicznego, wczesny wiek inicjacji seksualnej,
palenie papierosow, zakazenie HIV, wielodzietnosc,
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Table 1 Characteristics of the study group
Tabela 1. Charakterystyka badanej grupy

Sociodemographic factors n %

18-29 50 327

Ace 30-39 17 11.1

8 40-59 78 51

60 and over 8 52

Rural 39 25.5

City up to 50 000 residents 20 13.1

Place of residence City with 50,000 to 100,000 residents 10 6.5

City with 100,000 to 500,000 residents 11 72

City with more than 500,000 residents 73 477

. Single 60 39.2
Marital status Woman in a relationship 93 60.78
Student 7 4.6

. . Unemployed 2 1.3
Professional activity Employment 134 376
Retired/pensioner 10 6.5

Primary 0 0

Education Middle school 1 0.7
Secondary 42 27.5

Higher 110 71.9

Difficult 5 33

.. .. Average 31 20.3
Living conditions Good 96 67
Very good 21 13.7

125 respondents), a large number of sexual partners
(62.1%, 95 resp.) and an abnormal cytology test result
(68%, 104 resp.). Other risk factors less frequently
selected were: early age of sexual initiation (37.3%, 57
resp.), smoking (36.6%, 56 resp.), HI'V infection (30%,
50 resp.), and multiple children (20.9%, 32 resp.).
93.5% (143) of the respondents did not know all the
factors for the development of CC. The correct answer
was indicated by 8 respondents out of 50 (16%) in the
18-29 age group representing the largest percentage
compared to other age groups.

The statistical analysis conducted showed
a significant relationship between the age of the
respondents (p=0.01123), education (p=0.04084) and
knowledge of cervical cancer development factors. The
analysis indicates that as the age of the respondents
increases and their education level decreases, there
is a decrease in awareness of risk factors (Table 2).
No significant statistical differences were observed
between the respondents’ level of knowledge and place
of residence (Table 2).

To the question “What methods of CC preventive
examinations do you know”, where several answers
could be marked (gynecological examination,
cytological examination,

ultrasound examination, HPV wvaccination) the
correct answer “cytological examination” was chosen
by 93.5% of the surveyed group, and there were no

dieta uboga w warzywa i owoce), w ktorym odpowiedz
byta wielokrotnego wyboru, a wszystkie odpowiedzi
byly poprawne, najwigcej kobiet wybralo zakazenie
HPV (81,7 %). Znaczna czgs¢ poprawnie wskazata cze-
ste stany zapalne pochwy (60,1%; 125 respondentek),
duza liczbe partneréw seksualnych (62,1%; 95 resp.)
oraz nieprawidtowy wynik badania cytologicznego
(68%, 104 resp.). Pozostate czynniki ryzyka rzadziej
wybierane to: wezesny wiek inicjacji seksualnej (37,3%;
57 resp.), palenie papieroséw (36,6%; 56 resp.), zaka-
zenie HIV (30%, 50 resp.), wielodzietnos¢ (20,9%; 32
resp.). 93,5% (143) respondentek nie znato wszystkich
czynnikow rozwoju RSM. Poprawng odpowiedz wska-
zato 8 0sob z 50 (16%) w grupie wiekowej 18-29 lat sta-
nowigc tym samym najwigkszy odsetek w poréwnaniu
do innych grupy wiekowych.

Przeprowadzona analiza statystyczna wykazata
istotng zalezno$¢ pomigedzy wiekiem respondentek
(p=0,01123) oraz wyksztatceniem (p=0,04084) a wie-
dza na temat czynnikéw rozwoju raka szyjki macicy.
Analiza wskazuje, ze wraz ze wzrostem wieku respon-
dentek oraz obnizeniem poziomu ich wyksztalcenia,
obserwuje si¢ zmniejszenie $wiadomosci dotyczacej
czynnikow ryzyka (Tab. 2). Nie zaobserwowano istot-
nych statystycznie réznic pomig¢dzy poziomem wiedzy
badanych, a miejscem zamieszkania (Tab. 2).

Na pytanie ,,Jakie zna Pani metody badan profilak-
tycznych RSM”, gdzie mozna byto zaznaczy¢ kilka od-
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significant statistical differences regarding this answer
between age, place of residence and education.

The questionnaire focused on questions related to
cytological screening. It was asked when it should be
performed for the first time in one’s life, and 62.1%
gave the correct answer, i.e. after the beginning of
sex life, 7.2% admitted that they did not know, and
30.7% chose incorrect answers. The statistical analysis
conducted showed a significant relationship between
the age (p=0.00669) and education (p=0.03462) of the
respondents and the correct answer to this question.
The correlation showed that women in the 18-29 age
range chose the correct answer significantly more
often compared to the others (78% vs. 50%). Place of

residence had no statistically significant relationship
with this question. The largest group of

people responding correctly were those from a city
of more than 500,000 residents (45 out of 73, 61.6%,
29.4% of the total), with higher education (74 out of
110, 67.3%, 48.4% of the total) (Table 3).

To the question “How often a healthy woman
should have a cervical cytological examination”, the
answer “‘every 3 years”, which was considered correct,
in accordance with the guidelines of the Preventive
Program for Early Detection of Cervical Cancer,
was chosen by 16.3%, “annually” — by 55.6%. The
statistical analysis conducted showed a significant
correlation between the age of the respondents
(p=0.01069) and education (p=0.00063) and the

powiedzi (badanie ginekologiczne, badanie cytologicz-
ne, badanie USG, szczepienie przeciw HPV) poprawna
odpowiedz ,,badanie cytologiczne” wybrato 93,5% ba-
danej grupy i nie byto istotnych statystycznie réznic do-
tyczacych tej odpowiedzi migdzy wiekiem, miejscem
zamieszkania i wyksztalceniem.

Kwestionariusz koncentrowal si¢ na pytaniach
zwigzanych z badaniem cytologicznym. Zapytano kie-
dy powinno si¢ je wykonywac po raz pierwszy w zy-
ciu 1 62,1% udzielito poprawnej odpowiedzi, czyli po
rozpoczeciu wspolzycia seksualnego, 7,2% przyznato,
ze nie wie, 30,7% wybrato niepoprawnie odpowiedzi.
Przeprowadzona analiza statystyczna wykazata istotng
zaleznos$¢ pomiedzy wiekiem (p=0,00669) i wyksztat-
ceniem (p=0,03462) respondentek a poprawna odpo-
wiedzig na to pytanie. Z zalezno$ci wynika, ze kobiety
w przedziale wieku 18-29 lat wybraty wtasciwg odpo-
wiedz znaczaco czgsciej w pordwnaniu z pozostatymi
(78% vs 50%). Miejsce zamieszkania nie miato istotne-
go statystycznie zwigzku z tym pytaniem. Najwigksza
grupe osob prawidlowo odpowiadajacych stanowity
osoby z miasta powyzej 500 tys. mieszkancow (45 na73;
61,6%; 29.4% z calosci), z wyksztalceniem wyzszym
(74 na 110; 67,3%; 48,4 % z catosci) (Tab. 3).

Na pytanie ,,Jak cz¢sto zdrowa kobieta powinna wy-
konywa¢ badanie cytologiczne szyjki macicy”, odpo-
wiedz ,,co 3 lata”, ktorg uznano za prawidlowa, zgodnie
z wytycznymi Programu Profilaktycznego Wczesne-
go Wykrywania Raka Szyjki Macicy, wybrato 16,3%,

Table 2. Knowledge of risk factors for the development of CC according to age, place of residence, education
Tabela 2. Znajomos$¢ czynnikdéw ryzyka rozwoju RSM w zaleznosci od wieku, miejsca zamieszkania, wyksztatcenia

Knowledge of cervical cancer risk
Differential variables factors Df p
Yes No Total
18 -29 8 42 50
30-39 17 17
Age 40-59 2 76 78 3 0.01123
60 and over 0 8 8
Total 10 143 153
Village 1 38 39
City of up to 50,000 residents 1 19 20
City of 50,.000—100,000 0 10 10
Place of residents
residence City of 109,000—500,000 1 10 . 4 0.55529
residents
A city of more than 500,000 7 66 73
residents
Total 10 143 153
Secondary 0 43 43
Education Higher 10 100 110 1 0.04084
Total 10 143 153

p-value of statistical significance, if p<0.05-there is a significant difference between the groups
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Table 3. Knowledge of the date of the first cytological examination according to age, place of residence, education
Tabela 3. Znajomos¢ terminu wykonania pierwszego badania cytologicznego w zaleznos$ci od wieku, miejsca zamieszkania,

wyksztalcenia
Knowledge of the timing for
Differential variables the first Pap Smear Df P
Yes No Total
18 -29 39 11 50
30 -39 13 4 17
Age 40 - 59 39 39 78 3 0.00669
60 and over 4 4 8
Total 95 58 153
Village 27 12 39
City of up to 50,000 residents 11 9 20
City of 50,000-100,000 residents 5 5 10
Place - -
of residence | City of 100,000-500,000 residents 11 4 0.75225
A city of more than 500,000 45 73 7
residents
Total 95 58 153
Secondary 21 22 43
Education Higher 74 36 110 1 0.03462
Total 95 58 153

p-value of statistical significance, if p<0.05-there is a significant difference between the groups

answer to this question. Place of residence had no
statistically significant relationship with this question.
The correlation showed that the youngest respondents
had greater knowledge of the recommendations for
the frequency of cytological examinations according
to the free preventive program of the National Health
Fund (15 out of 50, 30%, 9.8% of the total). The largest
number of female respondents who gave this answer
came from a city of more than 500,000 residents (17
out of 73, 23.3%, 11% of the total) and with higher
education (25 out of 110, 22.7%, 16.3% of the total)
(Table 4).

For the question “On which days of the menstrual
cycle a cervical cytological examination should be
performed” the correct answer: “between 6-14 days
of the cycle”, was given by 46.4% of respondents.
The answer “I don’t know” was chosen by 26.8%,
and the wrong answer was chosen by 53.6%. There
was a significant correlation between the place of
residence (p= 0.04687), education of the respondents
(p=0.00124), and the correct answer to this question.
No significant statistical differences were observed
between the level of knowledge on this question and
age (p=0.06551). The largest group of those who
knew the correct answer were those from a city with
a population of more than 500,000 (40 out of 73,
54.8%; 26.1% of the total), with higher education (50
out of 110, 45.45%, 32.7% of the total), and aged 40-59
(48 out of 78, 61.5, 31.4% of the total) (Table 5).

a odpowiedz ,,corocznie” — 55,6%. Przeprowadzona
analiza statystyczna wykazata istotng zalezno$¢ mie-
dzy wiekiem respondentek (p=0,01069) oraz wyksztat-
ceniem (p=0,00063), a odpowiedzig na to pytanie.
Miejsce zamieszkania nie mialo istotnego statystycz-
nie zwigzku z tym pytaniem. Z zalezno$ci wynika, ze
najmlodsze respondentki miaty wigksza znajomos¢ za-
lecen czgstosci badan cytologicznych wedtug bezptat-
nego programu profilaktycznego NFZ (15 na 50, 30%;
9,8% z catosci). Najwiecej respondentek udzielajacych
takiej odpowiedzi mieszkato w miescie powyzej 500
tys. mieszkancow (17 z 73, 23,3%,11% z catosci) oraz
posiadato wyzsze wyksztalcenie (25 0sob z 110; 22,7%;
16,3% z calosci) (Tab. 4).

Na pytanie ,,W ktorych dniach cyklu menstruacyj-
nego nalezy wykona¢ badanie cytologiczne szyjki ma-
cicy” poprawnej odpowiedzi ,,miedzy 6 a 14 dniem
cyklu”, udzielito 46,4% respondentek. Odpowiedz ,,nie
wiem” wybrato 26,8%, a niewlasciwg — 53,6%. Wyka-
zano istotng zalezno$¢ pomiedzy miejscem zamieszka-
nia (p= 0,04687) oraz wyksztatlceniem respondentek
(p=0,00124), a prawidtowa odpowiedzig na to pyta-
nie. Nie zaobserwowano statystycznie istotnych rdznic
pomiedzy poziomem wiedzy w tej kwestii a wiekiem
(p=0,06551). Najwicksza grupe osob znajacych prawi-
dtowa odpowiedZ stanowity osoby z miasta powyzej
500 tys. mieszkancow (40 na 73; 54,8%; 26,1% z cato-
$ci), z wyksztalceniem wyzszym (50 na 110; 45,45%;
32,7 % z calosci), w wieku 40-59 lat (48 na 78; 61,5%;
31,4% z catosci) (Tab. 5).
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Table 4. Knowledge of frequency of cytology performed by healthy women according to age, place of residence, education
Tabela 4. Znajomo$¢ czegstosci wykonywania przez zdrowa kobiete cytologii w zaleznos$ci od wieku, miejsca zamieszkania,
wyksztalcenie

The knowledge of the frequency
. . . of cervical cytology screening for
Differential variables a healthy woman df P
Yes No Total
18-29 15 35 50
30-39 3 14 17
Age 40-59 6 72 78 3 0.01069
60 and over 1 7 8
Total 25 128 153
Village 1 38 39
City of up to 50,000 residents 4 16 20
City of 50,000-100,000 residents 1 9 10
Place of
residence | City of 100,000-500,000 residents 2 11 4 0.07461
A city of more than 500,000 17 56 73
residents
Total 25 128 153
Secondary 0 43 43
Education Higher 25 85 110 1 0.00063
Total 25 128 153

p-value of statistical significance, if p<0.05-there is a significant difference between the groups

Table 5. Knowledge on which day of the menstrual cycle to perform cytological examination according to age, place of
residence, education

Tabela 5. Wiedza, w ktorym dniu cyklu menstruacyjnego nalezy wykonaé¢ bad. cytologiczne w zaleznosci od wieku,
miejsca zamieszkania, wyksztatcenia

Knowledge of the optimal day in the
) ) . menstrual cycle to perform cytological
Differential variables examination df P
Yes No Total
18 -29 21 29 50
30-39 7 10 17
Age 40-59 48 30 78 3 0.06551
60 and over 6 2 8
Total 82 71 153
Village 17 22 39
City of up to 50,000 residents 14 6 20
City of 50,000-100,000 residents 8 2 10
Place of
residence | City of 100,000-500,000 residents 3 8 11 4 0.04687
A city of more than 500,000 40 3 73
residents
Total 82 71 153
Secondary 32 11 43
Education Higher 50 60 110 1 0.00124
Total 82 71 153

p-value of statistical significance, if p<0.05-there is a significant difference between the groups
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When asked whata cytological examination consists
of, most of the women surveyed (79.7%) answered
correctly, that is taking a smear from the cervical
disc and canal. Incorrectly or “I don’t know” was
answered by 20.3%. The largest number of correctly
responding female respondents were aged 40-59 (64
out of 78, 82%, 41.8% of the total) from a city of more
than 500,000 residents (58 out of 73, 79.4%, 37.9% of
the total). Only those with higher education answered
correctly (92 out of 110, 83.6%, 60.1% of the total).

More than half of the respondents in the multiple-
choice question on symptoms of cervical cancer, in
which all answers were considered correct, indicated
spontaneous bleeding, lower abdominal and low back
pain (54.9%). Discharge, irregular intermenstrual
bleeding and contact bleeding were selected by nearly
half of the women. No symptoms were given by 16.3%
of respondents, and the answer “I don’t know” was
given by 15% of respondents. No significant statistical
differences were observed between knowledge of
cervical cancer symptoms and age, place of residence
and education. Only one person aged 18-29, with
higher education and from a city with a population of
more than 500,000 responded correctly by indicating
all symptoms and their absence (1 out of 153 people,
0.6%).

When asked about the age of women who could
benefit from the free CC prevention and early
detection program, the largest number of respondents
(62.1%) answered that it applies to women aged 18-
59. The correct age range, i.e. 25-64, was given by
21.6% of respondents, while 16.3% admitted that they
did not know. No significant statistical differences
were observed between the correct answer and age,
place of residence and education. The largest group
of respondents who knew the correct age range for
inclusion in the free CC prevention and early detection
program were those from a city with a population of
more than 500,000 (14 out of 73, 19.2%, 9.1% of the
total), with higher education (29 out of 110, 26.4%,
18.9% of the total), and aged 18-29 (11 out of 50, 22%,
7.2% of the total) and aged 40-59 (13 out of 65, 20%,
8.5% of the total).

DISCUSSION

Our survey of female patients of a gynaecological
practice located in the second largest city in Poland
indicates a varying level of patient knowledge about
CC, its symptoms, risk factors and prevention. While
the vast majority of patients are aware that HPV
infection is a risk factor for this cancer, knowledge of
other risk factors is much lower. Similarly, the majority
of patients identify cytology as a method of secondary
prevention, however, knowledge of the procedure for

Na pytanie ,,Na czym polega badanie cytologicz-
ne” wickszos¢ badanych kobiet (79,7%) odpowiedziata
poprawnie, czyli pobraniec wymazu z tarczy i kanatu
szyjki macicy. Niewtasciwie lub ,,nie wiem” odpowie-
dziato 20,3%. Najwieksza liczba prawidlowo odpowia-
dajacych respondentek byta w wieku 40-59 lat (64 na
78; 82%; 41,8% z catosci), z miasta powyzej 500 tys.
mieszkancow (58 z 73; 79,4%; 37,9 % z cato$ci) oraz
z wyzszym wyksztalceniem (92 osob z 110; 83,6%;
60,1% z catosci).

Ponad potowa respondentek w pytaniu wielokrot-
nego wyboru dotyczacym objawow raka szyjki maci-
cy, w ktorym wszystkie odpowiedzi byly uznane za
prawidtowe, wskazata krwawienia samoistne, bole
podbrzusza i1 okolicy ledzwiowe] (54,9%). Uptlawy,
nieregularne krwawienia migdzymiesigczkowe i1 krwa-
wienia kontaktowe wybrata blisko potowa kobiet. Brak
objawow wskazato 16,3% badanych, a odpowiedzi ,,nie
wiem” udzielito 15% ankietowanych. Nie zaobserwo-
wano istotnych statystycznie réznic pomiedzy znajo-
moscig objawow raka szyjki macicy a wiekiem, miej-
scem zamieszkania oraz wyksztatlceniem. Tylko jedna
osoba w wieku 18-29 lat, z wyksztalceniem wyzszym
i z miasta powyzej 500 tys. mieszkancéw odpowiedzia-
fa poprawnie wskazujac wszystkie objawy oraz ich brak
(1 na 153 osoby; 0,6%).

Na pytanic o wiek kobiet mogacych skorzystac
z bezptatnego programu profilaktyki i wczesnego wy-
krywania RSM najwigcej respondentek (62,1%) od-
powiedziato, ze dotyczy on kobiet w wieku 18-59 lat.
Prawidlowy przedziat wiekowy, czyli 25-64 lata, po-
dato 21,6% badanych, a 16,3% przyznalo, ze nie wie.
Nie zaobserwowano istotnych statystycznie réznic po-
miedzy prawidlowg odpowiedzig a wiekiem, miejscem
zamieszkania oraz wyksztatceniem. Najwicksza grupe
badanych os6b znajacych wiasciwy przedziat wieku
dla wlaczenia do bezplatnego programu profilaktyki
i wezesnego wykrywania RSM stanowity osoby z mia-
sta powyzej 500 tys. mieszkancow (14 na 73; 19,2%;
9,1% z catos$ci), z wyksztalceniem wyzszym (29 na 110;
26,4%; 18,9 % z catosci), w wieku 18-29 lat (11 na 50,
22%; 7,2% z cato$ci) oraz w wieku 40-59 lat (13 na 65,
20%; 8,5% z catosci).

DYSKUSJA

Nasze badanie przeprowadzone wsrdd pacjentek
gabinetu ginekologicznego zlokalizowanego w drugim
co do wielkos$ci miescie w Polsce wskazuje na zrozni-
cowany poziom wiedzy pacjentek na temat RSM, jego
objawow, czynnikow ryzyka oraz profilaktyki. Podczas
gdy znaczna wigkszos$¢ pacjentek jest §wiadoma, ze za-
kazenie HPV jest czynnikiem ryzyka tego nowotworu,
to juz znajomos¢ innych czynnikow ryzyka jest znacz-
nie mniejsza. Podobnie wigkszo$¢ pacjentek identyfiku-
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performing the test and the CC Prevention and Early
Detection Program, is no longer so common. Also, the
level of knowledge about the symptoms of CC should
be considered unsatisfactory.

The majority of respondents to our survey (93.5%)
seem to be aware that cytological examination is
used as a preventive tool to detect cellular changes
in the cervix that may indicate the presence of CC or
precancerous lesions. Compared to surveys in previous
years, where 21% of respondents indicated cytological
examination as prophylactic (12), it can be assumed
that educational programs on this issue have worked.
It should not be forgotten that this is only a pilot study.
In our survey, the greatest knowledge of this question
was demonstrated by those aged 40-59, living in cities
of more than 500,000 residents and having higher
education. It should be noted that this group of patients
frequently visits the gynecologist’s office, which may
have an impact on better knowledge in this area.
Similar results regarding age and education have been
reported in previous studies, but the result regarding
place of residence was the opposite (13).

In a study by Pacewicz et al. conducted in 2012
(14), the majority of women surveyed (46%) reported
that they search for information about the disease and
cytological testing on the Internet. In our study, the
vast majority of female respondents (75.2%) indicated
the Internet as the main source of knowledge about
CC preventive testing, reflecting the important role
of the Internet as a key source of knowledge. This
should prompt future knowledge-enhancing activities,
especially using the Internet.

Medical personnel were identified by 58.8% of
women as a source of information about preventive
screenings. A study by Ulman-Wlodarz et al. (12)
showed that for 59% of women, magazines were the
most common source of information on CC prevention,
followed by the Internet (38%). Gynecologists and
midwives were the source of knowledge about
prevention for 30% and 38% of those surveyed,
respectively. It seems, given our survey, with the
course of time, more and more women are getting
information about CC and its prevention from doctors
or medical personnel, which indicates the growing role
of medical personnel in making women aware of the
issue. However, in both studies, the majority of women
regularly visited a gynecologist, which could have
influenced the obtained results.

The study conducted by Ulman-Wtodarz et
al. included a group of 250 women between the
ages of 18 and 60 using the medical services of the
MultiMedis Medical Center in Krakow, Poland, from
a gynecological outpatient clinic. More than 80% of the
group of women surveyed had regular gynecological
check-up with a frequency of every six months to
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je cytologie jako metode profilaktyki wtdrnej, jednakze
wiedza dotyczaca procedury wykonywania badania
oraz Programu Profilaktyki i Wczesnego Wykrywania
RSM, nie jest juz tak powszechna. Réwniez poziom
wiedzy na temat objawéw RSM nalezy uzna¢ za nie-
zadowalajacy.

Wigkszo$¢ respondentek naszej ankiety (93,5%)
zdaje si¢ by¢ $wiadoma, ze badanie cytologiczne jest
stosowane jako narzgdzie profilaktyczne majgce na celu
wykrycie zmian komérkowych w szyjce macicy, ktore
mogg wskazywaé na obecnos¢ RSM lub zmian prze-
drakowych. W poréwnaniu do badan z poprzednich
lat, gdzie 21% respondentek wskazato badanie cytolo-
giczne jako profilaktyczne (12), mozna przypuszczac,
ze programy edukacyjne w tej kwestii si¢ sprawdzity.
Nie nalezy zapominag, ze jest to jedynie badanie pilota-
zowe. W naszym badaniu najwicksza znajomoscia tego
pytania wykazaty sie osoby w wieku 40-59 lat, miesz-
kajace w miastach pow. 500 tys. mieszkancow i posia-
dajace wyksztalcenie wyzsze. Nalezy zwroci¢ uwage,
ze ta grupa pacjentek czgsto odwiedza gabinet gineko-
logiczny, co moze mie¢ wplyw na lepsza wiedzg w tym
zakresie. Podobne wyniki dotyczace wieku 1 wyksztat-
cenia odnotowano w wcze$niejszych badaniach, jednak
wynik dotyczacy miejsca zamieszkania byt odwrotny
(13).

W badaniu Pacewicz i wsp. przeprowadzonym
w 2012 roku (14), wickszo$¢ ankietowanych kobiet
(46%) podata, ze informacje na temat tej choroby oraz
badan cytologicznych wyszukuje w Internecie. W na-
szym badaniu znaczna wigkszo$¢ respondentek (75,2%)
wskazata Internet jako glowne Zrodlo wiedzy o bada-
niach profilaktycznych RSM, odzwierciedla to istotng
role Internetu jako kluczowego zrodta wiedzy. Powinno
to sktoni¢ do przysztych dzialan poszerzajacych wie-
dze, zwlaszcza przy uzyciu Internetu. Personel me-
dyczny zostal wskazany przez 58,8% kobiet jako Zrodlo
informacji o badaniach profilaktycznych. W badaniu
Ulman-Wtodarz i wsp. (12) wykazano, ze dla 59% ko-
biet najczestszym zrodlem informacji o profilakty-
ce RSM byly czasopisma, a nastgpnie Internet (38%).
Lekarze ginekolodzy i potozne byly zrodlem wiedzy
o profilaktyce dla odpowiednio 30% i 38% z badanych.
Wydaje sie, bioragc pod uwage nasze badanie, ze z upty-
wem lat coraz wigcej kobiet uzyskuje informacje na
temat RSM oraz jego profilaktyki od lekarzy lub per-
sonelu medycznego, co moze swiadczy¢ o rosngcej roli
personelu medycznego w u§wiadamianiu kobiet na ten
temat. Jednak w obydwu badaniach wigkszo$¢ stano-
wity kobiety regularnie uczgszczajace do ginekologa,
co mogto mie¢ wptyw na uzyskane wyniki. W badaniu
przeprowadzonym przez Ulman-Wtodarz i wsp. obje-
to grupe 250 kobiet w wieku 18-60 lat, korzystajacych
z ustug medycznych Centrum Medycznego MultiMedis
w Krakowie, z poradni ginekologicznej. Grupa ankie-
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once every two years, but 11% declared visits every
five years and less frequently. However, the Internet
remains the main source of knowledge, even among
patients under regular gynecological care.

The survey showed that almost 80% of women
were able to define what a cytological examination
is. Similarly, in a study conducted by Leszczynska et
al. (15), in which 78% of the participants gave correct
information on this topic.

Analyzing the results of our own study, we observe
that most of the women surveyed knew at least some
of the symptoms of CC, but only one selected all
symptoms and no symptoms as the correct answer.
A disturbing result is that only 16.3% of the women
surveyed agreed with the statement that CC can
develop asymptomatically. Compared to a study from
2011, Ulman et al. (12), in which 38% of respondents
said that CC has no early symptoms, this is a worrying
result. Lack of knowledge about the asymptomatic
development of this cancer is associated with
lower awareness of the need for regular cytological
examinations as the only way to make an early
diagnosis. The absence of alarming symptoms does
not rule out CC, and this is what we need to make
women aware of. The appearance of symptoms of CC
occurs at further advanced stages. Diagnosis of cancer
at such a late stage is often associated with limited
treatment options therefore mortality is still high (16).

In our study, 82% of women chose HPV infection
as a risk factor for cervical cancer, which is positive
due to the major involvement of this pathogen in the
process of carcinogenesis. In contrast, the surveyed
women’s awareness of other risk factors for CC is
insufficient. Actually, only 18% of the respondents
mentioned all risk factors, and these were mostly
women in the 18-29 age group. Only one in three
of the women surveyed knew about early onset of
sexual life, smoking or HIV infection as risk factors.
In the analysis by Wychowaniec et al. (17), also the
majority of women chose HPV infection (80%) as
a risk factor, but the percentage of respondents aware
of the association between early age of onset of sexual
activity and cigarette smoking with CC was higher,
accounting for 63.48% and 51.30%, respectively,
demonstrating the need to spread awareness of all
risk factors for cervical cancer, not limited to HPV
infection. Future educational programs should include
comprehensive information to increase awareness of
a variety of risk factors. In our study, no statistically
significant relationship was observed regarding place
of residence, which differs from previous studies.
Former analyses have noted that women with higher
education living in cities with more than 500,000
residents gave more correct answers in this regard (13).

towanych kobiet w ponad 80% znajdowata si¢ w regu-
larnej kontroli ginekologicznej z czgstotliwoscig co pot
roku do raz na dwa lata, ale 11% deklarowato wizyty
co 5 lat i rzadziej. Jednakze, glownym zrodtem wiedzy,
nawet wérod pacjentek w regularnej opiece ginekolo-
gicznej, pozostaje nadal Internet.

Z przeprowadzonej ankiety wynika, ze prawie 80%
kobiet byto w stanie okresli¢ czym jest badanie cyto-
logiczne. Podobnie w badaniu przeprowadzonym przez
Leszczynska i wsp. (15), w ktorym poprawnej informa-
cji na ten temat udzielito 78% uczestnikow.

Analizujac wyniki wlasnych badan obserwujemy,
ze wigkszo$¢ ankietowanych kobiet znata przynajmniej
niektore objawy RSM, ale tylko jedna wybrata wszyst-
kie objawy i1 brak objawow jako odpowiedz prawidto-
wa. Niepokojacym wynikiem jest, ze jedynie 16,3%
badanych kobiet zgodzilo si¢ ze stwierdzeniem, ze
RSM moze rozwijac si¢ bezobjawowo. W poréwnaniu
do badania z 2011 r. Ulman i wsp. (12), w ktorym 38%
badanych stwierdzito, ze RSM nie ma wczesnych obja-
wow, jest to niepokojacy wynik. Brak wiedzy na temat
asymptomatycznego rozwoju tego nowotworu wigze si¢
z nizsza $wiadomoscig koniecznosci regularnych badan
cytologicznych jako jedynego sposobu na wczesne roz-
poznanie. Brak niepokojacych objawow nie wyklucza
RSM i kobiety powinny by¢ szeroko u$wiadamiane
w tym zakresie. Pojawienie si¢ objawow RSM wystepu-
je w dalszych stadiach zaawansowania. Diagnoza raka
na tak p6znym etapie czesto wigze si¢ z ograniczonymi
mozliwosciami leczenia dlatego $miertelnosc jest ciagle
wysoka (16).

W naszym badaniu 82% kobiet wybrato zakazenie
wirusem HPV jako czynnik ryzyka raka szyjki macicy,
co jest pozytywnym zjawiskiem ze wzgledu na gltow-
ny udziat tego patogenu w procesie karcinogenezy. Na-
tomiast wiedza badanych kobiet o innych czynnikach
ryzyka RSM jest niedostateczna. Wtasciwie wymienito
wszystkie czynniki ryzyka tylko 18% ankietowanych
i byly to wigkszosci kobiety z grupy 18-29 lat. O wcze-
snym rozpoczeciu zycia seksualnego, paleniu papiero-
sow czy infekcji HIV jako czynnikach ryzyka wiedzia-
fa tylko co trzecia z ankietowanych kobiet. W analizie
Wychowaniec i wsp. (17), rowniez wigkszos¢ kobiet wy-
brato infekcje wirusem HPV (80%) jako czynnik ryzy-
ka, jednak odsetek respondentek §wiadomych zwigzku
pomiedzy wezesnym wiekiem rozpoczgcia aktywnoSci
seksualnej i paleniem papieroséw z RSM byt wyzszy
i stanowil odpowiednio 63,5% i 51,3%, co ukazuje
potrzebe szerzenia $wiadomos$ci na temat wszystkich
czynnikow ryzyka raka szyjki macicy, nie ograniczajac
si¢ wylacznie do infekcji wirusem HPV. Przyszte pro-
gramy edukacyjne powinny obejmowac¢ kompleksowe
informacje, aby zwickszy¢ wiedz¢ na temat roznorod-
nych czynnikéw ryzyka. W naszym badaniu nie zaob-
serwowano zalezno$ci istotnej statystycznie odno$nie
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In 2015, Leszczynska et al. (15) found that the
vast majority of women (about 90%) are aware of
the possibility of free cytology under the preventive
screening program if they are between the ages of 25
and 59. As of November 1, 2023, the Cervical Cancer
Prevention and Early Detection Program covers women
between the ages of 25 and 64 (8). In our survey, the
majority of respondents chose the age range of 18 to 59
as the correct answer. In contrast, the correct age range
currently applicable to the program was given by only
22% of respondents. On the one hand, this indicates that
there is little interest in the NHF program and therefore
the change in the age limit has not yet reached women’s
awareness, while on the other hand, the selection of this
age range may be related to the awareness of starting
screening as early as possible. Our study showed that the
knowledge of the age range of this prevention program
has decreased significantly, and it would be appropriate
to pay attention to this in future educational programs.
Also, the frequency of cytological examinations was
selected according to the program’s recommendations
by only 21% of the respondents, which is identical to
the previous 2015 study (15), and better than the 2011
study, where only 1% indicated every 3 years (12). This
would demonstrate that women’s awareness of this issue
increased between 2011 and 2015, but unfortunately, it
has not changed since 2015. This comparison should be
treated with caution due to methodological differences
and the small number of respondents. The frequency of
check-ups “every year” was chosen by 56% of women
surveyed, which may be due to the fact that cytological
examinations are performed as part of private medical
care. In 2011, 76% of surveyed women indicated this
frequency (12). The NHF program focuses on the
peak of incidence which is due to the long-standing,
asymptomatic development of cervical cancer and its
procedures, despite being free of charge, are known to
too small a group of women. Younger women in our
survey were more knowledgeable about the frequency
of examinations according to the Program’s guidelines.

In our survey, 62% of women knew that the first
cytological examination should be done after the start
of sex life, and this was the answer given by 78% of
women in the 18-29 age group. In a 2014 survey, only
38% of women knew that a cytological examination
should be performed after starting sexual intercourse
(13), which would indicate that women’s knowledge on
the subject has increased.

Knowledge of the correct day of the cycle for the
testing was demonstrated only by 46% of respondents
and these were mainly residents of large cities and
women with higher education, which is an unfavourable
result.

According to the observation of Michatek et al. (18),
there is a need for a debate on action strategies to raise
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miejsca zamieszkania, co r6zni si¢ od wczesniejszych
badan. W poprzednich badaniach zauwazono, ze kobie-
ty z wyzszym wyksztatlceniem mieszkajace w miastach
powyzej 500 tys. mieszkancow udzielaly wigcej po-
prawnych odpowiedzi w tym zakresie (13).

W 2015 roku Leszczynska i wsp. (15) stwierdzili
ze znaczna wigkszos¢ kobiet (ok. 90%) jest §wiadoma
mozliwosci wykonania bezptatnej cytologii w ramach
programu badan profilaktycznych, jesli znajduja si¢
w przedziale wiekowym od 25 do 59 r.z. Od 1 listopada
2023 Program Profilaktyki i Weczesnego Wykrywania
Raka Szyjki Macicy obejmuje kobiety od 25 do 64 roku
zycia (8). W naszym badaniu wigkszo$¢ respondentek
wybrata przedzial wiekowy od 18 do 59 roku zycia jako
prawidtowa odpowiedz. Natomiast wlasciwy przedziat
wiekowy, obowigzujacy aktualnie w programie zostat
podany jedynie przez 22% respondentek. Z jedne;j stro-
ny $wiadczy to o matym zainteresowaniu programem
NFZ i dlatego zmiana granicy wieku nie dotarta jeszcze
do $wiadomosci kobiet, a z drugiej wybranie tego prze-
dzialu wiekowego moze by¢ zwigzane ze $swiadomo-
$cig rozpoczecia badan jak najwezesniej. Nasze badanie
ukazato, ze zmniejszyta si¢ znacznie wiedza o przedzia-
le wiekowym tego programu profilaktyki i nalezatoby
zwrdci¢ uwage na to w przyszlych programach eduka-
cyjnych. Rowniez czestotliwos¢ wykonywanych badan
cytologicznych zostata wybrana zgodnie z zaleceniami
programu tylko przez 21% ankietowanych, czyli tak
jak w poprzednich badaniach z roku 2015 (15), a lepiej
niz w badaniach z 2011 roku, gdzie tylko 1% wskazalo
co 3 lata (12).Wskazywaloby to, ze $wiadomos¢ kobiet
w tym zakresie wzrosta w latach 2011-2015, ale niestety
od 2015 roku nie ulegla zmianie. Porownanie to nalezy
traktowaé ostroznie, ze wzgledu na réznice metodo-
logiczne 1 malo liczng grupe badanych. Czestotliwosé
wykonywania badan ,,co rok” wybralo 56% badanych
kobiet, co moze wynika¢ z faktu wykonywania badan
cytologicznych w ramach prywatnej opieki medyczne;j.
W roku 2011 badane kobiety w 76 % wskazaly t¢ cze-
sto§¢ (12). Program NFZ koncentruje si¢ na szczycie
zachorowan, co wynika z dtugoletniego, bezobjawowe-
go rozwoju raka szyjki macicy i jego zasady pomimo
bezptatnosci zna zbyt mata grupa kobiet. Mlodsze ko-
biety z naszej ankiety mialy wigkszg wiedz¢ na temat
czestotliwosci wykonywania badan wg wytycznych
Programu.

W naszym badaniu 62% kobiet wiedzialo, ze pierw-
sze badanie cytologiczne powinno by¢ wykonane po
rozpoczgciu wspolzycia i1 takiej odpowiedzi udzieli-
to 78% kobiet z grupy wickowej 18-29 lat. W badaniu
z roku 2014 jedynie 38% kobiet wiedzialo, ze badanie
cytologiczne nalezy wykonac¢ po rozpoczeciu wspotzy-
cia seksualnego (13), co wskazywatoby, ze zwigkszyta
si¢ wiedza kobiet na ten temat.
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awareness of screening among women living in smaller
cities and with primary education, which was also
confirmed by our study.

In the analysis presented here, women in the 18-
29 age range were more knowledgeable about the
frequency of cytological examinations under the
National Health Service program and performing them
from the onset of intercourses, and showed greater
awareness of cervical cancer risk factors compared to
other age groups, which may suggest the effectiveness
of educational efforts aimed at this age group. Thus, it
is worth taking advantage of this fact and reaching out
to this group with information about HPV vaccination
because the vaccination of adolescents in our country
is not popular. Young adults can decide for themselves,
and an informed choice between primary and
secondary prevention would be the best solution. It is
also noteworthy that most of the correct answers to the
questions in our survey were given by young women (18-
29 years old) and women in the 40-59 age range, with
higher education and living in large cities. Compared to
previous surveys, what is new is the significant role of
the 40-59 age group (13).

CONCLUSIONS

— Although the majority of women in the surveyed
group declared regular gynecological check-
ups, knowledge about preventive examinations
and information about cervical cancer is mainly
acquired by the surveyed women via the Internet,
which suggests that educational activities in offices
should be intensified

— Thereis aneed to continue educational efforts on the
procedure for performing a cytological examination
especially in terms of visits on the correct day of the
menstrual cycle

— Knowledge of the free CC preventive screening
program is inadequate

— Knowledge of such risk factors for cervical cancer
as early age of sexual initiation, smoking, HIV
infection, and multiple deliveries is inadequate

— It is necessary to raise awareness that cervical
cancer can develop asymptomatically

— Due to the poor level of knowledge in the group of
older women with less than higher education and
residing in smaller towns, it would be particularly
appropriate to target these people with an educational
measure inside gynecological office

— Given that this was a pilot study on a small group
of people, and therefore was subject to the risk of
error, it would be appropriate to conduct a similar
study on a larger number of female respondents, in
a larger number of gynecological offices.

Wiedz¢ na temat wlasciwego dnia cyklu na prze-
prowadzenie badania miato tylko 46% ankietowanych
— byly to glownie mieszkanki duzych miast i kobiety
z wyzszym wyksztalceniem, co jest niekorzystnym
wynikiem.

Zgodnie z obserwacja Michalek i wsp. (18), istnie-
je potrzeba przeprowadzenia debaty na temat strategii
dziatania majacych na celu zwigkszenie $wiadomosci
na temat badan przesiewowych wsrdd kobiet zamiesz-
kujacych w mniejszych miastach i posiadajacych pod-
stawowe wyksztalcenie, co potwierdzito réwniez nasze
badanie.

W przedstawionej analizie kobiety w przedziale
wieku 18-29 lat miaty wigkszg wiedze co do czgstosci
wykonywania badan cytologicznych w ramach progra-
mu NFZ i wykonywaniem ich od momentu rozpoczgcia
wspotzycia oraz wykazaly si¢ wigkszg swiadomoscia
czynnikow ryzyka raka szyjki macicy w pordwnaniu
do innych grup wiekowych, co moze sugerowa¢ sku-
teczno$¢ dziatan edukacyjnych ukierunkowanych na
te grupe wiekowa. Warto wigc wykorzysta¢ ten fakt
i dotrze¢ do tej grupy z informacjg o szczepieniach
przeciwko HPV w sytuacji, gdy szczepienia mtodziezy
w naszym kraju nie ciesza si¢ popularnoscia. Mlodzi
doro$li mogg o nich zadecydowa¢ sami, a $wiadomy
wybor miedzy profilaktyka pierwotng a wtorng bytby
najlepszym rozwigzaniem. Warto rowniez zauwazyc,
ze wigkszos¢ poprawnych odpowiedzi na pytania w na-
szym badaniu udzielily kobiety mtode (18-29 lat) oraz
kobiety w przedziale wiekowym 40-59 lat, z wyzszym
wyksztatlceniem 1 mieszkajace w duzych miastach.
W poréwnaniu do wezesniejszych badan, nowos$cig jest
istotna rola grupy wiekowej 40-59 lat (13).

WNIOSKI

— Pomimo, ze wigkszo$¢ kobiet w badanej grupie de-
klarowala regularne badania ginekologiczne, wie-
dze¢ na temat badan profilaktycznych i informacje
o raku szyjki macicy ankietowane kobiety zdoby-
waly gléwnie przez Internet, co pozwala przypusz-
cza¢, ze nalezy zintensyfikowac dziatania eduka-
cyjne w gabinetach

— Istnieje potrzeba kontynuacji dzialan edukacyjnych
na temat procedury wykonywania badania cytolo-
gicznego, zwlaszcza w zakresie zglaszalnoSci we
wiasciwym dniu cyklu miesigczkowego

— Wiedza na temat bezptatnego programu badan pro-
filaktycznych RSM jest niedostateczna

— Znajomo$¢ takich czynnikow ryzyka raka szyjki
macicy jak wczesny wiek inicjacji seksualnej, pale-
nie papierosow, zakazenie HIV, wielodzietno$¢ jest
niedostateczna

— Konieczne jest uswiadamianie, ze rak szyjki maci-
cy moze rozwijac si¢ bezobjawowo
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ABSTRACT

Artificial Intelligence (Al) has the potential to revolutionize medical diagnostics by offering new opportunities
for accuracy, efficiency, and accessibility in healthcare. This article examines the benefits of implementing
Al in diagnostics, such as enhanced diagnostic precision, faster clinical decision-making, cost reduction, and
increased access to healthcare. It also discusses the challenges associated with Al implementation, including
ethical, legal, and technical issues. The future of Al in medicine may bring further technological advancements
and personalized therapy, but it also requires addressing regulatory and ethical concerns.

Keywords: artificial intelligence, Al in medicine, Al ethics, machine learning algorithms, innovations in
diagnostics

STRESZCZENIE

Sztuczna inteligencja (Al) moze zrewolucjonizowa¢ diagnostyke medyczna, oferujac nowe mozliwosci w za-
kresie doktadnosci, wydajnosci i dostepnosci w opiece zdrowotnej. W artykule zbadano korzysci wynikajace
z wdrozenia sztucznej inteligencji w diagnostyce, takie jak zwickszona precyzja diagnostyczna, szybsze po-
dejmowanie decyzji klinicznych, redukcja kosztow i wickszy dostep do opieki zdrowotnej. Omowiono takze
wyzwania zwigzane z wdrazaniem sztucznej inteligencji, w tym kwestie etyczne, prawne i techniczne. Przy-
szto$¢ sztucznej inteligencji w medycynie moze przynies¢ dalszy postep technologiczny, ale wymaga rowniez
rozwigzania problemow regulacyjnych i etycznych.

Stowa kluczowe: sztuczna inteligencja, AI w medycynie, etyka sztucznej inteligencji, algorytmy uczenia maszy-
nowego, innowacje w diagnostyce

INTRODUCTION

Artificial Intelligence (Al) is a field of computer
science that mimics human thought processes, enabling
machines to perform tasks requiring intelligence, such
as image recognition and decision-making (1). In recent
years, analytical technologies have gained increasing
importance in medicine, particularly in diagnostics,
with the potential to revolutionize healthcare delivery
and improve patient outcomes.

Current Al systems can process vast amounts
of data at unprecedented speeds. In the era of big

WPROWADZENIE

Sztuczna inteligencja (Al) to dziedzina informa-
tyki, ktora odwzorowuje ludzkie procesy myslenia,
umozliwiajgc maszynom wykonywanie zadan wyma-
gajacych inteligencji, takich jak rozpoznawanie obra-
z6w 1 podejmowanie decyzji (1). W ostatnich latach
technologie analityczne zyskujg na znaczeniu w me-
dycynie, zwlaszcza w diagnostyce, majac potencjat,
by zrewolucjonizowa¢ §wiadczenie opieki zdrowotne;j
i poprawi¢ wyniki zdrowotne pacjentow.

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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data, traditional analytical methods are becoming
insufficient. Modern diagnostics often involve
complex processes that require the collaboration of
many specialists. The integration of Al allows for the
automation of many tasks, reducing the waiting time
for results and increasing their accuracy (2). Systems
based on deep neural networks can analyze medical
images with a precision comparable to, and sometimes
even surpassing, that of experienced radiologists (3).
Al also supports genetic data analysis, contributing to
the advancement of personalized medicine.

A key application of Al is in imaging diagnostics.
These technologies enable the rapid processing of
images from computed tomography (CT) and magnetic
resonance imaging (MRI). Al algorithms can identify
cancerous changes in mammographic images with
greater accuracy than traditional radiological methods
(4). Such precision leads to earlier medical intervention,
increasing patients’ chances of recovery.

Al not only enhances diagnostic accuracy but also
accelerates its execution, which is crucial in emergency
cases, such as strokes. Traditional diagnostic methods
can take hours or even days to yield results, whereas
Al performs analyses within minutes, allowing for
quicker therapeutic decisions. In emergency situations,
rapid response is critical, and modern technologies can
improve patient prognosis.

The benefits of using Al in diagnostics include
reducing healthcare costs by minimizing the need for
repeated expensive tests and lowering the risk of errors
(5). Additionally, Al increases access to specialized
medical care, particularly in regions with limited
access to physicians.

Despite  its  numerous  advantages, the
implementation of AI faces significant challenges,
including ethical issues related to patient data usage.
Al relies on analyzing large datasets, raising concerns
about the privacy and security of medical information
(6). There is a risk of data misuse in the event of
security breaches. Al decisions, especially those based
on machine learning algorithms, can be difficult to
understand, raising questions about accountability for
diagnostic errors.

Another challenge is the integration of Al with
existing healthcare systems. The introduction of new
technologies requires significant investments and
a change in the approach of medical staff. Physicians
need to adapt to working with Al systems, which
may require training. It is also necessary to develop
legal regulations that protect patients and support the
development of Al in medicine.

In the context of the future of Al in medicine,
it is essential to consider its impact on the role of
physicians. Al can automate many traditional tasks,
but this does not make doctors redundant. On the
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Obecne systemy Al potrafig przetwarza¢ ogrom-
ne ilosci danych z niespotykang dotad szybkoscia.
W erze big data tradycyjne metody analizy stajg si¢
niewystarczajace. Wspotczesna diagnostyka czesto
wigze si¢ z skomplikowanymi procesami, ktore wy-
magaja wspotpracy wielu specjalistow. Integracja Al
pozwala na automatyzacj¢ wielu zadan, co skraca czas
oczekiwania na wyniki i zwigksza ich doktadnos¢ (2).
Systemy oparte na glebokich sieciach neuronowych
moga analizowac obrazy medyczne z precyzjg porow-
nywalng, a czasem nawet wyzszg niz doswiadczonych
radiologdw (3). Al wspiera takze analize danych ge-
netycznych, co przyczynia si¢ do rozwoju medycyny
spersonalizowanej.

Kluczowym zastosowaniem Al jest diagnostyka
obrazowa. Technologie te umozliwiajg szybkie prze-
twarzanie obrazéw z tomografii komputerowej (CT)
oraz rezonansu magnetycznego (MRI). Algorytmy
Al potrafig identyfikowa¢ zmiany nowotworowe na
obrazach mammograficznych z wigksza precyzja niz
tradycyjne metody radiologiczne (4). Taka doktadnos¢
prowadzi do wczesdniejszej interwencji medycznej,
zwickszajgc szanse pacjentow na wyzdrowienie.

Al nie tylko zwieksza doktadnos$¢ diagnostyki, ale
takze przyspiesza jej realizacje, co jest kluczowe w na-
gtych przypadkach, takich jak udary mozgu. Trady-
cyjne metody diagnostyczne moga wymagaé godzin
lub dni na uzyskanie wynikow, podczas gdy Al prze-
prowadza analiz¢ w ciggu minut, co umozliwia szyb-
sze decyzje terapeutyczne. W sytuacjach awaryjnych
szybkos¢ reakcji jest kluczowa, a nowoczesne techno-
logie moga poprawi¢ rokowania pacjenta.

Korzysci z wykorzystania Al w diagnostyce obej-
muja obnizenie kosztow opieki zdrowotnej, zmniej-
szajac potrzebe powtarzania kosztownych badan oraz
minimalizujac ryzyko btedow (5). Dodatkowo Al
zwigksza dostgpnos¢ specjalistycznej opieki medycz-
nej, zwlaszcza w regionach z ograniczonym dostepem
do lekarzy.

Mimo licznych zalet, wdrozenie Al napotyka
istotne wyzwania, w tym kwestie etyczne zwigzane
z wykorzystaniem danych pacjentow. Al opiera si¢
na analizie duzych zbiorow danych, co rodzi obawy
dotyczace prywatnosci i bezpieczenstwa informacji
medycznych (6). Istnieje ryzyko niewtasciwego uzycia
danych w przypadku naruszenia zabezpieczen. Decy-
zje Al, szczegolnie te oparte na algorytmach uczenia
maszynowego, moga by¢ trudne do zrozumienia, co
stawia pytania o odpowiedzialno$¢ za btedy diagno-
styczne.

Kolejnym wyzwaniem jest integracja Al z istnie-
jacymi systemami opieki zdrowotnej. Wprowadzenie
nowych technologii wigze si¢ z duzymi inwestycjami
i zmiang podejscia personelu medycznego. Lekarze
muszg dostosowac si¢ do pracy z systemami Al, co
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contrary, Al can become a valuable tool that supports
their work, allowing them to focus on more complex
aspects of patient care. Maintaining a balance between
technology and a humanistic approach to medicine is
crucial.

This article analyzes the areas where Al impacts
medical diagnostics, discusses the benefits and
challenges of its implementation, and outlines how
healthcare systems can prepare for the upcoming
changes driven by the development of this technology.

APPLICATION AND BENEFITS OF
ARTIFICIAL INTELLIGENCE IN MEDICAL
DIAGNOSTICS

Artificial Intelligence (AI) is revolutionizing
the way doctors and specialists process data and
make diagnostic decisions. Recent years have seen
the growing popularity of this technology, with its
advanced algorithms enabling the rapid processing
of vast datasets (1). Algorithm-based technologies
have found applications in various areas of medical
diagnostics, including medical image analysis, genetic
diagnostics, patient monitoring using wearable
devices, and the development of predictive models (7).

MEDICAL IMAGE ANALYSIS

Medical image analysis is one of the most significant
applications of artificial intelligence. Modern Al-
based systems, especially those utilizing deep neural
networks, have transformed the way X-rays, computed
tomography (CT), magnetic resonance imaging (MRI),
and ultrasound images are interpreted.

Radiology. In radiology, Al is used to analyze
images from X-rays, CT, and MRI in diagnosing
diseases such as cancer, lung diseases, and neurological
disorders. Al algorithms, like convolutional neural
networks (CNN), are capable of identifying patterns
and anomalies in images that may be difficult for
humans to detect. For example, Al systems can
effectively detect early-stage lung cancer from CT
scans with high accuracy, sometimes exceeding the
skills of experienced radiologists. Studies show that Al
algorithms can increase the sensitivity of lung cancer
detection by 5% compared to traditional methods.

Intelligent medical systems can efficiently identify
cancerous changes in mammographic images with
accuracy comparable to or even better than experienced
radiologists. For instance, studies published in “JAMA
Oncology” found that an Al algorithm detected breast
cancer with a sensitivity of 94%, while radiologists
achieved 88% (8) (Table 1). Moreover, Al helps reduce
the number of false-positive results, minimizing the
need for additional tests.

moze wymagac szkolen. Niezbedne jest takze opraco-
wanie regulacji prawnych chronigcych pacjentow oraz
wspierajacych rozwoj Al w medycynie.

W kontekscie przysztosci Al w medycynie wazne
jest rozwazenie jej wplywu na role lekarzy. Al moze
zautomatyzowac wiele tradycyjnych zadan, jednak nie
oznacza to zbednosci lekarzy. Wrecz przeciwnie, Al
moze stac¢ si¢ cennym narzedziem wspierajagcym ich
prace, umozliwiajac skupienie si¢ na bardziej ztozo-
nych aspektach opieki nad pacjentem. Kluczowe jest
utrzymanie réwnowagi mi¢dzy technologia a humani-
stycznym podejsciem do medycyny.

Niniejszy artykul analizuje obszary, w ktorych Al
wplywa na diagnostyke medyczna, oraz omawia ko-
rzy$ci 1 wyzwania zwigzane z jej wdrazaniem, a takze
przedstawia, jak przygotowac systemy opieki zdro-
wotnej na nadchodzace zmiany zwigzane z rozwojem
tej technologii.

ZASTOSOWANIE I KORZYSCI
7Z ZASTOSOWANIA SZTUCZNEJ
INTELIGENCJI W DIAGNOSTYCE
MEDYCZNEJ

Sztuczna inteligencja (Al) rewolucjonizuje sposob,
w jaki lekarze i specjali$ci przetwarzaja dane oraz po-
dejmuja decyzje diagnostyczne. Ostatnie lata przynio-
sty wzrost popularnosci tej technologii, ktorej zaawan-
sowane algorytmy umozliwiaja szybkie przetwarzanie
ogromnych zbioréw danych (1). Technologie oparte na
algorytmach znalazty zastosowanie w rdznych dzie-
dzinach diagnostyki medycznej, takich jak analiza
obrazow medycznych, diagnostyka genetyczna, moni-
torowanie pacjentdw przy uzyciu urzadzen noszonych
na ciele oraz rozwijanie modeli predykcyjnych (7).

ANALIZA OBRAZOW MEDYCZNYCH

Analiza obrazow medycznych stanowi jedno
z najwazniejszych zastosowan sztucznej inteligencji.
Nowoczesne systemy oparte na Al, zwlaszcza te wy-
korzystujace gtebokie sieci neuronowe, zrewolucjoni-
zowaly sposob, w jaki interpretowane sa obrazy rent-
genowskie, tomografie komputerowe (CT), rezonanse
magnetyczne (MRI) oraz ultrasonografie.

Radiologia. W dziedzinie radiologii Al jest wy-
korzystywana do analizy obrazéw z rentgendéw, CT
i MRI, w diagnostyce takich chorob jak nowotwory,
choroby pluc czy zaburzenia neurologiczne. Algo-
rytmy Al, takie jak sieci neuronowe konwolucyjne
(CNN), sa zdolne do identyfikowania wzorcow i ano-
malii na obrazach, ktore moga by¢ trudne do dostrze-
gania przez ludzi. Na przyktad, systemy wykorzystu-
jace sztuczng inteligencje moga skutecznie wykrywacé
weczesne stadia raka pluc na podstawie zdje¢ CT, osig-
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Table 1. Comparative table of diagnostic accuracy: Al vs
traditional methods (21-23)

Tabela 1. Tabela porownawcza doktadnosci diagnostyczne;j:
Al vs tradycyjne metody (21-23)

. . Diagnostic Accuracy
Field of medicine method (Sensitivity)
. Al 94.,6%
Radiology - -
Radiologist 89,7%
Al 95,0%
Dermatology ;
Dermatologist 87,0%
Al 93,5%
Oncology ;
Oncologist 88,0%

X-ray analysis, supported by intelligent systems,
has proven to be a valuable tool, offering both accuracy
and efficiency in the face of an increasing number of
cases. A notable example is the CheXNet system,
which diagnoses pneumonia from chest X-rays with
results comparable to the expertise of radiologists (9).

Artificial intelligence played a crucial role in
diagnosing COVID-19 symptoms, particularly in
analyzing chest X-ray images. Research published
in “International Journal of Medical Sciences”(10)
demonstrated that during the pandemic, when rapid
infection detection was urgent, Al systems were
used to identify characteristic changes in the lungs of
patients. Deep learning algorithms could recognize
patterns in images, enabling doctors to quickly assess
health conditions and make decisions about further
treatment.

Pathology. In digital pathology, Al supports the
analysis of histopathological specimens. Traditional
evaluation of samples under a microscope is time-
consuming and requires significant expertise. Al can
analyze microscopic images, identifying cancer cells
and other pathological changes with great precision. An
example is the PathAl system, which uses algorithms
to analyze biopsy samples in pathology, contributing
to more accurate cancer diagnoses (11) and assessing
the stage of the disease.

Ophthalmology. In ophthalmology, Al is used
to diagnose retinal diseases and glaucoma based on
fundus images. Systems like IDx-DR, approved by
the FDA, can automatically detect diabetic retinopathy
from retinal images (12), allowing for quick and
accurate diagnosis without the need for direct physician
supervision. Studies have shown that algorithm-based
technologies achieve a sensitivity of 87% in detecting
this condition, which is comparable to the results of
experienced ophthalmologists.
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gajac wysoka doktadno$¢, czasami przewyzszajaca
umiejetnosci doswiadczonych radiologéw. Badania
pokazuja, ze algorytmy Al moga zwickszy¢ czutosé
wykrywania raka ptuc o 5% w poréwnaniu do trady-
cyjnych metod.

Inteligentne systemy medyczne moga skutecznie
identyfikowa¢ zmiany nowotworowe na obrazach
mammograficznych z doktadno$ciag porownywalng
lub nawet lepsza niz doswiadczeni radiolodzy. Na
przyktad, w badaniach opublikowanych w ,, JAMA
Oncology” stwierdzono, ze algorytm Al wykrywat
raka piersi z czulo$cig 94%, podczas gdy radiolodzy
osiagneli wynik 88% (8) (Tab.l). Ponadto, Al poma-
ga zmniejszy¢ liczbe fatszywych wynikow pozytyw-
nych, co zmniejsza koniecznos$¢ przeprowadzania do-
datkowych badan.

Analiza rentgenowska, wspierana przez inteligent-
ne systemy, okazala si¢ cennym narzedziem, oferu-
jacym nie tylko doktadnos¢, ale takze efektywnosé¢
w obliczu rosnacej liczby przypadkow. Przyktadem
jest system CheXNet, ktory diagnozuje zapalenie ptuc
na podstawie zdje¢ rentgenowskich, osiggajac wyniki
poréwnywalne z do§wiadczeniem radiologow (9).

Sztuczna inteligencja odegrata kluczowa role
w diagnostyce objawow COVID-19, szczego6lnie
w analizie zdj¢¢ rentgenowskich klatki piersiowe;j. Ba-
dania opublikowane w “International Journal of Me-
dical Sciences” (10) dowiodty, iz w trakcie pandemii,
kiedy pilne byto szybkie wykrywanie zakazen, sys-
temy Al zaczety by¢ wykorzystywane do identyfika-
cji charakterystycznych zmian w ptucach pacjentow.
Algorytmy glebokiego uczenia potrafig rozpoznawaé
wzorce w obrazach, co umozliwito lekarzom szybsza
oceng stanu zdrowia i podejmowanie decyzji dotycza-
cych dalszego leczenia.

Patologia. W patologii cyfrowej Al wspiera anali-
z¢ preparatow histopatologicznych. Tradycyjna ocena
probek pod mikroskopem jest czasochtonna i wyma-
ga duzych umiejetnosci. Al moze analizowaé obrazy
mikroskopowe, identyfikujac komorki nowotworowe
oraz inne zmiany patologiczne z duza precyzja. Przy-
ktadem jest system PathAl, wykorzystujacy algoryt-
my do analizy biopsji w patologii, co przyczynia si¢
do doktadniejszego diagnozowania nowotworow (11)
i oceny ich zaawansowania.

Oftalmologia. W oftalmologii Al jest wykorzysty-
wana do diagnozowania chorob siatkéwki i jaskry na
podstawie zdje¢ dna oka. Systemy takie jak IDx-DR,
zatwierdzone przez FDA, moga automatycznie wy-
krywa¢ retinopati¢ cukrzycowa na podstawie obra-
zo6w siatkowki (12), co umozliwia szybkie i doktadne
diagnozowanie bez potrzeby bezposredniego nadzoru
lekarza. Badania wykazaty, ze technologie oparte na
algorytmach osiagaja czuto$¢ na poziomie 87% w wy-
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GENETIC DIAGNOSTICS

Genetic diagnostics is another area where Al
is beginning to play a crucial role. Al supports the
analysis of genetic data, such as DNA sequencing,
the identification of mutations, and the prediction of
genetic disease risks.

DNA sequence analysis. Al is used to process
large genetic data sets, enabling the rapid identification
of disease-related mutations (13). Al algorithms,
including those based on machine learning, can
analyze DNA sequences, identifying rare mutations
that may be difficult to detect using traditional methods.
An example is systems supporting the diagnosis of
rare diseases, such as the 100,000 Genomes Project,
which analyzes patient genomes to identify the genetic
foundations of rare conditions.

Precision medicine. In precision medicine, Al
supports tailoring therapies to the individual needs of
patients based on their genetic profile (14). By analyzing
genetic data, advanced analytical technologies help
select the most effective drugs and therapies for
patients with different genetic backgrounds.

WEARABLE DEVICES AND PATIENT
MONITORING

Wearable devices, such as smartwatches, fitness
trackers, and intelligent health monitors, provide
continuous data on patients’ health. Al can analyze
this data, enabling real-time patient monitoring and
predicting potential health issues.

Heart disease monitoring. Artificial intelligence
is applied to monitor heart diseases through wearable
devices like smartwatches, which record heart rate,
blood pressure, and oxygen levels (15). Al systems
can analyze this data, detecting abnormalities such as
arrhythmias or irregular heart rhythms, and alerting
both patients and doctors about the need for further
evaluation. An example is the algorithm used in the
Apple Watch, which monitors heart rhythms and
detects symptoms of atrial fibrillation.

Diabetes and glucose monitoring. Al supports
blood sugar monitoring by analyzing data from
glucose monitors (16), which measure glucose levels
in diabetic patients. Through data analysis, algorithm-
based technologies can predict glucose level changes
and suggest adjustments to insulin doses or dietary
changes, enabling better disease management.

PREDICTIVE AI MODELS

Predictive Al models use clinical, demographic,
and genetic data to predict the risk of specific diseases

krywaniu tej choroby, co jest poréwnywalne z wyni-
kami doswiadczonych okulistow.

DIAGNOSTYKA GENETYCZNA

Diagnostyka genetyczna to kolejny obszar, w kto-
rym Al zaczyna odgrywac kluczowg rolg. Al wspiera
analize danych genetycznych, takich jak sekwencjono-
wanie DNA, identyfikacj¢ mutacji oraz przewidywa-
nie ryzyka chordb genetycznych.

Analiza sekwencji DNA. Al jest wykorzystywana
do przetwarzania duzych zbioréw danych genetycz-
nych, co umozliwia szybkie identyfikowanie mutacji
zwigzanych z chorobami (13). Algorytmy Al, w tym
te oparte na uczeniu maszynowym, mogg analizowaé
sekwencje DNA, identyfikujac rzadkie mutacje, ktore
moga by¢ trudne do wykrycia tradycyjnymi metoda-
mi. Przyktadem sa systemy wspomagajace diagnosty-
ke chorob rzadkich, takie jak projekt 100 000 Geno-
mes, ktory analizuje genomy pacjentow w celu ziden-
tyfikowania genetycznych podstaw rzadkich schorzen.

Medycyna precyzyjna. W medycynie precyzyjnej
Al wspiera dostosowywanie terapii do indywidual-
nych potrzeb pacjenta, bazujac na jego profilu gene-
tycznym (14). Analizujac dane genetyczne, zaawan-
sowane technologie analityczne pomagaja w doborze
najbardziej skutecznych lekéw i terapii dla pacjentow
z r6znymi profilami genetycznymi.

WEARABLE DEVICES
(URZADZENIA DO NOSZENIA NA CIELE).
MONITOROWANIE PACJENTOW

Urzadzenia typu wearable, takie jak smartwatche,
opaski fitness i inteligentne monitory zdrowia, dostar-
czaja ciagtych danych o stanie zdrowia pacjentow. Al
moze analizowac¢ te dane, umozliwiajagc monitorowa-
nie pacjentow w czasie rzeczywistym i przewidywa-
nie potencjalnych probleméw zdrowotnych.

Monitorowanie choréb serca. Sztuczna inteligen-
cja jest stosowana do monitorowania chordb serca za
pomoca urzadzen wearable, takich jak smartwatche,
ktore rejestruja dane dotyczace rytmu serca, cisnienia
krwi i poziomu tlenu we krwi (15). Systemy Al moga
analizowa¢ te dane, wykrywajac nieprawidtowosci,
takie jak arytmie czy zaburzenia rytmu serca, i infor-
mujac pacjentdw oraz lekarzy o koniecznosci dalszej
oceny. Przyktadem jest algorytm uzywany w urzadze-
niu Apple Watch, ktory monitoruje rytm serca i wy-
krywa objawy migotania przedsionkow.

Cukrzyca i poziom glukozy. Al wspiera moni-
torowanie poziomu cukru we krwi poprzez analizg
danych z monitorow glikemii (16), ktére mierza po-
ziom glukozy u pacjentéow z cukrzyca. Dzigki analizie
tych danych, technologie oparte na algorytmach moga
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in patients. These models assist doctors in making
decisions about further diagnostics and treatment.

Risk models. Al predictive models analyze data
such as medical history, test results, and patient
lifestyle to predict the risk of diseases like heart
disease, cancer, or diabetes. An example is the IBM
Watson for Oncology system (17), which analyzes
patient data and medical literature to support clinical
decision-making in cancer treatment.

Early disease detection. Al can also aid in the
early detection of diseases by analyzing patterns in
health data. Al algorithms can identify subtle changes
in lab results or imaging data that may indicate the
early stages of a disease before clear clinical symptoms
appear.

APPLICATION OF AI IN VARIOUS MEDICAL
DISCIPLINES

Specialized applications:

Cardiology. In cardiology, Al is used to analyze
electrocardiogram (ECG) results and monitor heart
rhythm. Systems like CardioNet utilize advanced
algorithms to analyze data from ECG monitors, helping
detect arrhythmias and other irregularities. Studies
show that Al improves the accuracy of arrhythmia
detection by 20% compared to traditional methods.

Oncology. In oncology, Al assists in analyzing
radiological and histopathological images. Systems
like Path Al support pathologists in examining biopsies,
improving diagnostic precision and reducing analysis
time by 30% (Table 1, Table 2). For example, at Moffitt
Cancer Center, PathAl algorithms have enhanced the
identification of rare cancer types.

Neurology. In neurology, Al is used to analyze
brain images to diagnose neurodegenerative diseases
like Alzheimer’s. Systems like iCAD analyze
magnetic resonance imaging (MRI) scans and identify
early signs of dementia with an accuracy of 85% (18),
allowing for earlier therapeutic intervention.

Psychiatry. In psychiatry, Al is applied to analyze
patient data to diagnose mental disorders. Systems

Table 2. Diagnostic time comparison: Al vs traditional
methods (24,25)
Tabela 2. Tabela czasu diagnostyki: Al vs tradycyjne
metody (24, 25)

Diagnostic Average
Field of medicine & diagnostic
method . .
time (min)
. Al 5
Radiology : -
Radiologist 20
Al 10
Oncology -
Oncologist 30
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przewidywa¢ zmiany poziomu glukozy i sugerowaé
dostosowanie dawek insuliny lub zmiany w diecie, co
pozwala na lepsza kontrolg choroby.

PREDYKCYJNE MODELE Al

Predykcyjne modele Al wykorzystuja dane klinicz-
ne, demograficzne i genetyczne do przewidywania
ryzyka wystapienia okreslonych chorob u pacjentow.
Takie modele moga wspiera¢ lekarzy w podejmowa-
niu decyzji dotyczacych dalszej diagnostyki i leczenia.

Modele ryzyka. Modele predykcyjne Al analizu-
ja dane takie jak historia chorob, wyniki badan i styl
zycia pacjentow, aby przewidzie¢ ryzyko wystapie-
nia chorob takich jak choroby serca, nowotwory czy
cukrzyca. Przyktadem jest system IBM Watson for
Oncology (17), ktory analizuje dane pacjentéw oraz
literature medyczna, wspierajac decyzje kliniczne do-
tyczace leczenia nowotworow.

Wcezesne wykrywanie chorob. Sztuczna inteligen-
cja moze rowniez wspiera¢ wezesne wykrywanie cho-
rob poprzez analiz¢ wzorcow w danych zdrowotnych.
Algorytmy Al moga identyfikowaé subtelne zmiany
w wynikach badan laboratoryjnych lub danych obra-
zowych, ktore moga wskazywaé na poczatkowe etapy
choroby, zanim pojawig si¢ wyrazne objawy kliniczne.

WYKORZYSTANIE AI W ROZNYCH
DYSCYPLINACH MEDYCZNYCH

Specjalistyczne zastosowania:

Kardiologia. W dziedzinie kardiologii Al jest sto-
sowana do analizy wynikow elektrokardiograméw
(EKG) oraz monitorowania rytmu serca. Przyktadem
sg systemy takie jak CardioNet, ktore wykorzystuja
zaawansowane algorytmy do analizy danych z mo-
nitorow EKG. Te systemy pomagaja w wykrywaniu
arytmii i innych nieprawidlowo$ci. Badania wskazu-
ja, ze Al poprawia doktadno§¢ wykrywania arytmii
0 20% w porownaniu do tradycyjnych metod.

Onkologia. W onkologii Al wspomaga analizg ob-
razow radiologicznych oraz histopatologicznych. Sys-
temy takie jak PathAl wspierajg patologéw w badaniu
biopsji, co prowadzi do poprawy precyzji diagnoz oraz
skrécenia czasu analizy o 30% (Tab. 1, Tab. 2). Na
przyktad, w Moffitt Cancer Center algorytmy PathAl
umozliwily skuteczniejsze identyfikowanie rzadkich
typOw nowotworow.

Neurologia. W neurologii Al jest uzywane do ana-
lizy obrazéw mozgu w celu diagnozowania choréb
neurodegeneracyjnych, takich jak choroba Alzheime-
ra. Systemy takie jak iCAD analizujg obrazy rezo-
nansu magnetycznego (MRI) i identyfikuja wczesne
oznaki demencji z doktadnos$cia na poziomie 85% (18).
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like IBM Watson for Mental Health (19) analyze
information from interviews and psychological tests,
aiding psychiatrists in diagnosing conditions and
planning treatments.

BENEFITS OF USING AI IN MEDICINE

Increased diagnostic accuracy. One of the main
advantages of using artificial intelligence (Al) in
medical diagnostics is the improvement in diagnostic
accuracy. Al algorithms can process vast amounts
of data from medical images and other sources,
identifying patterns that may be missed by the human
eye (10). A comparison of Al-based diagnostics with
traditional methods is presented in the detailed section
on Al applications and in Table 1.

Faster decision-making. Al technologies can
significantly speed up the diagnostic process and
support rapid clinical decision-making, which is
crucial in emergency situations such as strokes or
heart attacks.

Diagnostics in emergency situations. Al systems
can analyze data in real-time, which is essential in
situations requiring urgent intervention. For instance,
Al algorithms can process CT images in the case
of a stroke, quickly identifying damaged or at-risk
areas, allowing for faster decision-making regarding
treatment. Studies published in “Stroke” show that
Al-based technologies can reduce the time needed
to assess CT images by 50%, which can significantly
improve stroke treatment outcomes (20).

Monitoring and therapeutic decisions. Intelligent
medical systems that support patient monitoring enable
real-time adjustments to therapy. In chronic diseases
such as diabetes or heart conditions, Al systems can
analyze data from wearable monitors, providing doctors
with up-to-date information on patients’ health. For
example, heart thythm monitoring systems can detect
arrhythmias and other abnormalities, alerting doctors
to the need for immediate intervention. Research
shows that such systems can reduce response times to
sudden changes in a patient’s health by 30% compared
to traditional monitoring methods.

The use of Al in medicine not only accelerates
diagnostic processes but also enhances their quality,
allowing for more precise and effective therapeutic
interventions.

Cost reduction. The introduction of artificial
intelligence tools into medical diagnostics can
significantly lower healthcare costs. The automation of
routine diagnostic tasks, reduction in the number of
medical errors, and improvement in efficiency are key
areas where Al impacts cost reduction (Table 3).

Automation of routine tasks. Advanced analytical
technologies can automate many routine diagnostic

Dzigki temu mozliwe jest wczesniejsze rozpoczecie
interwencji terapeutycznych.

Psychiatria. W psychiatrii Al jest stosowana do
analizy danych pacjentéw w celu diagnozowania za-
burzen psychicznych. Systemy takie jak IBM Watson
for Mental Health (19) analizuja informacje z wywia-
dow 1 testow psychologicznych, wspierajac psychia-
trow w diagnozowaniu oraz planowaniu terapii.

KORZYSCI WYNIKAJACE
Z ZASTOSOWANIA Al W MEDYCYNIE

Zwigkszenie dokladnosci diagnostyki. Jednym
z gldwnych atutow zastosowania sztucznej inteligencji
w diagnostyce medycznej jest poprawa dokladnosci
diagnoz. Algorytmy Al potrafig przetwarza¢ ogromne
ilosci danych z obrazéw medycznych i innych zrédet,
dostrzegajac wzorce, ktore moga umkna¢ ludzkiemu
oku (10). Porownanie doktadnos$ci diagnostyki opartej
na Al z metodami tradycyjnymi przedstawiono w czg-
Sci szczegdtowej dotyczacej zastosowania Al oraz
w Tab. 1.

Szybsze podejmowanie decyzji. Technologie
sztucznej inteligencji moga znacznie przyspieszy¢
proces diagnostyczny i wspiera¢ szybkie podejmowa-
nie decyzji klinicznych, co jest kluczowe w nagtych
przypadkach, takich jak udary moézgu czy zawaty ser-
ca.

Diagnostyka w naglych przypadkach. Systemy
Al moga analizowa¢ dane w czasie rzeczywistym,
co jest istotne w sytuacjach wymagajacych pilnej in-
terwencji. Na przyktad, algorytmy Al moga przetwa-
rza¢ obrazy CT w przypadku udaru moézgu, szybko
identyfikujac obszary uszkodzone lub zagrozone, co
umozliwia szybsze podjecie decyzji dotyczacej inter-
wencji. Badania opublikowane w ,,Stroke” pokazuja,
ze technologie oparte na algorytmach mogg skroci¢
czas potrzebny na oceng¢ obrazéw CT o 50%, co moze
znaczgco wplynac na poprawe wynikow leczenia uda-
row mozgu (20).

Monitorowanie i decyzje terapeutyczne. Inteli-
gentne systemy medyczne wspierajagce monitorowa-
nie pacjentow pozwalajag na dostosowywanie terapii
w czasie rzeczywistym. W przypadku choréb prze-
wlektych, takich jak cukrzyca czy choroby serca,
systemy Al moga analizowa¢ dane z monitoréw we-
arable, dostarczajgc lekarzom aktualne informacje
o stanie zdrowia pacjentow. Na przyktad, systemy mo-
nitorujgce rytm serca moga wykrywac arytmie i inne
nieprawidtowosci, informujac lekarzy o konieczno-
$ci natychmiastowej interwencji. Badania pokazuja,
ze takie systemy moga skroci¢ czas reakcji na nagte
zmiany w stanie zdrowia pacjenta o 30% w pordwna-
niu do tradycyjnych metod monitorowania.
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Table 3. Al implementation costs in diagnostics (26)
Tabela 3. Tabela kosztow wdrozenia Al w Diagnostyce (26)

Cost Amount ($)
Technology purchase 200,000
Staff training 50,00
Maintenance 30,00

tasks, such as the analysis of medical images, which
reduces the workload for specialists and lowers the
costs associated with conducting and interpreting
tests. For example, in radiology, Al can automatically
evaluate X-ray images and identify potential
abnormalities, allowing radiologists to focus on more
complex cases. Research published in Health Affairs
estimated that the use of artificial intelligence tools
in radiology could reduce diagnostic costs by 20% by
increasing efficiency and reducing the need for repeat
tests (28).

Reduction of medical errors. Medical errors, such
as incorrect interpretations of test results, can lead to
additional costs and delays in treatment. Artificial
intelligence, through precise data analysis, can help
reduce such errors. For example, Al systems for
analyzing CT images can detect changes that may be
overlooked by radiologists, leading to earlier disease
detection and reducing the need for additional testing.
Studies in the Journal of the American College of
Radiology have shown that Al can reduce the number
of diagnostic errors by 15%, which translates to lower
treatment costs and improved patient health outcomes
3).

The costs associated with diagnostic errors, such
as additional tests or treatment of complications, can
be significantly reduced thanks to more accurate Al
analyses (26).

Improvement of efficiency. Intelligent medical
systems can enhance the efficiency of healthcare
systems by optimizing diagnostic and therapeutic
processes. For example, patient monitoring systems
can analyze data from wearable devices and provide
physicians with up-to-date information on patients’
health status, enabling quicker therapeutic decision-
making. Such monitoring systems can reduce the
number of visits to medical offices and hospitalizations,
leading to a decrease in overall healthcare costs.

Increasing access to healthcare. Al can also
support access to healthcare in regions with limited
access to specialists, improving the availability of
diagnostics and treatment through telemedicine and
remote data analysis.

Telemedicine and remote diagnostics. Al-
supported telemedicine enables remote diagnostics
and patient monitoring, which is especially important
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Redukcja Kkosztéw. Wprowadzenie narzedzi
sztucznej inteligencji do diagnostyki medycznej moze
znaczaco obnizy¢ koszty opieki zdrowotnej. Automa-
tyzacja rutynowych zadan diagnostycznych, zmniej-
szenie liczby bledow medycznych oraz poprawa efek-
tywnosci to kluczowe obszary, w ktorych Al wplywa
na redukcje kosztow (Tab. 3).

Automatyzacja rutynowych zadan. Zaawanso-
wane technologie analityczne moga automatyzowaé
wiele rutynowych zadan diagnostycznych, takich jak
analiza obrazéw medycznych, co pozwala na zmniej-
szenie obcigzenia praca specjalistow i obnizenie
kosztow zwigzanych z przeprowadzeniem i interpre-
towaniem badan. Na przyktad, w radiologii Al moze
automatycznie ocenia¢ zdj¢cia rentgenowskie 1 iden-
tyfikowaé potencjalne zmiany, co umozliwia radiolo-
gom skupienie si¢ na bardziej skomplikowanych przy-
padkach. Badania opublikowane w ,,Health Affairs”
oszacowaty, ze zastosowanie narze¢dzi sztucznej inte-
ligencji w radiologii moze obnizy¢ koszty diagnostyki
0 20% poprzez zwigkszenie efektywnosci i redukcje
potrzeby powtarzania badan (28).

Redukcja liczby bledéw medycznych. Bigdy me-
dyczne, takie jak niewlasciwe interpretacje wynikéw
badan, moga prowadzi¢ do dodatkowych kosztow
1 opoznien w leczeniu. Sztuczna inteligencja, dzigki
precyzyjnej analizie danych, moze pomoc w ograni-
czeniu takich btgdow. Na przyktad, systemy Al do
analizy obrazéw CT moga wykrywaé zmiany, ktére
moga zosta¢ przeoczone przez radiologéw, co prowa-
dzi do wezesniejszego wykrywania choréb i zmniej-
sza potrzebg dodatkowych badan. Badania w ,,Journal
of the American College of Radiology” wykazaty, ze
Al moze zredukowa¢ liczbe btedow diagnostycznych
0 15%, co przektada si¢ na obnizenie kosztow leczenia
i poprawe wynikow zdrowotnych pacjentow (3).

Koszty zwigzane z btgdami diagnostycznymi, ta-
kie jak dodatkowe badania czy leczenie powiktan,
moga zosta¢ znacznie zmniejszone dzicki dokladniej-
szym analizom Al (26).

Poprawa efektywnoSci. Inteligentne systemy me-
dyczne moga poprawi¢ efektywnos¢ systemow opieki
zdrowotnej poprzez optymalizacj¢ procesow diagno-
stycznych i terapeutycznych. Na przyktad, systemy
monitorowania pacjentow moga analizowa¢ dane
z urzadzen wearable i1 dostarcza¢ lekarzom aktualne
informacje o stanie zdrowia pacjentéw, co umozliwia
szybsze podejmowanie decyzji terapeutycznych. Taki
system monitorowania moze zmniejszy¢ liczbe wizyt
w gabinetach lekarskich oraz hospitalizacji, prowa-
dzac do obnizenia ogolnych kosztow opieki zdrowot-
nej.

Zwiekszenie dostepu do opieki zdrowotnej. Al
moze réwniez wspiera¢ dostep do opieki zdrowotnej
w regionach o ograniczonym dost¢pie do specjalistow,
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in rural and hard-to-reach areas where specialists
are lacking. Artificial intelligence systems can
analyze data sent by patients via mobile applications
or wearable devices and then transmit the results to
specialist doctors, who can remotely diagnose and
plan treatment. Research published in the Journal of
Telemedicine and Telecare has shown that the use of
Al in telemedicine can increase access to specialized
care in regions with limited access by 40%, while also
improving the quality of healthcare (29) (Tab. 4). An
example is the use of artificial intelligence tools to
analyze medical images sent from remote locations,
allowing for rapid diagnosis and treatment without
requiring the patient’s physical presence at a medical
facility (27).

Table 4. Patient satisfaction table (27)
Tabela 4. Tabela satysfakcji pacjentow (27)

Satisfaction level (%)
70%
85%

Implementation time

Before implementation

After Al implementation

Based on research included in “Nature” it can be
concluded that artificial intelligence in telemedicine not
only streamlines diagnostic processes but also impacts
the quality of healthcare, which was particularly
evident during the pandemic and the growing demand
for remote medical services. It is also recognized that
mobile applications allow for better communication
between doctors and patients, enabling remote
consultations and health monitoring (30).

Decision support in areas with a shortage of
specialists. In regions where specialists are scarce,
artificial intelligence can play a key role in supporting
diagnostic and therapeutic decisions. For example,
Al technologies can provide local healthcare workers
with recommendations for best clinical practices and
treatment plans based on the analysis of extensive
medical databases. Research published in Health
Services Research shows that such decision-support
systems can significantly improve the quality of
healthcare in areas with limited access to specialists,
enhancing both diagnostic accuracy and treatment
efficacy (29).

CHALLENGES IN IMPLEMENTING AI IN
MEDICAL DIAGNOSTICS

Despite the promising benefits of using artificial
intelligence in medical diagnostics, the implementation
of this technology comes with many challenges. These
issues include ethical and legal concerns, technological
limitations, changes in the role of doctors, and
challenges related to integrating Al into healthcare

poprawiajac dostepnos$¢ diagnostyki i leczenia po-
przez telemedycyne oraz zdalng analize¢ danych.

Telemedycyna i zdalna diagnostyka. Teleme-
dycyna wspierana przez technologie Al umozliwia
zdalng diagnostyke i monitorowanie pacjentow, co
jest szczeg6lnie wazne w obszarach wiejskich i trud-
no dostgpnych, gdzie brakuje specjalistow. Systemy
sztucznej inteligencji mogg analizowa¢ dane przesyta-
ne przez pacjentow za pomocg aplikacji mobilnych lub
urzadzen wearable, a nastepnie przekazywac¢ wyniki
do lekarzy specjalistow, ktorzy moga zdalnie posta-
wi¢ diagnoze i zaplanowac leczenie. Badania opu-
blikowane w ,,Journal of Telemedicine and Telecare”
wykazaty, ze zastosowanie Al w telemedycynie moze
zwigkszy¢ dostep do specjalistycznej opieki w regio-
nach o ograniczonym dostgpie o 40%, jednoczesnie
poprawiajac jako$¢ opieki zdrowotnej (29) (Tab. 4).
Przyktadem moze by¢ wykorzystanie narzedzi sztucz-
nej inteligencji do analizy zdje¢ medycznych przesyta-
nych z odlegtych lokalizacji, co umozliwia szybka dia-
gnoze i leczenie bez konieczno$ci osobistej obecnosci
pacjenta w placowce medycznej (27).

Na podstawie badan zawartych w ,,Nature” mozna
stwierdzi¢, iz sztuczna inteligencja w telemedycynie
nie tylko usprawnia procesy diagnostyczne, ale takze
wplywa na jako$¢ opieki zdrowotnej, co szczegdlnie
widoczne bylo w dobie pandemii i rosnacego zapo-
trzebowania na zdalne ustugi medyczne. Dostrzega
si¢ rowniez, ze aplikacje mobilne pozwalajg na lepsza
komunikacje migdzy lekarzami a pacjentami, umozli-
wiajgc zdalne konsultacje i monitorowanie stanu zdro-
wia (30).

Wspomaganie decyzji w obszarach niedoboru
specjalistow. W rejonach, gdzie brakuje specjalistow,
sztuczna inteligencja moze odegra¢ kluczowa role
w wspomaganiu decyzji diagnostycznych i terapeu-
tycznych. Na przyktad, technologie Al moga dostar-
cza¢ lokalnym pracownikom stuzby zdrowia zalecenia
dotyczace najlepszych praktyk klinicznych i planow
leczenia, opierajac si¢ na analizie obszernych baz da-
nych medycznych. Badania opublikowane w ,,Health
Services Research” pokazuja, ze takie systemy wspie-
rajace decyzje moga znaczaco podnies¢ jakos¢ opieki
zdrowotnej w obszarach z ograniczonym dostepem do
specjalistow, poprawiajac zarowno dokladnos¢ dia-
gnoz, jak i efektywnos$¢ leczenia (29).

WYZWANIA ZWIAZANE Z WDROZENIEM Al
W DIAGNOSTYCE MEDYCZNE]

Pomimo obiecujacych korzysci wynikajacych z za-
stosowania sztucznej inteligencji w diagnostyce me-
dycznej, wdrozenie tej technologii wigze si¢ z wielo-
ma wyzwaniami. Problemy te obejmuja kwestie etycz-
ne i prawne, ograniczenia technologiczne, zmiany
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systems. Below, key difficulties associated with
implementing Al in medical diagnostics are discussed.

ETHICAL AND LEGAL ASPECTS OF AI IN
MEDICINE

Patient data privacy. In medicine, protecting
patient data privacy is a key challenge, especially due
to the need for Al systems to access large medical
datasets, such as test results or genetic data. This
information often contains sensitive data subject to
special legal protection. Therefore, ensuring patient
privacy becomes a significant ethical and legal issue
in the context of Al. In Europe, regulations like GDPR
play a crucial role in securing this data (33).

Questions regarding the protection of patient data
include how to safeguard it against unauthorized
access, who is responsible for its protection, and what
the consequences of privacy breaches are. From an
ethical standpoint, patients should have control over
their data, including the right to information about
its collection and sharing. The challenge also lies in
the transparency of Al systems, so that patients can
understand how their data is being used.

Data anonymization is one way to protect privacy,
but even anonymized data can be reconstructed, posing
a risk of privacy violations. Therefore, anonymization
and encryption techniques must be continually
improved to keep up with the advancement of Al
algorithms (3).

From a legal perspective, regulations such as GDPR
or HIPAA establish rules for processing medical data,
including the necessity of obtaining patient consent
and informing them of security breaches. In the context
of Al, there is a need for more precise regulations
regarding data collection and analysis. Article 22 of the
GDPR introduces the concept of “automated decision-
making” (26) but does not specify the boundaries of
liability related to decisions affecting patients’ health.

Liability for AI errors. One of the most
challenging legal issues related to Al in medicine is
determining liability for errors made by Al systems
(30). In traditional medicine, liability for diagnostic
errors rests with the physician, whereas in the case
of Al, where algorithms make decisions, liability is
dispersed among programmers, system providers,
clinicians, and medical institutions (1).

From an ethical perspective, it is important that
patients trust that the use of Al does not increase the
risk of medical errors but rather improves the quality
of diagnosis. This requires transparent operating
principles for algorithms and the ability to audit their
decisions. Problems with understanding algorithm
decisions, even by programmers, raise concerns about
whether doctors have control over Al (34).
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w roli lekarzy oraz wyzwania zwigzane z integracja
Al w systemach opieki zdrowotnej. Ponizej oméwio-
no kluczowe trudnosci zwigzane z implementacjag Al
w diagnostyce medycznej.

ETYCZNE I PRAWNE ASPEKTY Al
W MEDYCYNIE

Prywatno$¢ danych pacjentéw. W medycynie
ochrona prywatnosci danych pacjentow jest kluczo-
wym wyzwaniem, szczeg6lnie ze wzgledu na potrze-
be dostepu systemow Al do duzych zbioréw danych
medycznych, takich jak wyniki badan czy dane gene-
tyczne. Te informacje czesto zawierajg wrazliwe dane,
podlegajace szczegblnej ochronie prawnej. Dlatego
zapewnienie prywatnosci pacjentow staje si¢ istotnym
zagadnieniem etycznym i prawnym w kontekscie Al.
W Europie regulacje, takie jak RODO, odgrywaja klu-
czowa role w zabezpieczaniu tych danych (33).

Pytania dotyczace ochrony danych pacjentow obej-
muja, jak zabezpieczy¢ je przed nieautoryzowanym
dostepem, kto ponosi odpowiedzialnos¢ za ich ochro-
n¢ oraz jakie sg konsekwencje naruszen prywatno-
$ci. Z etycznego punktu widzenia pacjenci powinni
mie¢ kontrol¢ nad swoimi danymi, w tym prawo do
informacji o ich zbieraniu i udost¢gpnianiu. Wyzwanie
stanowi rowniez transparentno$¢ systemow Al, aby
pacjenci mogli zrozumie¢, jak ich dane sg wykorzy-
stywane.

Anonimizacja danych jest jednym ze sposobow
ochrony prywatnosci, ale nawet dane anonimowe
moga by¢ rekonstrukowane, co stwarza ryzyko na-
ruszenia prywatno$ci. Dlatego techniki anonimizacji
i szyfrowania muszg by¢ ciagle doskonalone, aby od-
powiada¢ na rozwdj algorytmow Al (3).

Z prawnego punktu widzenia regulacje takie jak
RODO czy HIPAA ustanawiajg zasady przetwarzania
danych medycznych, w tym konieczno$¢ uzyskania
zgody pacjentow oraz informowania o naruszeniach
bezpieczenstwa. W kontek$cie Al istnieje potrzeba
bardziej precyzyjnych przepisow dotyczacych gro-
madzenia i analizy danych. Artykut 22 ust. 1 RODO
wprowadza pojecie ,,zautomatyzowanego podejmo-
wania decyzji” (26), ale nie precyzuje granic odpowie-
dzialno$ci zwigzanej z decyzjami wptywajacymi na
zdrowie pacjentow.

Odpowiedzialno$¢ za bledy Al. Jednym z naj-
trudniejszych zagadnien prawnych zwigzanych z Al
w medycynie jest ustalenie odpowiedzialnosci za blg-
dy systemoéw Al (30). W tradycyjnej medycynie od-
powiedzialno$¢ za btedy diagnostyczne spoczywa na
lekarzu, natomiast w przypadku Al, gdzie algorytmy
podejmuja decyzje, odpowiedzialno$¢ rozmywa si¢ na
programistéw, dostawcow systemow, klinicystow i in-
stytucje medyczne (1).



Jan Baranski

Legally, liability for Al errors can be considered
at various levels. It has been proposed to introduce
contractual liability between the Al provider and the
medical facility, as well as tort liability for harm caused
to patients (35). Currently, there is a lack of uniform
regulations in this regard, leading in some countries to
liability primarily resting on physicians. In the future,
it may be necessary to hold Al producers accountable
for the consequences of their algorithms’ actions.

Legal regulations regarding the use of AI. The
use of Al in medicine requires precise legal regulations
to ensure patient safety and system effectiveness. In the
US, the FDA approves Al systems as medical devices
(8), subjecting them to rigorous safety and efficacy
testing, similar to drugs. The rapid development of Al
compared to traditional medical technologies poses
a challenge that requires adjustments to regulatory
processes. In the European Union, regulations based
on guidelines from the European Medicines Agency
and GDPR emphasize data protection and patient
safety. Upcoming legislation under the Al Act is
set to introduce new risk categories and compliance
assessment requirements for Al systems in medicine
(36). Harmonizing regulations at the international level
is a significant challenge, as different countries have
varying approaches to Al, which can lead to uneven
technological development and barriers to innovation.
Therefore, collaboration among regulators is crucial
in creating common legal frameworks that promote
innovation while ensuring patient safety.

Diagnostic errors. Al systems, despite advanced
technology, can make errors. Issues may arise from
incorrect input data, algorithmic limitations, or a lack
of sufficient data for training. For instance, research
published in “Nature Medicine” revealed difficulties
for Al systems in identifying certain types of breast
cancer based on mammograms, leading to false-
negative results (33). Studies show that automated
diagnostic systems may struggle to recognize
rare diseases or atypical cases, which can affect
diagnostic efficacy (2). Such errors can delay or lead
to inappropriate treatment, emphasizing the need for
careful monitoring of Al results by specialists.

Technological limitations. Current Al systems
face limitations related to data quality, diversity,
and patient population variability. For example, Al
algorithms may have difficulty analyzing data from
different sources or when the data is ethnically and
demographically diverse. Research published in
“Journal of Biomedical Informatics” indicates (37)
that Al systems may have limited ability to generalize
results, potentially leading to disparities in the quality
of healthcare across different population groups.

Trust issues with Al Trust in artificial intelligence
is crucial for its effective implementation in medical

Z perspektywy etycznej wazne jest, by pacjenci
mieli zaufanie, ze korzystanie z Al nie zwigksza ry-
zyka bledow medycznych, a wrecz poprawia jakosé
diagnozy. Wymaga to transparentnych zasad dziatania
algorytmow i mozliwosci audytu ich decyzji. Proble-
my z zrozumieniem decyzji algorytmoéw, nawet przez
programistéw, rodza obawy, czy lekarze maja kontrolg
nad Al (34).

Pod katem prawnym, odpowiedzialno$¢ za btedy
Al moze by¢ rozpatrywana na roéznych poziomach.
Proponuje si¢ wprowadzenie odpowiedzialnosci kon-
traktowej miedzy dostawca Al a placowka medyczna
oraz odpowiedzialnosci deliktowej za szkody wyrza-
dzone pacjentom (35). Obecnie brakuje jednolitych
przepisow w tej kwestii, co sprawia, ze w niektorych
krajach odpowiedzialno$¢ spoczywa gtownie na leka-
rzach. W przysztosci moze by¢ konieczne pociggnie-
cie producentow Al do odpowiedzialnosci za skutki
dzialania ich algorytmow.

Regulacje prawne dotyczace stosowania Al. Sto-
sowanie Al w medycynie wymaga precyzyjnych regu-
lacji prawnych, by zapewnié bezpieczenstwo pacjen-
tow 1 efektywnos¢ systemow. W USA FDA zatwierdza
systemy Al jako wyroby medyczne (8), poddajac je ry-
gorystycznym testom bezpieczenstwa i skutecznosci,
podobnie jak leki. Wyzwanie stanowi szybki rozwdj
Al w porownaniu do tradycyjnych technologii me-
dycznych, co wymaga dostosowania procesow regu-
lacyjnych. W Unii Europejskiej regulacje, oparte na
wytycznych Europejskiej Agencji Lekéw oraz RODO,
stawiaja na ochron¢ danych i bezpieczenstwo pacjen-
tow. Nadchodzace przepisy Al Act maja wprowadzi¢
nowe kategorie ryzyka oraz wymagania dotyczace
oceny zgodno$ci systemow Al w medycynie (36).
Ujednolicenie przepisow na poziomie mi¢dzynarodo-
wym to istotne wyzwanie, poniewaz rozne kraje maja
odmienne podejscia do Al, co moze prowadzi¢ do
nierownomiernego rozwoju technologii i barier dla in-
nowacji. Kluczowa jest wigc wspodtpraca regulatorow
w tworzeniu wspolnych ram prawnych, ktore promuja
innowacyjno$¢ z jednoczesnym zachowaniem bezpie-
czenstwa pacjentow.

Bledne wyniki diagnostyczne. Systemy Al, mimo
zaawansowane]j technologii, moga popetnia¢ biedy.
Problemy moga wynika¢ z nieprawidtowych danych
wejsciowych, ograniczen algorytmicznych czy braku
wystarczajagcych danych do szkolenia. Na przyktad,
badania opublikowane w ,,Nature Medicine” ujaw-
nity trudno$ci systemow Al w identyfikacji niekto-
rych typoéw raka piersi na podstawie mammografii,
co prowadzito do fatszywych wynikéw negatywnych
(33). Badania pokazuja, ze zautomatyzowane systemy
diagnostyczne mogg mie¢ trudnosci z rozpoznawa-
niem rzadkich chorob lub nietypowych przypadkow,
co moze wplywac na skuteczno$¢ diagnostyczna (2).
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diagnostics. Both patients and doctors must be
confident that Al systems are reliable and effective.
There are concerns that algorithm-based technologies
may make mistakes or fail to grasp the medical
context. Therefore, it is important that Al systems
are transparent and their operations understandable
to users. Regular monitoring and evaluation of results
by specialists are essential to ensure that artificial
intelligence tools perform accurately.

IMPACT OF AI ON THE ROLE OF DOCTORS

Changing the traditional role of doctors.
Automated diagnostic systems are affecting the
traditional roles of doctors, changing how they
diagnose and treat patients. Artificial intelligence can
assist doctors in data analysis, speed up the diagnostic
process, and provide therapeutic recommendations.
However, Al cannot replace human experience and
intuition. Doctors still play a crucial role in interpreting
results, making decisions, and interacting with
patients. They are invaluable in both the diagnostic
and therapeutic processes (38).

Al is a supportive tool that can enhance the
efficiency and accuracy of diagnoses but does not
replace the need for human oversight and empathy.

Collaboration with AL In the future, doctors will
need to learn to work effectively with Al systems. This
means adjusting training programs to incorporate
new technologies and skills related to Al operation.
Doctors will need to develop skills in interpreting
Al-provided results, integrating technology with
traditional diagnostic methods, and managing patient
data.

CHALLENGES RELATED TO INTEGRATING
AIINTO HEALTHCARE SYSTEMS

Integration issues. Integrating Al systems with
existing healthcare systems presents a challenge.
Al systems must be compatible with current
technological infrastructures, databases, and IT
systems. Additionally, introducing new technologies
may require significant investments in hardware,
software, and upgrades to existing systems. Research
published in Health Technology Assessment indicates
that Al integration can be costly and time-consuming,
requiring testing and validation to ensure that systems
function correctly in real clinical settings. The costs
of implementing Al, including software purchases,
hardware, and training, can be substantial. Furthermore,
changes in work processes and adaptation to new tools
may encounter resistance from healthcare workers and
patients.
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Tego rodzaju btedy moga opoznia¢ lub prowadzi¢ do
niewlasciwego leczenia, podkreslajac potrzebe staran-
nego monitorowania wynikoéw Al przez specjalistow.

Ograniczenia technologiczne. Obecne systemy
Al napotykajg na ograniczenia zwigzane z jakosScia
danych, ich ré6znorodnoscia oraz zmienno$cig popula-
cji pacjentow. Na przyktad, algorytmy Al mogg mie¢
trudnosci z analizowaniem danych pochodzacych
z r6znych zrédet lub w przypadku, gdy dane sg zroz-
nicowane pod wzgledem etnicznym i demograficz-
nym. Badania opublikowane w ,,Journal of Biomedi-
cal Informatics” wskazuja (37), ze systemy Al moga
mie¢ ograniczong zdolno$¢ do generalizacji wynikow,
co moze prowadzi¢ do nierdwnosci w jakosci opieki
zdrowotnej w réznych grupach populacyjnych.

Problem zaufania do Al. Zaufanie do sztucznej
inteligencji jest kluczowe dla jej skutecznego wdroze-
nia w diagnostyce medycznej. Zaré6wno pacjenci, jak
i lekarze muszg by¢ pewni, ze systemy Al sa rzetelne
i efektywne. Istniejg obawy, ze technologie oparte na
algorytmach moga popetnia¢ bledy lub nie uchwycic¢
kontekstu medycznego. Dlatego wazne jest, aby sys-
temy Al byly transparentne i ich dziatanie byto zro-
zumiate dla uzytkownikow. Regularne monitorowanie
1 ocena wynikow przez specjalistow sa niezbe¢dne, aby
upewnic¢ si¢, ze narzedzia sztucznej inteligencji dzia-
taja zgodnie z rzeczywistos$cia.

WPLYW AI NA ROLE LEKARZA

Zmiana tradycyjnej roli lekarza. Zautomatyzo-
wane systemy diagnostyczne wplywajg na tradycyjng
rolg lekarzy, zmieniajac sposob, w jaki diagnozuja i le-
czg pacjentow. Sztuczna inteligencja moze wspierac
lekarzy w analizie danych, przyspiesza¢ proces dia-
gnostyczny oraz dostarcza¢ rekomendacje terapeu-
tyczne. Niemniej jednak, Al nie jest w stanie zastgpi¢
ludzkiego do$wiadczenia i intuicji. Lekarze nadal pet-
nig kluczowa role w interpretacji wynikow, podejmo-
waniu decyzji i interakcji z pacjentami. Sg nicocenieni
zaroOwno w procesie diagnostycznym, jak i terapeu-
tycznym (38).

Al jest narzedziem wspomagajacym, ktore moze
zwigkszy¢ efektywnos$¢ i precyzje diagnoz, ale nie za-
stepuje potrzeby ludzkiego nadzoru i empatii.

Wspolpraca z Al. W przysztosci lekarze beda
musieli nauczy¢ si¢ efektywnej wspotpracy z syste-
mami, jakie daje sztuczna inteligencja. Oznacza to
koniecznos¢ dostosowania programow szkoleniowych
do uwzglednienia nowych technologii i umiejetnosci
zwigzanych z obstuga Al. Lekarze beda musieli roz-
wija¢ umiejetnosci w zakresie interpretacji wynikow
dostarczanych przez Al, integracji technologii z trady-
cyjnymi metodami diagnostycznymi oraz zarzadzania
danymi pacjentow.
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Training personnel. Implementing artificial
intelligence tools in medical diagnostics also involves
the need to train medical staff. Doctors, radiologists,
pathologists, and other specialists must acquire the
skills to operate new systems, interpret Al results, and
integrate them with traditional diagnostic methods.
Training must be comprehensive and tailored to the
needs of various professional groups to ensure the
effective use of new technologies.

Technology acceptance by doctors and patients.
Acceptance of algorithm-based technologies by doctors
and patients is crucial for successful implementation.
Doctors must trust Al systems, believing in their
effectiveness and safety. Patients, on the other hand,
must be aware of the role of artificial intelligence in
diagnostics and treatment to understand the impact of
this technology on their healthcare. Research published
in the Journal of Medical Internet Research shows (39)
that both doctors and patients may initially be skeptical
of new technologies, which can affect their readiness
to adopt Al in healthcare.

SUMMARY

Artificial intelligence in medical diagnostics is
becoming increasingly significant as technologies
develop and become widely available. Al has the
potential to bring transformative changes to healthcare,
offering innovative possibilities in diagnosing,
treating, and managing diseases. This article explores
the current state of algorithm-based technology
implementations in medical diagnostics, analyzing the
benefits, challenges, specific examples of applications,
and future development directions.

Advanced analytical technologies significantly
enhance diagnostic accuracy through sophisticated
machine learning algorithms that can analyze vast
amounts of medical data. Studies show that Al can
identify subtle patterns that may be difficult for
humans to detect, leading to earlier disease detection
and more effective management.

Al can also significantly accelerate the diagnostic
process, which is crucial in emergency situations.
Artificial intelligence systems are capable of analyzing
data in real-time, enabling quicker decision-making
in critical moments, such as strokes or heart attacks.
Faster diagnosis leads to better treatment outcomes
and reduces mortality in emergency cases.

Implementing artificial intelligence tools in medical
diagnostics also has the potential to lower healthcare
costs by automating routine diagnostic tasks and
reducing medical errors. Automating processes such as
analyzing X-ray images or laboratory results decreases
the need for manual intervention and allows for better
utilization of available medical resources.

WYZWANIA ZWIAZANE Z INTEGRACJA Al
W SYSTEMACH OPIEKI ZDROWOTNEJ

Problemy z integracjg. Integracja systemow
sztucznej inteligencji z istniejgcymi systemami opieki
zdrowotnej stanowi wyzwanie. Systemy Al musza by¢
kompatybilne z obecnymi infrastrukturami technolo-
gicznymi, bazami danych oraz systemami informa-
tycznymi. Dodatkowo, wprowadzenie nowych techno-
logii moze wymaga¢ znacznych inwestycji w sprzet,
oprogramowanie oraz aktualizacje istniejacych syste-
moéw. Badania opublikowane w ,,Health Technology
Assessment” wskazuja, ze integracja Al moze by¢
kosztowna 1 czasochtonna, wymagajaca przeprowa-
dzenia testow i walidacji, aby upewnic sig, ze systemy
funkcjonuja prawidtowo w rzeczywistych warunkach
klinicznych. Koszty wdrozenia Al, obejmujace zakup
oprogramowania, sprzetu oraz szkolenie, moga by¢
znaczne. Dodatkowo, zmiany w sposobie pracy oraz
adaptacja do nowych narz¢dzi moga napotkac opor ze
strony pracownikow stuzby zdrowia oraz pacjentow.

Szkolenie personelu. Wdrozenie narzedzi sztucz-
nej inteligencji w diagnostyce medycznej wigze si¢
rowniez z potrzeba szkolenia personelu medycznego.
Lekarze, radiolodzy, patolodzy i inni specjalisci mu-
sza zdoby¢ umiejetnosci obstugi nowych systemow,
interpretacji wynikow Al i integrowania ich z trady-
cyjnymi metodami diagnostycznymi. Szkolenie musi
by¢ kompleksowe i dostosowane do potrzeb réznych
grup zawodowych, aby zapewni¢ skuteczne wykorzy-
stanie nowych technologii.

Akceptacja technologii przez lekarzy i pacjen-
tow. Akceptacja przez lekarzy i pacjentow technologii
opartej na algorytmach jest kluczowa dla powodzenia
jej wdrozenia. Lekarze muszg mie¢ zaufanie do syste-
méw Al wierzac w ich skutecznos¢ i bezpieczenstwo.
Pacjenci natomiast muszg by¢ $wiadomi roli sztuczne;j
inteligencji w diagnostyce i leczeniu, aby zrozumie-
li wptyw tej technologii na swoja opieke zdrowotna.
Badania opublikowane w ,,Journal of Medical Inter-
net Research” wykazuja (39), ze zaréwno lekarze, jak
i pacjenci moga poczatkowo by¢ sceptyczni wobec no-
wych technologii, co moze wptyna¢ na ich gotowos¢
do przyjecia Al w opiece zdrowotne;.

PODSUMOWANIE

Sztuczna inteligencja w diagnostyce medycznej
staje si¢ coraz bardziej znaczgca w miar¢ jak techno-
logie rozwijajg si¢ i stajg si¢ powszechnie dostepne. Al
ma potencjat przynie$¢ przelomowe zmiany w opiece
zdrowotnej, oferujgc nowatorskie mozliwosci w dia-
gnozowaniu, leczeniu i zarzadzaniu chorobami. W ar-
tykule przyblizono aktualny stan wdrozen technolo-
gii opartej na algorytmach w diagnostyce medycznej,
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Artificial intelligence also has the potential to
improve access to healthcare, especially in areas with
limited accessto specialists. Al-supported telemedicine
can provide diagnostics and medical advice in regions
with a shortage of qualified physicians.

One of the key challenges associated with the use of
artificial intelligence in medical diagnostics involves
ethical and legal issues. Particularly significant is the
protection of patient data privacy, as Al operates on
sensitive medical information. Additionally, there is
the issue of liability for diagnostic errors generated by
Al The question of who should be held accountable
in the case of an incorrect diagnosis provided by an
algorithm-based system remains unresolved and
requires further discussion and the introduction of
appropriate legal regulations.

Although artificial intelligence in medical
diagnostics brings many benefits, it is not free from
errors. Misinterpretation of results by Al systems can
lead to serious health consequences, such as incorrect
treatments or delayed diagnoses. Therefore, it is
essential that decisions made by Al are monitored and
verified by qualified specialists to minimize the risk
of errors.

The introduction of artificial intelligence tools will
change the traditional role of doctors in the diagnostic
process. Al is not intended to replace doctors but
to support their work. It is a tool designed to aid in
decision-making and increase diagnostic efficiency.
Doctors still play a crucial role in interpreting results
provided by artificial intelligence.

Integrating Al into existing healthcare systems
presents many challenges, such as adapting IT
infrastructure, training personnel, and gaining
acceptance of new technologies among doctors and
patients.

Despite promising results, the introduction of
artificial intelligence tools in medical diagnostics
requires further development and research. It is
particularly important to improve Al algorithms
to better handle atypical cases and diverse data.
Continuous validation and adjustments of algorithms
are necessary to adapt to the changing conditions in
medicine and technology.
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IN MEDICAL DIAGNOSTICS
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ABSTRACT

Al is revolutionizing medical diagnostics around the world, innovating in a variety of contexts, from leading
US hospitals to facilities in developing countries. Below we present examples of Al implementations in
medical diagnostics from different regions, taking into account the effectiveness and results of these solutions
and forecasts for the development of this technology. Regarding the future of artificial intelligence in medical
diagnostics, the article considered potential innovations such as the development of deep learning algorithms and
integration with 5G technologies and the Internet. Attention is paid to the possibilities of further personalization
of healthcare and to the challenges related to the need to adapt legal regulations and data management. It also
indicates the directions of future research that may contribute to the further development of Al in medical
diagnostics and the improvement of the quality of healthcare not only in Poland, but around the world.

Keywords: artificial intelligence, Al in medicine, machine learning algorithms, innovations in diagnostics,
future of Al in medicine

STRESZCZENIE

Sztuczna inteligencja rewolucjonizuje diagnostyke medyczng na calym $wiecie, wprowadzajagc innowacyjne
rozwigzania w roznych kontekstach — od wiodacych amerykanskich szpitali po placowki w krajach rozwija-
jacych si¢. Ponizej przedstawiamy przyklady wdrozen Al w diagnostyce medycznej z réznych regionow, z
uwzglednieniem skutecznos$ci i wynikow tych rozwigzan oraz prognozy dotyczace rozwoju tej technologii.
W zakresie przysztosci sztucznej inteligencji w diagnostyce medycznej, w artykule rozwazano potencjalne
innowacje, takie jak rozw¢j algorytméw glebokiego uczenia oraz integracj¢ z technologiami 5G i Internetem.
Zwrocono uwage na mozliwosci dalszej personalizacji opieki zdrowotnej oraz na wyzwania zwigzane z ko-
niecznos$cig dostosowania regulacji prawnych i zarzadzania danymi. Wskazano réwniez kierunki przysztych
badan, ktére moga przyczynic¢ si¢ do dalszego rozwoju Al w diagnostyce medycznej i poprawy jakosci opieki
zdrowotnej nie tylko w Polsce, ale na catym $wiecie.

Stowa kluczowe: sztuczna inteligencja, AI w medycynie, algorytmy uczenia maszynowego, innowacje w dia-
gnostyce, przysztos¢ AI w medycynie

INTRODUCTION WPROWADZENIE

Artificial intelligence (Al) in medical diagnostics Sztuczna inteligencja (Al) w diagnostyce medycz-
is gaining increasing recognition due to its ability to nej zyskuje coraz wigksze uznanie dzigki swojej zdol-
analyze vast amounts of data and support doctors in nos$ci do analizowania ogromnych ilosci danych oraz
making accurate clinical decisions. In recent years, wspierania lekarzy w podejmowaniu trafnych decyzji
numerous implementations of Al algorithms have been  klinicznych. W ostatnich latach obserwujemy liczne
observed in areas such as image analysis, molecular wdrozenia algorytméw Al w takich obszarach jak
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diagnostics, and disease progression prediction.
Examples of applications include systems for the
automatic analysis of computed tomography images,
the detection of tuberculosis or cancer based on X-ray
images, and the prediction of heart attack risk using
models trained on patient data (1).

One of AI’s key achievements is its ability to
significantly speed up the diagnostic process and
improve diagnostic accuracy. This technology allows
doctors to identify subtle patterns in medical images
that may be difficult to detect with the naked eye. For
instance, deep learning-based systems successfully
identify cancerous changes in tissues, and models are
used to analyze genes to identify genetic mutations
leading to hereditary diseases. The implementation
of Al also enables better personalization of therapies,
optimizing treatment for individual patients (2).

The future of Al in medical diagnostics looks
promising, but it also comes with a number of
challenges. The technology faces legal and ethical
barriers, as well as the need for integration with
existing healthcare systems. A crucial issue remains
ensuring that Al algorithms operate transparently and
responsibly, and that their results are interpretable
by doctors. This article will discuss the prospects
for further development of artificial intelligence
in medicine, with particular emphasis on the new
opportunities this technology offers to become an
integral part of modern healthcare.

EXAMPLES OF AT IMPLEMENTATIONS IN
DIAGNOSTICS IN THE USA

Mayo Clinic. Mayo Clinic, one of the most
renowned medical centers in the United States, is
a pioneer in integrating Al technology into medical
diagnostics. An example is its collaboration with IBM
Watson Health, which led to the development of Al
systems for analyzing medical data. Mayo Clinic uses
these algorithms to analyze medical images, such as
MRI and CT scans, to identify pathological changes,
including cancers (3).

Research conducted at Mayo Clinic has shown that
the use of Al in imaging diagnostics increases the
accuracy of cancer detection and reduces the number of
false positives (4). For example, scientists revealed that
artificial intelligence algorithms allowed for significant
improvements in the diagnostic classification of brain
tumors (5). Additionally, intelligent medical systems
also support heart disease diagnostics by analyzing
real-time data from ECG monitors, providing early
warnings of potential cardiac issues (6).

Cleveland Clinic. Another leading medical
institution in the US, Cleveland Clinic, also utilizes
Al in clinical practice. Cleveland Clinic applies Al-
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analiza obrazowa, diagnostyka molekularna, a takze
prognozowanie przebiegu choréb. Przyktady zastoso-
wan obejmujg m.in. systemy do automatycznej anali-
zy obrazow tomografii komputerowej, rozpoznawania
zmian gruzliczych lub nowotworowych na podstawie
zdje¢ rentgenowskich czy tez predykcji ryzyka zawatu
serca przy uzyciu modeli uczacych si¢ na danych pa-
cjentow (1).

Jednym z kluczowych osiggnig¢ Al jest mozliwosé
znaczacego przyspieszenia procesu diagnostyczne-
go oraz poprawy doktadnosci diagnoz. Technologia
ta umozliwia lekarzom identyfikowanie subtelnych
wzorcow w obrazach medycznych, ktére mogg by¢
trudne do wykrycia gotym okiem. Przyktadem sg sys-
temy oparte na gltebokim uczeniu, ktére z powodze-
niem identyfikuja zmiany nowotworowe w tkankach,
a takze modele stuzace do analizy genéw w celu iden-
tyfikacji mutacji genetycznych prowadzacych do cho-
rob dziedzicznych. Wdrozenie Al pozwala rowniez na
lepsza personalizacj¢ terapii, optymalizujac leczenie
dla poszczegolnych pacjentow (2).

Przysztos¢ Al w diagnostyce medycznej wyglada
obiecujaco, jednak wigze si¢ rowniez z szeregiem wy-
zwan. Przed technologia stoja bariery prawne, etyczne
oraz koniecznos$¢ integracji z istniejacymi systemami
opieki zdrowotnej. Kluczowa kwestia pozostaje za-
pewnienie, ze algorytmy Al beda dziata¢ w sposéb
przejrzysty i odpowiedzialny, a ich wyniki beda inter-
pretowalne dla lekarzy. W artykule zostang omoéwione
perspektywy dalszego rozwoju sztucznej inteligencji
w medycynie, ze szczegdlnym uwzglednieniem no-
wych mozliwosci, jakie niesie ze sobg ta technologia,
aby stac si¢ integralng czeScig nowoczesnej opieki
zdrowotne;.

PRZYKELADY WDROZEN Al
W DIAGNOSTYCE W USA

Mayo Clinic. Mayo Clinic, jedno z najbardziej
renomowanych centréw medycznych w Stanach Zjed-
noczonych, jest pionierem w integracji technologii Al
w diagnostyce medycznej. Przyktadem jest wspotpra-
ca z IBM Watson Health, ktora zaowocowata stworze-
niem systeméw Al do analizy danych medycznych.
Mayo Clinic wykorzystuje te algorytmy do analizy
obrazéw medycznych, takich jak MRI i CT, w celu
identyfikacji zmian patologicznych, w tym nowotwo-
row (3).

Badania pokazaly, Ze zastosowanie sztucznej
inteligencji w diagnostyce obrazowej zwigksza do-
ktadnos¢ wykrywania nowotwordw i zmniejsza licz-
be fatszywych wynikow (4). Na przyktad, naukowcy
ujawnili, ze algorytmy sztucznej inteligencji pozwo-
lity na istotng poprawe klasyfikacji diagnostycznej
guzow mozgu (5). Dodatkowo, inteligentne systemy
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based technologies to analyze patient data and predict
the risk of heart disease. Al systems analyze data from
genetic tests, lab results, and patient medical histories
to assess the risk of heart attacks or strokes.

Research at Cleveland Clinic shows that Al can
improve the precision of heart risk prediction by 15%
compared to traditional methods (7). For example,
an Al system developed by Cleveland Clinic more
effectively predicted heart attack risk in high-risk
patients, enabling earlier therapeutic interventions and
reducing the number of cardiac events.

At Cleveland Clinic, Al is also used to analyze
radiological images and electronic medical records. Al
systems automate the processing and analysis of data,
allowing doctors to focus on more complex cases.
Medical staff report that Al increases work efficiency,
reduces routine tasks, and improves diagnostic
accuracy. However, implementing new technologies
requires further training and adaptation, necessitating
investments in the professional development of
medical staff.

Al implementation in smaller healthcare
facilities. Smaller healthcare facilities are also
beginning to implement AI technologies, despite
facing unique challenges due to limited resources. For
example, in a clinic in a small town in the United States,
Al systems were implemented for radiological image
analysis, significantly increasing access to advanced
diagnostics. Such solutions offer numerous benefits,
including faster diagnosis, improved care quality, and
more efficient patient management in areas where
access to specialists is limited (8).

EXAMPLES OF Al IMPLEMENTATIONS IN
DIAGNOSTICS IN EUROPE

United Kingdom. In the UK, artificial intelligence
has wide applications in medical diagnostics, thanks
to initiatives like the NHS Al Lab, which supports the
integration of modern technologies into the healthcare
system. A notable example is the collaboration with
DeepMind, which develops Al systems for retinal
image analysis to detect eye diseases such as diabetic
retinopathy and macular degeneration.

Research conducted at London Moorfields Eye
Hospital demonstrated that DeepMind’s Al system
achieved high accuracy in diagnosing eye diseases,
with 94% sensitivity and 89% specificity (9). These
results contributed to the Al system’s implementation in
NHS clinics, increasing the availability of ophthalmic
diagnostics across the country.

Germany. In Germany, Al is used in various
diagnostic fields, including radiology and pathology.
For instance, Klinikum rechts der Isar in Munich
uses Al-based technologies to analyze mammography

medyczne wspieraja rowniez diagnostyke chorob ser-
ca poprzez analiz¢ danych z monitorow EKG w czasie
rzeczywistym, oferujac lekarzom wczesne ostrzezenia
o potencjalnych problemach sercowych (6).

Cleveland Clinic. Cleveland Clinic, inna czotowa
instytucja medyczna w USA, réwniez wykorzystuje
Al w praktyce klinicznej. Cleveland Clinic stosuje
technologie oparte na algorytmach do analizy danych
pacjentdw oraz prognozowania ryzyka wystgpienia
chordb serca. Systemy Al analizujg dane z badan ge-
netycznych, testow laboratoryjnych oraz historii me-
dycznej pacjentow, aby oceni¢ ryzyko zawatu serca
lub udaru mézgu.

Badania przeprowadzone w Cleveland Clinic po-
kazuja, ze sztuczna inteligencja moze poprawic precy-
Zj¢ prognozowania ryzyka sercowego o 15% w porow-
naniu do tradycyjnych metod (7). Na przyktad, system
Al opracowany przez Cleveland Clinic skuteczniej
przewidywat ryzyko zawalu serca u pacjentow z gru-
py wysokiego ryzyka, co umozliwilo wczesniejsze
wdrozenie interwencji terapeutycznych i redukcje licz-
by zdarzen sercowych.

W Cleveland Clinic Al jest réwniez wykorzysty-
wana do analizy obrazéw radiologicznych oraz elek-
tronicznych zapisow medycznych. Systemy Al auto-
matyzuja proces przetwarzania i analizy danych, co
pozwala lekarzom skoncentrowac si¢ na bardziej zto-
zonych przypadkach. Personel medyczny zauwaza,
ze Al zwicksza efektywnos$¢ pracy, redukuje liczbe
rutynowych czynno$ci i poprawia precyzje diagnoz.
Mimo to, wdrozenie nowych technologii wiaze si¢
z koniecznoscig dalszego szkolenia i adaptacji, co wy-
maga inwestycji w rozwoj umiejetnosci pracownikow
medycznych.

Implementacja Al w mniejszych placéwkach.
Mniejsze placéwki medyczne rowniez zaczynaja
wdraza¢ technologie sztucznej inteligencji, mimo ze
stoja przed unikalnymi wyzwaniami zwigzanymi
z ograniczonymi zasobami. Na przyktad, w jednej
z klinik w matym miasteczku w Stanach Zjednoczo-
nych, systemy Al zostaty zaimplementowane do anali-
zy obrazéw radiologicznych, co znaczaco zwiekszyto
dostepno$¢ zaawansowanej diagnostyki. Tego rodzaju
rozwigzania przynosza szereg korzysci, w tym szyb-
sze postawienie diagnozy, poprawe jakosci opieki oraz
efektywniejsze zarzadzanie pacjentami w regionach,
gdzie dostep do specjalistow jest ograniczony (8).

PRZYKEADY WDROZEN Al
W DIAGNOSTYCE W EUROPIE

Wielka Brytania. W Wielkiej Brytanii, sztuczna
inteligencja ma szerokie zastosowanie w diagnosty-
ce medycznej dzigki inicjatywom takim jak NHS Al
Lab, ktory wspiera wdrazanie nowoczesnych techno-
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images for breast cancer detection. The Al system
developed by Siemens Healthineers analyzes
mammography images, identifying potential changes
indicative of cancer (10).

Research at Klinikum rechts der Isar indicates
that Al tools can increase mammography diagnostic
accuracy by 20%, reducing the number of false
positives and negatives (10). Al also supports
radiologists in everyday clinical practice by speeding
up image analysis and enhancing diagnostic efficiency.

Sweden. In Sweden, intelligent medical systems
are utilized under initiatives like “Al for Health.” For
example, Karolinska Institutet in Stockholm uses
advanced analytical technologies to analyze genetic
and molecular data for cancer detection (11). Al
systems analyze genomic data, identifying genetic
mutations and other changes that may indicate cancer
risk.

Research at Karolinska Institutet showed that Al
achieved high precision in identifying genetic changes
related to cancer, allowing for early disease detection
and tailored treatments to individual patients’ needs
(12). Al also supports scientific research, enabling
more advanced analyses of clinical and molecular data.

Poland. Theuseof Alsystemsinmedical diagnostics
is gaining significance in Poland, particularly in areas
like imaging, laboratory diagnostics, telemedicine,
and patient monitoring (13). In recent years (2022 and
2023), expert studies highlight the growing popularity
of wearable devices that use Al to analyze patients’
health data in real time. Examples include technologies
that monitor heart rhythms and detect disorders such
as atrial fibrillation.

Over the past three years, projects like StethoMe
and AioCare have played a significant role in Polish
diagnostics. StethoMe, an intelligent respiratory
examination device, uses Al to analyze lung sounds,
facilitating the diagnosis of respiratory diseases.
AioCare is an advanced system for monitoring and
diagnosing lung diseases, which, through Al, enables
more personalized therapy (14).

It’s worth noting that Poland is also developing
modern tools to support doctors in diagnosing patients.
An example is software developed by companies
like Infermedica, which uses Al for the preliminary
analysis of patient symptoms (13). This system acts as
an interactive assistant, analyzing reported ailments
and suggesting potential diagnoses or directing
patients to the appropriate specialists.

AT IN DIAGNOSTICS IN DEVELOPING
COUNTRIES

India. In India, Al systems are being implemented
to improve healthcare quality in resource-limited
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logii w systemie opieki zdrowotnej. Przyktadem jest
wspotpraca z firmg DeepMind, ktora rozwija systemy
Al do analizy obrazow siatkowki w celu wykrywania
chordb oczu, takich jak retinopatia cukrzycowa i zwy-
rodnienie plamki z6ttej.

Badania przeprowadzone w London Moorfields
Eye Hospital wykazaty, ze system Al DeepMind osig-
gnat wysoka dokladnos¢ w diagnostyce chordb oczu,
uzyskujac czuto$¢ na poziomie 94% i swoisto$¢ na po-
ziomie 89% (9). Wyniki te przyczynity si¢ do wdro-
zenia systemu Al w klinikach NHS, co zwigkszylo
dostepnos¢ diagnostyki okulistycznej w catym kraju.

Niemcy. W Niemczech, sztuczna inteligencja znaj-
duje zastosowanie w roznych dziedzinach diagnosty-
ki, w tym w radiologii i patologii. Na przyktad, Klini-
kum rechts der Isar w Monachium stosuje technologie
oparte na algorytmach do analizy obrazéow mammo-
graficznych w celu wykrywania raka piersi. System
Al opracowany przez firme Siemens Healthineers ana-
lizuje obrazy mammograficzne, identyfikujac poten-
cjalne zmiany sugerujgce obecnos¢ nowotworu (10).

Badania przeprowadzone w Klinikum rechts der
Isar wskazuja, ze narzedzia sztucznej inteligencji
moga zwiekszy¢ doktadnos¢ diagnostyki mammogra-
ficznej o 20%, redukujac liczbe falszywych wynikow
pozytywnych i negatywnych (10). System Al wspiera
réwniez radiologow w codziennej praktyce klinicznej,
przyspieszajac proces analizy obrazéw 1 poprawiajac
efektywnos$¢ diagnostyczng.

Szwecja. W Szwecji, inteligentne systemy medycz-
ne sa wykorzystywane w ramach inicjatyw takich jak
“Al for Health”. Na przyktad, w Sztokholmie, szpital
Karolinska Institutet korzysta z zaawansowanych tech-
nologii analitycznych do analizy danych genetycznych
i molekularnych w celu wykrywania nowotwordéw
(11). Systemy Al analizujg dane z badan genomowych,
identyfikujac mutacje genetyczne i inne zmiany, ktore
moga wskazywac na ryzyko rozwoju nowotworu.

Badania przeprowadzone w Karolinska Institutet
wykazaty, ze system Al osiggnatl wysoka precyzje
w identyfikowaniu zmian genetycznych zwigzanych
Znowotworami, co umozliwito wczesne wykrycie cho-
rob 1 dostosowanie terapii do indywidualnych potrzeb
pacjentow (12). Sztuczna inteligencja wspiera rowniez
badania naukowe, umozliwiajac bardziej zaawanso-
wane analizy danych klinicznych i molekularnych.

Polska. Wykorzystanie systemow Al w diagnosty-
ce medycznej w Polsce zyskuje na znaczeniu, szcze-
golnie w takich obszarach jak obrazowanie, diagno-
styka laboratoryjna, telemedycyna oraz monitorowa-
nie pacjentow (13). W ostatnich latach (2022 i 2023)
badania ekspertow wskazujg na rosngca popularnosé
urzadzen typu wearable, ktore dzigki sztucznej inte-
ligencji analizuja dane zdrowotne pacjentow w czasie
rzeczywistym. Przykladem sg technologie monitoru-
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regions, where there is a lack of advanced equipment
and specialized personnel. One example is the
initiative by Qure.ai, which developed Al systems for
analyzing CT scans to identify lung diseases and head
injuries (15). The Qure.ai system is used in hospitals
and clinics across India, supporting rapid diagnosis of
patients with injuries and lung conditions.

Studies in India have shown that the use of Al-
based technology can increase CT diagnostic accuracy
by 25%, which is crucial in regions with limited access
to specialists. Al systems also ease the workload of
medical staff by reducing the burden on radiologists
and increasing diagnostic availability in rural and
hard-to-reach areas (16).

Brazil. In Brazil, intelligent medical systems are
being used to improve the diagnosis of infectious
diseases such as malaria and tuberculosis. For instance,
AIME (Artificial Intelligence in Medical Diagnostics)
has developed an Al system to analyze laboratory test
results for malaria detection. Automated diagnostic
systems analyze microscopic blood images, identifying
malaria parasites with high precision (17).

Research in Brazil suggests that Al can improve
malaria diagnostic accuracy by 30%, which is critical
in regions with high disease prevalence. Al also assists
laboratory technicians by speeding up the process of
detecting infectious diseases, enhancing diagnostic
efficiency.

African Countries. In African countries, Al
is being applied in medical diagnostics to enhance
healthcare in resource-constrained settings. In Kenya,
for example, Al systems are used to analyze medical
data and monitor patients with chronic diseases
such as HIV/AIDS. 4G Health has developed an Al
platform that analyzes data from wearable devices
and transmits it to healthcare centers, enabling remote
patient monitoring and diagnosis. Studies in Kenya
show that Al tools can improve healthcare accessibility
and disease management in resource-limited regions.
The Al system also supports health education and
raises public awareness by providing patients with
information on managing their health and disease
prevention.

AT ALGORITHMS FROM GOOGLE AND IBM

Google Health and retinal diagnostics. Google
Health has developed an AT algorithm for diagnosing
diabetic retinopathy, one of the leading causes of
vision loss. In studies from 2018, the Al algorithm
achieved a diagnostic accuracy of 90%, comparable
to the expertise of experienced ophthalmologists.
This deep learning-based system analyzes retinal
images, identifying diabetes-related damage. With
the implementation of Al, diagnostic wait times in

jace rytm serca i wykrywajace zaburzenia, takie jak
migotanie przedsionkow.

W ciaggu ostatnich trzech lat szczegolne znacze-
nie w polskiej diagnostyce miaty projekty takie jak
StethoMe i AioCare. StethoMe, inteligentne urzadze-
nie do badania uktadu oddechowego, wykorzystuje Al
do analizy dzwigkow pluc, co ulatwia diagnozowanie
chordb drog oddechowych. Z kolei AioCare to za-
awansowany system monitorowania i diagnozowania
chorob pluc, ktory dzigki zastosowaniu sztucznej inte-
ligencji pozwala na bardziej spersonalizowang terapi¢
(14).

Warto podkresli¢, iz w Polsce powstaja rowniez no-
woczesne narzedzia wspomagajace lekarzy w procesie
diagnozowania pacjentow. Przyktadem jest oprogra-
mowanie rozwijane przez firmy takie jak Infermedica,
ktore wykorzystuje sztuczng inteligencje do wstepnej
analizy objawow pacjenta (13). System ten pelni role
interaktywnego asystenta, analizujac zgtoszone dole-
gliwosci i sugerujac potencjalne diagnozy lub kierujac
pacjentow do odpowiednich specjalistow.

Al W DIAGNOSTYCE W KRAJACH
ROZWIJAJACYCH SIE

Indie. W Indiach systemy sztucznej inteligencje
sg wdrazane, aby poprawic jako$¢ opieki zdrowotnej
w regionach z ograniczonymi zasobami, gdzie braku-
je zaawansowanego sprzetu oraz wyspecjalizowanego
personelu. Przyktadem jest inicjatywa firmy Qure.ai,
ktora stworzyla systemy Al do analizy obrazéw CT
w celu identyfikacji choréb ptuc i urazoéw glowy (15).
System Qure.ai jest uzywany w szpitalach i klinikach
w Indiach, gdzie wspomaga szybka diagnostyke pa-
cjentéw z urazami i schorzeniami ptuc.

Badania przeprowadzone w Indiach pokazuja,
ze zastosowanie technologii opartej na algorytmach
moze zwigkszy¢ doktadno$¢ diagnostyki CT o 25%,
co jest istotne w kontekscie ograniczonego dostepu do
specjalistow. System Al ulatwia rowniez prace perso-
nelowi medycznemu, redukujgc obcigzenie radiolo-
gow 1 zwiekszajac dostepnos¢ diagnostyki w obsza-
rach wiejskich i trudno dost¢pnych (16).

Brazylia. W Brazylii inteligentne systemy me-
dyczne sg uzywane do poprawy diagnostyki chorob
zakaznych, takich jak malaria i gruzlica. Na przyktad,
firma AIME (Artificial Intelligence in Medical Dia-
gnostics) opracowata system Al do analizy wynikéw
testow laboratoryjnych w celu wykrywania malarii.
Zautomatyzowane systemy diagnostyczne analizuja
obrazy mikroskopowe krwi, identyfikujac obecnos¢
pasozytow malarii z wysokg precyzja (17).

Badania w Brazylii wskazuja, ze sztuczna inteli-
gencja moze poprawi¢ doktadnos$¢ diagnostyki mala-
rii 0 30%, co jest kluczowe w regionach o wysokiej
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clinics have been reduced by 30%, and the number of
misdiagnoses has decreased by 25% (18). Additionally,
deploying this system in Indian clinics significantly
increased the number of examinations, contributing to
better early disease detection.

IBM Watson for oncology. IBM Watson in
oncology supports doctors in selecting the most
effective treatments for cancer patients. Studies
from 2016 showed that Watson improved treatment
accuracy by 20% compared to traditional expert-based
methods. Watson processes vast amounts of medical
data, including patient medical histories, test results,
and the latest clinical research, to develop personalized
treatment plans. Implementing Watson in facilities like
Memorial Sloan Kettering Cancer Center has enabled
faster therapeutic decision-making and increased
treatment precision (19).

& ok ok

Al in medicine faces many challenges, especially
in less developed healthcare systems. Technological
infrastructure in underdeveloped regions is often
insufficient. Many facilities lack modern equipment,
making Al implementation impossible. Additionally,
the costs associated with Al adoption may be too
high for smaller health centers, which often operate
on limited budgets (20). This financial constraint may
lead to a situation where innovative technologies are
only available to larger, better-funded facilities.

Another significant challenge is Al’s difficulty
in interpreting data in the context of local health
conditions. Al models are often trained on data from
various populations, which can lead to incorrect
diagnoses for patients with different demographic
characteristics, such as ethnic or genetic differences
(21). Adapting algorithms to the specific health
conditions of a region requires additional research and
data.

Legal regulations in many countries often struggle
to keep pace with rapid technological advancements,
raising further concerns about Al’s compliance with
current laws. Regulatory uncertainties can slow
down innovation and create barriers to technology
development.

THE FUTURE OF AI IN MEDICAL
DIAGNOSTICS

Al has revolutionized medical diagnostics,
bringing groundbreaking changes to how diseases
are diagnosed, monitored, and treated. However,
the future of Al in medicine promises even more
innovations and possibilities that could significantly
impact healthcare quality worldwide. This section
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zachorowalnosci. Al wspomaga réwniez prace labo-
rantOw, przyspieszajac proces rozpoznawania chorob
zakaznych i1 zwigkszajac efektywnos¢ diagnostyki.

Kraje afrykanskie. W krajach afrykanskich
sztuczna inteligencja jest stosowana w diagnostyce
medycznej w celu poprawy opieki zdrowotnej w wa-
runkach ograniczonych zasobow. Przyktadowo, w Ke-
nii systemy Al sg uzywane do analizy danych me-
dycznych i monitorowania pacjentéow z przewlektymi
chorobami, takimi jak HIV/AIDS. Firma 4G Health
stworzyta platforme Al, ktora analizuje dane z urzg-
dzen noszonych na ciele (wearable) i przesyla je do
o$rodkow zdrowia, umozliwiajagc zdalne monitorowa-
nie i diagnostyke pacjentow.

Badania przeprowadzone w Kenii pokazuja, ze na-
rzgdzia sztucznej inteligencji mogg zwigkszy¢ dostep-
no$¢ opieki zdrowotnej oraz poprawi¢ zarzadzanie
chorobami przewlektymi w regionach z ograniczony-
mi zasobami. System Al wspiera takze edukacj¢ zdro-
wotng i podnosi $wiadomo$¢ spoteczna, dostarczajac
pacjentom informacji na temat zarzgdzania ich stanem
zdrowia 1 profilaktyki chordb.

ALGORYTMY AI GOOGLE I IBM

Google Health i diagnostyka siatkowki. Google
Health opracowat algorytm Al przeznaczony do dia-
gnozowania retinopatii cukrzycowej, ktdra jest jed-
nym z gtownych powodoéw utraty wzroku. W bada-
niach z 2018 roku algorytm Al osiagnal doktadnos¢
diagnostyczng wynoszacg 90%, co jest porownywalne
z umiejetnosciami doswiadczonych okulistow. Sys-
tem, bazujacy na glgbokim uczeniu, analizuje obrazy
siatkowki, identyfikujac uszkodzenia spowodowane
przez cukrzyce. Dzieki implementacji Al, czas ocze-
kiwania na wyniki diagnostyczne w klinikach skrocit
si¢ 0 30%, a liczba blednych diagnoz zmniejszyla si¢
0 25% (18). Co wigcej, wdrozenie tego systemu w in-
dyjskich klinikach znacznie zwigkszylo liczbe prze-
prowadzanych badan, co przyczynilo si¢ do lepszego
wezesnego wykrywania choroby.

IBM Watson dla onkologii. IBM Watson w dzie-
dzinie onkologii to system Al wspierajacy lekarzy
w wyborze najbardziej efektywnych terapii dla pa-
cjentow z nowotworami. Badania z 2016 roku wykaza-
ty, ze Watson poprawil trafnos$¢ doboru terapii o 20%
w pordéwnaniu z tradycyjnymi metodami opartymi
na wiedzy ekspertow. Watson przetwarza ogromne
ilosci danych medycznych, w tym historie chorob pa-
cjentdow, wyniki badan i najnowsze badania klinicz-
ne, aby opracowac spersonalizowane plany leczenia.
Dzigki wdrozeniu Watsona w placowkach takich jak
Memorial Sloan Kettering Cancer Center, mozliwe
byto szybsze podejmowanie decyzji terapeutycznych
i zwigkszenie precyzji leczenia (19).
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examines predictions for the future development of Al
technology, opportunities for further personalization
of healthcare, and the challenges that may arise as the
technology evolves.

TECHNOLOGICAL DEVELOPMENT AND
NEW OPPORTUNITIES

Advancement in algorithms. The future use of Al
in medical diagnostics will largely be shaped by the
development of increasingly sophisticated algorithms.
Current technologies primarily use machine learning
and deep learning, enabling large datasets to be
analyzed and patterns discovered. In the coming
years, new methods such as transfer learning, meta-
learning, and reinforcement learning are expected to
be introduced, significantly improving the precision
and flexibility of Al systems (22).

Transfer learning allows knowledge from one
task to be applied to another, which can significantly
reduce Al training time in medical diagnostics. Meta-
learning, on the other hand, enables Al systems to learn
effective learning strategies, improving their ability to
quickly adapt to new data and diagnostic tasks (23).

Integration of Al with other technologies. The
combination of Al with other modern technologies,
such as the Internet of Things (IoT) and big data,
opens up new possibilities for medical diagnostics.
IoT allows real-time data collection from wearable
devices and other sensors, facilitating continuous
health monitoring of patients. Al can process this data,
identifying abnormalities and providing personalized
therapeutic recommendations (24). Big data, in turn,
provides vast medical datasets that can be used to train
Alalgorithms. Analyzing such large datasets allows the
detection of rare diseases, monitoring epidemiological
trends, and discovering new biomarkers (25).
Integrating Al algorithms with big data enables a more
comprehensive approach to diagnostics, considering
various aspects of patient health (24).

Evolution of imaging technology. Advancements
in imaging technology will also influence the
development of Al in medical diagnostics. Modern
imaging techniques, such as optical, ultrasound, or
magnetic imaging, will provide increasingly detailed
and precise data for Al systems to analyze. In the
future, automated diagnostic systems will be able to
integrate information from various imaging sources,
creating a more comprehensive picture of a patient’s
health condition (24).

NEW TECHNOLOGIES

Augmented Reality (AR) and Virtual Reality
(VR). The integration of Al with AR and VR

& %k ok

Sztuczna inteligencja w medycynie stawia przed
sobg wiele wyzwan, ktore sa szczegodlnie widoczne
W mniej rozwinigtych systemach opieki zdrowotne;.
Infrastruktura technologiczna w mniej rozwinigtych
regionach czesto jest niewystarczajaca. Wiele placowek
nie dysponuje nowoczesnym sprzetem, co uniemozliwia
wprowadzenie systemow Al. Ponadto, koszty zwigzane
z implementacjg sztucznej inteligencji mogg by¢ zbyt
wysokie dla mniejszych osrodkow zdrowia, ktore cze-
sto zmagaja si¢ z ograniczonymi budzetami (20). Te
ograniczenia finansowe moga prowadzi¢ do sytuacji,
w ktorej innowacyjne technologie sa dostgpne tylko dla
wigkszych, lepiej finansowanych placowek.

Kolejnym istotnym problemem jest trudnos¢ Al
w interpretacji danych w kontekscie lokalnych warun-
kow zdrowotnych. Modele Al czesto sg trenowane na
danych pochodzacych z réznych populacji, co moze
prowadzi¢ do btgdnych diagnoz w przypadku pacjen-
tow o odmiennych cechach demograficznych, jak np.
roznice etniczne czy genetyczne (21). Dostosowanie
algorytmow do specyficznych uwarunkowan zdro-
wotnych danego regionu wymaga dodatkowych badan
i danych.

Regulacje prawne w wielu krajach czgsto nie nadg-
7ajg za szybkim rozwojem technologii, co wprowadza
dodatkowe watpliwosci co do zgodnosci dziatan Al
z obowigzujacym prawem. Niejasnosci w zakresie re-
gulacji moga spowolni¢ wprowadzanie innowacji oraz
stwarza¢ bariery dla rozwoju technologii.

PRZYSZEOSC AT W DIAGNOSTYCE
MEDYCZNE]J

Sztuczna inteligencja zrewolucjonizowata diagno-
styke medyczna, przynoszac przelomowe zmiany
w sposobie diagnozowania, monitorowania i leczenia
chorob. Jednakze, przysztos¢ Al w medycynie obiecu-
je jeszcze wiecej innowacji 1 mozliwosci, ktoére moga
znaczaco wptynaé na jakos$¢ opieki zdrowotnej na ca-
lym $wiecie. W tej sekcji przyjrzymy si¢ prognozom
dotyczacym rozwoju technologii Al, mozliwo$ciom
dalszej personalizacji opieki zdrowotnej oraz wyzwa-
niom, ktére moga pojawi¢ si¢ w miar¢ rozwoju tej
technologii.

ROZWOJ TECHNOLOGII I NOWE
MOZLIWOSCI

Postep w algorytmach. Przysztos¢ zastosowania
Al w diagnostyce medycznej bedzie w duzej mierze
ksztattowana przez rozwoj coraz bardziej zaawanso-
wanych algorytmdéw. Obecne technologie wykorzystu-
ja gtéwnie uczenie maszynowe oraz glebokie uczenie,
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technologies introduces significant changes in medical
diagnostics. Augmented Reality (AR) enables real-
time visualization of medical data during surgeries,
enhancing the precision of surgical procedures. On the
other hand, Virtual Reality (VR) is used to simulate
medical procedures, allowing doctors to refine their
skills in a realistic but safe environment (26).

FUTURE RESEARCH - TECHNOLOGY
DEVELOPMENT

Development of deep learning algorithms. In
the future, Al in medicine will become increasingly
advanced due to the continued development of deep
learning algorithms. These algorithms will be able to
more effectively analyze complex medical data, such
as DNA sequences or intricate diagnostic images
(23). New methods, like transfer learning, will enable
faster adaptation of algorithms to new applications
in medicine, accelerating their implementation in
response to evolving needs.

Integration with 5G and IoT technologies. The
integration of Al with 5G and the Internet of Things
(IoT) technologies will open new possibilities for
patient monitoring. 5G technology will enable faster
and more efficient data transmission, allowing for more
accurate real-time patient monitoring. Meanwhile,
IoT will facilitate the integration of various medical
devices, creating cohesive and comprehensive
monitoring systems (27).

FURTHER PERSONALIZATION OF
HEALTHCARE

Precision medicine. Al holds significant potential
for further personalizing healthcare, promoting
the development of precision medicine. Precision
medicine focuses on tailoring treatments to individual
patient needs by considering their unique genetic,
environmental, and lifestyle characteristics (28). Al
can analyze genetic data, biomarkers, and patient
medical histories to predict their response to different
therapies and customize treatment accordingly.

For example, Al can assist in drug selection by
analyzing a patient’s genetic data to predict their
reaction to specific substances. Additionally, intelligent
medical systems can monitor treatment outcomes in
real time, allowing for dosage adjustments and therapy
modifications in response to the patient’s changing
needs.

Health monitoring. Algorithm-based technology
also has the potential to further personalize healthcare
through advanced health monitoring. Technologies
like wearable devices and the Internet of Things (IoT)
enable continuous tracking of patients’ vital signs, such
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co pozwala na analizowanie duzych zbiorow danych
i odkrywanie wzorcéw. W nadchodzgcych latach
mozna oczekiwaé wprowadzenia nowych metod, ta-
kich jak transfer learning, meta-learning oraz reinfor-
cement learning, ktére mogg znacznie poprawic pre-
cyzje i elastyczno$¢ systemow Al (22).

Transfer learning pozwala na przenoszenie wiedzy
z jednego zadania na inne, co moze znacznie skroci¢
czas szkolenia modeli Al w diagnostyce medyczne;.
Z kolei meta-learning umozliwia systemom Al nauke
efektywnych strategii uczenia si¢, co moze poprawic
zdolnos$¢ do szybkiej adaptacji do nowych danych i za-
dan diagnostycznych (23).

Integracja Al z innymi technologiami. Potacze-
nie Al z innymi nowoczesnymi technologiami, takimi
jak Internet Rzeczy (IoT) oraz big data, otwiera nowe
perspektywy dla diagnostyki medycznej. loT umozli-
wia zbieranie danych w czasie rzeczywistym z urza-
dzen do noszenia (wearable) oraz innych sensorow,
co pozwala na state monitorowanie stanu zdrowia pa-
cjentow. Al moze przetwarzac te dane, identyfikujac
nieprawidtowosci i dostarczajgc spersonalizowane re-
komendacje terapeutyczne (24).

Big data z kolei, dostarcza obszerne zbiory danych
medycznych, ktore moga by¢ uzywane do trenowa-
nia algorytmow Al. Analiza takich duzych zbioréw
danych umozliwia wykrywanie rzadkich choréb, mo-
nitorowanie trendéw epidemiologicznych oraz odkry-
wanie nowych biomarkeréw. Integracja algorytmow
sztucznej inteligencji z big data umozliwia bardziej
kompleksowe podejscie do diagnostyki, uwzglednia-
jace rozne aspekty zdrowia pacjentow (25).

Ewolucja technologii obrazowania. Rozwoj tech-
nologii obrazowania rowniez wptynie na rozwdj Al
w diagnostyce medycznej. Nowoczesne techniki obra-
zowania, takie jak obrazowanie optyczne, ultradzwie-
kowe czy magnetyczne, beda dostarczac¢ coraz bardziej
szczegotowe i precyzyjne dane, ktore systemy Al beda
mogly analizowa¢. W przysztosci zautomatyzowane
systemy diagnostyczne bgda w stanie integrowac in-
formacje z réznych zroédel obrazowania, tworzac bar-
dziej kompleksowy obraz stanu zdrowia pacjenta (24).

NOWE TECHNOLOGIE

Rzeczywisto$¢ rozszerzona (AR) i wirtualna
(VR). Polaczenie Al z technologiami AR i VR wpro-
wadza znaczace zmiany w diagnostyce medyczne;.
Rzeczywisto$¢ rozszerzona (AR) pozwala na wizu-
alizacje danych medycznych w czasie rzeczywistym
podczas operacji, co zwigksza precyzj¢ zabiegéw chi-
rurgicznych. Z kolei rzeczywisto$¢ wirtualna (VR) jest
stosowana do symulacji procedur medycznych, umoz-
liwiajac lekarzom doskonalenie swoich umiejetnosci
w realistycznym, ale bezpiecznym srodowisku (26).
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as blood pressure, glucose levels, or heart rhythm. Al
can analyze this data, identifying early signs of health
issues and providing personalized recommendations
regarding lifestyle and treatment.

For instance, Al can analyze data from activity
monitors to assess the risk of heart disease or diabetes.
It can also provide patients with personalized lifestyle
recommendations, such as diet and physical activity
suggestions tailored to their specific needs (14).

Data-driven therapies. In the future, data-driven
therapieswillbecomeincreasingly common,and Alwill
play a crucial role in their development. The analysis of
clinical, epidemiological, and patient data will enable
the creation of new therapies and medications that are
more effective and less burdensome for patients. Al
can support the development of innovative treatments
by identifying potential therapeutic targets, predicting
drug effects, and analyzing clinical trial results.

FUTURE CHALLENGES

Legal regulations. As Al advances in medical
diagnostics, the need for appropriate legal regulations
grows. These regulations must keep pace with the
rapid changes in technology to ensure both patient
safety and the effectiveness of Al systems. Key issues
include the approval process for new Al technologies
as medical devices, data management for patients, and
establishing accountability for diagnostic errors.

In the coming years, new regulations regarding the
use of Al in medicine may emerge, covering areas like
algorithm transparency, patient privacy protection, and
the monitoring and auditing of Al-generated outcomes.
Governments and international organizations will need
to collaborate to develop unified regulatory standards
that ensure the safety and efficacy of algorithm-based
technology (29).

Data management. Data management is one
of the key challenges related to the implementation
of Al in medical diagnostics. Al requires access to
vast amounts of data, which must be securely stored,
processed, and analyzed in compliance with current
regulations. In the future, data management will
require advanced privacy protection technologies, such
as anonymization, encryption, and access control..

Additionally, strategies must be developed to
ensure high data quality so that the information used
to train Al algorithms is accurate, representative, and
up-to-date. Addressing these challenges will require
collaboration between medical institutions, technology
providers, and regulatory bodies (21).

Ethical aspects of Al use. The ethical aspects
of using Al in medicine will become increasingly
important. As Al gains prominence in diagnostics
and therapy, questions regarding fairness, equality,

BADANIA PRZYSZEOSCI - ROZWOJ
TECHNOLOGII

Rozwo6j algorytméw glebokiego uczenia sie.
W przysztosci Al w medycynie bedzie coraz bardziej
zaawansowana dzieki dalszemu rozwojowi algoryt-
mow glebokiego uczenia si¢. Algorytmy te beda w sta-
nie skuteczniej analizowa¢ skomplikowane dane me-
dyczne, takie jak sekwencje DNA czy ztozone obrazy
diagnostyczne (23). Nowe metody, takie jak transfer
learning, umozliwig szybsze przystosowanie algoryt-
méw do nowych zastosowan w medycynie, co przy-
spieszy ich adaptacj¢ do zmieniajgcych si¢ potrzeb.

Integracja z technologiami 5G i IoT. Integra-
cja Al z technologiami 5G i Internetem rzeczy (IoT)
otworzy nowe mozliwo$ci w monitorowaniu pacjen-
tow. Technologia 5G umozliwi szybszg i bardziej efek-
tywna transmisje danych, co pozwoli na dokladniej-
sze monitorowanie pacjentow w czasie rzeczywistym.
Natomiast IoT utatwi integracje réznych urzadzen
medycznych, tworzac spdjne i wszechstronne systemy
monitorujgce (27).

MOZLIWOSCI DALSZEJ PERSONALIZACII
OPIEKI ZDROWOTNEIJ

Precyzyjna medycyna. Sztuczna inteligencja ma
znaczacy potencjal w zakresie dalszej personalizacji
opieki zdrowotnej, co sprzyja rozwojowi precyzyjnej
medycyny. Precyzyjna medycyna koncentruje si¢ na
dostosowywaniu terapii do indywidualnych potrzeb
pacjentow, uwzgledniajac ich unikalne cechy gene-
tyczne, Srodowiskowe oraz styl zycia (28). Sztuczna
inteligencja moze analizowa¢ dane genetyczne, bio-
markery oraz histori¢ medyczng pacjentéw, aby prze-
widywac ich reakcje na rézne terapie i dostosowac le-
czenie zgodnie z tymi informacjami.

Na przyktad, Al moze wspiera¢ dobor lekow po-
przez analizg danych genetycznych pacjenta, przewi-
dujac jego reakcje na konkretne substancje. Dodat-
kowo, inteligentne systemy medyczne moga monito-
rowa¢ efekty leczenia w czasie rzeczywistym, umoz-
liwiajac dostosowanie dawkowania i zmiang terapii
w odpowiedzi na zmieniajgce si¢ potrzeby pacjenta.

Monitorowanie stanu zdrowia. Technologia opar-
ta na algorytmach ma takze potencjat do dalszej per-
sonalizacji opieki zdrowotnej poprzez zaawansowane
monitorowanie stanu zdrowia. Technologie takie jak
urzadzenia do noszenia (wearable) i Internet Rzeczy
(IoT) umozliwiaja ciggte §ledzenie parametrow zy-
ciowych pacjentdw, takich jak cisnienie krwi, poziom
glukozy czy rytm serca. Al moze analizowac te dane,
identyfikujac wczesne oznaki probleméw zdrowot-
nych i dostarczajac pacjentom spersonalizowane zale-
cenia dotyczace stylu zycia i leczenia.

311



Examples of implementations and the future of Al

Przyktady wdrozen i przysztos¢ Al

and responsibility arise. It is essential to ensure that
Al systems do not introduce biases that could lead to
discriminatory diagnoses and treatments.

Another important ethical issue is ensuring that
patients are well-informed about the role of Al in
their healthcare and have control over their medical
data. Patients must understand how their data is
used and have the option to consent to its processing.
Additionally, therapy decisions based on Al results
must be made transparently and in accordance with
best medical practices (29).

Trust and acceptance. Trust in Al systems will be
crucial for their future use in medical diagnostics. Both
patients and healthcare professionals need confidence
that Al technologies are reliable, effective, and safe.
To achieve this, further research, testing, and audits
of Al systems will be necessary, along with ensuring
transparency in their operation.

Educating medical staff and patients about Al
will also be essential to increase their understanding
and acceptance of new technologies. Collaboration
between IT specialists, doctors, and patients will be
key to the successful implementation of Al in medical
diagnostics.

ECONOMIC ANALYSIS

Cost of acquisition and implementation. The cost
of acquiring and implementing Al systems in hospitals
ranges from $500,000 to $2 million. These expenses
include the purchase of hardware and software, as well
as the integration with existing IT systems in medical
facilities. Long-term expenses associated with system
maintenance include servicing, software updates, and
costs related to training medical staff (20).

Personnel training. The cost of training medical
personnel to use Al systems ranges from $50,000 to
$200,000 per year (20). This training includes learning
how to operate the systems, interpret results, and
integrate Al into everyday medical practice.

FROM THE PATIENTS’ PERSPECTIVE

Concerns about data privacy. Patients often have
concerns about the privacy of their medical data, which
is collected and analyzed by Al systems. According to
a 2022 survey, 45% of patients expressed worries about
the security of their personal data (29). It is essential to
ensure transparency in data management and provide
patients with full control over their information, which
can help build trust in the technology.

Expectations and opinions. Patients expect
that Al will contribute to more efficient and precise
diagnostics and better-tailored therapies. A 2023 study
showed that 60% of patients view the implementation
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Na przyktad, Al moze analizowa¢ dane z moni-
torow aktywnosci, aby oceni¢ ryzyko wystgpienia
chorodb serca Iub cukrzycy. Moze réwniez dostarczaé
pacjentom zalecenia dotyczace zdrowego stylu zycia,
takie jak sugestie dotyczace diety 1 aktywnosci fizycz-
nej, dostosowane do ich indywidualnych potrzeb (14).

Terapie oparte na danych. W przysztosci tera-
pie oparte na analizie danych bedg coraz bardziej po-
wszechne, a sztuczna inteligencja odegra kluczowa
role w ich opracowywaniu. Analiza danych z badan
klinicznych, epidemiologicznych oraz informaciji o pa-
cjentach umozliwi tworzenie nowych terapii i lekow,
ktore beda bardziej efektywne i mniej obcigzajace dla
pacjentow. Al moze wspiera¢ rozwoj innowacyjnych
terapii poprzez identyfikacje potencjalnych celow te-
rapeutycznych, przewidywanie skutkow dziatania le-
kéw oraz analizowanie wynikéw badan klinicznych.

WYZWANIA PRZYSZEOSCI

Regulacje prawne. Wraz z postepem Al w dia-
gnostyce medycznej ro$nie potrzeba wprowadzenia
odpowiednich regulacji prawnych. Regulacje te musza
nadgza¢ za dynamicznymi zmianami w technologii,
aby zapewni¢ zarowno bezpieczenstwo pacjentow, jak
i efektywnos$¢ systemow sztucznej inteligencji. Klu-
czowe kwestie obejmuja proces zatwierdzania nowych
technologii Al jako wyrobow medycznych, zarzadza-
nie danymi pacjentow oraz ustalenie odpowiedzialno-
$ci za btedy diagnostyczne.

W nadchodzacych latach mogg pojawi¢ si¢ nowe
przepisy dotyczace uzycia Al w medycynie, obejmuja-
ce zasady transparentno$ci algorytmow, ochrony pry-
watnos$ci pacjentdw oraz monitorowania i audytu wy-
nikéw generowanych przez Al. Rzady oraz migdzy-
narodowe organizacje beda musiaty wspdlpracowac,
aby opracowac jednolite standardy regulacyjne, ktore
zapewnig bezpieczenstwo i skuteczno$¢ technologii
opartej na algorytmach (29).

Zarzadzanie danymi. Zarzadzanie danymi sta-
nowi jedno z kluczowych wyzwan zwigzanych z im-
plementacja sztucznej inteligencji w diagnostyce
medycznej. Al wymaga dostepu do obszernej ilosci
danych, ktore musza by¢ przechowywane, przetwa-
rzane i analizowane w sposob bezpieczny oraz zgodny
z obowigzujacymi przepisami. W przysztosci zarza-
dzanie danymi bedzie wymagato zaawansowanych
technologii ochrony prywatnosci, takich jak anonimi-
zacja, szyfrowanie oraz kontrola dostepu.

Dodatkowo, konieczne bedzie opracowanie strate-
gii zapewniajacej wysoka jakos¢ danych, aby upewnié
si¢, ze informacje uzywane do trenowania algoryt-
moéw Al sg precyzyjne, reprezentatywne i aktualne.
Problemy te beda wymagaty wspotpracy pomigdzy
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of Al positively, provided that these systems are
properly monitored by qualified medical professionals
(30). Such oversight is crucial for maintaining high-
quality services and patient safety.

The impact of AI on quality of life. Al has
apositive impact on patients’ quality of life by enabling
earlier disease detection and better-matched therapies.
An example is Al systems used in telemedicine, which
allow for monitoring the health of patients with chronic
conditions from the comfort of their own homes (31).
These solutions improve patients’ quality of life
by reducing the need for frequent visits to medical
facilities and enhancing overall well-being.

ATINTERACTION WITH HEALTH POLICY

Regulations and policy. The impact of health
policy. Health policy significantly influences the
development and implementation of artificial
intelligence (Al) in medical diagnostics. In countries
like the United States, regulations on patient data
privacy, such as HIPAA, shape how Al technologies
can be used. In Europe, GDPR regulations impose
additional requirements on personal data protection
(29). Therefore, it is important to develop consistent
regulatory standards that support technological
innovation while ensuring patient safety and privacy.

Required standards and certifications. Al
systems used in medical diagnostics must meet certain
standards and obtain appropriate certifications. In
the United States, the Food and Drug Administration
(FDA) oversees the regulation and certification of
medical systems, while in Europe, the CE marking
fulfills this role (21). These standards include criteria
for effectiveness, safety, and the quality of Al systems.
Meeting these standards is crucial to ensuring that
Al systems are both effective and safe for everyday
clinical use.

EDUCATION AND TRAINING

Training for personnel. Education and training
for medical personnel in the use of artificial
intelligence (Al) encompass various areas, including
system operation, result analysis, and integrating Al
technologies into daily medical procedures. Many
medical institutions organize dedicated courses and
workshops to help doctors and medical technicians
acquire new skills. These training sessions are
often conducted by Al technology providers and in
collaboration with medical universities, ensuring
the efficient introduction of innovations into clinical
practice.

Educational programs. Introducing Al education
into medical training programs is key for future

instytucjami medycznymi, dostawcami technologii
i organami regulacyjnymi (21).

Etyczne aspekty stosowania Al. Etyczne aspek-
ty wykorzystania Al w medycynie beda stawaly si¢
coraz wazniejsze. W miare jak Al zyskuje na znacze-
niu w diagnostyce i terapii, pojawiaja si¢ pytania do-
tyczace sprawiedliwos$ci, rownosci i odpowiedzialno-
$ci. Nalezy zapewni¢, ze systemy Al nie wprowadzaja
uprzedzen, ktoére mogtyby prowadzi¢ do dyskrymina-
cyjnych diagnoz i terapii.

Innym istotnym zagadnieniem etycznym jest za-
pewnienie, ze pacjenci sg dobrze poinformowani o roli
Al w ich opiece zdrowotnej oraz maja kontrol¢ nad
swoimi danymi medycznymi. Wazne jest, aby pacjen-
ci rozumieli, jak ich dane sg wykorzystywane i mieli
mozliwos$¢ wyrazenia zgody na ich przetwarzanie. Po-
nadto, decyzje terapeutyczne oparte na wynikach Al
muszg by¢ podejmowane w sposob przejrzysty i zgod-
ny z najlepszymi praktykami medycznymi (29).

Zaufanie i akceptacja. Zaufanie do systemow
Al bedzie kluczowe dla ich przysztego zastosowania
w diagnostyce medycznej. Pacjenci i personel medycz-
ny muszg mie¢ pewnos$¢, ze technologie Al sg wiary-
godne, efektywne i bezpieczne. W tym celu konieczne
bedzie przeprowadzenie dalszych badan, testow oraz
audytow systemow Al, a takze zapewnienie transpa-
rentnosci ich dziatania.

Edukacja personelu medycznego i pacjentow na
temat Al bedzie rowniez istotna, aby zwickszy¢ ich
zrozumienie i akceptacje nowych technologii. Wspot-
praca pomiedzy specjalistami IT, lekarzami i pacjen-
tami bedzie kluczowa dla skutecznego wdrozenia Al
w diagnostyce medycznej.

ANALIZA EKONOMICZNA

Koszt zakupu i implementacji. Zakup i imple-
mentacja systemow Al w szpitalach wigza si¢ z kosz-
tami w przedziale od 500,000 do 2 milionow dolarow.
Koszty te obejmujg zardbwno nabycie sprzetu i opro-
gramowania, jak i integracje z istniejagcymi systemami
informatycznymi w placowkach medycznych. Dtugo-
terminowe wydatki zwigzane z utrzymaniem systemu
obejmujg serwisowanie, aktualizacje oprogramowania
oraz koszty zwigzane ze szkoleniem personelu me-
dycznego (20).

Szkolenie personelu. Koszt szkolenia personelu
medycznego w zakresie obstugi systeméw Al wynosi
od 50,000 do 200,000 dolaréw rocznie (20). Szkole-
nie to obejmuje nauke obstugi systemow, interpreta-
cje wynikow oraz integracje Al z codzienng praktyka
medyczna.
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generations of doctors. These programs should cover
the basics of Al systems, result interpretation, and
the ethical aspects of using Al in medicine. Medical
universities and professional organizations can
implement courses and training modules that prepare
students to work with new technologies.

INDUSTRY DEVELOPMENT AND
COLLABORATION

Industry and startups. Innovative companies
and projects. The technology sector, including
rapidly growing startups, plays a crucial role in
advancing Al in medical diagnostics. Examples of
such innovative companies include PathAl, Zebra
Medical Vision, and Tempus, which lead the way in
creating groundbreaking Al-based solutions. These
enterprises introduce cutting-edge technologies that
are transforming medical diagnostics and improving
treatment outcomes (21).

Collaboration between universities and industry.
Cooperation between universities, research institutes,
and the industrial sector is essential for the development
of artificial intelligence in medical diagnostics.
Research projects conducted by institutions like MIT
and Harvard illustrate the successful combination of
academic resources with industry expertise (2). These
partnerships facilitate the development and testing
of advanced Al systems, accelerating the progress of
innovative technologies.

SUMMARY

The implementation of Al involves significant
challenges that need to be appropriately addressed.
Ethical issues, such as the protection of patient data
privacy and the determination of accountability for
potential diagnostic errors, must be resolved. This
requires the introduction of relevant legal regulations
and standards, as well as effective oversight of the
decisions made by Al

The integration of Al into healthcare systems
must be carefully planned and executed. It is crucial
that the implementation of Al aligns with existing
IT infrastructure and that medical personnel receive
adequate training. The acceptance of new technologies
by both doctors and patients is also key to the success
of such implementations.

Looking to the future, Al has the potential to
further revolutionize medical diagnostics through
the development of new algorithms, integration with
technologies such as 5G and [oT, and the personalization
of healthcare. Advances in real-time data analysis
and technological innovations could bring significant
benefits to patient diagnostics and treatment.
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Z PERSPEKTYWY PACJENTOW

Obawy dotyczace prywatnosci danych. Pacjen-
ci czgsto majg obawy dotyczace ochrony prywatno-
sci swoich danych medycznych, ktére sa gromadzo-
ne i analizowane przez systemy Al. Wedlug badania
z 2022 roku, 45% pacjentow wyrazilo obawy zwiaza-
ne z bezpieczenstwem swoich danych osobowych (29).
Istotne jest, aby zapewni¢ transparentno$¢ w zakresie
zarzadzania danymi oraz umozliwi¢ pacjentom pet-
ng kontrole nad tymi informacjami, co moze pomoc
w budowaniu zaufania do technologii.

Oczekiwania i opinie, Pacjenci spodziewajg si¢, ze
Al przyczyni si¢ do bardziej efektywnej i precyzyjnej
diagnostyki oraz lepszego dostosowania terapii. Bada-
nia z 2023 roku wykazaty, ze 60% pacjentdow pozy-
tywnie ocenia wdrozenie Al, pod warunkiem, ze sys-
temy te beda odpowiednio monitorowane przez wy-
kwalifikowanych specjalistéw medycznych (30). Takie
nadzorowanie jest kluczowe dla utrzymania wysokiej
jakosci ustug i bezpieczenstwa pacjentow.

Wplyw Al na jako$é zycia. Al ma pozytywny
wpltyw na jako$¢ zycia pacjentdw poprzez umozli-
wienie wczesniejszego wykrywania chorob i lepsze
dopasowanie terapii. Przyktadem sg systemy Al wy-
korzystywane w telemedycynie, ktore pozwalaja na
monitorowanie stanu zdrowia pacjentdw z przewle-
ktymi schorzeniami w ich wlasnym domu (31). Ta-
kie rozwigzania zwigkszajg komfort zycia pacjentdw,
ograniczajac potrzebe czestych wizyt w placowkach
medycznych oraz poprawiajac ogodlne samopoczucie.

INTERAKCJA A1 Z POLITYKA ZDROWOTNA

Regulacje i polityka. Wplyw polityki zdrowot-
nej. Polityka zdrowotna ma istotny wplyw na rozwqj
i implementacje sztucznej inteligencji (Al) w diagno-
styce medycznej. W krajach takich jak Stany Zjedno-
czone, przepisy dotyczace ochrony prywatnosci da-
nych pacjentoéw, jak HIPA A, ksztaltujg sposob, w jaki
technologie AI moga by¢ stosowane. W Europie, re-
gulacje GDPR naktadaja dodatkowe wymagania na
ochrone danych osobowych (29). W zwiazku z tym,
wazne jest opracowanie spojnych standardow regula-
cyjnych, ktore beda wspiera¢ innowacje technologicz-
ne, jednoczes$nie gwarantujgc bezpieczenstwo i pry-
watno$¢ pacjentow.

Wymagane standardy i certyfikacje. Systemy Al
stosowane w diagnostyce medycznej muszg spetniac
okreslone normy i uzyska¢ odpowiednie certyfikaty.
W Stanach Zjednoczonych, Agencja Zywnosci i Le-
kow (FDA) nadzoruje regulacj¢ i1 certyfikacje syste-
moéw medycznych, podezas gdy w Europie odpowie-
dzialno$¢ te petni oznaczenie CE (21). Standardy te
obejmujag kryteria dotyczace efektywnosci, bezpie-
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The prospects for artificial intelligence tools in
medicine are promising and full of opportunities to
transform healthcare. Al can revolutionize the way
diseases are diagnosed and treated, contributing to
increased diagnostic accuracy, faster decision-making,
and reduced healthcare costs.

To fully harness the potential of Al, healthcare
systems must be prepared for the changes that
this technology brings. This requires not only
the implementation of advanced algorithms and
integration with new technologies but also effective
data management, patient privacy protection, and the
development of legal and ethical regulations.

In the future, Al in medicine will require continuous
development to meet the growing demands and
challenges. It will be essential for medical institutions,
researchers, regulatory bodies, and technology
providers to collaborate to develop effective strategies
and solutions that ensure Al is used safely, efficiently,
and in accordance with the highest ethical standards.

Artificial intelligence has the potential to make
healthcare more personalized, accessible, and effective.
With the right support and commitment, it can become
a valuable tool in the fight against diseases and in
improving the quality of life for patients worldwide.
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PODSUMOWANIE

Implementacja Al wigze si¢ z istotnymi wyzwa-
niami, ktore nalezy odpowiednio adresowac. Nalezy
rozwigzaé kwestie etyczne, takie jak ochrona prywat-
nos$ci danych pacjentow oraz ustali¢ odpowiedzialnos¢
za ewentualne btedy diagnostyczne. Wymaga to wpro-
wadzenia odpowiednich regulacji prawnych i standar-
dow, a takze skutecznego nadzoru nad decyzjami po-
dejmowanymi przez Al.

Integracja Al z systemami opieki zdrowotnej musi
by¢ starannie zaplanowana i realizowana. Kluczowe
jest, aby wdrozenie Al bylo zgodne z istniejaca infra-
strukturg IT oraz aby personel medyczny zostal odpo-
wiednio przeszkolony. Akceptacja nowych technologii
przez lekarzy i pacjentow jest rowniez kluczowa dla
sukcesu takich wdrozen.

Patrzac w przysztos¢, Al ma potencjat do dalszej
rewolucji w diagnostyce medycznej poprzez rozwoj
nowych algorytmoéw, integracj¢ z technologiami taki-
mi jak 5G i loT oraz personalizacj¢ opieki zdrowotne;.
Postep w analizie danych w czasie rzeczywistym oraz
innowacje technologiczne moga przynies¢ znaczne
korzysci w diagnostyce i leczeniu pacjentow.

Perspektywy narzedzi sztucznej inteligencji w me-
dycynie sg obiecujace i pelne mozliwosci transforma-
cji opieki zdrowotnej. Al moze zrewolucjonizowaé
sposdb diagnozowania i leczenia chordb, przyczynia-
jac sie do zwigkszenia precyzji diagnostyki, przyspie-
szenia podejmowania decyzji oraz obnizenia kosztéw
opieki zdrowotne;.

Aby w pelni wykorzysta¢ potencjat Al, systemy
opieki zdrowotnej musza by¢ przygotowane na zmia-
ny, ktdre niesie ze sobg ta technologia. Wymaga to nie
tylko wdrozenia zaawansowanych algorytmoéw i in-
tegracji z nowymi technologiami, ale rowniez odpo-
wiedniego zarzadzania danymi, ochrony prywatnosci
pacjentow oraz rozwijania regulacji prawnych i etycz-
nych.

W przysztosci Al w medycynie bedzie wymagata
cigglego rozwoju, aby sprosta¢ rosnagcym wymaga-
niom i wyzwaniom. Kluczowe bedzie, aby instytucje
medyczne, badacze, organy regulacyjne i dostawcy
technologii wspotpracowali w celu opracowania sku-
tecznych strategii i rozwigzan, ktore zapewnia, ze Al
bedzie stosowane w sposob bezpieczny, efektywny
1 zgodny z najwyzszymi standardami etycznymi.

Sztuczna inteligencja ma potencjat, aby uczynic¢
opieke zdrowotna bardziej spersonalizowana, dostep-
ng i efektywnga. Przy odpowiednim wsparciu i zaan-
gazowaniu moze stac si¢ cennym narzedziem w walce
z chorobami i poprawie jako$ci zycia pacjentdow na
catym Swiecie.
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ABSTRACT

BACKGROUND. Maintaining good oral hygiene through effective toothbrushing is crucial for preventing
dental issues in adolescents. Conventional oral health education (OHE) and video demonstration approach are
passive means of OHE, that often fail to engage this age group. This study introduced an innovative approach to
OHE by combining jigsaw puzzle and visual aids to improve oral health outcomes among adolescents.
OBJECTIVE. To assess the effectiveness of Jigsaw Puzzle-assisted Visual Reinforcement (JPVR) technique
on toothbrushing knowledge, practices, and clinical oral health parameters compared to conventional OHE and
video demonstration among adolescents.

MATERIAL AND METHODS. This single-blind randomized controlled trial involved 195 adolescents aged
12-15 years randomly allocated to three groups: conventional OHE (control), video demonstration and JPVR.
Interventions were administered, and assessments were carried out at baseline, 1 month, and 3 months. Prior
to the start of the study, the oral hygiene aids used were standardized. Outcomes were measured using a self-
designed, validated closed-ended questionnaire to assess the toothbrushing knowledge and practices. This was
followed by clinical examination carried out using gingival and plaque indices by a blinded examiner.
RESULTS. At baseline, groups had comparable knowledge, practices, and clinical parameters. At 3 months, the
JPVR group demonstrated significantly higher knowledge, better practices, lower plaque, and reduced gingival
scores compared to other groups.

CONCLUSIONS. The JPVR technique improved toothbrushing knowledge, practices, and clinical oral health
parameters among adolescents. This approach fostered active learning and knowledge retention and is a cost-
effective strategy for promoting positive oral health outcomes among children.

Keywords: adolescents, game-based learning, oral health education, oral hygiene status, toothbrushing

INTRODUCTION

Oral health is a fundamental aspect of overall
well-being, and its significance cannot be overstated,
particularly during adolescence, a critical period
of growth and development (1). Poor oral hygiene
practices during this stage can lead to various dental
and periodontal problems, which may have long-
lasting consequences (2). Maintaining good oral
hygiene through effective toothbrushing is crucial
for preventing dental caries, gingivitis, and other oral
health issues. Hence, Oral Health Education (OHE)

plays a vital role especially among school children to
improve their oral health outcomes.

Conventional OHE methods for toothbrushing,
although valuable, often fail to capture the attention
and engagement of adolescents, leading to suboptimal
retention and application of the toothbrushing
knowledge and practices (3,4). OHE through
educational video has shown to improve oral health
knowledge (5,6). However, both these methods only
provide a passive means of OHE. Consequently, there
is a pressing need to explore innovative and interactive
approaches that can enhance knowledge, motivation,

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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and practical skills of children in maintaining optimal
oral hygiene.

One promising strategy involves the incorporation
of game-based learning techniques, which have been
shown to effectively promote active participation,
increase motivation, and facilitate better knowledge
retention (4). Puzzle-solving games, in particular,
offer a compelling and engaging way to reinforce
crucial concepts through hands-on activities and
visual aids (7). Previous studies have demonstrated
the positive impact of interactive interventions on
oral health knowledge and practices among children
and adolescents (8,9). However, there is a dearth of
research exploring the effectiveness of puzzle-solving
games combined with visual aids as an approach to
promoting toothbrushing proficiency in this age group.

Jigsaw puzzles can be an engaging and interactive
way to impart OHE among adolescents. It provides
an interactive and multisensory approach for OHE.
By assembling puzzle pieces depicting oral health
concepts, adolescents engage in visual pattern
recognition and tactile manipulation, stimulating
cognitive processing and retention (10). It fosters
teamwork, communication, and problem-solving
skills. This hands-on, visual-tactile learning
experience caters to diverse learning styles, making
OHE engaging and effective for adolescents (11). As
children work together to assemble the puzzle, they
can actively discuss and reinforce their understanding
of proper brushing techniques (12). Furthermore, the
sense of accomplishment derived from completing
a puzzle can motivate adolescents.

Visual aids in the form of stickers can be used
to reinforce the OHE acquired through these
puzzles. These aids can serve as reminders of key
oral health concepts. By combining the interactive
nature of jigsaw puzzles with visual aids, OHE can
become more retentive, engaging, and effective for
adolescents. This study introduces an innovative
approach to OHE by integrating jigsaw puzzles and
visual aids for adolescents. It seeks to address the
gap in existing literature by using this creative OHE
approach among school-going adolescents. Thus, the
present study aims to assess the effectiveness of Jigsaw
Puzzle assisted Visual Reinforcement (JPVR) on
toothbrushing knowledge, practices and clinical oral
health parameters compared to conventional OHE and
video demonstration.

MATERIALS AND METHODS

Study design and study setting. The current
study was a three-arm, single-blind randomized
controlled trial conducted over three months in
2024 at a public school in Belagavi, Karnataka,

India. It followed CONSORT guidelines and was
registered with the Clinical Trials Registry—India
(CTR1/2024/03/064280).

Sample size calculation. The minimum sample
size for the current study was estimated to be 177
adolescents and was calculated using GPower program
(G* Power Version 3.1.9.4 statistical software) based
on a previous study (13). It was calculated with
a power of 0.80 and an alpha error of 0.05. However,
to compensate for potential dropouts, an additional
10% was factored in. As a result, the final sample
size for the study consisted of 195 adolescents, with
65 individuals randomly assigned to each of the three
groups in the study.

Selection criteria. The study included adolescents
aged 12 to 15 years who met these criteria: provided
assent, had parental/guardian consent, and a plaque
score over one. It excluded adolescents who were
uncooperative, had systemic conditions, or were on
medications affecting gingival health.

Ethical Considerations. The study protocol was
approved by the Institutional Research and Ethics
Committee (Ref no:148, issued June 13, 2023) and
followed ethical standards outlined in the Helsinki
Declaration.

Assessment plan

Preparatory phase. A self-designed, closed-ended
questionnaire was utilized in the study comprising
15 items in English to assess sociodemographic
characteristics, toothbrushing knowledge, and
practices. The questionnaire had eight questions
assessing knowledge of participants. Correct answers
were scored as 1, and incorrect as 0. Participants’
cumulative knowledge scores ranged from 0 to 8,
calculated by summing their scores for each question.
Likewise, the questionnaire had also seven questions
evaluating participants’ toothbrushing practices.
Correct practices were scored 1, incorrect as 0.
Participants’ cumulative practice scores ranged from 0
to 7, calculated by summing their scores.

A pilot study was carried out involving 15
adolescents. The primary objectives of this
pilot study were to evaluate the reliability of the
questionnaire, assess the feasibility of the study
protocol, gather participant feedback, and determine
the comprehensibility of the questionnaire, video
demonstration, jigsaw puzzle, and visual aid. Based
on the feedback from participants, adjustments were
made to accommodate their preferences, such as
displaying the video on a larger screen with loud
speakers and allowing more time for solving the jigsaw
puzzle. However, the results of the pilot study were not
included in the final analysis.
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The face validity and content validity ratio of the
questionnaire were assessed by a panel of five subject
matter experts, resulting in a face validity of 84%
and a content validity ratio of 0.86. Furthermore, the
questionnaire demonstrated good internal consistency
reliability, with a Cronbach’s alpha value of 0.88.

To maintain uniformity in data collection, a single
trained examiner underwent rigorous training for
recording gingival and plaque indices under the
supervision of subject matter experts. The intra-
examiner reliability was assessed using kappa statistics
for the Loe and Silness gingival index and the Silness
and Loe plaque index. The Cohen’s kappa coefficients
were found to be 0.82 and 0.89, for gingival and plaque
index, respectively, indicating substantial agreement
and reliability in the examiner’s measurements.

Standardization of oral hygiene aids and
randomization. In order to maintain the consistency
of the oral hygiene aids used during the study period
and minimize any potential bias, all participants were
provided with a standardized soft-bristled toothbrush
and fluoridated toothpaste. They were instructed to
use the same during the study period and replacements
were provided in case of any loss. The study sample
comprised of 195 adolescents, recruited through
a simple random sampling technique. They were
randomly allocated into three groups using a computer-
generated table of random numbers. All three groups
received conventional OHE on toothbrushing. Group
1, the control group (n = 65) received only the
conventional OHE. Whereas Groups 2 and 3 received
the video demonstration on toothbrushing and the
JPVR technique, respectively, in addition to the
conventional OHE. To ensure allocation concealment,
the present study employed the SNOSE (Sequentially
Numbered, Opaque, Sealed Envelope) technique. The
questionnaire to assess toothbrushing knowledge and
practices was individually administered to the children
prior to their clinical examination, where the examiner
recorded their gingival and plaque scores. The nature
of the intervention implemented by the investigator
remained blinded from the examiner.

Administration of intervention. Following the
baseline assessment, the principal investigator held
a 20-minute OHE session on effective toothbrushing
techniques and practices for all three groups in an
auditorium. School teachers were present to facilitate
smooth delivery of the session.

JPVR technique: In this group, every adolescent
was provided with visual aids in the form of stickers
demonstrating the proper toothbrushing techniques.
They were instructed to attach these stickers to their
diaries to reinforce the knowledge they had gained
through conventional OHE. It was also used as an aid
to complete the jigsaw puzzle.
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Participants were randomly divided into 13
subgroups, each with 5 people, using computer-
generated randomization. Each subgroup worked
on putting together a 45-piece jigsaw puzzle that
showcased proper toothbrushing methods, mirroring
the visual aids. They were given a 30-minute time limit
to finish the puzzle, and the first group to complete
it received a reward. The contents of both the visual
aid and the puzzle were validated by subject matter
experts.

Video demonstration: Participants in this group
were shown a video demonstrating the correct
toothbrushing technique on a large screen after
receiving the OHE. The video shown for demonstration
was taken from YouTube: (https:/www.youtube.com/
watch?v=04wDITXrvrc) and was 2 minutes long. The
contents of this video were validated by subject matter
experts.

Conventional OHE: The control group received
only conventional OHE which focused on the correct
toothbrushing techniques. The conventional OHE was
caried outas aone-way lecture whichhad demonstration
on a model. The content of toothbrushing techniques
in all three intervention groups were uniform.

Participants received reinforcement of the
interventions at scheduled time intervals during the
Ist, 4th, and 8th week. A CONSORT flow diagram
illustrating the study design is shown in Figure 1.

Follow-Up. The study had two follow-up
assessments, conducted at the first and third month,
respectively. During the first- and third-month of
follow-up, the same examiner, who remained blinded
throughout the study, recorded the gingival and
plaque scores for all participants using the same
indices employed at baseline. At the 3™ month, an
identical questionnaire to the one used at baseline was
administered to assess the knowledge and practices of
the participants across all groups.

To preserve the integrity of study, participants
were intentionally not informed of the exact dates
for reinforcement sessions and assessments. At the
conclusion of the study, both the video demonstration
and JPVR technique were shared with all groups as
a moral obligation.

Statistical analysis. The acquired data was
entered into Microsoft Excel 2020 and analysed
using IBM SPSS® Statistics for Windows, Version
21.0. Continuous variables were presented as mean
+ standard deviation, while categorical variables
were reported as frequencies. The Shapiro—Wilk
test confirmed a non-normal distribution, so non-
parametric tests were used: Kruskal-Wallis for
unpaired data and Wilcoxon signed rank and Friedman
tests for repeated measures. These tests were followed
by their respective post hoc tests. Drop-out analysis
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Figure 1. Consolidated Standards of Reporting Trials (CONSORT) diagram

was also carried out. Statistical significance was set at
p<0.05

RESULTS

The current study comprised of 195 adolescents,
among which 64.1% were females and 35.9% males.
The mean age of the participants in conventional
OHE group, video demonstration group, and JPVR
technique group were 13.29 £ 1.06, 13.14 = 0.88 and
13.02 + 1.20 years, respectively. Table 1 summarizes
the demographic profile of the participants. Dropout
analysis showed that there was no significant difference
between dropouts and completers. This indicates that
there was no bias from differential attrition. Table 2

presents the comparison of mean knowledge and
practice score among three groups at baseline and three
months. At baseline all the three groups had similar
knowledge (P = 0.626) and practice (P = 0.863). It was
observed that there was a significant gain in knowledge
and improvement in practice at 3 months compared to
baseline in all three groups (P <0.001). However, the
knowledge gained and the practices improved was
significantly higher in JPVR technique compared to
other two groups. This indicates that the JPVR group
was more effective in increasing the knowledge and
practices scores at the end of 3 months among these
school children compared to the other two groups
(Table 2).

321



Effectiveness of a toothbrushing intervention utilizing puzzle-solving game assisted with visual aids among adolescents

Table 1. Demographic profile of the study participants

Demographic profile Conventional OHE | Video derilonstration J IiVR Povalue
(n=065) (n=65) (n=065)
Gender” n (%)
Male 23 (35.4%) 25 (38.5%) 22 (33.8%)
Female 42 (64.6%) 40 (61.5%) 43 (66.2%) 0830
Total 65(100.0%) 65(100.0%) 65(100.0%)
Age##t (Mean£SD) 13.29 £ 1.06 13.14 £ 0.88 13.02 +1.20 0.328

SD—Standard deviation; Gender is expressed as frequency and percentage (in parentheses); Age is expressed as mean+SD;
Statistical test used: #Chi square test and ##O0ne-way ANOVA; Level of significance: P < 0.05 is considered statistically
significant

Table 2. Comparison of knowledge and practice score among various groups at different time points

Parameters Groups Baseline 3 months P -value*

Conventional OHE 205+ 1.81¢ 3.17£2.18¢ <0.001*

Knowledge Video demonstration 2.22+190" 4.32+2.35F <0.001*

(Mean + 8D) JPVR 2.3241.83¢ 6.08 + 1.67" <0.001*
P-value™ 0.626 <0.001*

Conventional OHE 2.14+1.76¢ 3.28 £1.99¢ <0.001*

Practice Video demonstration 222+ 171¢ 4.60 + 1.94° <0.001*

(Mean + 8D) JPVR 230 + 1.78° 546+ 1.20 <0.001*
P-value™ 0.863 <0.001*

SD- Standard deviation; All values are expressed as mean + SD; Statistical test used: ##Kruskal-Wallis test followed by
Dunn’s post hoc test (Intergroup comparison — vertical P-value) and #Wilcoxon signed rank test; Groups with different
Greek letters in superscript shows statistically significant difference with conventional OHE group,; Level of significance:

P-value <0.05 is considered statistically significant

Table 3. Comparison of plaque and gingival scores among the three groups at different time points

Parameters Groups Baseline I** month 3" month P-value”
Conventional OHE 1.65 £ 0.26 = 1.58 £0.22 1.60 £ 0.22% <0.001*
Plaque score dem:;‘slfr‘;tion 169+£0.28% | 136+028% | 153025% <0.001*
(Mean + SD)
JPVR 1.64£0.25% 1.34 £ 0.28" 1.39+0.207c <0.001*
P-value* 0.583 <0.001* <0.001*
Conventional OHE |  0.29 +£0.29 0.27+0.24« 0.28+0.25% 0.715
Video
Gingival score demonstration 0.31+0.30* 0.27+0.28% 0.28 +£0.29= 0.763
(Mean + SD)
JPVR 0.30 £0.30* 0.28 £0.30% 0.27£0.29 <0.001*
P-value* 0.950 0.980 0.857

SD- Standard deviation, All values are expressed as mean + SD; Statistical test used:##Kruskal-Wallis test followed by
Dunn’s post hoc test(Intergroup comparison: vertical P-value) and #Friedman test followed by Bonferroni post hoc test
(Intergroup comparison: horizontal P-value); Groups with different Greek letter (a, [, y) in superscript show statistically
significant difference with conventional OHE group and groups with different letters (a, b, ¢) in superscript shows
statistically significant difference with baseline; Level of significance: P-value < 0.05 is considered statistically significant
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Figure 2. Comparison of mean plaque score among three groups at different time points

month there was an increase 0.33 1
in plaque scores compared to 0.31 -
firstmonth in all three groups, 029 1
however the lowest plaque g ————l
score was observed in JPVR E 027 1 -
group (1.39 + 0.20). Pairwise = %25 1
comparison of the three time -Ea 0.23 -
points showed statistically .5 p.21
significant difference among © 0.19
all three groups (P < 0.001).
These  results  highlight 0.17 7
the effectiveness of JPVR 0.15 ' ' '
. . . Baseline 1 month 3 months
technique in reducing the . .
plaque among the children. imEpoiNt
When gingival scores =#—Conventional OHE —®—Video demonstration =l=JPVR

were considered, there was
no statistically significant
difference at baseline (P =
0.950), 1 month (P =0.980)
and 3 months (P = 0.857) among all three groups.
When pairwise comparison of the three time points
was considered, there was a statistically significant
difference only in JPVR group (P < 0.001) (Table
3). These results indicate that the JPVR group at the
end of 3 months was more effective in reducing the
gingival index scores compared to baseline, however
it did not bring about a significant reduction compared
to other three groups.

points

DISCUSSION

Game-based OHE offers a more engaging and
interactive approach to teaching children about proper
toothbrushing practices compared to conventional
methods (14). By incorporating elements of play

Figure 3. Comparison of mean gingival score among three groups at different time

and gamification, it capitalizes on children’s natural
inclination towards fun and enjoyment, making the
learning process more enjoyable and effective (15).
Unlike traditional lecture-based approaches, which
can often be perceived as dull or overwhelming,
game-based education allows children to actively
participate and acquire knowledge through interactive
scenarios, challenges, and rewards (7). The present
study evaluated the effectiveness of JPVR technique
in improving toothbrushing knowledge, practices, and
clinical oral health outcomes of adolescents, compared
to conventional OHE and a video demonstration
approach.

The present study demonstrated that all three
groups at baseline exhibited comparable levels of
toothbrushing knowledge, practices, and clinical
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parameters, indicating homogeneity among the study
participants. This similarity in baseline characteristics
across the groups allowed for an unbiased evaluation
of the interventions’ effects. These findings were
similar to that of Kumar et al. (4), and Subedi et al.
(16). When the knowledge and practices of all three
groups were assessed at three months, there was
a stark improvement in all three groups. However,
the knowledge retained and practices improved was
highest in the JPVR technique group compared to
other groups. These findings aligned with other game-
based interventions by RS Kumar et al. (4), Liu et al.
(17), Mallik et al. (7), and Y Kumar et al. (3).

Active learning methods of OHE such as JPVR,
can significantly improve oral health knowledge and
practices compared to passive learning methods like
lecture-based OHE and video demonstrations. This
active JPVR approach encourage learners to actively
engage with the material, fostering increased retention
and understanding through personalized feedback,
practical application of concepts, collaborative
learning experiences, and multisensory stimulation
(18). By promoting critical thinking, knowledge
application in real life scenarios, and peer-to-peer
knowledge sharing, JPVR approach create a more
immersive and effective learning environment (19). In
contrast, passive methods such as conventional OHE
and video demonstration may provide a foundation of
knowledge but lack the interactive elements essential
for deeper comprehension and long-lasting retention of
oral health concepts.

The present study demonstrated that in addition
to the improved knowledge and practices, the
JPVR group also exhibited significant reduction in
plaque and gingival indices, indicating the clinical
effectiveness of this intervention in improving oral
health. The initial reduction in plaque scores at
the first-month follow-up across all groups can be
attributed to the immediate impact of the educational
interventions. However, the sustained reduction in
plaque and gingival indices observed in the JPVR
group at the third-month follow-up highlights the long-
term effectiveness of this approach in promoting better
oral hygiene maintenance. These findings aligned with
other game based OHE by Kumar et al. (4), Liu et al.
(17) and Mallik et al. (7). The interactive nature of the
jigsaw puzzle, combined with the visual reinforcement
provided by the stickers, may have facilitated active
engagement, stimulated cognitive processing, and
encouraged hands-on learning, leading to better
knowledge retention and application of proper
toothbrushing techniques, thereby improving the oral
health outcomes.

Using jigsaw puzzles and visual aids as educational
tools for OHE can be an effective and cost-efficient
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approach for promoting good oral health among school
children. One key advantage of this approach is their
low cost, as jigsaw puzzles and visual aids will likely
be a one-time investment. This makes them accessible
for schools with limited resources, such as public
schools. Additionally, these puzzles can be reused
and shared across classrooms, further enhancing their
cost-effectiveness. By investing in these educational
tools, it can potentially reduce the long-term costs
associated with poor oral health among students.
Through creative and interactive learning experiences,
children can develop a better understanding of the
consequences of poor oral hygiene ultimately reducing
the burden of oral diseases in the long run.

One of the strengths of the present study include the
standardization of oral hygiene aids during the study,
eliminating any potential bias arising from differing
oral hygiene aids leading to more reliable results.
Additionally, the study assessed both subjective
measures (knowledge and practices), and objective
measures (clinical parameters). However, the study
could have been carried out for a longer follow-up
period, as three months may be considered relatively
short for assessing long-term sustainability of the
interventions’ effects. Future studies could incorporate
longer follow-up periods to evaluate the durability of
the observed improvements. Despite this limitation,
the present study provides valuable insights into the
potential of innovative, interactive, and multisensory
approaches in promoting OHE and improving oral
hygiene practices among adolescents.

CONCLUSION

In conclusion, the JPVR technique proved to be
an effective and engaging approach for improving
toothbrushing knowledge, practices, and clinical
parameters among adolescents. By incorporating
interactive elements, visual aids, and collaborative
problem-solving, the JPVR technique fostered active
learning, knowledge retention, and practical skill
development. The findings of this study underscore
the potential of innovative, multisensory educational
strategies in promoting positive oral health outcomes
among the adolescent population. Further research
exploring the long-term sustainability and applicability
of this approach in diverse settings is warranted.

REFERENCES

1. Foster H, Fitzgerald J. Dental disease in children
with chronic illness. Arch Dis Child. 2005
Jul;90(7):703-8.

2. Buddiga V, Gupta VB, Aravind K, Reddy MVR,
Ramagoni NK, Ashwin D. The comparison of oral



Varkey Nadakkavukaran Santhosh, Siva Shankkari, David Coutinho et al.

10.

11.

health problems with other health problems inurban
school children of 10-14 years: a group screening. J
Int Oral Health JIOH. 2014 Sep;6(5):77-80.
Kumar Y, Asokan S, John B, Gopalan T. Effect
of Conventional and Game-based Teaching on
Oral Health Status of Children: A Randomized
Controlled Trial. Int J Clin Pediatr Dent.
2015;8(2):123-6.

K RSK, Deshpande AP, Ankola AV, Sankeshwari
RM, Jalihal S, Hampiholi V, et al. Effectiveness
of a Visual Interactive Game on Oral Hygiene
Knowledge, Practices, and Clinical Parameters
among Adolescents: A Randomized Controlled
Trial. Children. 2022 Dec;9(12):1828.

McNab M, Skapetis T. Why video health education
messages should be considered for all dental
waiting rooms. PloS One. 2019;14(7):¢0219506.
Shah N, Mathur VP, Kathuria V, Gupta T.
Effectiveness of an educational video in improving
oral health knowledge in a hospital setting. Indian
J Dent. 2016;7(2):70-5.

Malik A, Sabharwal S, Kumar A, Singh Samant
P, Singh A, Kumar Pandey V. Implementation
of Game-based Oral Health Education vs
Conventional Oral Health Education on Children’s
Oral Health-related Knowledge and Oral Hygiene
Status. Int J Clin Pediatr Dent. 2017;10(3):257-60.
Kumar RS, Deshpande AP, Ankola AV,
Sankeshwari RM, Hampiholi V, Hebbal M, et al.
Impact of the Visual Performance Reinforcement
Technique on Oral Hygiene Knowledge and
Practices, Gingival Health, and Plaque Control
in Hearing- and Speech-Impaired Adolescents:
A Randomized Controlled Trial. Children. 2022
Dec;9(12):1905.

Pai Khot AJ, Choudhury AR, Ankola AV,
Sankeshwari RM, Hampiholi V, Hebbal M, et
al. Evaluation of a “Picture Assisted Illustration
Reinforcement” (PAIR) System for Oral Hygiene
in Children with Autism: A Double-Blind
Randomized Controlled Trial. Children. 2023
Feb;10(2):369.

Fissler P, Kiister OC, Loy LS, Laptinskaya D,
Rosenfelder MJ, von Arnim CAF, et al. Jigsaw
Puzzles As Cognitive Enrichment (PACE) -
the effect of solving jigsaw puzzles on global
visuospatial cognition in adults 50 years of age and
older: study protocol for a randomized controlled
trial. Trials. 2017 Sep 6;18(1):415.

Fissler P, Kiister OC, Laptinskaya D, Loy LS, von
Arnim CAF, Kolassa IT. Jigsaw Puzzling Taps
Multiple Cognitive Abilities and Is a Potential
Protective Factor for Cognitive Aging. Front Aging
Neurosci. 2018;10:299.

12.

14.

15.

16.

17.

18.

19.

Doherty MJ, Wimmer MC, Gollek C, Stone C,
Robinson EJ. Piecing Together the Puzzle of
Pictorial Representation: How Jigsaw Puzzles

Index Metacognitive Development. Child Dev.
2021;92(1):205-21.

. Mukhi R, Shetty V, Garcha V, Vinay V, Burde

K, Shidhore A. Comparative Evaluation of
Effectiveness of Oral Health Education Methods
on Oral Health Knowledge, Attitude and Status Of
7-10 Year Olds: A Randomized Controlled Trial.
9(4):26206-10.

Harikiran AG, Vadavi D, Shruti T. Beta Testing
an Oral Health Edutainment Card Game Among
12-13-Year-Old Children in Bangalore, India.
Games Health J. 2017 Dec;6(6):334—42.
Maheswari UN, Asokan S, Asokan S, Kumaran
ST. Effects of conventional vs game-based oral
health education on children’s oral health-related
knowledge and oral hygiene status - a prospective
study. Oral Health Prev Dent. 2014;12(4):331-6.
Subedi K, Shrestha A, Bhagat T, Baral D.
Effectiveness of oral health education intervention
among 12-15-year-old school children in Dharan,
Nepal: a randomized controlled trial. BMC Oral
Health. 2021 Oct 14;21(1):525.

Liu HY, Chen PH, Chen WIJ, Huang SS, Chen
JH, Yao CT. The Effectiveness of a Board Game-
Based Oral Hygiene Education Program on Oral
Hygiene Knowledge and Plaque Index of Adults
with Intellectual Disability: A Pilot Study. Int J
Environ Res Public Health. 2021 Jan 22;18(3):946.
Uemura K, Yamada M, Okamoto H. Effects of
Active Learning on Health Literacy and Behavior
in Older Adults: A Randomized Controlled Trial. J
Am Geriatr Soc. 2018 Sep;66(9):1721-9.

Johnson HA, Barrett L. Your teaching strategy
matters: how engagement impacts application in
health information literacy instruction. J Med Libr
Assoc JMLA. 2017 Jan;105(1):44—8

Received: 08.08.2024
Accepted for publication: 23.10.2024

Address for correspondence:

David Coutinho

Department of Public Health Dentistry,

KLE VK Institute of Dental Sciences,

KLE Academy of Higher Education and Research
(KLE University), Belagavi, India;

email: coutinho.david§@gmail.com

325



PRZEGL EPIDEMIOL 2024;78(3): 326-332 Medical microbiology / Mikrobiologia medyczna

https://doi.org/10.32394/pe/192794

Beata Irena Rozwadowska, Marta Albertynska, Grzegorz Hudzik

APPLICATION OF WHOLE GENOME SEQUENCING TO ASSESS
THE RELATEDNESS OF SALMONELLA ENTERITIDIS STRAINS ISOLATED
IN THE SILESIAN VOIVODESHIP

ZASTOSOWANIE SEKWENCJONOWANIA PELNOGENOMOWEGO DO OCENY
POKREWIENSTWA SZCZEPOW SALMONELLA ENTERITIDIS WYIZOLOWANYCH
NA TERENIE WOJEWODZTWA SLASKIEGO

Voivodeship Sanitary and Epidemiological Station in Katowice, Poland
Wojewodzka Stacja Sanitarno-Epidemiologiczna w Katowicach

ABSTRACT

BACKGROUND. Gram-negative Salmonella bacilli are one of the most common bacterial causes of
gastrointestinal infections. Well-selected and targeted microbiological diagnostics enable the detection and
identification of the etiological agent of infection, however, standardized, routine and recommended methods
do not always allow for the identification of the biological agent in an unambiguous manner. Next-generation
sequencing has become an ideal tool for identifying microorganisms and tracking infection transmission in
outbreaks for epidemiological purposes.

OBJECTIVE. The aim of the study was to assess the genomic relatedness of Salmonella Enteritidis strains using
whole genome sequencing in the foodborne outbreak in August-September 2023 in the Silesian Voivodeship.
MATERIAL AND METHODS. The research material consisted of 11 strains of S. Enteritidis for which whole
genome sequencing was performed using Illumina technology and the relationship between serotypes was
assessed using bioinformatics tools.

RESULTS. The genomes of all S. Enteritidis isolates were assigned to HC2 53128, which may indicate a very
close relationship between the strains.

CONCLUSIONS. Whole genome sequencing enabled the assessment of the genomic relatedness of S. Enteritidis
strains in the foodborne outbreak in August-September 2023 in the Silesian Voivodeship.

Key words: NGS, WGS, Salmonella, foodborne outbreaks
STRESZCZENIE

WPROWADZENIE. Gram-ujemne pateczki Salmonella sa jedng z najczgstszych bakteryjnych przyczyn za-
kazen jelitowo-zotadkowych. Dobrze dobrana i celowana diagnostyka mikrobiologiczna umozliwia wykrycie
i identyfikacje czynnika etiologicznego zakazenia, jednakze nie zawsze metody wystandaryzowane, rutynowe
i rekomendowane pozwalaja na identyfikacj¢ czynnika biologicznego w sposob jednoznaczny. Sekwencjonowa-
nie nowej generacji stato si¢ idealnym narzedziem do identyfikacji mikroorganizmoéw oraz $ledzenia transmisji
zakazen w ogniskach do celow epidemiologicznych.

CEL. Celem badania byta ocena pokrewienstwa genomowego szczepdw Salmonella Enteritidis z wykorzysta-
niem sekwencjonowania petnogenomowego w ognisku zatrucia zbiorowego w okresie sierpien-wrzesien 2023 r.
na terenie wojewodztwa $laskiego.

MATERIAL I METODY. Materiat do badan stanowito 11 szczepdw S. Enteritidis, dla ktorych przeprowadzo-
no sekwencjonowanie pelnogenomowe w technologii [llumina oraz dokonano oceny pokrewienstwa pomig¢dzy
serotypami z wykorzystaniem narze¢dzi bioinformatycznych.

WYNIKI. Genomy wszystkich izolatéw S. Enteritidis zostaty przypisane do HC2 53128, co moze wskazywac
na bardzo bliskie pokrewienstwo pomiedzy szczepami.

This article is available in the Open Access model and licensed under Creative Commons Attribution-Non-Commercial 4.0. (CC BY-NC)
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WNIOSKI. Sekwencjonowanie pelnogenomowe umozliwito oceng pokrewienstwa genomowego Szczepow
S. Enteritidis w ognisku zatrucia zbiorowego w okresie sierpien-wrzesien 2023 r. na terenie wojewodztwa $la-

skiego.

Stowa kluczowe: NGS, WGS, Salmonella, ognisko zatrucia

BACKGROUND

Gram-negative Salmonella bacilli are one of the
most common bacterial causes of gastrointestinal
infections. The genus Salmonella includes two
species: Salmonella enterica and Salmonella bongori.
S. enterica includes 6 subspecies, with each subspecies
containing multiple serovars (serotypes). More than
2,500 serovars have been described, including those
pathogenic to humans and animals. The subspecies
S. enterica subsp. enterica has the most serovars and
contains the most clinically significant serovars. Some
of the most common serovars include: Enteritidis,
Typhimurium, monophasic Typhimurium, Infantis
and Virchow (1-4).

Mainly children under 5 years of age, people
over 60 years of age and people who eat outside the
home, especially in the summer, are most at risk
of Salmonella infections. Infection occurs after
consuming contaminated food and water and via the
fecal-oral route. The sources of infection are mainly
dairy products, eggs and poultry meat prepared in bad
hygienic and sanitary conditions, without sufficient
thermal treatment, as well as raw fruit and vegetables
(5-98).

Salmonella bacilli are responsible for four clinical
forms of infection, i.e. enteritis, sepsis, typhoid fever
or paratyphoid fever, and asymptomatic carriage,
of which the most common form of salmonellosis is
enteritis. Symptoms usually appear after 12-72 hours
and include nausea, vomiting and diarrhea. They may
be accompanied by fever, abdominal cramps, muscle
pain and headaches. Symptoms usually disappear
spontaneously after about 4-7 days (1-3).

Well-selected and targeted microbiological
diagnostics enable the detection and identification
of the etiological agent of infection, however,
standardized, routine and recommended methods do
not always allow for the identification of the biological
agent in an unambiguous manner. Therefore, Next
Generation Sequencing (NGS) has become an ideal
tool for identifying microorganisms and tracking
the transmission of infections in outbreaks for
epidemiological purposes (9). Sequencing using NGS
technology enables verification and in-depth analysis
of the whole genome of microorganisms (WGS, Whole
Genome Sequencing) (10). The advantages of using this
technology in the field of epidemiology were clearly
visible during the COVID-19 pandemic, when it was

WSTEP

Gram-ujemne pateczki Salmonella sa jedng z naj-
czestszych bakteryjnych przyczyn zakazen jelitowo-
zotadkowych. Do rodzaju Salmonella zalicza si¢ dwa
gatunki: Salmonella enterica oraz Salmonella bon-
gori. S. enterica obejmuje 6 podgatunkow, z czego
kazdy podgatunek zawiera wiele serowarow (seroty-
pow). Opisano ponad 2500 serowarow, w tym sero-
wary patogenne dla cztowieka i zwierzat. Podgatunek
S. enterica subsp. enterica posiada najwiecej serowa-
réw i zawiera serowary najbardziej znaczace z klinicz-
nego punktu widzenia. Jednymi z najcze$ciej wystepu-
jacych serowaréw sa m.in. Enteritidis, Typhimurium,
jednofazowa Typhimurium, Infantis i Virchow (1-4).

Na zakazenia wywotane Salmonella narazone sg
gtéwnie dzieci ponizej 5 roku zycia, osoby powyzej 60
roku zycia oraz osoby, ktore spozywaja pokarmy poza
domem, szczegblnie w okresie letnim. Do zakazenia
dochodzi po spozyciu zanieczyszczonej zywnoSci
i wody oraz drogg fekalno-oralna. Zrodtem zakazenia
sg glownie produkty nabiatowe, jajka oraz migso dro-
biowe przygotowane w ztych warunkach higieniczno-
sanitarnych, bez wystarczajacej obrobki termicznej,
a takze surowe owoce i warzywa (5-8).

Pateczki Salmonella odpowiadaja za cztery posta-
cie kliniczne zakazenia tj. zapalenie jelit, sepse, dur
brzuszny i dury rzekome oraz bezobjawowe nosiciel-
stwo, z czego najczestsza postacia salmonellozy jest
zapalenie jelit. Objawy pojawiaja si¢ zwykle po 12-72
godzinach i sg to nudnosci, wymioty, biegunka. Towa-
rzyszy¢ im moze goraczka, skurcze brzucha oraz bole
miesni i glowy. Objawy zwykle po okoto 4-7 dniach
ustepuja samoistnie (1-3).

Dobrze dobrana i celowana diagnostyka mikrobio-
logiczna umozliwia wykrycie i identyfikacj¢ czynnika
etiologicznego zakazenia, jednakze nie zawsze meto-
dy wystandaryzowane, rutynowe i rekomendowane
pozwalaja na identyfikacj¢ czynnika biologicznego
w sposob jednoznaczny. Dlatego tez sekwencjonowa-
nie nowej generacji NGS (ang. Next Generation Sequ-
encing) stato si¢ idealnym narzedziem do identyfikacji
mikroorganizmow oraz $ledzenia transmisji zakazen
w ogniskach do celéw epidemiologicznych (9). Se-
kwencjonowanie w technologii NGS umozliwia wery-
fikacje 1 doglebng analize catego genomu mikroorga-
nizmoéow (WGS, ang. Whole Genome Sequencing) (10).
Zalety zastosowania tej technologii w obszarze epi-
demiologii byly dobrze widoczne w dobie pandemii

327



Application of whole genome sequencing

Zastosowanie sekwencjonowania petnogenomowego

widely used for molecular surveillance of circulating
variants of the SARS-CoV-2 (11). Currently, NGS is
widely used in research in the field of oncology and
diagnosis of genetic diseases, while the use of this
technology in microbiological diagnostics on a large
scale requires methodological standardization (9).

The aim of the study was to assess the genomic
relatedness of Salmonella Enteritidis strains using
whole genome sequencing in the foodborne outbreak
in August-September 2023 in the Silesian Voivodeship.

MATERIAL AND METHODS

The research material consisted of 11 strains
of S. Enteritdis, delivered to the Interdisciplinary
Molecular Diagnostics Laboratory at the Voivodeship
Sanitary and Epidemiological Station (WSSE) in
Katowice by the District Sanitary and Epidemiological
Station (PSSE) in Tychy and the Food Microbiology
Laboratory in the WSSE in Katowice, in order to
whole genome sequencing and assess the relationship
between serotypes. The strains were cultured from
9 stool samples (Sal Seq 59-67) delivered to the PSSE
Laboratory in Tychy from sick people and carriers in
August-September 2023, and from 2 food samples (Sal
Seq 68-69), collected from outbreak of food poisoning
by the PSSE in Tychy. The tests were carried out
using the bacterial cultures and then confirmed
by biochemical and serological methods based on
the ,,Recommendations for laboratory diagnosis of
gastrointestinal infections with bacteria growing in
aerobic and microaerophilic conditions”. Serotype
was determined according to the White-Kauffmann-
Le Minor scheme (12).

Sequencing was performed by NGS using the
MiniSeq system (Illumina, San Diego, CA, USA).
All sample preparation steps and sequencing libraries
were performed according to the Illumina DNA Prep
protocol.

In order to assess the relationship between the
strains, sequencing data in the form of FASTQ files
were entered into the EnteroBase (Warwick Medical
School, University of Warwick, UK), where cgMLST
(Core Genome Multi-Locus Sequence Typing) and
HierCC (Hierarchical Clustering of CgMLST) and
Achtman 7 gene MLST analyzes were performed.
S. Enteritidis serotypes were verified and confirmed
using the SISTR1 and SeqSero2 algorithm in
EnteroBase.

RESULTS

Genoserotyping performed using the SISTRI
and SeqSero2 algorithm confirmed the S. Enteritidis
serotype (9:g,m:-) in all sequenced isolates. MLST
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COVID-19, kiedy to na szeroka skal¢ wykorzystywa-
no jg do nadzoru molekularnego nad krazacymi wa-
riantami wirusa SARS-CoV-2 (11). Obecnie NGS ma
szerokie zastosowanie w badaniach z zakresu onkolo-
gii 1 diagnostyki chorob o podtozu genetycznym, na-
tomiast wykorzystanie tej technologii w diagnostyce
mikrobiologicznej na szerokg skalg wymaga miedzy
innymi standaryzacji metodologicznej (9).

Celem badania byta ocena pokrewienstwa genomo-
wego szczepodw Salmonella Enteritidis z wykorzysta-
niem sekwencjonowania petnogenomowego w ogni-
sku zatrucia zbiorowego w okresie sierpien-wrzesien
2023 r. na terenie wojewodztwa $laskiego.

MATERIAL I METODY

Materiat do badan stanowilo 11 szczepdw
S. Enteritidis, przekazanych do Interdyscyplinarnej
Pracowni Diagnostyki Molekularnej w Wojewodzkiej
Stacji Sanitarno-Epidemiologicznej w Katowicach
przez Powiatowa Stacj¢ Sanitarno-Epidemiologiczna
w Tychach oraz Pracownie Mikrobiologii Zywnosci
WSSE w Katowicach, w celu przeprowadzenia se-
kwencjonowania pelnogenomowego i oceny pokre-
wienstwa pomigdzy serotypami. Szczepy zostalty wy-
hodowane z 9 probek katu (Sal Seq 59 — 67) dostar-
czonych do Laboratorium PSSE w Tychach od os6b
chorych i nosicieli w okresie sierpien-wrzesien 2023 r.,
oraz z 2 probek zywnosci (Sal Seq 68-69), pobranych
w ramach opracowania ogniska zatrucia pokarmowe-
go na obszarze nadzorowanym przez PSSE w Tychach.
Badania byly przeprowadzone metoda hodowlana,
a nastepnie potwierdzone metodami biochemicznymi
1 serologicznymi w oparciu o ,,Rekomendacje labo-
ratoryjnej diagnostyki zakazen przewodu pokarmo-
wego bakteriami rosnagcymi w warunkach tlenowych
oraz mikroaerofilnych”. Serotyp okreslono zgodnie ze
schematem White’a-Kauffmanna-Le Minora (12).

Sekwencjonowanie przeprowadzono metodg NGS
z wykorzystaniem systemu MiniSeq (Illumina, San
Diego, CA, USA). Wszystkie etapy przygotowania
probek oraz biblioteki do sekwencjonowania przepro-
wadzono zgodnie z protokotem Illumina DNA Prep.

W celu oceny pokrewienstwa pomiedzy szczepa-
mi dane sekwencjonowania w postaci plikow FASTQ
zostaty wprowadzone do bazy EnteroBase (Warwick
Medical School, University of Warwick, UK), gdzie
dokonano analizy cgMLST (ang. Core Genome Multi
-Locus Sequence Typing) 1 HierCC (ang. Hierarchical
Clustering of CgMLST) oraz Achtman 7 gene MLST.
Przynaleznos$¢ do serotypu S. Enteritidis zostata zwe-
ryfikowana i potwierdzona z wykorzystaniem algoryt-
mu SISTR1 i SeqSero2 w EnteroBase.
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typing showed that all sequenced S. Enteritidis strains
belong to the ST11 type and show no differences in 7
housekeeping genes.

Inthe cgMLST +HierCC analysis in the EnteroBase,
all S. Enteritidis isolates were assigned to HC2 53128,
which may indicate a very close relationship between
the strains. The HC2 (Hierarchical Clustering) cut-off
means that the maximum allelic difference between
genomes is 2.

The genomes of six isolates with Sal Seq numbers
60, 62, 63, 65, 67, 69 were assigned to HCO 53128,
which may indicate that these strains do not show any
differences between the genomes. The HCO cut-off
means maximum allelic difference between genomes
is 0 (Table 1).

DISCUSSION

Next  Generation Sequencing  represents
a technological revolution after Sanger sequencing,
which was first introduced in 1977. Mass and
commercial sequencing has only been in operation for
about a dozen years. NGS is a technology that enables
the simultaneous sequencing of millions of DNA or
RNA sequences. The advantage of NGS compared
to Sanger sequencing is higher throughput due to the
possibility of multiplexing samples and, consequently,
lower sequencing cost. The increase in sequencing
throughput has changed the view of the genome.
Currently, a human genome can be sequenced in
just a few days. Reducing the costs of sequencing
has caused this method being used in medicine and
diagnostics, especially in the prognosis and therapy of
hereditary diseases, cancers and infectious diseases
(13-15).

WYNIKI

Genoserotypowanie przeprowadzone z wykorzy-
staniem algorytmu SISTR1 i SeqSero2 potwierdzito
serotyp S. Enteritidis (9:g,m:-) we wszystkich zsekwen-
cjonowanych izolatach. Typowanie MLST wykazato,
ze wszystkie zsekwencjonowane szczepy S. Enteritidis
naleza do typu ST11 i nie wykazuja réznic w odniesie-
niu do 7 genow metabolizmu podstawowego.

W analizie cgMLST + HierCC w bazie EnteroBase
wszystkie izolaty S. Enteritidis zostaly przypisane do
HC2 53128, co moze wskazywac¢ na bardzo bliskie
pokrewienistwo pomigdzy szczepami. Punkt odcig-
cia HC2 (ang. Hierarchical Clustering) oznacza, ze
maksymalna réznica alleliczna migdzy genomami
wynosi 2.

Genomy szesciu izolatow o numerach Sal Seq 60,
62, 63, 65, 67, 69 zostaty przypisane do HCO 53128,
co moze wskazywac, ze szczepy te nie wykazujg
zadnych réznic pomiedzy genomami. Punkt odcigcia
HCO — maksymalna roznica alleliczna migdzy geno-
mami wynosi 0 (Tabela 1).

DYSKUSJA

Sekwencjonowanie nowej generacji NGS stano-
wi prawdziwg rewolucje technologiczna po sekwen-
cjonowaniu Sangera, ktore zostalo po raz pierwszy
wprowadzone w 1977 roku. Masowe i komercyjne
sekwencjonowanie funkcjonuje dopiero od okoto kil-
kunastu lat. Sekwencjonowanie nowej generacji to
technologia umozliwiajaca jednoczesne sekwencjo-
nowanie milionow sekwencji DNA lub RNA. Zaleta
NGS w poréwnaniu z sekwencjonowaniem metoda
Sangera jest wyzsza przepustowos¢, spowodowana
mozliwo$cig multipleksowania probek, a co za tym

Table 1. Results of cgMLST and HierCC analysis performed using EnteroBase
Tabela 1. Wyniki analizy cgMLST i HierCC przeprowadzonej z wykorzystaniem EnteroBase

No. Sample code Serovar As;f:rtzc Bgfligifo:g;n HCO HC2 HCS HC10
L. Sal Seq 59 S. Enteritidis 9:g,m:- SAL UB4683AA | 377659 | 53128 1358 413
2. Sal Seq 60 S. Enteritidis 9.g,m:- SAL UB4686AA | 53128 | 53128 1358 413
3. Sal Seq 61 S. Enteritidis 9:g,m:- SAL UB4687AA | 377664 | 53128 1358 413
4. Sal Seq 62 S. Enteritidis 9:g,m:- SAL UB4690AA | 53128 | 53128 1358 413
3. Sal Seq 63 S. Enteritidis 9:.g,m:- SAL UB4691AA | 53128 | 53128 1358 413
6. Sal Seq 64 S. Enteritidis 9:g,m:- SAL UB4689AA | 377668 | 53128 1358 413
7. Sal Seq 65 S. Enteritidis 9:g,m:- SAL UB4688AA | 53128 | 53128 1358 413
8. Sal Seq 66 S. Enteritidis 9:g,m:- SAL UB4707AA | 377671 | 53128 1358 413
9. Sal Seq 67 S. Enteritidis 9:g,m:- SAL UB4706AA | 53128 | 53128 1358 413
10. Sal Seq 68 S. Enteritidis 9:g,m:- SAL UB4703AA | 377671 | 53128 1358 413
11. Sal Seq 69 S. Enteritidis 9:g,m:- SAL UB4705AA | 53128 | 53128 1358 413
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Application of whole genome sequencing

Zastosowanie sekwencjonowania petnogenomowego

Whole genome sequencing of microorganisms
enables their identification for clinical and
epidemiological purposes. According to the latest
recommendations of EFSA (European Food Safety
Authority) regarding the use of WGS in outbreaks,
it is recommended to use the SeqSero2 algorithm
to identify Salmonella serotypes. Its advantage is
the ability to determine the serotype directly from
raw sequencing reads, i.e. without time-consuming
genome assembly (16,17).

Genetic typing is also used to assess relatedness and
to track transmission in epidemiological investigations.
The MLST method is considered the gold standard
in genotyping for many bacterial pathogens. This
method provides clear and repeatable results thanks
to general access to sequences and tools for analysis
and comparison. This technique plays a significant
role in analyzes of populations, strains or outbreaks on
a global scale (18).

Basically, the MLST method is based on the
sequencing of seven basic metabolism genes, while its
extended version is currently preferred, based on the
core genome, i.e. a set of genes found in all strains of
a given species — cgMLST. Additionally, hierarchical
clustering (HierCC) is performed based on cgMLST
(10,18). Strains at the HC5 level and above are
considered endemic strains, while strains belonging
to the HC2 and HCO levels are considered closely
related strains. However, this interpretation may vary
depending on the variability of the pathogen and the
dispersion of the outbreak.

WGS analysis conducted by the WSSE laboratory
in Katowice showed not only the relationship between
the strains isolated from sick people and carriers, but
also confirmed the presence of the same strain in
the material isolated from food samples. The close
relationship between strains from feces and food,
demonstrated by cgMLST + HierCC analysis, may
indicate that the source of infection in the outbreak
was contaminated food.

In 2022, WGS enabled the identification of one
of the largest outbreaks of S. Typhimurium infection
in Europe, the source of which was chocolate. It was
similar in the case of the epidemiological investigation
into the outbreak of S. Mbandaka (2022) and S.
Enteritidis (2023) infections, isolated from poultry
meat. The activities were coordinated by EFSA and
ECDC (European Center for Disease Prevention and
Control) (19-21). Furthermore, WGS helps detect
not only known antimicrobial resistance genes and
mechanisms, but also new genes or mechanisms that
are not currently defined. For example, WGS is also
used to identify Escherichia coli, Campylobacter,
Clostridioides, Cronobacter, Helicobacter, Listeria
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idzie nizszy koszt sekwencjonowania. Wzrost prze-
pustowosci sekwencjonowania zmienit spojrzenie na
genom. Obecnie genom czlowieka mozna zsekwencjo-
nowac w ciggu zaledwie kilku dni. Obnizenie kosztow
sekwencjonowania spowodowato, ze metoda ta znala-
zta zastosowanie w medycynie i diagnostyce, zwlasz-
cza w prognozowaniu i terapii choréb dziedzicznych,
nowotworow i chordb zakaznych (13-15).

Sekwencjonowanie catego genomu (WGS) mi-
kroorganizmow pozwala na ich identyfikacje do ce-
16w klinicznych i epidemiologicznych. Wedtug naj-
nowszych rekomendacji EFSA (ang. European Food
Safety Authority, Europejski Urzad ds. Bezpieczen-
stwa Zywnoéci) dotyczacych wykorzystania WGS
w ogniskach, do identyfikacji serotypow Salmonella
zaleca si¢ stosowanie algorytmu SeqSero2. Jego zaletg
jest mozliwo$¢ okreslenia serotypu bezposrednio z su-
rowych odczytow sekwencjonowania, czyli bez czaso-
chtonnego sktadania genomu (16,17).

Typowanie genetyczne wykorzystywane jest row-
niez do oceny pokrewienstwa i w celu §ledzenia trans-
misji w dochodzeniach epidemiologicznych. Metoda
MLST jest uznawana jako ztoty standard w genoty-
powaniu dla wielu bakteryjnych patogenow. Metoda ta
dostarcza jednoznaczne i powtarzalne wyniki dzigki
ogbélnemu dostgpowi do sekwencji oraz narzedzi po-
zwalajacych na analiz¢ i pordbwnywanie. Technika ta
odgrywa znaczng rolg w szerszych analizach popu-
lacji, szczepdw czy tez ognisk w skali globalnej (18).
Zasadniczo metoda MLST opiera si¢ na sekwencjono-
waniu siedmiu gendéw metabolizmu podstawowego,
natomiast obecnie preferowana jest jej szersza od-
miana oparta na genomie rdzeniowym, czyli zbiorze
gendow wystepujacych u wszystkich szczepow danego
gatunku — cgMLST. Dodatkowo w oparciu o cgMLST
dokonuje si¢ hierarchicznego klastrowania — HierCC
(10,18). Szczepy identyczne tylko przy poziomie HCS
1 wyzej uwaza si¢ za szczepy wystepujace endemicz-
nie, natomiast szczepy nalezace do poziomu HC2
i HCO za szczepy blisko spokrewnione. Jednakze, in-
terpretacja ta moze by¢ inna w zaleznosci od zmienno-
$ci patogenu i rozproszenia ogniska.

Analiza WGS przeprowadzona przez laboratorium
WSSE w Katowicach wykazata nie tylko pokrewien-
stwo pomiedzy wyizolowanymi szczepami od 0sob
chorych i nosicieli, ale réwniez potwierdzila obec-
no$¢ tego samego szczepu w materiale wyizolowanym
z probek zywnosci. Bliskie pokrewienstwo pomigdzy
szczepami wyhodowanymi z katu i zywnosci, wy-
kazane za pomoca analizy cgMLST + HierCC moze
$wiadczy¢, ze zrodlem zakazenia w ognisku byta ska-
zona zywnos¢.

W 2022 roku WGS umozliwito identyfikacje jed-
nego z najwickszych ognisk zakazenia S. Typhi-
murium w Europie, ktorej zrodlem byla czekolada.
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monocytogenes, Moraxella, Mycobacterium, Shigella,
Yersinia, and Vibrio (10).

NGS technologies are changing the face of clinical
microbiological diagnostics. Although NGS cannot
replace the conventional microbiology, the amount
of information provided by sequencing will certainly
improve patient care and epidemiological surveillance
of infections and infectious diseases.

CONCLUSIONS

— Whole genome sequencing enabled the assessment
of the genomic relatedness of S. Enteritidis strains
in the foodborne outbreak in August-September
2023 in the Silesian Voivodeship.

— Close genetic similarity was demonstrated
between the analyzed S. Enteritidis genomes,
which may indicate a common origin and source
of transmission of the isolated strains.
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ABSTRACT

COVID-19 is severe respiratory and systemic disease with complex pathogenesis and many clinical symptoms,
including symptoms from respiratory system, immunology system, cardio-vascular system, haematopoietic
system and neurological system. Severe character of the disease is associated with occurrence of respiratory
failure, septic shock, multiple organ dysfunctions syndrome, which can lead to patients death due to cardiac
arrest.

Knowledge about interactions between the virus and human proteins as well as knowledge of immunological
mechanisms against infection is a key to identifying the area of virus activity and severity factors of COVID-19.
Multiple variants of genes encoding proteins involved in host cell invasion by SARS-CoV-2 virus have been
identified: ACE2 and TMPRSS2, TMPRSSI1A (HGNC:27954), ELANE (HGNC:3309), CTSL (HGNC:2537),
IL-6 rs1800795 variant associated with an increased risk of COVID-19, variant rs35705950:G>T located in
the promoter of the MUC5B gene (11p15.5), encoding a protein that plays a key role in maintaining the proper
function of the bronchoalveolar epithelium, having a protective effect against the form of the disease requiring
hospitalization of the patient, as well as GC rs2282679 gene variant in the vitamin D binding protein associated
with a more severe course of COVID-19. 48 of these variants were proved to be directly specific for some
populations.

Novel techniques of genome analysis enabled the research of the impact of specific polymorphism variants
on the severity of various diseases including, COVID-19. Genetic factors analysis can permit understanding
of disease pathogenesis, which is a chance to find effective treatment and prevention methods. Collected data
from literature indicate that, in the case of COVID-19 disease, there are genes polymorphisms which affect the
severity course.

Keywords: polymorphism, gene, severity, COVID-19
STRESZCZENIE

COVID-19 jest cigzka oddechowa i ogdlnoustrojowa chorobg o ztozonej patogenezie i szerokim spektrum obja-
wow klinicznych, obejmujgca objawy ze strony uktadu oddechowego, immunologicznego, sercowo-naczynio-
wego, pokarmowego, hematopoetycznego oraz neurologicznego. Cigzka posta¢ choroby wigze si¢ z wystepowa-
niem niewydolnosci oddechowej, wstrzasu septycznego, niewydolnosci wielonarzadowej, ktére w mechanizmie
zatrzymania krgzenia moga skutkowac zgonem pacjenta.

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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The impact of genetic polymorphism Wplyw polimorfizmu genetycznego

Znajomos¢ interakcji wirusa z ludzkimi biatkami oraz mechanizmu odpornos$ciowego przeciwko infekcji
ma kluczowe znaczenie dla identyfikacji miejsc dzialania wirusa oraz czynnikow ciezkosci przebiegu CO-
VID-19. Zidentyfikowano roézne warianty genéw kodujacych biatka biorace udziat w inwazji komorki gospo-
darza wirusem SARS-CoV-2: ACE2 i TMPRSS2, TMPRSS11A (HGNC:27954), ELANE (HGNC:3309), CTSL
(HGNC:2537), wariant IL-6 rs1800795 zwigzany ze zwickszonym ryzykiem zachorowania na COVID-19, wa-
riant 1s35705950:G>T zlokalizowany w promotorze genu MUCS5B (11p15,5) kodujacego biatko odgrywajace
kluczowa role w zachowaniu prawidtowej funkcji nabtonka oskrzelowo-pecherzykowego, majacy dziatanie pro-
tekcyjne przed postacia choroby wymagajaca hospitalizacji pacjenta oraz wariant genu GC rs2282679 w biatku
wigzacym witaming D zwigzany z cigzszym przebiegiem COVID-19. Obecnie wyrdzniono 48 takich wariantow
i cze$¢ z nich okazata si¢ wystepowac czgsciej w konkretnych populacjach.

Techniki analizy genomu ludzkiego umozliwily badania nad wpltywem wystepowania poszczegélnych poli-
morfizméw na cigzko$¢ przebiegu roznych schorzen, w tym infekcji COVID-19. Analiza czynnikéw genetycz-
nych moze pozwoli¢ zrozumie¢ jej patogeneze, co daje szanse na odnalezienie skutecznych metod leczenia oraz
profilaktyki. Zebrane dane z pi$miennictwa wskazuja, ze w przypadku choroby COVID-19 istnieja polimorfi-
zmy gendw, ktore wplywaja na ciezkosc jej przebiegu.

Stowa kluczowe: polimorfizm, COVID-19, gen, cigzkos¢ choroby

INTRODUCTION

COVID-19 is a severe respiratory and systemic
disease with complex pathogenesis and a wide
spectrum of clinical symptoms, including symptoms
of the respiratory, immune, cardiovascular, digestive,
hematopoietic and neurological systems (1,2). Among
more than 750 million SARS-CoV-2 infections
worldwide, the disease has resulted in the death of over
7 million people (3). The course of the disease varies:
from asymptomatic, through mild, to severe forms,
resulting in respiratory failure and often leading to
death. The risk factors for a severe course include:
old age, smoking, hypertension, diabetes, COPD and
cancer (4). The severe form of the disease is associated
with the occurrence of respiratory failure, septic
shock, and multi-organ failure, which may result in the
patient’s death due to cardiac arrest (5).

Knowledge on virus interactions with human
proteins and the immune mechanism against infection
is crucial to identifying the sites of viral action and the
severity of COVID-19. SARS-CoV-2 infects alveolar
epithelial cells through endocytosis via appropriate
receptors. The SARS-CoV-2 spike (S) protein binds
to the ACE2 receptor, which is expressed in several
organs, including the lungs, heart, kidneys, and
intestines (6). An increased level of ACE2 is associated
with the occurrence of risk factors for COVID-19
disease and its clinical course, such as advanced
age, male sex and smoking (7). After binding to the
receptor, the virus enters the host cell cytosol through
proteolytic cleavage of the S protein, during which
certain proteases, including transmembrane serine
protease 2 (TMPRSS2) and cathepsin L (CTSL), cleave
into the S domains, mediating transmembrane virus
fusion (8). Various variants of genes encoding proteins
involved in host cell invasion with the SARS-CoV-2
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WSTEP

COVID-19 jest ciezka oddechows i ogélnoustrojo-
wa chorobg o zlozonej patogenezie i szerokim spek-
trum objawéw klinicznych, obejmujaca objawy ze
strony ukladu oddechowego, immunologicznego,
sercowo-naczyniowego, pokarmowego, hemato-po-
etycznego oraz neurologicznego (1,2). Sposrod zare-
jestrowanych ponad 750 milionéw zakazen wirusem
SARS-CoV-2 na $wiecie, choroba doprowadzita do
zgonu ponad 7 milionéw ludzi (3). Przebieg choroby
jest zréznicowany: od postaci bezobjawowych przez
fagodne, az po cig¢zkie, skutkujace niewydolnoscig od-
dechowa, niejednokrotnie prowadzace do $mierci. Do
czynnikow ryzyka cigzkiego przebiegu naleza miedzy
innymi: podeszty wiek, palenie tytoniu, nadci$nienie
tetnicze, cukrzyca, POChP oraz choroby nowotworo-
we (4). Ciezka posta¢ choroby wiaze si¢ z wystepowa-
niem niewydolnosci oddechowej, wstrzasu septyczne-
go, niewydolnosci wielonarzagdowej, ktore w mechani-
zmie zatrzymania krazenia moga skutkowaé zgonem
pacjenta (5).

Znajomos¢ interakcji wirusa z ludzkimi biatkami
oraz mechanizmu odporno$ciowego przeciwko infek-
cji ma kluczowe znaczenie dla identyfikacji miejsc
dziatania wirusa oraz cigzkos$ci przebiegu COVID-19.
SARS-CoV-2 infekuje komorki nabtonka pgcherzykow
ptucnych poprzez endocytoze za posrednictwem od-
powiednich receptoréow. Biatko kolca (S) SARS-CoV-2
wigze si¢ z receptorem ACE2, ktory ulega ekspres;ji
w kilku narzadach, w tym w phucach, sercu, nerkach
i jelitach (6). Podwyzszony poziom ACE2 wigzany
jest z wystgpowaniem czynnikéw ryzyka zachorowa-
nia COVID-19 oraz jego przebiegu klinicznego, takich
jak: zaawansowany wiek, pte¢ meska oraz palenie ty-
toniu (7). Po zwigzaniu si¢ z receptorem wirus przedo-
staje si¢ do cytozolu komorki gospodarza poprzez pro-
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virus have been identified: ACE2 and TMPRSS2,
TMPRSSI1A (HGNC:27954), ELANE (HGNC:3309)
and CTSL (HGNC:2537). Currently, 48 such variants
have been identified and some of were proved to be
more common in specific populations (9).

In a normal immune response to SARS-CoV-2
infection, recruited immune cells fight the infection in
the lungs, leading to the patient’s recovery. When the
disease develops unfavorably, the so-called “cytokine
storm” occurs, in which an increase in IL-2, IL-6, IL-7,
IL-10, granulocyte colony-stimulating factor (G-CSF),
IP-10, MCP-1, macrophage inflammatory proteinla
(MIP-1a) and tumor necrosis factor-alpha (TNF-a) is
observed in the patient’s serum (10). On the contrary,
in patients with severe COVID-19, it is observed that
an increase in IL-6 concentration is associated with an
unfavorable prognosis (11). Several variants of the IL-6
gene (HGNC:6018) that presented different expression
of this cytokine in multiple diseases, were tested.
Variants rs1800795 (-174C) and variant rs1800796
(-572C) were associated with higher concentrations
of this cytokine (12,13) and an increased risk of upper
respiratory tract infections (14-16). IFN variants that
are possibly associated with the severe course of
COVID -19 were also detected, suggesting the use of
IFN I as a potential therapy in these patients (17).

* * *

Considering the documented influence of the
genetic background on the course of many infectious
diseases, including coronavirus infection (18), in this
paper we present the tested and identified genetic
variants that determine the inter-individual variability
in the severity of COVID-19.

ACE2. ACE2 is an enzyme responsible for
catalyzing disintegration Ang II to Ang (1-7), Ang
I to Ang (1-9), and participates in the hydrolysis of
different other peptides (19). ACE2 has an important
role in regulating the hemodynamics of blood flow
in blood vessels. As a result of hydrolysis, Ang (1-7)
is formed, which binds to the Mas receptor and this
leads to vasodilatation, antagonizing the action of Ang
11 (19,20).

The ACE2 receptor is a kind of ,,entrance door” the
SARS-CoV-2 virus to human cells. It turns out that
the virus uses its spike, which contains amino acid
residues interacting with ACE2 receptor and in this
way the virus uses receptor to enter the cell (21). In
a meta-analysis conducted by Gupta et al., researchers
identified ACE2 polymorphisms associated with an
increased risk of severe symptoms in the course of
COVID-19. These are ACE2 rs2285666, ACE2 rs
2106809, ACE2 152074192 polymorphisms (22).

teolityczne rozszczepienie biatka S, podczas ktorego
niektore proteazy, w tym przez blonowa proteaza se-
rynowa 2 (TMPRSS2) i katepsyna L (CTSL), rozsz-
czepiaja si¢ do domen S, posredniczac w przezbtono-
wej fuzji wirusa (8). Zidentyfikowano rézne warianty
genéw kodujacych biatka biorgce udziat w inwazji
komorki gospodarza wirusem SARS-CoV-2: ACE2
i TMPRSS2, TMPRSSI1A (HGNC:27954), ELANE
(HGNC:3309) oraz CTSL (HGNC:2537). Obecnie wy-
roézniono 48 takich wariantdw 1 ¢z¢$¢ z nich okazata
si¢ wystepowaé czesciej w konkretnych populacjach
).

W prawidlowej odpowiedzi immunologicznej na
zakazenie SARS-CoV-2, zrekrutowane komorki od-
pornosciowe zwalczaja infekcje na poziomie pluc, co
prowadzi do wyzdrowienia pacjenta. W niekorzyst-
nym rozwoju choroby dochodzi do tzw. ,,burzy cyto-
kinowej”, w ktorej w surowicy pacjenta obserwuje si¢
wzrost [L-2, IL-6, IL-7, IL-10, czynnika stymulujace-
go kolonie granulocytow (G-CSF), IP-10, MCP-1, biat-
ka zapalnego makrofagow la (MIP-1a) oraz czynnika
martwicy nowotworu-alfa (TNF-a) (10). Natomiast
u pacjentéw z cigzkim przebiegiem COVID-19 ob-
serwuje sie, iz wzrost stezenia [L-6 wiaze si¢ z nieko-
rzystnym rokowaniem (11). Zbadano kilka wariantow
genu IL- 6 (HGNC:6018), ktore wykazywaty r6zng
ekspresje tej cytokiny w wielu schorzeniach. Warian-
ty rs1800795 (-174C) oraz wariant rs1800796 (-572C)
wigzaly si¢ z wyzszymi stezeniami tej cytokiny
(12,13) oraz zwigkszonym ryzykiem infekcji gornych
drog oddechowych (14-16). Wykryto réwniez warian-
ty IFN prawdopodobnie powigzane z cigzkim przebie-
giem COVID-19 sugerujac zastosowanie IFN I jako
potencjalng terapi¢ u tych pacjentow (17).

* * *

Biorac pod uwage udokumentowany wptyw podto-
za genetycznego na przebieg wielu chorob zakaznych,
w tym zakazenia koronawirusem (18), w niniejszej
pracy przedstawiamy przebadane i zidentyfikowane
warianty genetyczne determinujagce zmienno$¢ mie-
dzyosobnicza w zakresie ci¢zkosci przebiegu CO-
VID-19.

ACE2. ACE2 jest enzymem odpowiedzialnym za
katalizowanie rozpadu Ang Il na Ang (1-7), Ang I na
Ang (1-9) oraz uczestniczy w procesie hydrolizy ro6z-
nych innych peptydow (19). ACE2 petni zatem istot-
ng rolg w regulacji hemodynamiki przeptywu krwi
w naczyniach krwiono$nych. W wyniku hydrolizy
powstaje Ang (1-7), ktora laczy si¢ z receptorem Mas
i to z kolei prowadzi do rozszerzenia naczyn krwiono-
$nych antagonizujac dziatanie Ang II (19,20).

Receptor ACE2 jest rodzajem ,,drzwi wejsciowych”
dla wirusa SARS-CoV-2 do komorek organizmu ludz-
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The observation has been made that the course of
COVID-19 disease is more severe in ACE2 rs2285666
andrs2074192 homozygotes compared to heterozygotes
(22). As a result of transcriptional changes, a stronger
,Splicing” place may be formed, which increases
ACE2 expression by almost 50% (22-24). Rs2285666
heterozygotes show moderate expression of the ACE2
receptor, which may be associated with reduced
chance of developing a severe form of the disease (22).
As the result of ACE2 rs2074192 expression, there is
decreased level of Ang (1-7) in the circulation which
may antagonize the action of Ang II (19,20,25,26). In
the case of this polymorphism a similar association
was observed in ACE2 1s2285666. A significant
association of the ACE2 rs2106809 polymorphism
with the severity of SARS-CoV-2 infection was also
demonstrated, but only in one genotype (23).

Two researches conducted on the Egyptian
population showed that there was no significant
association of the ACE2 rs2285666 polymorphism
with the severity of COVID-19 disease. The correlation
between the ACE2 rs2285666 polymorphism and
the effect on the severity of COVID-19 disease may
depend on ethnic origin (27,28).

Subject of interest was the polymorphism of the
AGTRI rs 5186 gene, for which Gupta K. et al. in
their meta-analysis described a statistically significant
association with the severe course of COVID-19 (22).
AGTRI is and gene encoding the type 1 receptor
for angiotensin II, a protein of the renin-angiotensin
system. This receptor enables the internalization of the
SARS-CoV-2 virus into the host cell. In the infected
cel, the expression of the ACE2 receptor is reduced.
Reduced ACE2 levels lead to increased angiotensin 11
level, which is then converted to Ang 1-7. Increased
angiotensin Il levels cause the activation of transcription
of the AGTRI1 gene, which triggers NF-kB signaling
and the expression of the proinflammatory cytokines
(29). Gupta K et al. found that people with A allele
or the AA genotype of AGTRI1 have higher risk of
progression COVID-19 to severe disease compared to
people with C allele or the CA genotype, which would
confirm the association of reduced AGTR1 levels in
these people with a less severe disease (22).

TMPRSS2. This is the second enzyme, next
to ACE2, which is very important in the process of
SARS-CoV-2 penetration into the host cell. The virus
uses the TMPRSS2 serine protease to prepare the S
protein by its proteolytic cleavage, which allows the
virus to enter the host cells (21). TMPRSS2 genes
are expressed in many human tissues, including the
kidneys, heart, respiratory tract and gastrointestinal
tract (30). These organs are potentially susceptible to
infection with the SARS-CoV-2 virus (31).
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kiego. Okazuje si¢, ze wirus wykorzystuje swoj ko-
lec, ktory zawiera reszty aminokwasowe oddziatuja-
ce z receptorem ACE2 i w ten sposdb wykorzystuje
receptor do wejscia do komorki (21). W metaanalizie
przeprowadzonej przez Guptg i wsp. badacze ziden-
tyfikowali szereg polimorfizméw ACE2 powigzanych
z podwyzszonym ryzykiem wystapienia ci¢zkich ob-
jawow w przebiegu COVID-19. Sg to polimorfizmy
ACE2 152285666, ACE2 152106809, ACE2 152074192
(22).

Zaobserwowano ciezszy przebieg choroby CO-
VID-19 u homozygot ACE2 rs2285666 i 1s2074192
w poréwnaniu z heterozygotami (22). W wyniku prze-
mian transkrypcyjnych moze doj$¢ do powstania sil-
niejszego miejsca ,,splicingu” co zwigksza ekspresje
ACE2 o blisko 50% (22-24). Heterozygoty rs2285666
wykazuja ekspresje receptora ACE2 na umiarkowa-
nym poziomie co moze wigzac si¢ ze zmniejszeniem
ryzyka rozwinigcia cigzkiej choroby (22). W wyni-
ku ekspresji ACE2 rs2074192 dochodzi do obnizenia
stezenia Ang (1-7) w krazeniu, ktora moze antagoni-
zowaé dziatanie Ang I1 (19,20,25,26). W przypadku
tego polimorfizmu zaobserwowano podobny zwigzek
jak w ACE2 rs2285666. Wykazano tez znaczace po-
wigzanie polimorfizmu ACE2 rs2106809 z ciezko$cia
przebiegu zakazenia wirusem SARS-CoV-2, ale tylko
w jednym rodzaju genotypu (23).

W dwoch badaniach przeprowadzonych na popu-
lacji egipskiej wykazano z kolei brak istotnego po-
wigzania polimorfizmu ACE2 rs2285666 z cigzkoscia
choroby COVID-19. Korelacja migdzy polimorfizmem
ACE2 152285666, a wptywem na cigzko$¢ przebiegu
choroby COVID-19 moze zaleze¢ od pochodzenia et-
nicznego (27,28).

Przedmiotem zainteresowan okazat si¢ rowniez po-
limorfizm genu AGTRI1 rs5186, w przypadku ktorego
Gupta K. i wsp. w przeprowadzonej metaanalizie opi-
sali istotne statystycznie powigzanie z cigzkim prze-
biegiem COVID-19 (22). AGTRI to gen kodujacy re-
ceptor typu 1 dla angiotensyny I, biatka uktadu renina
-angiotensyna. Receptor ten umozliwia internalizacj¢
wirusa SARS-CoV-2 do komorki gospodarza. W zain-
fekowanej komorce dochodzi do obnizenia ekspres;ji
receptora ACE2. Obnizony poziom ACE2 prowadzi
do wzrostu stezenia angiotensyny II, ktéra nastgpnie
ulega konwersji do Ang 1-7. Podwyzszone st¢zenie an-
giotensyny II powoduje aktywacje transkrypcji genu
AGTRI1 co w dalszej kolejnosci wyzwala sygnalizacje
NF-«xB i ekspresj¢ cytokin prozapalnych (29). Gupta K
i inni odkryli, iz posiadacze allelu A lub genotypu AA
AGTRI1 wykazuja wyzsze ryzyko progresji COVID-19
do postaci cigzkich choroby w poréwnaniu do uczest-
nikéw z allelem C lub genotypem CA, co potwierdza-
toby powiazanie obnizonego poziomu AGTR1 u tych
0sOb z mniejszym nasileniem choroby (22).
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The role of TMPRSS2 1512329760 gene
polymorphism in the Ukrainian population has been
described. Firstly, the distribution of the TMPRSS2
rs12329760 in this population has been described.
Secondly, the study has proven that the TMPRSS2
rs12329760 is associated with a severe course of
COVID-19. It was noted that among patients with
genotypes TT, CT, CC and COVID-19 disease were
significant differences whether they were treated
with invasive or non-invasive oxygen therapy. The
presence of the T allele in patients undergoing invasive
oxygen therapy was higher than in the other groups
of patients with COVID-19 disease in the Ukrainian
population. Patients with a severe course of the disease
were more often homozygotes with the TT genotype
that patients with a moderate course of COVID-19.
Additionally, it was observed that the frequency of
the TMPRSS2 polymorphisms is different between
various populations in the world (32).

Based on researches of the Iranian population
a significant relationship between the T allele
rs12329760 and the severity of the course of COVID-19
disease was also described (33). Reaserches on the UK
population showed a reduced probability of developing
a severe form of COVID-19 in patients with the
presence of this allele (34). Research conducted on
Italian population also showed that the rs12329760
polymorphism of the TMPRSS2 gene is a protective
factor against the development of a severe form of
COVID-19 disease (35). Researchers conducted on
the Egyptian population showed that the T allele of
rs12329760 was significantly less present in patients
with a severe course of COVID-19. According to the
authors, the CT and TT genotypes reduce the risk of
developing a severe form of COVID-19 disease (27).
Therefore, TMPRSS2 and its correlation with the
severity of the course of COVID-19 may be the result
of the occurrence of ethnic origin-dependent risk
alleles in these populations (28,33).

IL-6. Interleukin-6 plays a crucial role in the
development of respiratory tract inflammation
caused by SARS-CoV-2. Starting from mild forms
of the disease, up to respiratory failure or ARDS.
Inhibiting IL-6 and its signaling pathway can reduce
the inflammatory process and improve the condition
of patients in severe cases (36). Severe SARS-CoV-2
infections are characterized by excessive production
of cytokines and higher mortality. The severity of the
COVID-19 disease is closely related to the increased
concentration of IL-6 (37,38).

Studies on the Turkish population assessed the
relationship between IL-6 concentration, COVID-19
disease development and the occurrence of Macrophage
Activation Syndrome (MAS). MAS is a group of
diseases with a serious prognosis, characterized

TMPRSS2. Jest to drugi obok ACE2 enzym bar-
dzo istotny w procesie wnikania SARS-CoV-2 do
wnetrza komorki gospodarza. Wirus wykorzystu-
je proteaze serynowg TMPRSS2 do odpowiedniego
przygotowania biatka S poprzez jego proteolityczne
rozszczepienie, co umozliwia wniknigcie wirusa do
komorek gospodarza (21). Geny TMPRSS2 ulegaja
ekspresji w wielu tkankach cztowieka, miedzy innymi
w nerkach, sercu, drogach oddechowych czy w prze-
wodzie pokarmowym (30). Narzady te sg potencjalnie
podatne na zakazenie wirusem SARS-CoV-2 (31).

Opisano role polimorfizmu genu TMPRSS2
rs12329760 w populacji ukrainskiej. Po pierwsze zo-
stal opisany rozktad genotypu TMPRSS2 rs12329760
w tejze populacji. Po drugie, badanie wykazato, ze
polimorfizm TMPRSS2 rs12329760 jest powiagzany
z ciezkim przebiegiem COVID-19. Zauwazono, ze
wsrod pacjentéw z genotypami TT, CT, CC i choruja-
cymi na COVID-19 byty znaczace rdznice czy zostali
poddani inwazyjnej badZ nieinwazyjnej tlenoterapii.
Wystepowanie allelu T u pacjentéw poddanych in-
wazyjnej tlenoterapii bytlo wyzsze niz w pozostatych
grupach pacjentéw z chorobg COVID-19 w populacji
ukrainskiej. Pacjenci z ciezkim przebiegiem choroby
czesciej okazywali sie¢ homozygotami o genotypie TT
niz pacjenci z umiarkowanym przebiegiem COVID-19.
Dodatkowo zaobserwowano, ze czgstos¢ wystgpowa-
nia polimorfizmu TMPRSS?2 jest r6zna migdzy rézny-
mi populacjami na §wiecie (32).

Opisano rowniez istotng zaleznos¢ na podstawie
badan populacji Iranu. Odkryto zalezno$¢ migedzy al-
lelem T rs12329760 oraz cigzkos$cig przebiegu choroby
COVID-19 (33). W badaniach na populacji Wielkiej
Brytanii wykazano zmniejszenie prawdopodobien-
stwa rozwinigcia ciezkiej postaci COVID-19 u pacjen-
tow z obecnoscia tego allelu (34). Z kolei w badaniach
populacji wloskiej rowniez wykazano, ze polimor-
fizm rs12329760 genu TMPRSS2 jest czynnikiem
ochronnym przed rozwojem cigzkiej postaci choroby
COVID-19 (35). W przeprowadzonych badaniach na
populacji egipskiej wykazano, ze allel T rs12329760
znacznie rzadziej wystepowal u pacjentow z cigz-
kim przebiegiem COVID-19. Wedtug autorow ge-
notypy CT oraz TT zmniejszaja ryzyko rozwinigcia
si¢ ciezkiej postaci choroby COVID-19 (27). Zatem
TMPRSS2 i jego korelacja z cigzkoscig przebiegu
COVID-19 moze wynika¢ z wystepowania etnicznie
zaleznych alleli ryzyka w danych populacjach (28,33).

IL-6. Interleukina-6 peini kluczowg funkcje
W procesie rozwoju zapalenia drog oddechowych wy-
wotanych przez SARS-CoV-2. Zaczynajac od tagod-
nych postaci choroby az do niewydolno$ci oddechowej
czy ARDS. Hamowanie IL-6 i jej szlaku sygnatowe-
go moze zmniejszy¢ proces zapalny oraz poprawié
stan pacjentow w ciezkich przypadkach (36). Cigzko
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by excessive proliferation and accumulation of
macrophages and dendritic cells, which results in
symptoms of a generalized inflammatory reaction,
enlargementofinternal organs and cytopeniaassociated
with hemophagocytosis of hematopoietic cells in the
bone marrow (39). It has been proven that there is
a statistically significant correlation between the 1L-6
rs1800795 polymorphism and the risk of COVID-19
disease development. The quoted study reveals that
the frequency of the GG genotype and G allele was
significantly higher in the MAS group compared to the
non-MAS group, so the authors presented the G allele
as a risk factor for increased serum IL-6 concentration
and progression to MAS (40).

After analyzing the results of studies conducted
on the populations of many countries of different
ethnic origins, it was shown that the IL-6 rs1800795
polymorphism, which is a variant of the IL-6
gene promoter, significantly affects the severity of
pneumonia, especially among Caucasians. It was also
observed that in people who are carriers of the 1L-6
rs1800795 variant, the risk of septic shock caused
by pneumonia increases by 2.42 times. In subjects
with the C allele, a significant association between
the occurrence of higher IL-6 concentrations and the
development of more severe forms of pneumonia was
demonstrated (41).

A statistically significant correlation was also
observed between high IL-6 concentration values
and low effectiveness of COVID-19 treatment;
additionally, cytokine suppression using glucosteroids,
immunomodulators or cytokine receptor antagonists
improved therapeutic results (42).

MUCS5B. Research conducted by the Host Genetic
Initiative (HGI) revealed that the rs35705950:G>T
variant located in the promoter of the MUCS5B gene
(11p15.5) has a protective effect against the form
of COVID-19 that requires hospitalization of the
patient. The rs35705950 polymorphism is located in
the region of the transcription-supporting sequence,
the so-called transcription enhancer of the MUC5B
gene, whose protein product belongs to the so-called
major gel-forming mucins in the lungs, playing
a crucial role in maintaining the proper function of
the bronchoalveolar epithelium, mucus removal and
host defense against respiratory pathogens (43-46).
Consistent with the aforementioned studies, mouse
models of gene knockout for MUCS5B (inactivation
of a specific gene, replacing it with an exogenous
DNA fragment) presented increased susceptibility
to bacterial infections of the respiratory tract and
persistent inflammation.

In humans, the “T” allele of rs35705950 is
associated with enhanced expression of the MUC5B
gene transcript in lung tissue (47) and negatively
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przebiegajace zakazenia wirusem SARS-CoV-2 cha-
rakteryzujg si¢ nadmierng produkcja cytokin i wigk-
szg $miertelnoscig. Ciezko$¢ przebiegu choroby
COVID-19 jest $cisle zwigzana z zwigkszonym steze-
niem IL-6 (37,38).

W badaniach na populacji tureckiej oceniano za-
lezno$¢ pomiedzy stezeniem IL-6, zachorowaniem na
COVID-19 a wystgpieniem zespotu aktywacji makro-
faga (Macrophage Activation Syndrom, MAS). MAS
jest to grupa choréb o powaznym rokowaniu, cha-
rakteryzujacych si¢ nadmierng proliferacjg i groma-
dzeniem makrofagdw oraz komorek dendrytycznych,
co przebiega w postaci objawdw uogodlnionej reakcji
zapalnej, powigkszeniem narzadéw wewnetrznych
oraz cytopenia zwigzang z hemofagocytoza komorek
krwiotwodrczych w szpiku (39). Wykazano, iz istnie-
je istotny statystycznie zwigzek pomiedzy polimor-
fizmem IL-6 rs1800795, a ryzykiem zachorowania na
COVID-19. Z niniejszego badania wynika, ze cz¢stos¢
wystepowania genotypu GG i allelu G byta istotnie
wyzsza w grupie z MAS niz w grupie bez MAS, za-
tem autorzy przedstawili allel G jako czynnik ryzyka
zwickszonego stezenia IL-6 w surowicy i progresji do
MAS (40).

Po analizie wynikow badan przeprowadzonych na
populacjach wielu krajow o réoznym pochodzeniu et-
nicznym, wykazano, ze polimorfizm IL-6 rs1800795
bedacy wariantem promotora genu 1L-6 wptywa istot-
nie na ciezko$¢ zapalenia ptuc w szczegdlnosci wsrod
ludzi rasy kaukaskiej. Zaobserwowano rowniez, ze
u 0s0b bedacych nosicielami wariantu IL-6 rs1800795
2,42-krotnie wzrasta ryzyko wstrzasu septycznego
wywotanego wlasnie zapaleniem pluc. U badanych
z obecnoscig allelu C wykazano istotne powigzanie
z wystepowaniem wyzszych stezen IL-6 oraz rozwo-
jem ciezszych postaci zapalenia ptuc (41).

Zaobserwowano rowniez istotng statystycznie za-
leznos¢ pomiedzy wysokimi warto$ciami stezenia
IL-6 a niska efektywnoscig leczenia COVID-19; za$
supresja cytokiny z uzyciem glikokostykosteroidow,
immunomodulatoréw czy antagonistow receptora cy-
tokinowego poprawiata wyniki terapeutyczne (42).

MUCSB. W badaniach przeprowadzonych przez
Host Genetic Initiative (HGI) wykryto, iz wariant
1$35705950:G>T zlokalizowany w promotorze genu
MUCS5B (11p15,5) ma dziatanie protekcyjne przed po-
stacig COVID-19 wymagajaca hospitalizacji pacjen-
ta. Polimorfizm rs35705950 znajduje si¢ w regionie
sekwencji wspomagajacej transkrypcje, tzw. wzmac-
niacza transkrypcji genu MUCSB, ktorego produkt
biatkowy nalezy do tzw. gtdéwnych mucyn tworzacych
zel w ptucach (ang. major gel-forming mucins), od-
grywajacy kluczowa role w zachowaniu prawidtowej
funkcji nabtonka oskrzelowo-pecherzykowego, usu-
waniu $luzu i obronie gospodarza przed patogenami
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correlates with the occurrence of idiopathic pulmonary
fibrosis (IPF) in a patient. The protective effect of
the MUCS5B variant in this respect is unexpected,
considering the correlation between the occurrence
of IPF and COVID-19 observed with other variants
of this gene (48). Nevertheless, Peljto et al. in their
research confirmed that the presence of this variant of
the MUCS5B gene promoter is associated with a twice
higher survival rate among patients with already
diagnosed IPF (49). Of note, although excess MUCS5B
protein is observed in respiratory bronchiolar epithelial
cells and honeycomb cysts (44,45) of individuals with
IPF, the relationship between the expression of the
rs35705950 genotype in lung tissue and IPF stage
has not been established and it is expected that there
is a universally elevated level of MUCSB proteins in
IPF patients, regardless of their rs35705950 allelic
configuration.

Verma et al. (50) examined the association between
the rs35705950-T polymorphism and clinical outcomes
of COVID-19 infection in the Million Veteran Program
(MVP), a multigenerational cohort of over 650,000 US
veterans with detailed electronic health record (EHR)
and genotyping data. This study also confirms that
the “T” allele of rs35705950 in MUCSB is associated
with reduced risk of COVID-19-related hospitalization
among M VP participants (50).

Vitamin D3. There is a relationship between
vitamin D3 levels and the severe course of SARS-
CoV-2 infection. Patients with appropriate vitamin D
levels have lower risk of death from COVID-19 (51).
Vitamin D affects the regulation of cytokine levels (52)
and can improve patients condition (53). Its appropriate
levels can prevent or end the ,,cytokine storm” (53).

Data from research conducted in Portugal shows
that over 60% of the adult population has vitamin D
deficiency [25(OH)D < 20 ng/ml] (54). In a country
with high sunlight levels, a high percentage of
vitamin D deficiency in the population may indicate
a significant impact of genetic factors such as GC
or CYP24A1 genes on the vitamin D metabolism
pathway compared to other European populations.
In Portuguese population has been demonstrated the
presence of genes which predispose to a more frequent
occurrence of vitamin D deficiency than in other
European countries. The DHCR7 rs 12785878 gene
polymorphism occurred more often there than in other
European populations. It was noted that patients with
vitamin D deficiency developed more often severe
COVID-19 disease, but also they died more often from
it. Therefore, in populations with genetic susceptibility
to vitamin D deficiency, the risk of a more severe course
of COVID-19 increases. Identification of population
— specific polymorphisms affecting synthesis or

uktadu oddechowego (43-46). Zgodnie z powyzszymi
badaniami, w mysich modelach nokautu genowego dla
MUCS5B (unieczynnieniu okreslonego genu, zaste-
pujac go egzogennym fragmentem DNA) wykazano
zwigkszong podatnos¢ na infekcje bakteryjne drog
oddechowych i utrzymujacy si¢ stan zapalny.

U ludzi allel ,,T” rs35705950 jest powigzany ze
wzmocniong ekspresjg transkryptu genu MUCSB
w tkance ptuc (47) oraz ujemnie koreluje z wystapie-
niem idiopatycznego widknienia ptuc (IPF) u pacjenta.
Efekt ochronny wariantu MUCS5B w tym zakresie jest
zaskakujacy, biorac pod uwage korelacje pomiedzy
wystapieniem IPF i COVID-19 obserwowany w przy-
padku innych wariantow tego genu (48). Niemniej
jednak Peljto i wsp. w swoich badaniach potwierdzili,
iz obecno$¢ tego wariantu promotora genu MUCS5B
powiazana jest z dwukrotnie wyzszym wskaznikiem
przezycia wsérdd pacjentow z juz rozpoznanym I[PF
(49). Warto zauwazy¢, ze chociaz nadmiar biatka
MUCS5B obserwuje si¢ w komorkach nabtonkowych
oskrzelikow oddechowych i torbieli plastra miodu
(44,45) os6b z IPF, zalezno$¢ pomiedzy ekspresja
genotypu 1s35705950 w tkance ptuc a jego stopniem
zaawansowania nie zostata wyryta i prawdopodobnie
mozna uzna¢ powszechnie podwyzszony poziomom
biatka MUCS5B u pacjentow z IPF, niezaleznie od ich
konfiguracji allelicznej rs35705950.

Verma 1 wsp. (50) zbadali zwigzek miedzy poli-
morfizmem rs35705950-T a przebiegiem klinicznym
COVID-19 w programie Million Veteran Program
(MVP), grupie wielopokoleniowej skladajacej si¢
zponad 650 000 amerykanskich weteranow posiadaja-
cych szczegotowy elektroniczng karte zdrowia (EHR)
i dane dotyczace genotypowania. Badanie to rowniez
potwierdza, ze allel ,,T” rs35705950 w MUCS5B po-
woduje zmniejszone ryzyko hospitalizacji zwiazanej
z COVID-19 wsrod uczestnikow MVP (50).

Witamina D3. Istnieje zalezno$¢ pomiedzy steze-
niem witaminy D, a cigzkos$cig przebiegu zakazenia
wirusem SARS-CoV-2. U pacjentdéw z prawidlowym
stezeniem witaminy D istnieje mniejsze ryzyko zgonu
w wyniku COVID-19 (51). Witamina D wptywa na re-
gulacje stezenia cytokin (52) i mozliwa jest dzigki niej
poprawa stanu pacjentéw (53). Jej odpowiednie stgze-
nie, moze zapobiec lub zakonczy¢ ,,burze cytokinowg”
(53).

Dane z badan przeprowadzonych na terenie Por-
tugalii pokazuja, ze wsrdd dorostej czesci populacji
ponad 60% ma niedobdr witaminy D [25(OH)D < 20
ng/ml] (54). W kraju o wysokim nastonecznieniu duzy
odsetek niedoboru witaminy D wsrdd ludnosci moze
$wiadczy¢ o znaczacym wplywie czynnikow gene-
tycznych takich jak geny GC czy CYP24A1 na szlak
metabolizowania witaminy D w poréwnaniu z inny-
mi populacjami europejskimi. W populacji portugal-
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metabolism may have a significant impact on vitamin
D concentration (52).

Research have been conducted on among various
world population groups to confirm the relationship
between vitamin D concentration in the body and
the COVID-19 severity. Charoenngam et al. in
retrospective research showed that people in the age
group over 65 years old, appropriate high vitamin D
levels was significantly associated with a reduced risk
of death or the development of severe complications
in the form of sepsis, septic shock or ARDS (55). In
a prospective cohort research of people over 65 years
old with COVID-19 disease, Baktash et al. showed that
patients in this age group have higher risk of vitamin
D deficiency and researchers suggested that vitamin
D deficiency may be associated with worse outcomes
of COVID-19 treatment (56) The results obtained
by Entrenas Castillo et al. in a randomized research
also supports the hypothesis that giving vitamin D to
patients with COVID-19 may improve their clinical
condition (57). A meta-analysis was also conducted
based on available researches on the effect of vitamin
D in patients with COVID-19 disease. The researchers
suggest that vitamin D supplementation may have
noticeable impact on the clinical condition of patients
with COVID-19 disease, but also reduces mortality
and the risk of the severe disease (58).

The GC gen is responsible for encoding information
about vitamin D binding protein (DBP) and is one of
the genes that influence vitamin D metabolizm. The
GC 152282679 polymorphism in vitamin D binding
protein is associated with the severity of COVID-19
(52). Current researches indicate that the protein
produced by translation of mRNA of this gene may
be chemotactic factor for neutrophils and may also
activate macrophages leading to the development of
the inflammatory process (59,60,61). Additionally,
vitamin D binding protein participates in the removal of
actin, which is released during cell destruction (62,63).
Excess of actin can lead to intravascular coagulation,
which can consequently leads to significant damage of
various organs, but also in the worst case, to cardiac
arrest. Richard R. Kew (64) in his research suggests
that the actin-DBP complex is able to bind with
neutrophil surface receptor, which leads to release
calciprotectin, a 241Da heterodimer consisting of
S100A8 and S100A9, from the neutrophil. S1I00AS8/
A9 has pro-inflammatory properties, facilitating
chemotaxis of mature circulating cells, probably by
binding to the TLR4 receptor on its plasma membrane.
Although DBP-actin complexes are considered as
benign by-product of cell damage, researches (both in
vivo and in vitro) conducted by Richard R. Kew have
shown that these complexes can act as alarmins and
have a function very similar to cytokines. In addition
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skiej wykazano obecno$¢ gendéw predysponujacych
do czestszego wystgpowania niedoboru witaminy D
niz w innych krajach europejskich. Polimorfizm genu
DHCR7 RS12785878 wystepowal czesciej niz w in-
nych populacjach europejskich. Zauwazono, ze pa-
cjenci u ktorych wystepowat niedobér witaminy D,
cze$ciej rozwijali postaé cigzka choroby COVID-19,
ale tez czesciej z jej powodu umierali. Zatem w popu-
lacjach z podatnoscig genetyczng na niedobdr witami-
ny D ro$nie ryzyko cigzszego przebiegu COVID-19.
Identyfikacja polimorfizméw charakterystycznych dla
danej populacji wptywajacych na synteze czy metabo-
lizm moze mie¢ istotny wptyw na st¢zenie witaminy
D (52).

Przeprowadzono badania na r6znych grupach po-
pulacji na $wiecie, aby potwierdzi¢ zwigzek miedzy
stezeniem witaminy D w organizmie, a ci¢zkoscig
przebiegu COVID-19. Charoenngam i wsp. w badaniu
retrospektywnym wykazali, ze u 0s6b w grupie wie-
kowej powyzej 65 roku zycia odpowiednio wysokie
stezenie witaminy D bylo istotnie zwigzane z zmniej-
szeniem ryzyka zgonu czy rozwini¢ciem ci¢zkich
powiktan w postaci sepsy, wstrzasu septycznego czy
ARDS (55). W prospektywnym badaniu kohortowym
w grupie osob powyzej 65 roku zycia z chorobg CO-
VID-19 Baktash i wsp. wykazali, ze u pacjentow w tej
grupie wiekowej istniato wieksze ryzyko niedoboru
witaminy D i sugerowali teze, ze niedobor witaminy
D moze by¢ zwigzany z gorszymi wynikami leczenia
COVID-19 (56). Wyniki uzyskane przez Entrenas Ca-
stillo 1 wsp. w badaniu randomizowanym réwniez po-
pieraja hipoteze, iz podawanie witaminy D pacjentom
z COVID-19 moze poprawic¢ ich stan kliniczny (57).
Przeprowadzono rowniez metaanaliz¢ na podstawie
dostepnych badan na temat wptywu witaminy D na
pacjentow z chorobg COVID-19. Badacze sugeruja,
iz suplementacja witaminy D moze mie¢ znaczacy
wplyw na stan kliniczny pacjentow z COVID-19, ale
tez zmniejsza¢ $miertelnos¢ i ryzyko ciezkiego prze-
biegu choroby (58).

Gen GC jest odpowiedzialny za kodowanie infor-
macji o biatku wigzacym witamine D (DBP) i jest jed-
nym z genow, wplywajacym na metabolizm witaminy
D. Polimorfizm GC rs2282679 w biatku wigzacym
witamine D wykazuje zwigzek z cigzkoscig przebie-
gu COVID-19 (52). Obecne badania wskazujg na to,
ze biatko powstajace w wyniku translacji mRNA tego
genu moze by¢ czynnikiem chemotaktycznym dla
neutrofilow, a takze aktywowa¢ makrofagi prowadzac
do rozwoju procesu zapalnego (59-61). Dodatkowo,
biatko wigzace witaming D uczestniczy w usuwaniu
aktyny, ktora jest uwalniana podczas destrukcji ko-
morek (62,63). Nadmiar aktyny moze doprowadzi¢
do wykrzepiania wewnatrznaczyniowego, co w kon-
sekwencji moze prowadzi¢ do znacznych uszkodzen
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neutrophils release mediators that inhibit neutrophil
infiltration leading to their apoptosis. Consequently,
this indicated that DBP, through its action-binding
function, probably plays a role in both mediating and
terminating the inflammatory process (64).

CONCLUSIONS

Nowadays, there are techniques for analyzing
the human genome, which enables studies on the
impact of different polymorphisms on the severity
of various diseases, including COVID-19 infection.
Analysis of genetic factors may allow to understand
its pathogenesis, which gives a chance to find
effective methods of treatment and prevention. Data
collected from the literature indicate that in the case
of COVID-19 disease, there are polymorphisms that
affect the severity of its course. The presence of a given
polymorphism in specific population may be a risk
factor for developing severe symptoms as a result
of SARS-CoV-2 virus infection, and for another
population group it may be a factor reducing the risk of
developing a severe form of COVID-19. The impact of
different polymorphisms requires further research and
determining the ethnic dependence of polymorphisms
in given population groups.
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ABSTRACT

INTRODUCTION. In Poland, Lyme disease has been subject to mandatory reporting and registration since
1996, and in accordance with EU law, cases of neuroborreliosis have been reported to the European Centre for
Disease Prevention and Control (ECDC) since 2019. Lyme disease is transmitted by ticks of the Ixodes genus,
and humans become infected through the bite of an infected tick. Due to the varied symptoms, diagnosis can be
difficult and usually involves two-stage serological diagnostics.

AIM OF THE STUDY. The aim of the study was to assess the epidemiological situation of Lyme disease in
Poland in 2022 compared to the situation in previous years.

MATERIAL AND METHODS. The epidemiological situation of Lyme disease in Poland was assessed on the
basis of the data sent to NIPH NIH — NRI by voivodeship sanitary and epidemiological stations and published
in the bulletin “Infectious diseases and poisoning in Poland in 2022

RESULTS. In 2022, 17 369 cases of Lyme disease were registered, including 776 hospitalizations. This was
a significant increase in cases by 38.96% and hospitalizations by 88.81% compared to the previous year. The
seasonality that characterizes Lyme disease was noticeable in individual quarters, i.e. an increase in the number
of cases from 1 151 in Q1 to 7 267 in Q3 and a decrease in Q4 to 5 708. At the voivodeship level, the highest
incidence was recorded in the Podlaskie (81.2 per 100 000), Matopolskie (79.8 per 100 000) and Lubelskie (76.8
per 100 000) voivodeships.

SUMMARY AND CONCLUSION. The epidemiological situation of Lyme disease is gradually returning to
the state before the COVID-19 pandemic. The percentage of hospitalized cases increased slightly (from 3.3%
in 2021 to 4.5% in 2022), which, combined with the increase in the number of cases, meant an increase in
the number of hospitalizations due to Lyme disease by almost 89%. The highest incidence was consistently
observed in the eastern part of Poland (Podlaskie, Warminsko-mazurskie, Lubelskie voivodeships).

Keywords: Lyme borreliosis, epidemiology, Poland, 2022
STRESZCZENIE

WSTEP. W Polsce borelioza podlega obowiazkowi zglaszania i rejestracji od 1996 roku oraz zgodnie z prawem
unijnym, od 2019 roku do Europejskiego Centrum ds. Zapobiegania i Kontroli Choréb (ECDC) raportowane sg
przypadki neuroboreliozy. Borelioza przenoszona jest przez kleszcze z rodzaju Ixodes, do zakazenia cztowieka
dochodzi poprzez uktucie przez zakazonego kleszcza. Z uwagi na zréznicowane objawy rozpoznanie moze by¢
trudne i zwykle obejmuje dwuetapowa diagnostyke serologiczna.

CEL PRACY. Celem pracy byta ocena sytuacji epidemiologicznej boreliozy w Polsce w 2022 r. w poréwnaniu
do sytuacji w ubiegtych latach.

MATERIAL I METODY. Do przeprowadzenia oceny sytuacji epidemiologicznej boreliozy w Polsce wyko-
rzystano dane nadsytane do NIZP PZH — PIB przez Wojewddzkie Stacje Sanitarno-Epidemiologiczne i publi-
kowane w biuletynie rocznym ,,Choroby zakazne i zatrucia w Polsce w 2022 r.””.

* The work was carried out as part of task No. BE-1/2024 / Praca zostata wykonana w ramach zadania nr BE-1/2024

This article is available in the Open Access model and licensed under Creative Commons Attribution-Non-Commercial 4.0. (CC BY-NC)
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WYNIKI. W 2022 r. zarejestrowano 17369 zachorowan na boreliozg w tym 776 hospitalizacji. Byt to znaczny
wzrost zachorowan o 38,96% oraz hospitalizacji o 88,81% w stosunku do roku poprzedzajacego. W poszczegdl-
nych kwartatach widoczna byta sezonowos¢, jaka cechuje si¢ borelioza, tzn. wzrost liczby przypadkow z 1151
w Q1 do 7267 w Q3 oraz spadek w Q4 do 5708. Na poziomie poszczegdlnych wojewodztwach najwigksza
zapadalnos¢ odnotowano w wojewodztwie podlaskim (81,2 na 100 tys.), matopolskim (79,8 na 100 tys.) oraz
lubelskim (76,8 na 100 tys.).

PODSUMOWANIE I WNIOSKI. Sytuacja epidemiologiczna boreliozy wracala stopniowo do stanu sprzed
pandemii COVID-19. Nieznacznie wzrdst odsetek przypadkow hospitalizowanych (z 3,3% w 2021 roku do
4,5% w 2022 1), co przy wzroscie liczby zachorowan oznaczato wzrost liczby hospitalizacji z powodu boreliozy
o prawie 89%. Niezmiennie najwigksza zapadalno$¢ obserwowano we wschodniej czesci Polski (wojewddztwo

podlaskie, warminsko-mazurskie, lubelskie).

Stowa kluczowe: borelioza z Lyme, epidemiologia, Polska, rok 2022

INTRODUCTION

In Poland, Lyme disease has been subject to
mandatory reporting and registration since 1996,
and in accordance with EU law, since 2019, cases of
neuroborreliosis have been reported to the European
Centre for Disease Prevention and Control (ECDC) (1).
It is one of the most common vector-borne diseases in
the world, and its area of occurrence is still growing. It
is caused by spirochete-type bacteria belonging to the
heterogeneous group Borrelia burgdorferi sensu lato,
in which the etiological factors of Lyme disease are
most often 3 genospecies: B. burgdorferi sensu stricto,
Borrelia afzelii and Borrelia garinii (2). Human
infection occurs through the bite of infected ticks of
the genus /xodes feeding on the skin.

Clinical symptoms of Lyme disease can be divided
into three stages: early localized, characterized by
erythema migrans at the site of the tick bite, early
disseminated and late disseminated. Due to the varied
symptoms, diagnosis may be difficult and usually
involves a two-step serological diagnosis (2).

AIM OF THE STUDY

The aim of the study was to assess the
epidemiological situation of Lyme disease in Poland in
2022 compared to the situation in previous years.

MATERIAL AND METHODS

The epidemiological situation of Lyme disease
in Poland was assessed on the basis of the data
sent to NIPH NIH — NRI by voivodeship sanitary-
epidemiological stations and published in annual
bulletines (3), and the data from individual cases
registered in Epibaza. The classification of infections
was based on the case definitions of infectious
diseases developed for epidemiological surveillance
purposes (version in law in 2020-2021, Department of
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WSTEP

W Polsce borelioza podlega obowiazkowi zgtasza-
nia i rejestracji od 1996 roku oraz zgodnie z prawem
unijnym, od 2019 do Europejskiego Centrum ds. Za-
pobiegania i Kontroli Chorob (ECDC) raportowane
sa przypadki neuroboreliozy (1). Jest to jedna z naj-
czestszych chorob wektorowych na $wiecie, a jej ob-
szar wystepowania wcigz wzrasta. Wywotywana jest
przez bakterie o typie kretkow nalezace do niejedno-
rodnej grupy Borrelia burgdorferi sensu lato, w ktorej
czynnikami etiologicznymi boreliozy sa najczgsciej
3 genogatunki: B. burgdorferi sensu stricto, Borrelia
afzelii 1 Borrelia garinii (2). Do zakazenie czlowieka
dochodzi poprzez uktucie i zerowanie w skérze zaka-
zonych kleszczy z rodzaju Ixodes.

Objawy kliniczne boreliozy mozna podzieli¢ na
trzy etapy: wczesne zlokalizowane charakteryzu-
jace si¢ rumieniem wedrujacym w miejscu ukasze-
nia kleszcza, wczesne rozsiane oraz pdzne rozsiane.
Z uwagi na zréznicowane objawy rozpoznanie moze
by¢ trudne i zwykle obejmuje dwuetapowa diagnosty-
ke serologiczna (2).

CEL PRACY

Celem pracy byta ocena sytuacji epidemiologiczne;j
boreliozy w Polsce w 2022 r. w poréwnaniu do sytu-
acji w ubiegtych latach.

MATERIAL I METODY

Do przeprowadzenia oceny epidemiologicznej wy-
stepowania boreliozy z Lyme wykorzystano dane nad-
sytane do NIZP PZH — PIB przez Wojewodzkie Stacje
Sanitarno-Epidemiologiczne i publikowane w biulety-
nach rocznych (3) oraz dane z indywidualnych rapor-
tow o zachorowaniach na boreliozg zarejestrowanych
w Epibazie. Klasyfikacji zakazen dokonano w oparciu
o definicje przypadkow chordb zakaznych opracowa-
nych na potrzeby nadzoru epidemiologicznego (wersja
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Epidemiology of Infectious Diseases and Surveillance,
NIPH NIH — NRI) (4).

RESULTS

In 2022, 17 369 cases of Lyme disease and 776
hospitalizations were recorded. This was a significant
increase inthe number of cases compared to the previous
year — by 38.96%, and an increase in hospitalizations
by 88.81%. The percentage of hospitalizations also
increased slightly — by 1.2 percentage points (Table I).
Comparing 2022 to 2021 and to the median from 2016-
2020, we can see a slow return of epidemiological
indicators to pre-pandemic values (for example the
number of cases in 2021 was 61% of the median for
2016-2020, while in 2022 this percentage was 83%)
(Table II).

In quarters, seasonality was noticeable, which is
characteristic of Lyme disease, i.e. an increase in the
number of cases from 1 151 in QI to 7 267 in Q3 and
a decrease in Q4 to 5 708. The distribution of cases
in the quarters did not change, minor changes were
observed in 2020, but seasonality was still preserved.
For many years, regardless of other factors that may
affect the incidence of Lyme disease, the lowest
number of cases has been recorded in QI1, while the
peak of cases is reached in Q3 (Table I).

At the voivodeship level, the highest incidence was
recorded in the following voivodeships: Podlaskie
(81.2 per 100 000), Matopolskie (79.8 per 100 000) and
Lubelskie (76.8 per 100 000). In these 3 voivodeships,
only 30% ofall cases were recorded. The largestnumber
of cases was recorded in the following voivodeships:
Matopolskie (2 737 cases), Slaskie (2 132 cases) and
Mazowieckie (I 599 cases). The cases in these three
voivodeships accounted for 37.2% of all cases. The
overall incidence per 100 000 for Poland in 2022 was
45.9per 100000, with anincidence lower than for Poland
recorded in 7 voivodeships: Dolnoslaskie, Kujawsko-
Pomorskie, Lodzkie, Mazowieckie, Swictokrzyskie,
Wielkopolskie and Zachodniopomorskie. In 6 of the
7 voivodeships mentioned, the incidence was below
30 per 100 000. The lowest value was recorded in the
Lodzkie voivodeship (22.6 per 100 000) (Table I).

Taking into account the median from 2016-2020,
also in most voivodeships (9 out of 16) the incidence
was reported higher than the general incidence for
Poland. In turn, (taking into account also data from
2021) the voivodeships that most often reported
lower incidence than the general incidence for Poland
were: Dolnoslaskie, Kujawsko-Pomorskie, t.6dzkie,
Mazowieckie, Swietokrzyskie and Wielkopolskie
(Table II).

Taking into account the clinical form of Lyme
disease, erythema migrans was diagnosed in 88.4%

obowiazujaca w roku 2020-2021, Zaktad Epidemiologii
Choréb Zakaznych i Nadzoru, NIZP PZH — PIB) (4).

WYNIKI

W 2022 r. zarejestrowano 17369 zachorowan na bo-
reliozg oraz 776 hospitalizacji. Byl to znaczny wzrost
liczby zachorowan w stosunku do roku poprzedniego
—038,96% , oraz wzrost hospitalizacji o 88,81%. Takze
odsetek hospitalizacji nieznacznie wzrést — o 1,2 p.p.
(Tab. I). Poréwnujac rok 2022 do roku 2021 oraz do me-
diany z lat 2016-2020 mozna zauwazy¢ powolny powr6t
wskaznikéw epidemiologicznych do wartosci sprzed
pandemii (przyktadowo liczba przypadkéw w roku
2021 wyniosta 61% mediany za lata 2016-2020, nato-
miast w roku 2022 odsetek ten wyniost 83%) (Tab. II).

W poszczegolnych kwartatach widoczna byta sezo-
nowos¢, jaka cechuje si¢ borelioza, tzn. wzrost liczby
przypadkow z 1151 w Q1 do 7267 w Q3 oraz spadek
w Q4 do 5708. Rozktad zachorowan w kwartatach
nie ulegl zmianom, niewielkie zmiany obserwowano
w roku 2020, jednak nadal zachowana byta sezono-
wos¢. Od wielu lat, niezaleznie od innych czynnikéw
mogacych mie¢ wptyw na zapadalno$¢ na boreliozg,
najmniej zachorowan odnotowuje si¢ w QI, natomiast
pik zachorowan zostaje osiagniety w Q3 (Tab. I).

Na poziomie wojewodztw najwicksza zapadalnosc¢
odnotowano w wojewodztwach: podlaskim (81,2 na
100 tys.), matopolskim (79,8 na 100 tys.) oraz lubel-
skim (76,8 na 100 tys.). W tych 3 wojewodztwach
zarejestrowano 30% ogotu przypadkow. Natomiast
najwigksza liczbe przypadkow odnotowano w woje-
wodztwach: matopolskim (2737 przypadkow), §laskim
(2132 przypadki) oraz mazowieckim (1599 przypad-
kéw). Zachorowania w tych trzech wojewddztwach
stanowity 37,2% ogotu przypadkéw. Ogolna zapa-
dalno$¢ na 100 tys. dla Polski w 2022 roku wyniosta
45,9 na 100 tys., zapadalnos$¢ na poziomie nizszym niz
dla Polski odnotowano w siedmiu wojewodztwach:
dolnoslaskim, kujawsko-pomorskim, t6dzkim, mazo-
wieckim, $§wigtokrzyskim, wielkopolskim i zachod-
niopomorskim. W sze$ciu z wymienionych siedmiu
wojewodztw zapadalnos¢ wyniosta ponizej 30 na 100
tys. Najnizszg warto$¢ odnotowano w wojewodztwie
16dzkim (22,6 na 100 tys.) (Tab. I).

Bioragc pod uwage mediane z lat 2016-2020 row-
niez w wiekszosci wojewodztw (9 z 16) raportowano
zapadalno$¢ wyzsza od og6lnej zapadalno$ci dla Pol-
ski. Z kolei, (uwzgledniajac rowniez dane z 2021 r.)
wojewodztwami, ktore najczesciej raportowaty nizsza
zapadalnos$¢ niz ogotem dla Polski byty: woj. dolno-
Slaskie, kujawsko-pomorskie, todzkie, mazowieckie,
swietokrzyskie i wielkopolskie (Tab. II).

Uwzgledniajac  posta¢  kliniczng  boreliozy
w 88,4% wszystkich zarejestrowanych w 2022 r.
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Table I. Lyme disease in Poland in 2022. Number of cases, incidence per 100 000 population and hospitalizations by
voivodships.

Tabela I. Borelioza z Lyme w Polsce w 2022 r. Liczba zachorowan, zapadalno$¢ na 100 tys. mieszkancéw oraz hospitalizacje
wg wojewodztw.

. . Number of incident cases in quarters Number of Incidence per | Hospitalizations
Voivodeship 1 11 111 v incident cases 100 000 Number %
Poland 2021 1229 2233 6158 2880 12500 32.8 411 33

2022 1151 3243 7267 5708 17369 459 776 4.5
Dolnoslaskie 47 132 395 267 841 29.1 69 8.2
Kujawsko-Pomorskie 39 77 269 143 528 26.2 38 7.2
Lubelskie 142 331 539 547 1559 76.8 55 3.5
Lubuskie 16 108 194 179 497 50.6 8 1.6
Lodzkie 28 103 223 186 540 22.6 75 13.9
Matopolskie 184 546 1298 709 2737 79.8 73 2.7
Mazowieckie 66 327 633 573 1599 29.0 55 34
Opolskie 33 121 219 223 596 63.1 37 6.2
Podkarpackie 56 291 438 441 1226 58.9 65 5.3
Podlaskie 84 186 397 263 930 81.2 46 49
Pomorskie 137 246 571 526 1480 62.8 60 4.1
Slaskie 138 297 911 786 2132 48.9 73 34
Swietokrzyskie 13 47 116 140 316 26.7 10 3.2
Warminsko-Mazurskie| 66 153 333 288 840 61.3 41 4.9
Wielkopolskie 52 169 433 222 876 25.1 46 5.3
Zachodniopomorskie 50 109 298 215 672 40.8 25 3.7

Table II. Lyme disease in Poland. Number of cases and incidence per 100 000 population by voivodeships in 2016-2022
Tabela II. Borelioza z Lyme w Polsce. Liczba zachorowan oraz zapadalno$¢ na 100 tys. mieszkancow wg wojewodztw
w latach 2016-2022

Median 2016-2020 2021 2022
Voivodeship Number of | Incidence per | Number of | Incidence per | Number of | Incidence per
incident cases 100 000 incident cases 100 000 incident cases 100 000
POLAND 20630 537 12500 32.8 17369 459
Dolnoslaskie 852 29.4 470 16.3 841 29.1
Kujawsko-Pomorskie 545 26.2 520 253 528 26.2
Lubelskie 1906 89.2 1122 53.8 1559 76.8
Lubuskie 615 60.6 218 21.7 497 50.6
Lodzkie 623 25.3 300 12.4 540 22.6
Matopolskie 3300 96.9 2113 62.0 2737 79.8
Mazowieckie 2184 40.8 1059 19.5 1599 29.0
Opolskie 678 68.2 509 52.3 596 63.1
Podkarpackie 1401 65.9 855 40.4 1226 58.9
Podlaskie 1287 108.8 718 61.4 930 81.2
Pomorskie 1315 56.9 1064 45.4 1480 62.8
Slgskie 2625 57.8 1314 29.4 2132 48.9
Swigtokrzyskie 398 31.7 270 22.2 316 26.7
Warminsko-Mazurskie 1306 91.2 722 51.2 840 61.3
Wielkopolskie 633 18.1 605 17.3 876 25.1
Zachodniopomorskie 849 49.7 641 38.1 672 40.8
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of all cases registered in 2022, and neuroborreliosis
in 2%.

SUMMARY AND CONCLUSION

The epidemiological situation of Lyme disease
in 2022 gradually returned to the state before the
COVID-19 pandemic, as can be seen in the comparison
to the median of cases and incidence from 2016-
2020. Compared to 2021, the increase in 2022 was
particularly noticeable, because in 2021 the decrease
in Lyme disease cases associated with COVID-19 was
not yet leveled off (5). In the case of the distribution
of cases in individual quarters, there was a noticeable
increase in the last two quarters (over 1 000 cases per
quarter), slightly lower in Q2, and a slight decrease in
cases in QI compared to 2021.

The percentage of hospitalizations increased
slightly (by 1.2 percentage points compared to 2021),
which, combined with the increase in the number of
cases, resulted in an increase in hospitalizations by
almost 89% (411 hospitalizations in 2021 compared to
776 1n2022). The highest percentage of hospitalizations
was recorded in the Lodzkie voivodeship, which
significantly lagged behind other voivodeships
(13.9% compared to the second highest percentage of
hospitalizations, Dolnoslaskie voivodeship - 8.2%).

The highest incidence was consistently observed
in the eastern part of Poland (Podlaskie, Lubelskie,
Warminsko-Mazurskie voivodeships), but it is
also worth mentioning the following voivodeships:
Matopolskie with 79.8 per 100 000, Pomorskie — 62.8
per 100 000 and Opolskie — 63.1 per 100 000, in which
the incidence exceeded 60 people per 100 000. Looking
at the incidence in individual voivodeships, it can be
said that the return to the pre-pandemic level is uneven
(especially in the Podlaskie and Warminsko-Mazurskie
voivodeships, a slower levelling is noticeable).

The only protection against Lyme disease are
still anti-tick agents (repellents, appropriate clothing)
and early detection of the bitten tick. This is due to
the lack of a vaccine against Lyme disease, which is
still in phase III of clinical trials. This experimental
vaccine uses a mechanism that targets protein A from
the outer surface (OspA) of Borrelia burgdorferi.
Blocking OspA inhibits the bacteria’s ability to leave
the tick and infect humans. The vaccine covers the six
most common OspA serotypes found in the Borrelia
burgdorferi sensu lato species, which are common
in North America and Europe. The strong immune
response and safety in the studies conducted so far give
hope for the future. However, due to Good Clinical
Practice (GCP) violations, a significant percentage of
participants in the US were discontinued (6).

przypadkow rozpoznano rumien wedrujacy, a w 2%
neuroborelioze.

PODSUMOWANIE I WNIOSKI

Sytuacja epidemiologiczna boreliozy w 2022 r.
wracala stopniowo do stanu sprzed pandemii CO-
VID-19, co wida¢ w poréwnaniu do mediany zachoro-
wan i zapadalnosci z lat 2016-2020. W poréwnaniu do
roku 2021 wzrost w 2022 r. byt szczegdlnie zauwazal-
ny, gdyz w 2021 r. nie obserwowano jeszcze wWyrow-
nywania spadku zachorowan na borelioze zwigzanego
z COVID-19 (5). W przypadku rozktadu zachorowan
w poszczeg6lnych kwartatach, zauwazalny byt wzrost
w dwoch ostatnich kwartatach (powyzej 1000 przy-
padkow na kwartal), nieco mniejszy w Q2, oraz nie-
znaczny spadek przypadkéw w Q1 w pordwnaniu do
2021 roku.

Nieznacznie wzrost odsetek hospitalizacji (o 1,2
p.p. wzgledem 2021 roku), co w potaczeniu ze wzro-
stem liczby zachorowan spowodowato wzrost hospita-
lizacji o prawie 89% (411 hospitalizacji w 2021 w po-
rownaniu do 776 w 2022 roku). Najwickszy odsetek
hospitalizacji odnotowano w woj. 16dzkim, ktore zna-
czaco odstawato od innych wojewodztw (13,9% ho-
spitalizowanych przypadkow w poréwnaniu do 8,2%
w drugim pod wzgledem odsetka hospitalizacji woj.
dolnoslaskim).

Niezmiennie najwyzsza zapadalno$¢ dotyczyta
wschodniej czesci Polski (wojewoddztwo podlaskie, lu-
belskie, warminsko-mazurskie), jednak warto rowniez
wspomnie¢ 0 wojewodztwach: matopolskim — 79,8 na
100 tys., pomorskim — 62,8 na 100 tys. oraz opolskim
— 63,1 na 100 tys., w ktorych to zapadalno$¢ przekro-
czyta 60 oso6b na 100 tys. Obserwujac zapadalnosé
w poszczegdlnych wojewodztwach, mozna stwierdzic,
ze powrot do poziomu sprzed pandemii jest nierow-
nomierny (szczeg6lnie w woj. podlaskim i warminsko
-mazurskim widoczne byto wolniejsze wyrownywa-
nie).

Nadal jedynymi srodkami do ochrony przed bo-
relioza sa srodki przeciw kleszczom (repelenty, od-
powiedni ubiodr) oraz wczesne wykrywanie wktutego
kleszcza. Wynika to z braku szczepionki przeciwko
boreliozie, ktora nadal jest w III fazie badan klinicz-
nych. Ta eksperymentalna szczepionka wykorzystuje
mechanizm ukierunkowany na biatko A z zewngetrz-
nej powierzchni (OspA) Borrelia burgdorferi. Bloko-
wanie OspA hamuje zdolno$¢ bakterii do opuszcza-
nia kleszcza i zakazania ludzi. Szczepionka obejmuje
sze$¢ najczestszych serotypow OspA wystepujacych
w gatunkach Borrelia burgdorferi sensu lato, ktore
sg powszechne w Ameryce Potnocnej i Europie. Silna
odpowiedz immunologiczna i bezpieczenstwo w do-
tychczasowych badaniach dajg nadziej¢ na przysztosc.
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ABSTRACT

INTRODUCTION. Chickenpox is an infectious disease caused by the Varicella zoster virus, usually occurring
in children. It is characterized by a rash with a rapid eruption of small red lumps. The disease is mild, but for
people with weakened immunity it can be severe.

AIM OF THE STUDY. The aim of the study was to assess the epidemiological situation of chickenpox in
Poland in 2022 compared to the situation in previous years.

MATERIAL AND METHODS. Data from epidemiological surveillance, including mandatory reporting of
cases by physicians, were used to assess the epidemiological situation of chickenpox in Poland.

RESULTS. In 2022, 171 708 cases of chickenpox were recorded, of which 87.5% were children under 9 years
old. Hospitalization due to chickenpox was not one of the most common, the percentage of hospitalized cases
oscillated between 0.12% and 1.24% depending on the voivodeship. Analyzing the incidence for the whole of
Poland for the last 10 years, we see a drastic decrease from 470.6 in 2019 to 186.6 in 2020 and another decrease
in 2021 to 151.1 per 100 000, to then return to an incidence of 453.9 in 2022.

SUMMARY AND CONCLUSION. The incidence of chickenpox in 2022 returned to pre-pandemic levels,
similar to those seen in 2016-2018. Despite preventive measures taken throughout the pandemic, significant
incidence was observed, underlining the key role of vaccination in preventing this disease. The use of a
quadrivalent vaccine against rubella, measles, mumps, and varicella could help reduce the costs associated with
chickenpox, with a small increase in the costs of the vaccination program.

Keywords: chickenpox, epidemiology, Poland, 2022
STRESZCZENIE

WSTEP. Ospa wietrzna to choroba zakazna powodowana przez wirus Varicella zoster, z reguly wystepujaca
u dzieci. Charakteryzuje si¢ wysypka z szybkim wysiewem matych czerwonych grudek. Przebieg choroby jest
tagodny, jednak w przypadku 0sob z obnizong odporno$cig moze by¢ on cigzki.

CEL PRACY. Celem pracy jest ocena sytuacji epidemiologicznej ospy wietrznej w Polsce w 2022 1. w poréw-
naniu do sytuacji w ubiegtych latach.

MATERIAL I METODY. Do przeprowadzenia oceny sytuacji epidemiologicznej ospy wietrznej w Polsce
wykorzystano dane z rutynowego nadzoru epidemiologicznego, obejmujacego obowigzkowe zglaszanie zacho-
rowan przez lekarzy.

WYNIKI. W 2022 roku zarejestrowano 171 708 przypadkow ospy wietrznej, z czego 87,5% dotyczyto dzieci
do 9 roku zycia. Hospitalizacja z powodu ospy wietrznej nie nalezata do najczestszych, odsetek hospitalizowa-
nych przypadkow oscylowat w zalezno$ci od wojewodztwa w granicach 0,12% — 1,24%. Analizujac zapadal-
no$¢ dla calej Polski za ostatnie 10 lat, widzimy drastyczny spadek z poziomu 470,6 w 2019 do 186,6 w 2020
oraz nastepny spadek w roku 2021 do 151,1 na 100 000, zeby nast¢pnie powroci¢ do zapadalnosci na poziomie
453,9 w 2022 roku.

* The work was carried out as part of task No. BE-1/2024 / Praca zostata wykonana w ramach zadania nr BE-1/2024

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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PODSUMOWANIE I WNIOSKI. Wskaznik zapadalnosci na ospg wietrzng w 2022 roku powrocit do pozio-
mu sprzed pandemii, zblizonego do wskaznika wystepujacego w latach 2016-2018. Pomimo srodkéw zapobie-
gawczych stosowanych przez czas pandemii, obserwowano znaczacg zapadalno$¢, co podkresla kluczowa role
szczepien w zapobieganiu tej chorobie. Zastosowanie czterowalentnej szczepionki przeciwko rézyczce, odrze,
$wince i ospie wietrznej mogloby przyczyni¢ si¢ do zmniejszenia kosztow zwiazanych z ospa wietrzna, przy

niewielkim wzroscie kosztow programu szczepien.

Stowa kluczowe: ospa wietrzna, epidemiologia, Polska, 2022

INTRODUCTION

Chickenpox is an infectious disease caused by the
Varicella zoster virus, usually occurring in children.
It is characterized by a rash with a rapid eruption of
small red papules. The eruptions initially appear on
the torso, then on the face and scalp. The rash can
also appear on the mucous membranes of the oral
cavity and nasopharynx. Less frequently in other
places (mucous membranes of the larynx, trachea,
anus or vagina, on the cornea or conjunctiva). The
papules quickly turn into clear, oval vesicles, which
eventually dry into scabs. Falling off scabs can leave
small scars. On the other hand, lesions on the mucous
membranes turn into painful ulcers. The vesicles are
accompanied by intense itching. The eruption occurs
for 2-5 days, after about 4-7 days the lesions dry into
scabs, which usually fall off on the 20th day of the
disease. Chickenpox is transmitted mainly through
direct contact with respiratory droplets or fluid from
blisters from an infected person (1).

The course of the disease is mild, but it can be
severe in immunocompromised individuals. In the
case of shingles, we are talking about reactivation of
a latent viral infection, in which the virus replicates (2).
It is worth mentioning that in adolescents and adults,
the disease can proceed with significant severity of
symptoms. The most common complications include
bacterial superinfection of chickenpox lesions causing
secondary purulent skin infection, pneumonia (viral
and bacterial), aseptic encephalitis with cerebellar
ataxia, and Reye’s syndrome (3). In Poland, between
2006 and 2021, 25 804 cases required hospitalization
due to complications and 52 deaths were recorded
due to chickenpox complications (4), while the total
number of hospitalizations due to chickenpox was
significantly higher. In addition, 23 432 hospitalizations
were recorded for shingles in the years 2012-2021
(5). Despite its typically mild course, chickenpox is
associated with significant costs for the healthcare
system.

Chickenpox is a disease with a very high and wide
viral reproduction rate of 3.3 to 16.9 (6). This means
that one patient infects on average 3 to almost 17
people, which means that it spreads more easily than
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WSTEP

Ospa wietrzna to choroba zakazna powodowana
przez wirus Varicella zoster, z reguly wystepujaca
u dzieci. Charakteryzuje si¢ wysypka z szybkim wy-
siewem matych czerwonych grudek. Wykwity po-
czatkowo wystepuja na tulowiu, nast¢gpnie na twarzy
oraz owlosionej skorze glowy. Wysypka moze takze
pojawi¢ si¢ na $luzoéwkach jamy ustnej i nosowo-gar-
dtowej. Rzadziej w innych miejscach (§luzowki krtani,
tchawicy, odbytu czy pochwy, na rogéwce czy spo-
jowkach). Grudki szybko zmieniajg si¢ w przejrzyste,
owalne pecherzyki, ktore z czasem zasychajg w stru-
py. Odpadajace strupy moga pozostawia¢ drobne bli-
zny. Natomiast zmiany na $luzéwkach przemieniaja
si¢ w bolesne owrzodzenia. Pecherzykom towarzyszy
nasilony $wiad. Wysiewy wystepuja przez 2-5 dni, po
okoto 4-7 dniach zmiany wysychaja w strupki, ktore
odpadaja zazwyczaj 20 dnia choroby. Przenoszenie
ospy wietrznej odbywa si¢ gtownie poprzez bezpo-
$redni kontakt z kropelkami oddechowymi lub pty-
nem z pecherzy od zakazonej osoby (1).

Przebieg choroby jest tagodny, jednak w przypad-
ku 0s6b z obnizong odporno$cia moze by¢ on cigzki.
W przypadku potpasca mowimy o reaktywacji utajo-
nego zakazenia wirusem, w ktérym dochodzi do re-
plikacji wirusa (2). Warto wspomnie¢, ze u mtodziezy
1 0sob dorostych choroba moze przebiega¢ ze znacz-
nym nasileniem objawow. Najczgstsze powiklania
dotycza m.in. bakteryjnego nadkazenia zmian ospy
wietrznej powodujace wtdrne ropne zakazenie skory,
zapalenie ptuc (wirusowe jak i bakteryjne), aseptycz-
ne zapalenie mozgu z ataksjg mozdzkowa oraz zespot
Reye’a (3). W Polsce w latach 2006-2021 25 804 przy-
padkow wymagato hospitalizacji z powodu powiktan
i odnotowano 52 zgony z powodu powiklan ospy
wietrznej (4), natomiast catkowita liczba hospitaliza-
cji z powodu ospy wietrznej byla znaczaco wyzsza.
Dodatkowo w latach 2012-2021 odnotowano 23 432
hospitalizacje z powodu potpasca (5). Pomimo typo-
wo tagodnego przebiegu ospa wietrzna wigze si¢ wiec
z istotnymi kosztami dla systemu ochrony zdrowia.

Ospa wietrzna jest chorobg o bardzo wysokim
i szerokim wskazniku reprodukcji wirusa na poziomie
od 3,3 do 16,9 (6). Oznacza to, ze jeden chory $rednio
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the influenza virus or the SARS-CoV-2 virus, and
similarly to measles, where the viral reproduction rate
is 12-18 (7).

AIM OF THE STUDY

The aim of the study was to assess the
epidemiological situation of chickenpox in Poland in
2022 compared to the situation in previous years (8).

MATERIAL AND METHODS

The comparative analysis and epidemiological
assessment of the occurrence of chickenpox were
carried out using data submitted to NIPH NIH — NRI
by the voivodeship sanitary and epidemiological
stations and published in the bulletin “Infectious
diseases and poisonings in Poland in 2022” and in the
bulletin “Vaccinations in Poland in 2022” (9,10).

RESULTS

In 2022, 171 708 cases of chickenpox were
registered, of which 87.5% concerned children up to
9 years old (Table I and Table II). This is an almost
3-fold (297.75%) increase compared to the previous
year. However, compared to the median from 2016-
2020, the increase was only 6.85%. In more than half
of the voivodeships, the incidence was higher than
the average for the whole of Poland. This concerned
the following voivodeships: Kujawsko-Pomorskie,
Lubelskie, Lubuskie, Opolskie, Podlaskie, Pomorskie,
Slaskie, Wielkopolskie and Zachodniopomorskie. The
lowest incidence was recorded in the Dolnoslaskie
voivodeship, which was the only voivodeship not to
exceed the incidence of 300 per 100 000 (Table I).

The percentage of cases requiring hospitalization
ranged between 0.12% and 1.24% in the voivodeships.
The lowest percentage of hospitalizations was
recorded in the Opolskie (0.12%), Slaskie (0.15%)
and Lubuskie (0.2%) voivodeships. The highest
percentage was recorded in the Podlaskie voivodeship
and amounted to 1.24%, it was the only voivodeship
that exceeded 1% of hospitalizations, despite not the
highest incidence. The fact that the highest incidence
was recorded (617.1 per 100 000) in the voivodeship,
where the percentage of hospitalizations is one of the
lowest (0.2% of hospitalizations) is intriguing. Such
differences usually indicate a different completeness
of reporting depending on the area. That may also
result from differences in voivodeships in the level of
vaccination in age groups.

In terms of seasonality, cases in Q1 and Q4 were
between 38 000 and 40 000 cases, the peak in 2022
occurred in Q2 and amounted to almost 69 600. It is

zakaza od 3 do prawie 17 osob, czyli rozprzestrzenia
si¢ tatwiej niz wirus grypy czy wirus SARS-CoV-2,
oraz podobnie do odry, gdzie wskaznik reprodukcji
wirusa jest na poziomie 12-18 (7).

CEL PRACY

Celem pracy byta ocena sytuacji epidemiologiczne;j
ospy wietrznej w Polsce w 2022 r. w porownaniu do
sytuacji w ubieglych latach (8).

MATERIAL I METODY

Do przeprowadzenia analizy porownawczej i oce-
ny epidemiologicznej wystgpowania ospy wietrznej
wykorzystano dane nadsytane do NIZP PZH — PIB
przez Wojewodzkie Stacje Sanitarno-Epidemiolo-
giczne i publikowane w biuletynie ,,Choroby zakazne
i zatrucia w Polsce w 2022 roku” oraz w biuletynie
»Szczepienia ochronne w Polsce w 2022 roku” (9,10).

WYNIKI

W 2022 roku zarejestrowano 171 708 przypadkow
ospy wietrznej, z czego 87,5% dotyczyto dzieci do 9
roku zycia (Tab. [ 1 II). Jest to widoczny prawie 3-krot-
ny (297,75%) wzrost wzgledem poprzedniego roku.
Jednak w poréwnaniu do mediany z lat 2016-2020
wzrost wyniost tylko 6,85%. W ponad potowie woje-
wodztw zapadalnos¢ byta wieksza od $redniej zapa-
dalnosci dla Polski. Dotyczyto to wojewodztw: kujaw-
sko-pomorskiego, lubelskiego, lubuskiego, opolskiego,
podlaskiego, pomorskiego, §laskiego, wielkopolskiego
oraz zachodniopomorskiego. Najnizszg zapadalnos¢
odnotowano natomiast w wojewddztwie dolnoslg-
skim, ktore jako jedyne nie przekroczyto zapadalnosci
na poziomie 300 na 100 000 ludnosci (Tab. I).

Odsetek przypadkéw wymagajacych hospitaliza-
cji oscylowat w wojewddztwach w granicach 0,12%
— 1,24%. Najnizszy odsetek hospitalizacji odnotowa-
no w wojewodztwie opolskim (0,12%) oraz §laskim
(0,15%) i lubuskim (0,2%). Najwyzszy odsetek odno-
towano w wojewodztwie podlaskim — wynosit 1,24%,
bylo to jedyne wojewodztwo ktore przekroczylo 1%
hospitalizacji, pomimo nie najwyzszej zapadalnosci.
Zastanawiajacy jest fakt odnotowania najwyzszej za-
padalnosci (617,1 na 100 000) w wojewodztwie, gdzie
odsetek hospitalizacji jest jednym z najnizszych (0,2%
hospitalizacji). Takie réznice zwykle wskazujg na zroz-
nicowang kompletnos¢ zglaszalnosci w zaleznosci od
terenu. Moga takze wynika¢ z réznic wojewodzkich
W poziomie zaszczepienia w grupach wieku.

Pod wzglgdem sezonowosci, zachorowania
w kwartalach Q1 oraz Q4 wyniosty w granicach
38 000-40 000 przypadkow, szczyt zachorowan
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Table 1. Chickenpox. Number of cases and incidence per 100 000 population by voivodeships in 2022
Tabela I. Ospa wietrzna. Liczba zachorowan oraz zapadalnos$¢ na 100 tys. wg wojewodztw w 2022 roku

Median 2016-2020 2021 2022 Hospitalization
Voivodeship Incidence Incidence Incidence
Cases per Cases per Cases per Number %
100 000 100 000 100 000

POLAND 160707 418.2 57669 151.1 171708 453.9 839 0.49
Dolnoslaskie 8638 297.9 2862 99.2 7683 265.7 52 0.68
Kujawsko-Pomorskie 9900 476.0 2998 145.9 9964 495.3 59 0.59
Lubelskie 7989 374.1 2829 135.6 10449 514.6 53 0.51
Lubuskie 4600 453.4 1150 114.6 6064 617.1 12 0.20
Lodzkie 8109 329.6 2957 121.8 8019 336.1 74 0.92
Matopolskie 15031 445.2 4860 142.6 15427 449.9 89 0.58
Mazowieckie 25006 465.4 7435 137.2 22996 417.2 116 0.50
Opolskie 4722 479.7 1591 163.5 4840 512.1 6 0.12
Podkarpackie 6925 3253 2606 123.2 6476 311.1 27 0.42
Podlaskie 3933 332.6 2278 194.8 5392 470.6 67 1.24
Pomorskie 10617 4577 3885 165.6 11277 478.2 88 0.78
Slaskie 22855 502.0 9651 215.8 25671 588.8 38 0.15
Swigtokrzyskie 4568 367.1 1851 152.0 4835 409.0 27 0.56
Warminsko-Mazurskie 4851 338.1 1758 124.6 5806 423.8 23 0.40
Wielkopolskie 15224 437.8 6443 184.5 18972 542.6 84 0.44
Zachodniopomorskie 6459 378.0 2515 149.5 7837 476.4 24 0.31

Table II. Chickenpox in Poland in 2021-2022. Number of cases, incidence per 100,000 population and percentage in age
groups

Tabela II. Ospa wietrzna w Polsce w latach 2021-2022. Liczba zachorowan, zapadalno$¢ na 100 000 ludnosci i udziat
procentowy wg wieku

2021 2022
R cwe | doow | % Cses | oo | %
POLAND 57669 151.1 100.0 171708 453.9 100.0
0-4 28958 1542.9 50.2 77836 4306.0 453
0 2026 598.5 3.5 5316 1678.4 3.1
1 3766 1035.0 6.5 10013 2929.2 5.8
2 4899 1285.2 8.5 13407 3699.0 7.8
3 8510 2143.7 14.8 22248 5791.7 13.0
4 9757 2462.1 16.9 26852 6671.6 15.6
5-9 23093 1211.6 40.0 72528 3687.6 42.2
5 8604 2260.2 14.9 25684 6360.1 15.0
6 7027 1869.4 12.2 20515 5235.6 11.9
7 3669 979.7 6.4 12471 3202.5 7.3
8 2259 593.0 39 8234 21241 4.8
9 1534 389.4 27 5624 1427.2 33
10-14 2823 136.2 49 12025 575.8 7.0
15-19 474 26.3 0.8 1909 105.9 1.1
20-29 808 18.8 1.4 2596 63.6 1.5
30-39 951 15.9 1.6 3180 544 1.8
40+ 562 2.8 1.0 1634 8.1 1.0
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worth noting the decrease to less than 24 500 cases
(a 64.9% decrease) in Q3. Compared to the previous
year, the only similarity in seasonality is the decrease
in the number of cases between Q2 and Q3, which in
2021 was not as noticeable as in 2022. In 2021, the
decrease in the number of cases between Q2 and Q3
was 44.9% (Table I11).

The overall incidence of chickenpox in Poland is
around 400 cases per 100 000, which can be seen when
comparing the incidence for the whole of Poland over
the last 10 years (the average incidence for the years
2013-2022 is 404.8) (Table 1V).

However, when analyzing the graph presenting
the incidence for the whole of Poland over the last 10
years, we see a drastic decrease from 470.6 in 2019 to
186.6 in 2020 and to 151.1 per 100 000 in 2021. The
incidence rate returned to the pre-pandemic level in
2022, reaching 453.9 per 100 000. This means that in
2020, only 39.6% of the incidence from the previous
year was recorded, and 96.4% when comparing 2019 to
2022. Additionally, when comparing the incidence in
individual provinces, in each one, a sudden decrease in
incidence can be noted in 2020 and a sudden rebound
to the level of 2019 in 2022. (Fig. I).

62 301 vaccinations were performed as part of
the mandatory vaccinations of people exposed in
2022, while 61 135 recommended vaccinations were

w 2022 wystapit w kwartale Q2 i wyniost prawie
69 600. Warto zwroci¢ uwage na spadek do poziomu
niecatych 24 500 przypadkow (spadek o 64,9%) w Q3.
W poréwnaniu do roku poprzedniego jedynym podo-
bienstwem w sezonowosci jest jedynie spadek liczby
przypadkdéw pomiedzy kwartalami Q2 a Q3, ktéry
w 2021 r. nie byl jednak tak zauwazalny jak w 2022
r. W 2021 roku spadek liczby przypadkow pomiedzy
Q2, a Q3 wyniost 44,9% (Tab. I1I).

Ogolna zapadalno$¢ na ospg wietrzng w Polsce
oscyluje okoto 400 przypadkéw na 100 000, co moz-
na zauwazy¢ przy zestawieniu zapadalnosci dla calej
Polski z 10 ostatnich lat (Srednia zapadalno$¢ za lata
2013-2022 wynosi 404,8) (Tab. IV).

Natomiast analizujac wykres przedstawiajacy za-
padalnos¢ dla catej Polski za ostatnie 10 lat, widzimy
drastyczny spadek z poziomu 470,6 w 2019 do 186,6
w 2020 r. oraz do 151,1 na 100 000 w 2021 r. Wskaznik
zapadalno$¢ powroécit do poziomu sprzed pandemii
w 2022 r. osiggajac warto$¢ 453,9 na 100 000 ludno-
$ci. Oznacza to, ze w roku 2020 odnotowano jedynie
39,6% zapadalnosci z roku poprzedniego, a 96,4% po-
rownujac rok 2019 do roku 2022. Dodatkowo, porow-
nujac zapadalno$¢ w poszczegolnych wojewodztwach,
w kazdym mozna odnotowac nagly spadek zapadalno-
$ci w 2020 oraz nagte odbicie do poziomu z roku 2019
w 2022 1. (Ryc. I).

Table I1I. Chickenpox. Number of cases and incidence per 100 000 population by voivodeships in quarters of 2022
Tabela III. Ospa wietrzna. Liczba zachorowan oraz zapadalno$¢ na 100 tys.wg wojewodztw 1 kwartatow 2022 roku

Number of incident cases in quarters Number .
Voivodeship of incident Incidence
I 11 111 v cases per 100 000

Poland 2021 15091 11475 6327 24776 57669 151.1
2022 38074 69587 24436 39611 171708 453.9

Dolnoslaskie 1451 3006 1125 2101 7683 265.7
Kujawsko-Pomorskie 1645 3145 1305 3869 9964 495.3
Lubelskie 2066 4485 1722 2176 10449 514.6
Lubuskie 1230 2434 954 1446 6064 617.1
Lodzkie 2469 2972 1008 1570 8019 336.1
Matopolskie 3524 6676 2253 2974 15427 449.9
Mazowieckie 5807 8922 3627 4640 22996 417.2
Opolskie 731 1265 547 2297 4840 512.1
Podkarpackie 1656 2681 961 1178 6476 311.1
Podlaskie 1266 2187 583 1356 5392 470.6
Pomorskie 2597 4756 1516 2408 11277 478.2
Slgskie 6832 11094 3016 4729 25671 588.8
Swietokrzyskie 1241 2026 506 1062 4835 409.0
Warminsko-Mazurskie 982 2760 782 1282 5806 423.8
Wielkopolskie 3084 7899 3105 4884 18972 542.6
Zachodniopomorskie 1493 3279 1426 1639 7837 476.4
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Table I'V. Chickenpox. Incidence per 100 000 population by voivodeships in 2013-2022
Tabela I'V. Ospa wietrzna. Zapadalno$¢ na 100 tys. mieszkancow wg wojewodztw w latach 2013-2022

Voivodeship 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022
Poland 463.6 575.9 4879 418.2 | 450.8 3894 | 470.6 186.6 151.1 453.9
Dolnoslaskie 201.6 | 464.4 | 358.7 330.9 3246 | 2675 297.9 123.2 99.2 265.7
Kujawsko-Pomorskie 604.0 | 675.8 619.3 430.3 5429 | 476.0 | 4789 | 263.5 145.9 495.3
Lubelskie 461.3 415.8 | 426.6 374.1 424.0 | 360.9 | 500.0 183.6 135.6 514.6
Lubuskie 435.5 907.9 | 458.5 453.4 527.2 3894 | 454.1 137.3 114.6 617.1
Lodzkie 416.9 390.6 | 416.8 368.5 3859 | 280.2 | 329.6 177.9 121.8 336.1
Matopolskie 549.5 571.7 477.3 4452 | 480.5 | 4269 518.6 219.8 142.6 | 4499
Mazowieckie 516.7 663.4 555.3 4729 | 4654 387.1 514.1 193.1 137.2 417.2
Opolskie 505.1 630.7 369.9 457.1 601.0 | 500.5 | 479.7 | 234.2 163.5 512.1
Podkarpackie 303.0 | 290.0 | 278.9 | 259.3 346.5 | 3253 4274 132.0 123.2 311.1
Podlaskie 308.1 448.0 | 3819 315.6 3509 | 332.6 | 401.1 168.2 194.8 | 470.6
Pomorskie 4847 | 564.8 | 585.5 | 444.2 | 4577 502.0 | 514.6 190.9 165.6 | 478.2
Slqskie 546.0 | 763.2 4947 542.9 502.0 4474 555.8 242.6 215.8 588.8
Swie;tokrzyskie 4474 | 566.4 575.7 340.5 | 488.5 367.1 436.8 118.5 152.0 | 409.0
Warminsko-Mazurskie 301.9 515.1 512.1 360.2 | 338.1 328.1 467.9 155.6 124.6 | 423.8
Wielkopolskie 529.0 637.2 575.3 437.8 551.0 411.1 504.8 166.2 184.5 542.6
Zachodniopomorskie 390.8 513.6 546.1 378.0 | 3583 386.8 | 463.6 175.1 149.5 476.4
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Fig. 1 Chickenpox. Incidence per 100 000 population by years

Ryc. 1 Ospa wietrzna. Zapadalno$¢ na 100 tys. mieszkancow w latach

performed, giving a total of 123 436. Vaccinations
against chickenpox mainly concern children and
adolescents up to 19 years old (95.3% of vaccinations
performed). The total number of mandatory
vaccinations and the number of recommended
vaccinations were very similar (60 000 each), however,
in the case of people over 19 years old we can see
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Wykonano 62 301 szczepien w ramach szczepien
obowiazkowych o0séb narazonych w 2022 roku, na-
tomiast zalecanych wykonano 61 135, co daje tacznie
123 436. Szczepienia przeciwko ospie wietrznej gtow-
nie dotycza dzieci i mtodziez do 19 r.z. (95,3% wy-
konanych szczepien). Liczba ogdlem szczepien obo-
wigzkowych oraz liczba szczepien zalecanych byta do
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a significant advantage in the number of recommended
vaccinations (in the range of 2500-3000 in adults) over
the number of mandatory vaccinations (in the range of
250-350 in adults) (10).

SUMMARY AND CONCLUSION

The incidence rate of chickenpox in 2022 returned
to pre-pandemic levels, similar to the rate in 2016-
2018. Such a sudden decrease from over 400 cases per
100 000 people in 2019 to less than 200 per 100 000
in 2020, and the maintenance of this level for another
year, and then a sudden increase again to over 400
cases, shows results of the pandemic. It is noteworthy
that from 2014 to 2019 there was a mild decrease in
cases. The question remains whether, after returning
to the incidence rate from 2019, we should expect
a further downward trend or continued increases in
incidence related to the accumulation of susceptible
people in the population. Data from European
countries that have introduced vaccination against
chickenpox into the vaccination schedule have not
shown significant increases after the pandemic (11-13),
although a relatively higher incidence was observed in
the English study in the group of infants under 1 year
old (12). In Poland, vaccination against chickenpox is
still the recommended vaccination, with a relatively
low percentage of vaccinated children, so the risk of
a compensatory epidemic may be higher.

Despite the rigorous preventive measures used
during the pandemic, chickenpox was still able to
spread effectively. This indicates the need to introduce
vaccination against chickenpox into the vaccination
schedule.

Along with vaccinations, it is worth remembering
about chickenpox prophylaxis, because to a large
extent, the prevention of infectious diseases, apart
from vaccinations, consists of personal hygiene,
isolation of patients, and the use of personal protective
equipment. Appropriate prophylaxis, together with
a vaccination rate of at least 90%, contributes to
avoiding complications in the exposed population (14).
Vaccination against chickenpox is the most effective
method for controlling the incidence of this disease.
As found in studies conducted by the Department
of Pediatrics and Adolescent Medicine in Denmark,
in European countries where vaccination has been
introduced at a national or regional level, it has led to
a rapid decrease in the incidence of chickenpox and
the number of hospitalizations due to this disease
(15). Of course, we are talking about vaccination of
children, due to the fact that a significant proportion of
chickenpox cases concern children up to 9 years old.

Vaccination with the quadrivalent vaccine against
rubella, measles, mumps and varicella used in the

siebie bardzo zblizona (po 60 000), jednak w przypad-
ku os6b powyzej 19 r.z. mozemy zauwazy¢ znaczng
przewage w przypadku liczby szczepien zalecanych
(w granicach 2 500-3 000 u os6b dorostych) nad licz-
ba szczepien obowigzkowych (w granicach 250-350
u 0s6b dorostych) (10).

PODSUMOWANIE I WNIOSKI

Wskaznik zapadalnosci na ospe wietrzng w 2022
r. powrdcil do poziomu sprzed pandemii, zblizonego
do wartos$ci wskaznika w latach 2016-2018. Nagty spa-
dek z ponad 400 zachorowan na 100 000 osob w 2019
do niecatych 200 na 100 000 w 2020 oraz utrzymanie
si¢ tego poziomu przez kolejny rok, a nastepnie nagty
wzrost znéw do ponad 400 zachorowan przedstawia
slad jaki pozostawita pandemia. Zwraca uwagg, ze od
roku 2014 do 2019 roku odnotowano tagodny spadek
zachorowan. Pozostaje wigc pytanie, czy po powrocie
do zapadalnos$ci z 2019 nalezy spodziewac¢ si¢ dalszej
tendencji spadkowej, czy nadal wzrostow zapadalno-
Sci zwigzanych z nagromadzeniem 0sob wrazliwych
w populacji. Dane z krajow europejskich, w ktérych
wprowadzono szczepienia przeciwko ospie wietrznej
do kalendarza szczepien nie pokazaly istotnych wzro-
stow po pandemii (11-13), cho¢ w badaniu angielskim
zaobserwowano stosunkowo wyzszg zapadalno$é
w grupie niemowlat ponizej 1 roku zycia (12). W Pol-
sce szczepienie przeciwko ospie wietrznej jest nadal
szczepieniem zalecanym, ze stosunkowo niskim od-
setkiem zaszczepionych dzieci, wigc ryzyko epidemii
wyrownawczej moze by¢ wigksze.

Pomimo rygorystycznych s$rodkéw zapobiegaw-
czych stosowanych przez czas pandemii, nadal ospa
wietrzna byla w stanie skutecznie si¢ rozprzestrze-
nia¢. Swiadczy to o koniecznoéci wprowadzenia
szczepienia przeciwko ospie wietrznej do kalendarza
szczepien.

Wraz ze szczepieniami warto pamie¢tac o profilak-
tyce przeciwko ospie, poniewaz w duzej mierze profi-
laktyka chorob zakaznych, poza szczepieniami, pole-
ga na dbaniu o higiene osobista, izolacji chorych czy
stosowaniu $rodkow ochrony osobistej. Odpowiednia
profilaktyka wraz z poziomem zaszczepienia sigga-
jacym minimum 90% przyczynia si¢ do uniknigcia
komplikacji u populacji narazonej (14). Szczepienia
przeciw ospie wietrznej sg najskuteczniejsza metoda
kontroli zapadalnosci na t¢ chorobe. Jak stwierdzono
w badaniach prowadzonych przez Katedr¢ Pediatrii
i Medycyny Mtodziezowej w Danii, w krajach eu-
ropejskich, w ktérych wprowadzono szczepienia na
szczeblu krajowym lub regionalnym, doprowadzity
one do szybkiego spadku zachorowan na osp¢ wietrz-
ng i liczby hospitalizacji z powodu tej choroby (15).
Mowa oczywiscie o szczepieniach dzieci, z uwagi na
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United States of America is worth considering. This
vaccine is characterized by good tolerance, and as
found by a team of researchers from France, routine
vaccination would contribute to reducing the costs
associated with chickenpox (15). On the other hand,
since combined vaccination against measles, mumps
and rubella is routinely used in Poland, this would allow
for optimizing the costs of introducing vaccination
against chickenpox in this formula.
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ABSTRACT

INTRODUCTION. Mumps, also known as parotid gland inflammation, is a viral disease whose main source
of infection is the sick person / infected person. It posed a serious public health threat in Poland before the
introduction of compulsory vaccination. In 2003, Poland introduced the Measles, Mumps and Rubella (MMR)
vaccination programme, which includes a two-dose vaccination against mumps for all children.
OBJECTIVE. The aim of this study was to assess the epidemiological situation of mumps in Poland in 2022
compared to previous years, including an analysis of the impact of the pandemic COVID-19 .

MATERIAL AND METHODS. The analysis of the epidemiological situation of mumps in Poland in 2022
was based on the interpretation of data published in the annual bulletin: “Infectious diseases and poisonings in
Poland in 2022” and “Vaccinations in Poland in 2022”.

RESULTS. In 2022, 922 cases of mumps were registered in Poland. This was a 90.5% increase in the number
of cases compared to 2021, when 484 cases were recorded. The total incidence was 2.4/100 000 population,
84.6% higher than in 2021. The highest incidence of 3.4/100 000 inhabitants was registered in the Mazowieckie
voivodeship, and the lowest incidence of 1.0/100 000 inhabitants was registered in the Dolnoslaskie voivodeship,
as in the previous year. The highest incidence (12.9/100 000) was recorded in children aged 0-4 and 5-9 years
(16.1/100 000). The incidence in men (3.0/100 000) was higher than in women (1.9/100 000). In 2022, the number
of hospitalizations for mumps in Poland was 20, an increase of 122.2% compared to 2021, when 9 people were
hospitalized.

SUMMARY AND CONCLUSIONS. 2022 showed an overall upward trend in the number of recorded mumps
cases. The decrease in the number of mumps cases in 2021 was a result of the ongoing COVID-19 pandemic.
The restrictions introduced during the pandemic period contributed to a decrease in the number of cases of
various droplet-transmitted diseases, including mumps. Still, the observed number of mumps cases in 2022
remains below the levels observed during the pre-pandemic COVID-19 period (2019).

Keywords: mumps, parotitis, epidemiology, Poland, 2022
STRESZCZENIE

WSTEP. Swinka, znana réwniez jako nagminne zapalenie $linianek przyusznych, jest chorobg wirusowa, kto-
rej glownym zrodtem zakazenia jest chory cztowiek /osoba zakazona. Stanowila powazne zagrozenie dla zdro-
wia publicznego w Polsce przed wprowadzeniem obowigzkowych szczepien. W 2003 roku Polska wprowadzita
Program Szczepienn Ochronnych obejmujacy dwudawkowe szczepienie przeciwko swince w ramach szczepion-
ki MMR (przeciw odrze, §wince i rdzyczce) dla wszystkich dzieci.

CEL PRACY. Celem pracy byla ocena epidemiologiczna wystgpowania zachorowan na $winkg w Polsce
w 2022 r. w porownaniu do lat wczesniejszych, z uwzglednieniem analizy wptywu pandemii COVID-19.

* The work was carried out as part of task No. BE-1/2024 / Praca zostata wykonana w ramach zadania nr BE-1/2024

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. Analizg¢ sytuacji epidemiologicznej $winki w Polsce w roku 2022 przeprowadzono
na podstawie interpretacji danych publikowanych w biuletynie rocznym: ,,Choroby zakazne i zatrucia w Polsce
w 2022 r.” oraz ,,Szczepienia ochronne w Polsce w 2022 roku”.

WYNIKI. W 2022 r., zarejestrowano w Polsce 922 zachorowania na §winke. Byt to wzrost liczby zacho-
rowan o 90,5% w pordéwnaniu do 2021 r., kiedy odnotowano 484 zachorowan. Zapadalno$¢ ogétem wynio-
sta 2,4/100 000 mieszkancéw i byla wyzsza w porownaniu z rokiem 2021 o 84,6%. Najwyzsza zapadalnos¢
3,4/100 000 mieszkancow zarejestrowano w wojewodztwie mazowieckim, a najnizsza jak w roku poprzed-
nim — 1,0/100 000 mieszkancéw w woj. dolnoslaskim. Najwyzsza zapadalnos¢ (12,9/100 000) odnotowano
u dzieci w wieku 0-4 oraz 5-9 lat (16,1/100 000). Zapadalno$¢ mezczyzn (3,0/100 000) byta wyzsza niz kobiet
(1,9/100 000). W 2022 roku w Polsce liczba hospitalizacji z powodu $winki wyniosta 20, co stanowi wzrost
0 122,2% w poréwnaniu do 2021 roku, kiedy to hospitalizowano 9 0sob.

PODSUMOWANIE I WNIOSKI. W 2022 roku wykazano ogdlng tendencje wzrostowg liczby rejestrowa-
nych przypadkéw swinki. Spadek liczby zachorowan na swinke w 2021 roku byl wynikiem trwajacej pandemii
COVID-19. Obostrzenia wprowadzone w okresie pandemii przyczynity si¢ do zmniejszenia liczby zachorowan
na rézne choroby przenoszone drogg kropelkowa, w tym réwniez na §winke. Nadal jednak obserwowana liczba
zachorowan na §winke w 2022 roku pozostaje ponizej poziomoéw obserwowanych w okresie przed pandemia

COVID-19 (2019 1.).

Stowa kluczowe: swinka, nagminne zapalenie przyusznic, epidemiologia, Polska, 2022 rok

INTRODUCTION

Mumps (Epidemic parotitis) is a viral infectious
disease that can be prevented by vaccination. The
source of infection is the sick person/infected person.
The infection is spread by the droplet route or through
contact with objects that have been contaminated
with the throat secretions of the sick person. Mumps
usually presents with a headache, fever, fatigue and
malaise, followed by the classic hallmark of the
disease — salivary gland inflammation. Although the
disease is usually mild, in some cases meningitis,
testicular inflammation sometimes leading to
infertility, pancreatitis, less commonly arthritis,
myocarditis or inflammation of the auditory nerve,
which can lead to permanent deafness, can occur (1).
Thanks to widespread vaccination, the incidence of
mumps has decreased significantly.

Mandatory mumps vaccination was introduced
in Poland in 2003 (2,3). In countries without mumps
vaccination programmes, many children and
adolescents contract the disease every year. In most
European countries, vaccination of children against
mumps has been carried out since the 1980s, most
often with a vaccine combined with the measles and
rubella vaccine (MMR). Between 2014 and 2018,
the total number of mumps cases in the 28 EU/EEA
countries ranged from 11 069 to 14 795 per year, with
an incidence of 2.7 to 3.4 per 100 000 population (4).

In 2022, according to the ECDC mumps incidence
report, the 27 EU/EEA countries reported a total
of 2 593 mumps cases (incidence 0.7/100 000) of
which 1 089 (42%) were confirmed (the remainder
were classified as probable (14%) or possible (44%).
The incidence was slightly higher than in 2021,
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WSTEP

Swinka (nagminne zapalenie §linianek przyusz-
nych) jest wirusowa chorobg zakazna, ktérej mozna
zapobiega¢ poprzez szczepienie. Zrodtem zakazenia
jest chory cztowiek/osoba zakazona. Infekcja szerzy
si¢ droga kropelkowa lub poprzez kontakt z przed-
miotami, ktore zostaly zanieczyszczone wydzieling
z gardla chorej osoby. Swinka zwykle objawia si¢
bolem glowy, goraczka, zmegczeniem i ztym samopo-
czuciem, po ktorych nast¢puje klasyczna cecha cha-
rakterystyczna choroby — zapalenie $linianek. Chociaz
choroba zazwyczaj przebiega tagodnie, w niektorych
przypadkach moze doj$¢ do zapalenia opon mdzgowo
-rdzeniowych, zapalenia jader prowadzgcego czasami
do bezplodnosci, zapalenia trzustki, rzadziej zapale-
nia stawow, mig¢snia sercowego lub nerwu stuchowe-
g0, co moze prowadzi¢ do trwalej gtuchoty (1). Dzigki
powszechnym szczepieniom czgsto$§¢ wystepowania
$winki znacznie spadla.

Obowiazek szczepien przeciw swince wprowadzo-
no w Polsce w 2003 roku (2,3). W krajach bez progra-
mow szczepien przeciw $wince, kazdego roku wiele
dzieci i mtodziez choruje na t¢ chorobe. W wiekszosci
panstw europejskich szczepienia dzieci przeciw $§win-
ce sg prowadzone od lat 80., najczesciej szczepionka
skojarzong ze szczepionka chronigcg przed odra i ro-
zyczka (MMR). W latach 2014-2018 taczna liczba za-
chorowan na §winke w 28 krajach EU/EEA wahata si¢
od 11 069 do 14 795 rocznie, a zapadalno$¢ od 2,7 do
3,4 na 100 000 ludnosci (4).

W 2022 roku wedtug raportu ECDC dotyczacego
zachorowan na $winke, 27 krajéw UE/EOG zglosi-
o tacznie 2 593 przypadkow zachorowan na §winke
(zapadalno$¢ 0,7/100 000) w tym 1089 (42%) potwier-
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but significantly lower than in the previous three
years (range 1.7/100 000-4.2/100 000). In 2021, the
incidence was 0.4/100 000. Variable incidence trends
were observed in European countries between 2014
and 2018, with cyclical increases every 3-5 years.
In 2022, a renewed increase was noted, however,
the number of cases was still lower than before the
pandemic.

As in 2021, 68% of all cases in 2022 were
reported in 3 EU countries — Italy, Poland and
Spain. However, the authors of the 2022 mumps
cases report emphasise that all cases reported in
Poland meet only the definition of a possible case,
based on clinical criteria. The ECDC notes that the
observed decrease in 2021 may have been a result of
the COVID-19 pandemic (2020-2021). At that time,
there was a significant reduction in the sensitivity
of epidemiological surveillance for most infectious
diseases, and the incidence of droplet-transmitted
diseases was also influenced by the large-scale
sanitary restrictions introduced. The observed
increase in the incidence of mumps in 2022 is a result
of the lifting of sanitary restrictions, which has
contributed to a greater spread of droplet-transmitted
diseases, including mumps.

Compared to previous years, there has been
a shift in incidence to younger age groups — in 2022,
the median age of mumps patients was 10 years,
whereas in previous years it ranged between 13
and 21 years (5). This shift in the age of cases has
also been observed in Poland, indicating a possible
change in the dynamics of virus spread in younger
age groups.

OBJECTIVE

The aim of this study was to assess the
epidemiological situation of mumps in Poland in 2022
compared to the situation in previous years, taking
into account the impact of the COVID-19 pandemic.

MATERIAL AND METHODS

The assessment of the epidemiological situation
was based on a review of data from the bulletin
“Infectious diseases and poisonings in Poland in
2022 (7), and the assessment of the immunization
status of the population was based on data from the
bulletin “Vaccinations in Poland in 2022 (8). Case
classification was done based on the definition used in
the 2022 surveillance (9). Individual data on mumps
cases registered by the PSSE in the “EpiBase” system
were also used.

dzonych (pozostate zaklasyfikowano jako przypadki
prawdopodobne (14%) lub mozliwe (44%). Zapadal-
no$¢ byta nieco wyzsza niz w 2021 roku, ale znacz-
nie nizsza niz w poprzednich trzech latach (zakres
1,7-4,2/100 000). W 2021 roku zapadalno$¢ wynosita
0,4/100 000. W krajach europejskich obserwowano
w latach 2014-2018 zmienne tendencje zachorowan,
w tym cykliczne wzrosty co 3-5 lat. W 2022 roku za-
uwazono ponowny wzrost, jednakze liczba przypad-
kow byta nadal nizsza niz przed pandemia.

Podobnie jak w 2021 roku, w 2022 roku 68%
wszystkich przypadkéw odnotowano w 3 krajach UE
—we Wioszech, Polsce i w Hiszpanii. Autorzy raportu
dotyczacego zachorowan na $winke w 2022 roku pod-
kreslaja jednak, ze wszystkie zachorowania zgtoszone
w Polsce spetniajg jedynie definicje przypadku mozli-
wego, opartg na kryteriach klinicznych. ECDC zwra-
ca uwage, iz obserwowany spadek w 2021 roku mogt
by¢ wynikiem pandemii COVID-19 (lata 2020-2021).
Odnotowano wowczas istotne zmniejszenie czulosci
nadzoru epidemiologicznego nad wigkszoscia chordb
zakaznych, wplyw na czg¢stos¢ wystepowania cho-
rob przenoszonych drogg kropelkowa miaty réwniez
wprowadzone na szeroka skale restrykcje sanitarne.
Zaobserwowany wzrost liczby zachorowan na §win-
ke w 2022 roku jest rezultatem zniesienia restrykcji
sanitarnych, co przyczynito si¢ do wigkszego rozprze-
strzeniania si¢ chorob przenoszonych drogg kropelko-
wa, w tym swinke.

W poréwnaniu z poprzednimi latami odnotowano
przesunigcie zachorowan na mlodsze grupy wiekowe
—w 2022 mediana wieku chorych na $wink¢ wyniosta
10 lat, natomiast w latach poprzednich wahata si¢ mig-
dzy 13 a 21 lat (5). To przesuni¢cie wieku zachorowan
zostato rowniez zaobserwowane w Polsce, co wskazu-
je na mozliwe zmiany w dynamice rozprzestrzeniania
si¢ wirusa w mtodszych grupach wiekowych.

CEL PRACY

Celem pracy byta ocena sytuacji epidemiologicz-
nej $winki w Polsce w 2022 r. w poréwnaniu do sytu-
acji w latach poprzednich, z uwzglednieniem wptywu
pandemii COVID-19.

MATERIAL I METODY

Oceng sytuacji epidemiologicznej przeprowadzono
w oparciu o przeglad danych z biuletynu ,,Choroby za-
kazne i zatrucia w Polsce w 2022 roku” (7), za$ oceny
stanu uodpornienia populacji dokonano na podstawie
danych z biuletynu ,,Szczepienia Ochronne w Polsce
w 2022 roku” (8). Klasyfikacji przypadkéw dokonano
w oparciu o definicje stosowang w nadzorze w 2022 r.
(9). Wykorzystane zostaty rowniez dane indywidualne
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RESULTS

In 2022, 922 cases of mumps were registered in
Poland, an increase of 438 cases compared to 2021.
The total incidence was 2.4/100 000 population,
84.6% higher than in 2021. In 2022, the highest
incidence was recorded, as in the previous year, in
the Mazowieckie voivodeship (187 cases), where
the highest incidence of 3.4/100 000 was also
recorded. The lowest incidence was recorded in the
Dolnoslaskie voivodeship 1.0/100 000. The lowest

o zachorowaniach na $winke zarejestrowanych przez
PSSE w systemie ,,EpiBaza”.

WYNIKI

W 2022 roku w Polsce zarejestrowano 922 zacho-
rowania na $winke, co stanowi wzrost o 438 przypad-
kéw w porownaniu z rokiem 2021. Zapadalnos¢ ogo-
fem wyniosta 2,4/100 000 mieszkancéw i byta wyzsza
0 84,6% w poréwnaniu z 2021 r. W 2022 r. najwigcej
zachorowan odnotowano, podobnie jak w poprzednim
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incidence was recorded in the Opolskie voivodeship
(15 cases). Compared to 2021, the number of cases
increased in most provinces (Table I). The highest
number of mumps cases was registered in the second
quarter of 2022 (306 cases), the lowest in the first
quarter (154 cases).

Asinprevious years, in 2022, the highest number of
cases was registered among children and adolescents
aged up to 14 years — 690. The incidence of children
in the age group 0-4 and 5-9 years prevailed — a total
of 550 cases, accounting for 56% of the total number
of cases (Table II). Since 2003, when compulsory
mumps vaccination was introduced, there has been
a noticeable downward trend in the incidence of
mumps in all age groups.

In 2022, men were more likely to be ill (541
cases, incidence 3.0/100 000) than women (381 cases,
incidence 1.9/100 000). The incidence of mumps in
urban areas (566 cases; 2.5/100 000) was higher than
in rural areas (356; 2.3/100 000). The lowest incidence
was in cities with a population between 50 000 and
99 000. The incidence in age groups taking into
account the environment of residence did not differ
significantly, the greatest difference was observed
among 4-year-old children — the incidence in the city
was higher than that in the countryside (26.5/100
000 vs. 18.9/100 000). The highest incidence was

roku, w wojewddztwie mazowieckim (187 przypad-
kow), gdzie rowniez zarejestrowano najwyzsza zapa-
dalnos¢ 3,4/100 000. Najnizszg zapadalno$¢ odnoto-
wano w woj. dolnoslaskim — 1,0/100 000. Najmniej
zachorowan zarejestrowano w wojewodztwie opol-
skim (15 zachorowan). W poréwnaniu do 2021 roku,
liczba przypadkow zwickszyla si¢ w wigkszos$ci woje-
wodztw (Tab. I). Najwiecej zachorowan na $winke za-
rejestrowano w Il kwartale 2022 r. (306 zachorowan),
najmniej w I kwartale 154 zachorowan).

Podobnie jak w latach ubiegtych, w 2022 r. najwig-
cej zachorowan zarejestrowano wsrod dzieci i mto-
dziezy w wieku do 14 lat — 690. Przewazaty zachoro-
wania dzieci w grupie wieku 0-4 oraz 5-9 lat — tacznie
550 przypadkoéw, co stanowi 56% ogoélnej liczby za-
chorowan (Tab. II). Od 2003 roku, gdy wprowadzono
obowigzkowe szczepienia przeciwko Swince, zauwa-
zalna jest tendencja spadkowa zapadalnos$ci na §winke
we wszystkich grupach wieku.

W 2022 1. czg$ciej chorowali mezezyzni (541 za-
chorowan, zapadalnos¢ 3,0/100 000) niz kobiety (381
przypadkow, zapadalnos¢ 1,9/100 000). Zapadalnosé¢
na $winke w miastach (566 przypadkow; 2,5/100 000)
byta wyzsza niz na wsi (356; 2,3/100 000). Najnizsza
zapadalnos$¢ odnotowano w miastach liczacych pomig-
dzy 50 a 99 000 mieszkancow. Zapadalno$¢ w grupach
wieku z uwzglednieniem $rodowiska zamieszkania

Table II. Mumps in Poland 2022. Number of cases, incidence per 100 000 population in age groups
Tabela II. Swinka w Polsce w latach 2019-2022 r. Zapadalno$é na 100 000 ludnosci wg grup wieku

2019 2020 2021 2022
Age Incidence Incidence Incidence Incidence
(years) per % per % per % per %
100 000 100 000 100 000 100 000
0-4 15.5 22.1 5.7 18.6 6.4 25.0 12.9 9.4
0 1.6 04 1.1 0.7 2.1 1.4 0.9 0.3
1 6.1 1.8 1.3 0.9 3.8 2.9 7.6 1.3
2 15.0 4.4 5.8 4.0 5.8 4.5 10.5 2.1
3 2.3 6.9 5.8 4.0 9.6 7.9 19.0 3.8
4 30.7 8.6 13.9 9.1 10.1 8.3 23.1 5.3
5-9 23.0 33.9 7.4 24.6 6.4 25.2 16.1 6.7
5 27.0 7.5 6.7 4.8 7.6 6.0 26.7 3.0
6 323 9.2 8.9 43 6.4 5.0 16.3 1.5
7 20.6 6.1 8.4 5.8 9.1 7.0 17.2 1.8
8 22.9 7.0 8.5 5.7 5.8 4.5 10.8 1.0
9 13.2 4.2 5.7 4.0 33 2.7 9.1 0.8
10-14 11.1 16.4 59 20.6 4.6 19.6 6.7 5.3
15-19 5.3 7.2 2.8 8.8 2.3 8.7 3.3 1.8
20-29 2.2 7.5 1.1 8.3 1.3 3.6 1.3 1.0
30 -39 1.2 5.4 0.9 9.0 0.6 5.6 1.0 0.8
40+ 0.5 7.3 0.3 10.3 0.3 5.9 0.3 0.1
Total 3.5 100.0 1.5 100.0 1.3 100.0 2.4 100.0
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registered in the second and third quarters of the year
— June and July (101 and 113 cases, respectively).
In 2022, 20 people were hospitalised due to mumps
(11 more than in 2021). Among the patients, 234
unvaccinated persons were recorded, 519 persons
were vaccinated and there was no information on the
vaccination status of 169 persons.

Impact of the COVID-19 pandemic on the
mumps epidemiological situation in 2022. As of 16
May 2022, the epidemic state in Poland was lifted.
At the same time, a state of epidemic emergency was
introduced.

In 2022, the number of cases of mumps in Poland
was 922, which was 45.1% less than the median of
the pre-pandemic years (2015-2019), which was 1
678 cases per year. It was also 31.1% less than the
2019 median of 1 338 cases. However, compared
to the pandemic years of 2020 and 2021, there was
a marked increase in the number of cases in 2022.
The observed increase in the number of mumps
cases in 2022 was a result of the lifting of sanitary
restrictions, strictures, and the wearing of masks,
which contributed to a greater spread of droplet-
transmitted diseases, including mumps. Compared to
2020, when 582 cases were registered, the number
increased by 58.4% in 2022. Compared to 2021, when
484 cases were recorded, the increase was 90.5% (6).

In 2022, there was an increase in the incidence
of mumps (by 84.6% compared to 2021), but still the
observed incidence of mumps in 2022 remains below
the levels observed in the period before the COVID-19
pandemic (2019). The highest incidence rates in 2022
were recorded in the voivodeships of Mazowieckie
(3.4/100 000), Slaskie (3.2/100 000), Matopolskie
(3.0/100 000) and Zachodniopomorskie (2.9/100 000).
Compared to 2021, the increase in incidence was
particularly noticeable in the voivodeships of Lubelskie
(from 0.9/ 100 000 to 3.3/100 000), Mazowieckie (from
1.5/100 000 to 3.4/100 000) and Slaskie (from 1.6/100
000 to 3.2/100 000). Compared to the average incidence
in EU/EEA countries, which was 0.7/100 000, Poland
continued to have a high incidence. In comparison,
Poland also had a high mumps incidence of 1.3/100
000 in 2021, ranking second among EU/EEA countries
behind Ireland (2.2 /100 000) (5). In pre-pandemic
years, the average incidence was 4.3/100 000, while
in 2019 it was 3.5/100 000. In 2022, the incidence was
lower (2.4/100 000) compared to pre-pandemic years.
It is noteworthy that during the COVID-19 pandemic,
particularly in 2020 and 2021, the incidence dropped
significantly to 1.5 and 1.3 per 100 000, respectively.
This was due to the introduction of strict preventive
measures, such as wearing masks, closing schools
and kindergartens and limiting social contact, which
significantly reduced the transmission of the virus (6).
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nie roznita si¢ znaczaco, najwicksza rdéznice obserwo-
wano wsrod dzieci 4-letnich — zapadalno$¢ w miescie
byta wyzsza niz zapadalnos¢ we wsi (26,5/100 000 vs.
18,9/100 000). Najwigcej zachorowan zarejestrowano
w drugim i trzecim kwartale roku — w czerwcu i lip-
cu (odpowiednio 101 i 113 przypadkéw). W 2022 roku
z powodu $winki hospitalizowano 20 os6b (o 11 os6b
wigcej niz w 2021 r.). Wérod chorych odnotowano 234
osoby niezaszczepione, 519 0sob byto zaszczepionych
oraz u 169 os6b brak bylo informacji o stanie zaszcze-
pienia.

Wplyw pandemii COVID-19 na sytuacje¢ epide-
miologiczna §winki w 2022 r. Z dniem 16 maja 2022
roku nastgpito zniesienie stanu epidemii w Polsce.
Jednoczesnie wprowadzono stan zagrozenia epide-
micznego.

W 2022 roku liczba zachorowan na swinke w Pol-
sce wyniosta 922, co stanowito 45,1% mniej niz me-
diana z lat przedpandemicznych (2015-2019), ktora
wynosita 1 678 przypadkow rocznie. Bylo to rowniez
31,1% mniej niz w 2019 roku, kiedy to odnotowano
1 338 przypadkow. Jednakze, w poréwnaniu do lat
pandemicznych, czyli 2020 i 2021, w 2022 roku na-
stapit wyrazny wzrost liczby zachorowan. Zaobser-
wowany wzrost liczby zachorowan na §winke w 2022
roku byt rezultatem zniesienia restrykcji sanitarnych,
obostrzen, noszenia maseczek, co przyczynito si¢ do
wickszego rozprzestrzeniania si¢ chordb przenoszo-
nych droga kropelkowa, w tym $§winke. W poréwna-
niu do 2020 roku, kiedy zarejestrowano 582 przypad-
ki, w 2022 roku liczba ta wzrosta o 58,4%. W stosunku
do 2021 roku, w ktérym odnotowano 484 przypadki
zachorowan, wzrost wyniost 90,5% (6).

W 2022 roku, odnotowano wzrost zapadalnosci na
$winke (0 84,6 % w stosunku do 2021 r), jednak nadal
obserwowana liczba zachorowan na $winke w 2022
roku, pozostaje ponizej poziomoéw obserwowanych
w okresie przed pandemig COVID-19 (w 2019 r.). Naj-
wyzsze wskazniki zapadalnosci w 2022 roku zanoto-
wano w wojewodztwach: mazowieckim (3,4/100 000),
slaskim (3,2/100 000), matopolskim (3,0/100 000) oraz
zachodniopomorskim (2,9/100 000). W poréwnaniu
do 2021 roku, wzrost zachorowan byl szczegoélnie
zauwazalny w wojewodztwach lubelskim (z 0,9/100
000 do 3,3/100 000), mazowieckim (z 1,5/100 000 do
3,4/100 000) oraz $laskim (z 1,6/100 000 do 3,2/100
000). W poréwnaniu do $redniej zapadalnosci w kra-
jach EU/EEA, ktora wyniosta 0,7/100 000, Polska
nadal utrzymywala si¢ na wysokim poziomie zacho-
rowan. Dla poréwnania, w 2021 roku Polska rowniez
odnotowata wysoka zapadalnos¢ na §winke, wynosza-
ca 1,3/100 000, zajmujac drugie miejsce wsrdd krajow
EU/EEA za Irlandig (2,2/100 000) (5). W latach przed-
pandemicznych $rednia zapadalno$¢ wynosita 4,3/100
000, podczas gdy w 2019 roku wynosita 3,5/100 000.
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Mumps vaccination in 2022. Compulsory
vaccination against mumps was introduced into
the Immunization Calendar in 2003. The combined
measles, mumps and rubella (MMR) vaccine is used
forthispurpose (1-3,9). According to the Immunization
Programme, the vaccine is administered twice: the
first dose in the second year of life (between 13 and
15 months) and, from 2019, the booster dose has been
moved from 10 to 6 years of age. Children born in
2013 or earlier who have not received the second dose
of the vaccine are included in the booster vaccination
at age 10 (10).

In 2022, the vaccination status of children at
3 years of age against mumps in Poland was 90.9
per cent, a slight increase of 0.1 percentage points
compared to 2021. This increase is significant
given the challenges associated with the COVID-19
pandemic, which may have affected vaccination
implementation (8). Significant variation was
observed in mumps vaccination rates across
voivodeships. The highest vaccination rate was
observed in the Warminsko-Mazurskie voivodeship,
where up to 97.4% of children received the MMR
vaccine. High results were also achieved in Podlaskie
and Podkarpackie voivodeships, where the rate
was 96.9%. In the Malopolskie voivodeship 96.8%
of children were vaccinated, and in the Lubuskie
voivodeship 96.4%. Such high rates may be the result
of effective educational campaigns and good access
to vaccination in these regions. On the other hand,
the lowest mumps vaccination status was recorded in
Opolskie voivodeship, where only 85.7% of children
received the vaccination. Similarly low rates were
recorded in Lubelskie (86.2%), Swigtokrzyskie
(86.7%), Lodzkie (87.0%) and Zachodniopomorskie
(88.2%) voivodeships (8). There may be many reasons
for such low rates, ranging from logistical problems
to limited access to healthcare to lower levels of
public awareness of the benefits of vaccination.
Other voivodeship ranked between these extremes.
For example, the Mazowieckie voivodeship achieved
a vaccination rate of 90.9%, while the Slaskie
voivodeship achieved 94.4% (8).

SUMMARY AND CONCLUSIONS

There was a significant increase in the number
of mumps cases in 2022 compared to 2020 and
2021, when the COVID-19 pandemic and associated
sanitary restrictions limited the spread of many
infectious diseases, including mumps. The number
of registered mumps cases increased to 922, an
increase of 90.5% compared to the previous year.
The incidence increased by 84.6%, reaching 2.4
per 100,000 population. The highest incidence was

W 2022 roku zapadalnos$¢ byta nizsza (2,4/100 000)
poréwnaniu do lat sprzed pandemii. Warto zauwazyc,
ze podczas pandemii COVID-19, szczegolnie w latach
2020 1 2021, zapadalno$¢ znacznie spadta do poziomu
odpowiednio 1,5/100 000 i 1,3/100 000. Byto to wyni-
kiem wprowadzenia rygorystycznych srodkéow zapo-
biegawczych, takich jak noszenie maseczek, zamknig-
cie szkot i przedszkoli oraz ograniczenie kontaktow
spotecznych, ktore znaczaco zmniejszyty transmisje
wirusa (6).

Szczepienia przeciw Swince w 2022 r. Obowigzek
szczepienia przeciwko $wince zostal wprowadzony
do Kalendarza Szczepienn Ochronnych w 2003 roku.
W tym celu stosuje si¢ skojarzong szczepionke prze-
ciwko odrze, swince i rézyczce (MMR) (1-3,9). Zgod-
nie z Programem Szczepien Ochronnych, szczepion-
ke podaje si¢ dwukrotnie: pierwszg dawke w drugim
roku zycia (miedzy 13 a 15 miesiagcem), a od 2019 roku
dawke przypominajaca przesunigto z 10 na 6 rok zy-
cia. Dzieci urodzone w 2013 roku lub wcze$niej, kto-
re nie otrzymaty drugiej dawki szczepionki, sg objete
przypominajgcym szczepieniem w wieku 10 lat (10).

W 2022 roku stan zaszczepienia dzieci w 3. roku
zycia przeciw $§wince w Polsce wyniost 90,9%, co
oznacza niewielki wzrost o 0,1 punktu procentowego
w poréwnaniu z rokiem 2021. Wzrost ten jest istot-
ny, biorgc pod uwage wyzwania zwigzane z pande-
mig COVID-19, ktore mogly wptywaé na realizacje
szczepien (8). Zaobserwowano znaczace zroznicowa-
nie w poziomie zaszczepienia przeciw swince w po-
szczegdlnych wojewodztwach. Najwyzszy wskaznik
zaszczepienia odnotowano w wojewodztwie war-
minsko-mazurskim, gdzie az 97,4% dzieci otrzymato
szczepionkg MMR. Wysokie wyniki osiggnety row-
niez wojewddztwa podlaskie i podkarpackie, gdzie
wskaznik wyniost 96,9%. W wojewddztwie matopol-
skim zaszczepiono 96,8% dzieci, a w wojewodztwie
lubuskim 96,4%. Tak wysokie wskazniki mogg by¢ re-
zultatem skutecznych kampanii edukacyjnych i dobre-
go dostepu do szczepien w tych regionach. Z drugiej
strony, najnizszy stan zaszczepienia przeciw $wince
zanotowano w wojewodztwie opolskim, gdzie tylko
85,7% dzieci otrzymato szczepienie. Podobnie niskie
wskazniki odnotowano w wojewodztwach lubelskim
(86,2%), swietokrzyskim (86,7%), 1odzkim (87,0%)
oraz zachodniopomorskim (88,2%) (8). Przyczyn tak
niskich wskaznikéw moze by¢ wiele, od probleméw
logistycznych, przez ograniczony dostep do opieki
zdrowotnej, po nizszy poziom $wiadomosci spotecz-
nej dotyczacej korzysci ze szczepien. Pozostate wo-
jewodztwa plasowatly si¢ pomiedzy tymi skrajnymi
wartosciami. Na przyktad wojewddztwo mazowieckie
osiagneto wskaznik zaszczepienia na poziomie 90,9%,
natomiast wojewodztwo §laskie 94,4% (8).
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recorded in the Mazowieckie voivodeship, while the
lowest incidence was registered in the DolnoS$laskie
voivodeship. In 2022, the most common incidence
was in children aged 0-9 years and men. A similar
shift of the peak incidence to younger age groups
observed in Poland was also seen in Europe, where
the median age of patients fell to 10 years in 2022.
This phenomenon requires further monitoring and
consideration in future epidemiological analyses and
public health strategies.

There was a noticeable drop in vaccination rates
below 90% in many voivodeships, which could
explain the higher incidence rates in Poland compared
to other European countries, where vaccination levels
are usually higher. At the district level in Poland,
there were areas where MMR (mumps, measles and
rubella) vaccination levels were even lower than at
the provincial level. This suggests that the problem
of low vaccination may be more complex and region-
specific, which may favour local mumps outbreaks
(11). The low level of vaccination in some provinces
may be one of the factors contributing to the higher
incidence in Poland.

The higher incidence in Poland may also be due to
the way cases are registered. In Poland, all possible
cases based on clinical criteria are included, which
may lead to a higher number of registered cases
compared to other countries where stricter criteria,
such as laboratory confirmation, are used. In this
regard, it is worth referring to studies conducted in
France that question the effectiveness of mumps case
surveillance based solely on clinical data, without
laboratory confirmation, especially in populations
with high vaccination rates (12). These studies suggest
that, in such cases, symptom-only reporting may not
be sufficiently reliable and lead to an overestimation
of the number of cases.

The analysis of the epidemiological situation
showed that, despite the increase in the number of
cases in 2022, it is still at a lower level than before the
COVID-19 pandemic. This shows that the sanitary
restrictions introduced during the pandemic, such
as the wearing of masks and the closure of schools
and kindergartens, had a significant impact on
reducing mumps virus transmission. However, the
lifting of these measures contributed to an increase
in the number of cases, highlighting the importance
of prevention and systematic monitoring of the
epidemiological situation.

Migration of refugees from Ukraine may have
contributed to the increased incidence of mumps in
Poland due to the generally lower vaccination levels
among Ukrainian migrants. The potential impact of
this group on overall vaccination rates and mumps
incidence in Poland should be considered, given the
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W 2022 roku w Polsce odnotowano znaczacy wzrost
liczby zachorowan na $§winke w porownaniu do roku
2020 1 2021, kiedy to pandemia COVID-19 i zwigzane
z nig restrykcje sanitarne ograniczyty rozprzestrzenia-
nie si¢ wielu chorob zakaznych, w tym $winki. Liczba
zarejestrowanych przypadkow §winki wzrosta do 922,
co stanowito wzrost 0 90,5% w poréownaniu z rokiem
poprzednim. Zapadalnos¢ wzrosta o 84,6%, osiagajac
poziom 2,4/100000 ludnos$ci. Najwiecej zachorowan
odnotowano w wojewodztwie mazowieckim, podczas
gdy najnizsza zapadalno$¢ zarejestrowano w woje-
wodztwie dolnoslagskim. W 2022 roku najczestsze
zachorowania dotyczyty dzieci w wieku 0-9 lat oraz
mezczyzn. Podobne przesuniecie szczytu zachorowan
na mtodsze grupy wiekowe jak obserwowane w Pol-
sce, byto widoczne réwniez w Europie, gdzie mediana
wieku chorych spadta do 10 lat w 2022 roku. To zjawi-
sko wymaga dalszego monitorowania i uwzglednienia
w przysztych analizach epidemiologicznych oraz stra-
tegiach zdrowia publicznego.

Zauwazalny byt wyrazny spadek wskaznika za-
szczepienia ponizej 90% w wielu wojewddztwach,
co moglo wyjasnia¢ wyzsze wskazniki zachorowan
w Polsce w porownaniu do innych krajow europej-
skich, gdzie poziomy zaszczepienia sa zazwyczaj
wyzsze. Na poziomie powiatow w Polsce istnialy ob-
szary, gdzie poziom zaszczepienia przeciwko MMR
(Swince, odrze i roézyczce) byl jeszcze nizszy niz na
poziomie wojewodzkim. To sugeruje, ze problem ni-
skiego zaszczepienia moze by¢ bardziej ztozony i do-
tyczy¢ konkretnych regionow, co moze sprzyjaé lokal-
nym wybuchom epidemii §winki (11). Niski poziom
zaszczepienia w niektorych wojewodztwach moze by¢
jednym z czynnikow wplywajacych na wyzsza liczbe
zachorowan w Polsce.

Wyzsza zapadalno$¢ w Polsce moze rowniez wy-
nika¢ ze sposobu rejestracji przypadkoéw. W Polsce
uwzglednia si¢ wszystkie przypadki mozliwe, opar-
te na kryteriach klinicznych, co moze prowadzi¢ do
wyzszej liczby zarejestrowanych zachorowan w po-
rownaniu do innych krajow, gdzie stosuje si¢ bar-
dziej rygorystyczne kryteria, takie jak potwierdzenie
laboratoryjne. W zwiazku z tym warto odnie$¢ si¢
do badan prowadzonych we Francji, ktére poddaja
w watpliwos$¢ skuteczno$¢ nadzoru nad przypadkami
$winki opartymi wylacznie na danych klinicznych,
bez potwierdzenia laboratoryjnego, zwlaszcza w po-
pulacjach o wysokim poziomie wyszczepienia (12).
Badania te sugeruja, ze w takich przypadkach zgla-
szalno$¢ tylko na podstawie objawéw moze nie by¢
wystarczajaco wiarygodna i prowadzi¢ do przeszaco-
wania liczby zachorowan.
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results of studies on the immune status of migrants
and their vaccination beliefs (13-15).
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sjach jezykowych, powinny odnosi¢ si¢ do gtoéw-
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 zwigzek 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 obejmujagcym badang populacje (wiek,
pte¢ i inne wazne cechy np. srodowisko zamiesz-
kania, histori¢ szczepien ochronnych), metody
randomizacji czy przydzialu do poszczegdlnych
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 podkreslic nowe lub wazne
aspekty wynikow i omowi¢ ich implikacje oraz
poda¢ ich ograniczenia. Wyniki badan witasnych
powinny by¢ ocenione na tle pi$miennictwa wyko-
rzystywanego przez autoréow. Nie nalezy tutaj po-
wtarzaé szczegdlowych danych przedstawionych
w poprzednich czesciach artykutu.

Whioski mozna sprecyzowa¢ w punktach lub
przedstawi¢ krotko w formie opisowej. Wnioski
powinny tgczy¢ 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 kosztéw 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,

PiSmiennictwo — nalezy ograniczy¢ tylko do po-
zycji cytowanych w teks$cie i majgcych bezposred-
ni zwigzek z tematem pracy. Liczba cytowanych
pozycji nie powinna przekracza¢ 30, jednak Re-
dakcja zastrzega sobie prawo do wyrazenia zgody
na zwigkszenie tej liczby w przypadku prac prze-
gladowych. Pozycje w wykazie pi$miennictwa po-
winny by¢ utozone zgodnie z ich kolejnoscig poja-
wiania si¢ w tek$cie. Przy cytowaniu prac w tek-
Scie nalezy poda¢ w okragtych nawiasach tylko
liczbe porzadkowa odnosnej publikacji w wykazie
pisSmiennictwa. 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 zgod¢ na zacytowanie
takiej pracy, jak tez potwierdzenie, ze cytowana
praca zostata zaakceptowana do druku. Obowia-
Zujacym stylem cytowania w naszym czasopismie
jest styl Vancouver, ktérego 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 zwiazku
tym zwracamy si¢ do Autorow o zwrocenie szcze-
goblnej uwagi na to, aby manuskrypt zostat przygo-
towany w taki sposob, aby nie zdradzac tozsamo-
$ci Autorow. Nazwiska i afiliacje Autorow nalezy
umiesci¢ tylko w specjalnie wyznaczonych do
tego miejscach w Editorial System i nie powiela¢
ich w tresci artykutu.

Wszystkie nadestanie prace przechodza wstepna
oceng przez Redakcje pod katem zgodnosci z te-
matykg i dziedzinami, w ktorych specjalizuje si¢
€zasopismo.

Artykuly spelniajace kryteria merytoryczne
i edytorskie sg nastgpnie przesylane do dwoch nie-
zaleznych Recenzentow, ktorzy dokonuja oceny
wartosci naukowej pracy.

Recenzje sporzadzane sg w elektronicznym for-
mularzu recenzji dostegpnym po zaakceptowaniu
zaproszenia do recenzji bezposrednio z linku
w mailu lub po zalogowaniu si¢ do swojego konta
w systemie redakcyjnym

Dthugos¢ trwania procesu recenzji jest Scisle po-
wigzana z dostgpnoscia recenzentdow i moze wy-
dtuza¢ 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 przesylane 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 Recenzentoéw i doktadnie
oznaczyli w tekscie wszystkie poprawki, zmiany
1 uzupetnienia, a w przypadku braku mozliwosci
wprowadzenia poprawki, ustosunkowali si¢ do
uwagi w pi$mie do recenzentow.

Poprawiony artykut przechodzi ponownag oceng
redakcyjnag, a nastepnie Redakcja podejmuje osta-
teczng decyzj¢ dotyczaca publikacji manuskryptu.
Ostateczny termin publikacji jest uzalezniony do
liczby manuskryptéw oczekujacych na publikacije.



