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Summary

Introduction. HAV is a ubiquitous viral disease with a faecal-oral transmission mechanism,
characterized by liver lesions. According to global data reposts, the frequency of HAV outbreaks
all over the world had increased. From the beginning of the outbreak of HAV (Vinnytsia, Ukraine)
in 2023 incidence rate of HAV was detected as 27,25 per 100,000 (in 2022-0,35 per 100,000). Having
analyzed these data, an outbreak of HAV was also registered among the pediatric population
(88 out of 454 cases during outbreak; 19,3 %). Incidence and evidence rates of HAV have increased,
especially in regions with increased rates of military activities, furthermore, these findings have
highlighted the increasing impact of HAV on the burden faced by the public health system.

Aim. To estimate the peculiarities of clinical, laboratory features, genotype distribution of HAV
among pediatric patients of Vinnitsya region during outbreak in 2023-2024 years.

Materials and methods. Among 88 pediatric patients with HAV during the outbreak, 31 children
were examined in the course of the study and formed the study group (average age-12,84+0,16 years).
Clinical examination of all patients, laboratory and instrumental assays, ELISA, PCR-testing were
performed in accordance with the standard of management. All cases of HAV (n=31; 100 %) were
confirmed by ELISA and additionally PCR-testing was performed for 16,1 % (n=5) of examined.
Statistical data analysis was performed using «SPSS v.22.0». The data were considered significant
at p<0.05.

Results. During the outbreak, out of all 454 cases of HAV, 46 serum samples were tested by PCR
with genome sequencing and in 78,2 % (n=36) was detected IB genotype of HAV, while in 21,8 %
(n=10) - IA genotype. Among pediatric patients (n=5), IB genotype was detected in serum of 80 %
(n=4) of tested, while IA —in 20 % (n=1). Clinical course of HAV had a severe course in 100 % (n=31)
of study group according to laboratory indexes. Frequency of clinical symptoms was detected
in the study group. The level of total bilirubin, ALT, AST among study group in the serum was
estimated with clinical significance. Severe laboratory course of HAV among the study group could
be explained by spreading of IB genotype of HAV during outbreak.

Conclusions. The outbreak of HAV with a severe clinical course in the Vinnitsya region in 2023-2024
in the population was associated with IB genotype of HAV. Among the examined paediatric patients
IB genotype of HAV was detected in 80 %. The clinical course of HAV in 100 % (n=31) of the main
group was severe according to laboratory parameters.
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INTRODUCTION These outbreaks remind us of factors such as
social, cultural, political, antimicrobial, economic, and
environmental elements that affect the clinical course of
infectious diseases [2].

Today the world suffers from a big amount of wars,
conflicts and other military activities. In case of global
conflicts outbreaks of infectious diseases were registered as

result of displacement, overcrowding, healthcare collapse, Nowadays, outbrea}ks of Var.ious nosologi'cal forms
destruction of critical water and sanitation infrastructure, ~are reported globally during conflicts and wars, including
and malnutrition [1]. African trypanosomiasis, Marburg fever, plague, yellow
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fever, poliomyelitis, malaria, cutaneous leishmaniasis,
leishmaniasis, tularemia, leptospirosis, coccidioidomycosis,
cholera, West Nile virus, mucormycosis, ZIKV, melioidosis,
typhus [3].

Outbreaks of waterborn diseases caused by
Campylobacter, Cryptosporidium, Escherichia coli, Giardia,
Norovirus, Shigella, and Salmonella as well as outbreaks
caused by hepatitis A virus, were registered globally [3].

According to Lee G. Y. et al., HAV was estimated as
most reasonable causative agent of hepatitis worldwide.
Having analyzed obtained data, it was reported that
genetic analysis of HAV strains was conducted for seven
genotypes including human (I-1I1 and VII) and simian
(IV-VI) groups. Additionally, HAV strains are classified
into six sub-genotypes (IA, 1B, I1A, I1B, I1IA, and I1IB),
which are typically observed in humans [4].

This pathogen mainly could be transmitted by direct
close contact and also by ingestion of contaminated food
or water. Nowadays, outbreaks of HAV mostly had been
registered in low-income countries with poor sanitary and
sociodemograpic conditions, but have also been identified
as a potential causative agent of hepatitis in outbreaks
occurring during wartime [5].

According to the USA reports, over 37,000 new
outbreak-related cases with more than 22,600 hospital
admissions and approximately 350 HAV-related deaths were
reported in the period 2016-2020. In 24 European countries,
19,947 cases of HAV were reported between January and
December 2017, which is four time higher, compared with
data from period between 2012 and 2015 [6]. Also, it was
reported that in the USA and in European countries most
cases of HAV were caused by IA genotype of the virus.

So, globally we had registered a positive tendency
in increasing of total amount of HAV outbreaks, that’s
why it’s important to analyze clinical, laboratory features
and genotype distributions to perform proper clinical and
epidemiological characteristics of outbreaks nowadays.
Ukraine is not an exception. Before the beginning of
the war in Ukraine, the incidence rate was low, but with
the beginning of military activities, the incidence rates
increased sharply, and therefore outbreak of HAV in the
Vinnytsia region appeared and was registered.

So, incidence and evidence rates of HAV had
increased, especially in regions with increased rates
of military activities, furthermore, these findings have
highlighted the increasing impact of HAV on the burden
faced by the public health system.

AIM

To estimate the peculiarities of clinical, laboratory
features, genotype distribution of HAV among pediatric
patients of Vinnitsya region during outbreak in
2023-2024 years.
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MATERIALS AND METHODS

According to «State institution Vinnytsia region
center for diseases control and prevention of the Ministry
of Health of Ukraine» reports, during the outbreak of HAV
in 2023-2024 in Vinnitsya region 454 cases of HAV were
confirmed and reported, 19,3 % (n=88) were registered
among pediatric population. Among 88 pediatric patients,
who were hospitalized in the infectious-box department
of communal non-profit enterprise «Vinnytsia regional
clinical children’s infectious diseases hospital, Vinnytsia
regional Council» with HAV during the outbreak, in the
process of scientific research 31 children were included
and examined (males-51,6 % (n=16), females-48.4 %
(n=15); average age-12,84%0,16 years), forming the
study group. Clinical examinations of all patients, along
with laboratory and instrumental assays, ELISA and
PCR testing with genome sequencing, were performed
according to standards of management. Clinical
symptoms, biochemical markers of cytolytic (ALT,
AST) and cholestatic (fractional bilirubin) syndromes of
HAYV were estimated and performed. Clinical symptoms
were evaluated at the time of admission to the hospital.
Laboratory assays were performed on the 1% day of
admission to the hospital, on the 5% day and before
discharge from the hospital (10" day after admission to the
hospital). All cases of HAV (n=31; 100 %) were confirmed
by ELISA by detection of anti-HAV IgM and additionally
PCR-testing was performed for 16,1 % (n=5) of examined
patients of the study group. All medical interventions
were performed in accordance with standard operating
procedures.

Statistical analysis was performed by «SPSS v.22.0»
software, using the methods of descriptive statistics.
Parametric data were presented in the format of mean
(M) and its error (m). The clinical reliability between
parametric data was assessed using the paired Student’s
t-test. Reliability was considered significant at p<0.05. The
study was conducted in compliance with ethical standards.

RESULTS

According to the data of the Public health center of
the MoH of Ukraine, it was determined that in Ukraine
in the period 1970-1996 years, high incidence rates of
HAYV was registered (maximum rate in 1983 — 398,9
per 100,000), however, since 1997, the incidence rates
had a downward trend (Fig. 1).

In the Vinnytsia region, the incidence rates of HAV
for the period from 2013 to 2023 were higher compared
to the incidence rates in Ukraine. Since the beginning of
military activities in the Vinnytsia region, the incidence
rate of HAV increased by 77.85 times: in 2023, it was 27.25
per 100,000 population, while compared to 2022, it was
0.35 per 100,000 (Fig. 2).



KAIHIYHA MEAVILIVIHA

450 o
(@)
o0
400 i,
ﬁ ~
Ton
350 S~ © g7
0 o ™M o0 ™M 00~
300 O | | ON NG
oD — m SN LN
250 N NG — N
o mFoN, NN N ~N
©IJR JASA— RN
200 o —wvl qu_.ﬁ .
v = NS <
— —g [e0]
150 —
NN‘LDq-
Noot Hae e
100 SRIPBE M
SR R
50 NGB8 ARS
S TG e
0 =
O N < W 0 O N < O 0 O N & O 0 O N & O 0 O «
~ ~ ~ M~ M~ 00 0 o0 o o (e)] a OO O O o O O o o L
(@)] (e)] a o O D [e)] (e)] (e)] a o O O o O O o o o O
- Hd A HA HA Hd —H HA A A +d +d +d +d -4 N N N N N~ N
Figure 1. Incidence of HAYV in Ukraine during the period of 1970-2012.
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Figure 2. Incidence rates of HAYV in Ukraine and Vinnytsia region for the period 2013-2023.

During the outbreak of HAV, among 454 patients
which were hospitalized with HAV, among 46 of them
serum samples were additionally tested by PCR with
genome sequencing. In the course of the scientific study;
IB genotype of HAV was detected in 78.2 % (n=36) of
patients, which is atypical for the European region, while
IA genotype was found in 21.8 % (n=10) of those examined.
Among pediatric patients (n=5), 1B genotype was detected
in serum of 80 % (n=4) of tested, while IA —in 20 % (n=1).

Among 88 pediatric patients which were hospitalized
with HAV in CNE «Vinnytsia regional clinical children’s
infectious diseases hospital, Vinnytsia regional Council», in
the course of the study, 31 patients with HAV were examined.

8

Taking into account laboratory reports, HAV in 100 %
(n=31) had a severe course. Icteric clinical form of HAV was
reported in 96,8 % (n=30) of examined patients, while the
unicteric clinical form was observed in 3.2 % (n=1).

According to the analysis of the duration of the
preicteric clinical stage of HAV among the examined
patients, it was estimated that 16.1 % (n=35) had a duration
of approximately 1-3 days, 61.4 % (n=19) had a duration
of 4-7 days, and 22.5 % (n=7) had a duration of 8-14 days.
Clinical course of HAV in preicteric stage was mainly
mixed in 77,5% (n=24) of patients, dyspeptic — 16,1%
(n=5), flu-like in 3,2% (n=1), astenic — 3,2% (n=1) of
the examined patients.
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According to the clinical examination of hospitalized
patients with HAV who were enrolled in scientific studies,

the frequency of the main clinical syndromes was reported
(Tab. 1).

Table 1
Frequency of clinical symptoms of HAV among pediatric patients (%)
Main clinical symptoms which were registered in patients Patients of(;l:;i;udy group
with HAV Abs. | %
Intoxication syndrome
Fever 30 96,7
Malaise 26 83,7
Anxiety 14 45,1
Dyspeptic syndrome
Vomiting 26 83,7
Loss of appetite 25 80,6
Diarrhea 5 16,1
Abdominal syndrome
Abdominal pain 30 96,7
Enlargement of the liver 28 90,3
Abdominal pain in right upper quadrant 26 83,7
Enlargement of spleen 26 83,7
Cholestatic syndrome
Icretic colour of the skin 30 96,7
Icteric colour of the sclerae 29 93,5
Changing of the urine colour 25 80,6
Paleness of the stool 22 70,9
Pruritus of the skin 7 22,6

Among the examined patients of the study group,
the frequency of the main clinical symptoms during the
outbreak was assessed within the main clinical syndromes,
such as intoxication, dyspeptic, abdominal and cholestatic.

Having analysed the data obtained, symptoms of
intoxication syndrome, such as fever, were recorded in 96,7 %
(n=30) of children, malaise —in 83,7 % (n=26) of patients.
Vomiting was registered among 83,7 % (n=26) and loss of
appetite within 80,6 % (n=25) of children of the study group.

It was noted, that enlargement of liver was reported in 90,3 %
(n=28) and spleen —in 83,7 % (n=26) of the examined
patients, which was not typical for classical course of HAV.
Such symptoms as jaundice (96 %; n=30), icteric colour of
the sclerae (93,5 %; n=29), changing of the urine colour
(80,6 %; n=25) also were reported during the study.

After evaluation of clinical symptoms and syndromes
among patients of the study group, laboratory reports of
these children were analysed (Table 2).

Table 2

Dynamics of laboratory indexes in patients of the study group with HAV during the outbreak
in the Vinnytsia region (M+m)

Lel DEET D Before discharge
Laboratory indexes (day of adrplssmn g (f_r om the day O.f from the hospital
y hospital) admission to hospital) p
- P (n=31)
(n=31) (n=31)
Total bilirubin, mol/l 132,48+12,65 137,72421,95 67,118,73**"
Direct bilirubin, pmol/l 46,46%4.54 45,87+7,96 25,88+4,26""
Indirect bilirubin, pmol/l 85,44+8.22 86,28+14,01 41,17+5,21%"
ALT, 1U/1 2193,93+218,42 1165,33£157,65%** 433,58442, 3%
AST, 1U/1 1351,51+160,72 490,71+90,09*** 151,31+15,65%

Note:

*** (pl) — significant difference between indexes on the 1st and 5th day after admission to the hospital with p<0,001;
# (p2) — significant difference between indexes on the 5th day after admission and before discharge from the hospital with

p<0,05;

## (p3) — significant difference between indexes on the 5th day after admission and before discharge from the hospital with

p<0,01;

### (p4) — significant difference between indexes on the 5th day after admission and before discharge from the hospital with
p<0,001;

Il (p5) — significant difference between indexes at the time of admission and before discharge from the hospital with p<0,01;
I (p6) — significant difference between indexes at the time of admission and before discharge from the hospital with p<0,001.
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During laboratory assays, the level of total bilirubin
in the serum of the study group was measured as follows:
(day 1: 132,48%+12,65 umol/1; day 5: 137,72%+21,95
umol/1; before discharge: 67,1148,73 pmol/l; p6<0,001;
p3<0,01). It should be noted, that during the outbreak of
HAV indirect bilirubin level was significantly higher at the
time of admission (p<0,001), on the 5" day (p<0,001) and
before discharge from the hospital (p<0,05), compared
with direct bilirubin level. The level of ALT in the serum
was estimated (day 1: 2193,93+218,42 1U/1; day 5:
1165,33+157,65 1U/I1; before discharge: 433,58+42,3
1U/1; p1<0,001; p4<0,001; p6<0,001). The level of AST
in the serum was estimated (day 1: 1351,51£160,72 IU/I,
day 5: 490,71£90,091U/I1; before discharge: 151,31%+15,65
1U/1; p1<0,001; p4<0,001; p6<0,001).

According to the analysis of the obtained data,
deviations in these laboratory indexes indicated a severe
course of HAV and changes in the morpho-functional
activity of the liver parenchyma in the examined patients.
It should be noted that abnormally high levels of cytolytic
syndrome markers (such as ALT and AST) and increased
levels of total bilirubin (with a predominance of the
indirect fraction) may be associated with the spreading of
the IB genotype of the HAV virus, which was isolated from
hospitalized patients during the outbreak in the Vinnytsia
region in 2023-2024.

DISCUSSION

The HAV virus has modified its clinical course over
the past four decades, both in Ukraine and in European
countries, taking into account epidemiological, clinical,
and laboratory features. Having analized the peculiarities
of the modern course of HAYV, it is necessary to modify
the system of epidemiological control and prevention
strategies, especially during outbreaks, on a global scale

[7].

Given the peculiarities of the etiological factor of
HAV during outbreaks, it is very important to assess the
genomic epidemiology of HAV, which plays a crucial role
in identifying and tracking the source of pathogens during
outbreaks and their geographical distribution [4].

Taking into account the global genotypes distribution
of HAYV, it was estimated that in European countries and
in the USA, the IA genotype of HAV was detected during
epidemiological studies, and the clinical course of the
disease has been mild. Compared to the obtained data,
it was reported that the IB genotype of HAV, which was
detected during the outbreak in the Vinnytsia region in
2023-2024, predominantly circulates in Spain, Jordan,
Egypt, Turkey, and other countries of the Mediterranean
region [8, 9].

According to the analysis of clinical and laboratory
data of examined patients during the HAV outbreak, it
was noted that the clinical course of HAV was severe and

10

mostly was associated with the IB genotype of HAV, both
among adults and the pediatric population. It was reported
that the risk of severe and fulminant courses of HAV was
associated with genotypes other than IA [10].

Having analyzed reports of the Polish authors, it
should be noted that high incidence rates of HAV were
also registered among the pediatric population, and the
incidence rates of HAV was increased during the phase of
migration of war refugees from Ukraine in recent years.
Thus, population migration typically raises incidence rates
of HAV, especially during wars and other emergencies
globally. A similar trend of a sharp rise in HAV cases has
been detected in Lebanon, mainly attributed to the influx
of Syrian refugees [11, 12].

Having summarized all the data obtained during the
HAV outbreak in the Vinnytsia region in 2023-2024 and
compared these findings with scientific reports from other
authors, we found that our results were similar to those
collected in previous studies.

CONCLUSIONS

The outbreak of HAV with a severe clinical course
in the Vinnytsia region during 2023-2024 among the
population was associated with the IB genotype of HAV,
in both the adult and paediatric populations, mainly
adolescents.

The main clinical manifestations in patients with
HAV were reported such as signs of intoxication (96.7 % of
examined patients had an increase in body temperature up
to 38-39 °C), abdominal (abdominal pain was registered in
96.7 % of children), and cholestatic (jaundice was reported
in 96.7 % of patients) syndromes.

In 90,3 % of children, with HAV hepatomegaly was
registered, in 83,7 %—splenomegaly was reported, which
is not specific for the typical course of HAV.

Clinical course of HAV in all patients of the study
group was severe according to evaluation of laboratory
indexes.

During admission to the hospital, cholestatic
syndrome was laboratory manifested in children of
the study group as an increase in the level of total
bilirubin (in 61,3 % of examined it was in the range of
81-160 pmol/l), predominantly was formed by indirect
bilirubin (in 58 % of patients it was in the range of 17,2-100
umol/1) and by abnormally high levels of cytolytic
syndrome indexes in the form of increased levels of ALT
(in 51,6 % of children it was more than 2000 U/l) and AST
(in 67,7 % of patients it was more than 700 U/1) both at
the time of admission to the hospital and before discharge.

Prospects for further researches: investigation of
the relations between genotypes of HAV and clinical,
laboratory, immunological course of HAV among pediatric
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population with estimation of possible predictors of severe
course of the disease.
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Pe3stome

CNAJIAX BIPYCHOIO FEMATUTY A Y BIHHULIbKIA OBJIACTI MIA, YAC BIMHWU CEPEL AUTSYOr0 HACEJIEHHS:
KJIHIKO-JIABOPATOPHI OCOBJIMBOCTI
Ipuna I. He3ropa, OneHa C. OHodpiituyk, Apocnae M. lemuniumH, AHHa M. ToHyapyk

Kadepnpa puraunx iHdekuiiiHmx xBopob, BiHHMLIbKWIA HALOHaIbHMIA MeanYHMIA yHiBEpcKUTET iM. M. I. Muporosa, M. BiHHWLS,
Ykpaita

Beryn. BI'A - ybikBiTapHe BipycHe 3axBOpioBaHHS 3 (beKaAbHO-OPaAbHMM MeXaHi3MOM Ilepepadi, IO
XapaKTepU3YEThCsl YpakeHHsIM ITevYiHKM. BiATIOBIAHO AO AaHMX T'AOOAaABHMX 3BiTiB, yacroTa craraxis BI'A
y BCBOMY CBiTi 3pocaa. 3 modarky crmaraxy BI'A (m. Binumis, Yxpaina) y 2023 powi 3axBOpIOBaHICTbh Ha
BI'A crasoBuaa 27,25 Ha 100 Tic. (y 2022 pomi — 0,35 Ha 100 tic.). [Tpoananaisysasmm mi aasi, cnarax BI'A
3apeeCcTPOBaHMII TaKOX 71 Cepea AUTSIIOro HaceAeHH: (88 i3 454 Bumaakis 3a 4ac cmaraxy; 19,3 %). Pisenn
3axBOpIoBaHOCTI Ta nonmpeHocti BI'A 3pocan, 0cobAMBO B perioHax i3 IABUIIIEHVMM piBHEM BiICBKOBMX Ail,
TaKOX IIi axTy II0Ka3aAu 3pocTaiouy poAb BI'A, K 0OTSKAMBOIO YMHHMKA Ha CHCTEMY OXOPOHM 3A0POB s
MerTa. BusHaunTy kAiHiYHI, AabOpaTOpHi 0COOAMBOCTI, 0COOAMBOCTI PO3MOAiAY reHOTHITIB BI'A cepea nariieHTiB
AUTSTIOro BiKy BiHHMIIbKOI 06AacTi IiA gac criaaaxy BI'A y 2023-2024 pp.

Marepiaan Ta MeToau. Cepea 88 mamieHTiB AuTsT90TO BiKy 3 BI'A mia wac crmaaaxy B mpolieci HayKOBOTO
AOCAIAXKeHHS 6yA0 obcTexxeHO 31 AUTHHY, sIKi cpOPMYBaAU AOCAIAXKYBaHY IpyIy (xaomanku—51,6 %; cepeaHiit
Bik — 12,84+0,16 poxis). Bcim XBOpymM IIpOBeA€HO KAiHiUHe OOCTeXXeHHs, AabOpaTOpHO-IHCTpyMeHTaAbHi
aocaiaxenns1, I®A, TTAP-TecTyBaHH: BiATIOBIAHO AO CTaHAAPTY AikyBaHH:. Yci Bunaaxkyu BI'A (n=31; 100 %)
miaTBepAXeHO MeroaAoM IDA Ta AoaarkoBo mpoBeaeHO ITAP-tecryBamus y 16,1 % (n=5) obcre>xeHmx.
CraTucTu4yHy OOpOOKYy AQHMX IIPOBOAMAM 3a AOHOMOroio «SPSS v.22.0». AaHi BBa’kaAM AOCTOBIpHMMU
npu p<0,05.

PesyapraTn. Ilia gac cmaraxy cepea ycix 454 mamienTis i3 BI'A, 46 3paskiB cupoBaTKM KpOBi AOCAIAXKEHO
MmeToaoM ITAP i3 cexBeHyBaHHSM TeHOMY Ta y 78,2 % (n=36) obcTexxennx BustBAeHO 1B rerorum BI'A, a y 21,8 %
(n=10) — renorun IA. Cepea mnarieHTiB AUTsTIOTO Biky (n=5) reHotun IB BusaBAenuit y cuposatiii kposi y 80 %
(n=4) obcrexennx, a IA —y 20 % (n=1). ¥ 100 % (n=31) obcrexxeHnX IaIli€HTIB 3a AAHUMM AAOOPATOPHMX
ITOKa3HMUKIB KAiHiuHMI nepebir BI'A 6yB Baxxum. Cepea AiTell AOCAIAXYBaHOI I'pyIlM BUSBAEHO YacTOTy
KkAiHiyHMX cumiromiB. KaiHiYHO 3HaUymMMy BU3Ha4YeHi piBHI 3araapHOrO 6iAipydiny, AAT, ACT y cuposariii
KpOBi cepeA Airell aocaiaxysaHol rpymu. Baxxuii aaboparoprmit nepebir BI'A cepea obcrexxeHux Aireit
MO>XHa HOSICHNUTY nommmpeHHsM 1B reroruny HAV mia gac criaaaxy.

BucaoBku. Crarax BI'A 3 TSDKKUM KAiHIYHMM Ilepebirom y BiHEmupkint obaacti y 2023-2024 poxax cepea
HaceAeHHsI OyB acomiiioBaayMm 3 nommpeHHsM 1B rerotuny BI'A. Cepea obcrexxernnx aiteit IB remornn HAV
BusiBAeHMIT y 80 %. Kainiunmit mepebir BI'A y 100 % (n=31) oci6 ocHOBHOI rpymm 3a OIIHKOIO AabOpaTOPHMX
ITOKA3HYKIB OYB TSOKKIIM.

Kntouoei cnosa: BipycHuii remaTtuT A, AiTH, TediHKa, KAIHIKO-Aa60paTOPHi 0COGAMBOCTI, TeHOTHUIIN
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