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a b s t r a c t

Background: In Latvia outbreaks of the HAV were observed between 2008 and early 2010 and again in 
2017–2018. However, the risks of introducing and spreading infection still exist, as the virus spreads easily 
when personal hygiene is not followed.
Methods: To determine the spread of HAV subgenotypes in the territory of Latvia the VP1/P2A genomic 
region of HAV was amplified and sequenced for 259 case serum samples. The study carried out a molecular 
biological investigation and molecular epidemiological investigation. Demographic data (sex, age), disease 
data (hepatitis symptoms, hospitalization, vaccination) and epidemiology data (part of the outbreak, pos-
sible source of infection, recent travel) were collected. Based on the obtained sequences, the phylogenetic 
tree was built and analyzed for the homology and belonging to different isolated HAV clusters from other 
countries.
Results: From the obtained data, it was concluded that HAV subgenotype IA had 13 clusters and 12 sporadic 
cases, HAV subgenotype IB had eight clusters and 11 sporadic cases, HAV subgenotype IIIA had one cluster 
and nine sporadic cases. It was found that the sources of infection among the investigated cases were 
different, they were mostly associated with contact with a patient with HAV, travel, as well as between 
persons who inject drugs and men who have sex with men, and the prevalence of HAV similar sequences 
was observed in different years. It was concluded that patients with HAV subgenotype IA had the longest 
hospitalization duration and averaged 9.3 days, while patients with subgenotype IB - 7.3 days, subgenotype 
IIIA - 7.7 days. Analyzing the data on vaccination, it was found that mostly all were not vaccinated or had an 
unknown vaccination status.
Conclusions: All of this has led to the conclusion that the application of molecular biological methods of the 
HAV and a careful analysis of epidemiological data can help to better understand the ways of spreading the 
infection, investigate local outbreaks, detect cases of imported infection and track the recirculation of the 
virus.
© 2023 The Author(s). Published by Elsevier Ltd on behalf of King Saud Bin Abdulaziz University for Health 
Sciences. This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/ 

4.0/).

1. Introduction

HAV infection, which is a major cause of acute hepatitis, poses an 
important public health problem worldwide [1–3]. Hepatitis is a 
major health problem in both developing and developed countries. 
An estimated 1.4 million clinical cases of hepatitis A occur world-
wide every year [4].
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The manifestation can be asymptomatic or symptomatic, ranging 
between mild and fulminant hepatitis, which is rare [5,6].

The virus can spread through the faecal-oral route, ingestion of 
contaminated food and water or direct contact with an infected 
person [7,8]. Lack of safe water, as well as poor sanitation and hy-
giene are risk factors for HAV infection. Epidemics can be prolonged 
and cause substantial economic loss [5,9]. The particles of HAV are 
stable and resistant to room temperature and low pH conditions that 
favor its transmission via the fecal-oral route. Before symptomatic 
disease, the incubation period is usually approximately 28 days with 
viremia and viral elimination in feces during the first weeks after 
infection explaining the high probability of contamination in in-
dividuals who practice oral-anal sex and persons who injects drugs 
[1,10]. However, fecal shedding of HAV can last for months after 
resolution of symptoms and such patients could be a source of fur-
ther spreading of HAV [11,12].

HAV belongs to the family Picornaviridae and the genus 
Hepatovirus. HAV contains a 7.5 kb genome encoded by a positive- 
sense, single-stranded RNA. HAV has six genotypes (I-VI); genotypes 
I-III are infectious to humans [5,10]. Genotypes I and III are each 
divided into subgenotypes A and B. The nucleotide variation be-
tween isolates of different genotypes is ∼15 %, and variation between 
subgenotypes ranges between 7 % and 7.5 % in the VP1 capsid pro-
tein-P2A protease junction [5,13–17].

Hepatitis A occurs sporadically and also as outbreaks. Molecular 
detection and typing of the VP1/P2A genomic region of HAV is used 
for genotype detection and outbreak investigations [18,19].

In Latvia, hepatitis A is a notifiable disease, with all cases re-
ported to the Centre for Disease Prevention and Control of Latvia 
(CDC) [20]. Since the last HAV outbreak in Latvia, which occurred in 
2008–2009 and resulted in 5107 cases, the number of hepatitis A 
cases has remained steady at around 10 cases per year, all of which 
have been sporadic and without epidemiological links to each other. 
However, in 2017, an increase in cases was observed, followed by 
continued case reporting up to 2019.

In the present study, we characterized the HAV strains involved 
in the acute hepatitis A cases identified in Latvia in 2008 – 2021 
during outbreaks as also sporadic cases by sequencing and a phy-
logenetic analysis. HAV samples were typed to determine whether 
these cases were linked to one another, to risk groups or connected 
other to outbreaks. We describe our investigations, including geno-
type sequence characteristics of the cases and phylogenetic analyses, 
and summarise the available surveillance data of HAV in Latvia from 
2008 to 2021.

2. Materials and methods

2.1. Study setting

Riga East clinical university hospital, Infectology Centre of Latvia 
is the main institution in the field of infectious diseases and houses 
Latvia’s National microbiology reference laboratory (NMRL). The 
NMRL is Latvia’s primary centre of detection, confirmation and 
molecular typing of HAV. Clinicians should notify probable and 
confirmed cases, and laboratories are required to report positive HAV 
results to the CDC. Laboratory diagnosis is based on at least one of 
the following three laboratory criteria according to the 2018 EU case 
definition for acute hepatitis A: (i) detection of hepatitis A virus 
nucleic acid in serum or stool, (ii) hepatitis A virus-specific antibody 
response or (iii) detection of hepatitis A virus antigen in stool [21]. 
Serological tests for anti-HAV IgM are the most common and a 
mainstay in the diagnosis. When the CDC receives notification re-
ports from clinicians or laboratories, all cases of hepatitis A are in-
vestigated by the in-house epidemiologists, who contact the HAV 
patient and collect information about hospitalisation, vaccination, 
hepatitis symptoms, and travel during the incubation period.

In Latvia from 2008 to 2021 5726 hepatitis A cases were notified 
[22]. Serum samples were obtained from 259 individuals with 
clinical manifestations of acute hepatitis A for HAV typing, with a 
mean age of 33.7 years (range, 3 – 77 years).

2.2. HAV serological tests

The presence of anti-HAV IgM antibodies were tested by enzyme 
immunoassay (EIA) using AxSYM HAVA-M 2.0 (Abbott Diagnostics, 
Germany) (n = 100), ETI-HA-IgMK-PLUS (DiaSorin, Italy) (n = 1), 
Architect HAVAb-IgM, (Abbott Diagnostics, Germany) (n = 99), Cobas 
Anti-HAV IgM (Roche Diagnostic, Germany) (n = 59) according to the 
manufacturer’s instructions.

2.3. RNA extraction, nested polymerase chain reaction (PCR), 
sequencing and sequencing analysis

The protocol for molecular detection and typing of the VP1/P2A 
genomic region of HAV, National Institute for Public Health and the 
Environment, the Netherlands [23] was used for genotyping by se-
quencing 460 nt.

Automated RNA extraction from serum samples was performed 
on NucliSens easyMaq, Biomerieux instrument (bioMerieux, 
Durham, North Carolina, United States (US)), amplification on 
GeneAmp 9700 thermal cycler (Applied Biosystems, Waltham, 
Massachusetts, US), and sequencing on Applied BioSystems 3130xl 
genetic analyser (Applied Biosystems).

All acquired HAV sequences were submitted to the HAVNET da-
tabase and compared with reference sequences, including three 
outbreak strains widely circulating among MSM (VRD_521_2016, 
RIVM-HAV16–090 and V16–25801) and reference strains for geno-
types (IA, IB, IIIA) obtained from GenBank database (X75215, 
M14707, FJ227135).

A phylogenetic tree was inferred by using the Maximum 
Likelihood method based on the Tamura-Nei model with bootstrap 
analysis (1000 replicates). All positions containing gaps and missing 
data were eliminated. The phylogenetic tree was generated by MEGA 
(6.0) software [24].

2.4. Epidemiological data

Epidemiological data including age, sex, hepatitis-related symp-
toms, information about hospitalisation, vaccination against HAV, 
possible source of infection (contact with an HAV case, MSM, PWID, 
food-borne or unknown), recent travel and suspected country of 
origin of the virus for typed HAV samples was collected.

2.5. Statistical Analyses

Descriptive statistical methods were used to characterize the 
patients. For quantitative data, the arithmetic mean (Mean, M) with 
the standard deviation (Standard Deviation, SD) of the dispersion 
indicators and the median (Median, Me) was evaluated.

The results were evaluated with an α-error of 5 %, thus, if the p- 
value obtained in the results was less than 0.05, the null hypothesis 
was rejected and the test result was recognized as statistically sig-
nificant.

If statistical data did not correspond to normal distribution, non- 
parametric tests such as Mann-Whitney U Test and Kruskal-Wallis 
Test were applied.

Correlation analysis, Spearman’s rank correlation coefficient was 
used to determine the relationship between the variables.

Data processing was performed using the computer program IBM 
SPSS Statistics, Version 27.0.

O. Savicka, D. Dusacka, R. Zeltmatis et al. Journal of Infection and Public Health 16 (2023) 1462–1470

1463



3. Results

3.1. Notified hepatitis A cases in 2008–2021 in Latvia

Fig. 1. shows reported 5726 hepatitis A cases from 2008 to 2021 
in Latvia. Evaluating the distribution of diagnosed cases by year, it 
can be established that the number of new cases is fluctuating, 
however, there is a tendency to increase the number of cases during 
outbreaks (2008 – 2009, 2017–2018).

3.2. Subgenotypes of hepatitis A cases in Latvia

Serum samples from cases (259/5726; 4.5 %) were sequenced to 
determine HAV subgenotypes. There is no conflict of interest to 
declare 1 shows the amount of the sequenced 259 HAV samples. The 
majority were HAV subgenotype IA - 72.0 % (n = 187), subgenotype IB 
- 23.0 % (n = 59), subgenotype IIIA - 5.0 % (n = 13). In 2017 most of the 
cases were subgenotype IA (n = 55) and they belonged to one of 
three HAV subgenotype IA outbreak strains in Europe among MSM 
during the 2016/2017 (VRD_521_2016, n = 30; RIVM-HAV16–090, 
n = 7; V16–25801, n = 2), however in 2018 some HAV strains asso-
ciated with HAV outbreak among MSM also were detected. Other 
clusters and sporadic cases of HAV subgenotype IA infections were 
also detected. (Table 1).

3.3. Demographics

Fig. 2 shows age and sex distribution among the 259 sequenced 
HAV cases. The mean age of patients at diagnosis was 33.7 years (SD 
±  14.9 years). The youngest patient was 3 years old, while the oldest 
patient was 77 years old. The median age was 32 years. 41 (16 %) of 
this group of patients were children and overwhelmingly more - 218 
(84 %) were adults. Comparing the age of patients at the time of 
diagnosis, the age of men and women differs statistically sig-
nificantly (p = 0.049).

3.4. Data on hepatitis symptoms, hospitalization, vaccination

All 259 patients had symptoms of hepatitis. The total number of 
hospitalized patients was 242/259 (93.4 %), non-hospitalized pa-
tients 17/259 (6,6 %).

Among hospitalized patients, adults were 205/242 (84.7 %) and 
children were 37/242 (15.3 %). The average age of the hospitalized 
patients was 33.7 years (SD ±  14.9 years), with a median of 32 years, 
the gender distribution was uneven: men – 54.1 % (n = 131), women 
– 45.8.1 % (n = 111). Among hospitalized patients, HAV subgenotype 
IA was 178, subgenotype IB - 52, subgenotype IIIA - 12.

Comparing the gender of hospitalized patients and HAV sub-
genotype, there is no statistically significant association (p = 0.790), 
but comparing the age distribution of hospitalized patients with 
HAV subgenotypes is statistically significantly different (p = 0.08).

Among non-hospitalized patients, adults were 14/17 (82.4 %) and 
children were 3/17 (17.6 %). The mean age of non-hospitalized pa-
tients was 33.4 years (SD ±  16.0), with a median of 34 years, the 
gender distribution was even: men – 52.9 % (n = 9), women – 47.1 % 
(n = 8). Among non-hospitalized patients, HAV subgenotype IA was 
9, subgenotype IB - 7, subgenotype IIIA - 1.

When comparing non-hospitalized patients’ gender and HAV 
subgenotype, there is no statistically significant difference 
(p = 0.758), as well as the age distribution by HAV subgenotype is not 
statistically significantly different (p = 0.837).

The number of analyzed patients who were hospitalized in REUH 
inpatient LIC from 2012 to 2021 amounted to 97/259 (37.5 %), for an 
average of 6.9 days (SD ±  4.5 days) from the date of illness, with a 
median of 6 days. The duration of hospitalization for the examined 
group was on average 8.7 days (SD ±  7.8 days), with a median of 7.0. 
The minimum number of days was – 1, the maximum number of 
hospitalized days was 73 days.

Fig. 3 shows the duration of hospitalization. The number of pa-
tients with subgenotype HAV IA was 69.1 % (n = 67), with sub-
genotype HAV IB 24.7 % (n = 24), with subgenotype HAV IIIA 6.2 % 
(n = 6). The average number of hospitalized patients with HAV sub-
genotype IA was 9.3. days, (minimum day was 1-day, maximum day 

Fig. 1. Notified hepatitis A cases in 2008–2021 in Latvia. 

Table 1 
Distribution of hepatitis A virus subgenotypes, Latvia, 2008–2021 (n = 259). 

Number of cases per year Total

2008 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 n %

HAV sequenced samples 100 1 2 5 4 6 59 52 18 11 1 259 100
IA (total) 95 1 2 4 2 2 55 20 4 2 0 187 72
IA (VRD_521_2016)* - - - - - - 27 3 - - - 30 16
IA (RIVM-HAV16–090)* - - - - - - 5 2 - - - 7 3.7
IA (V16–25801)* - - - - - - 2 0 - - - 2 1.1
IA (other cases) - - - - - - 21 15 - - - - -
IB 1 0 0 1 0 1 3 29 14 9 1 59 23
IIIA 4 0 0 0 2 3 1 3 0 0 0 13 5
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– 73 days), with subgenotype IB was 7.3. days (minimum day was 2 
days, maximum days – 15 days), with subgenotype IIIA 7.7. days (the 
minimum day was day 1, the maximum day was day 12).

The vaccination data of the study group showed that the majority 
of patients were not vaccinated against HAV - 89.6 % (n = 232), 10.0 % 
(n = 26) did not know their vaccination status and in one case - 0.4 % 
(n = 1), when the patient was in contact with an HAV patient and was 
vaccinated with a single dose of HAV vaccine, but still got sick.

3.5. Epidemiological data of hepatitis A cases

Data on possible source of infection showed that only 27.4 % 
(n = 71) had a known source of infection and 72.6 % (n = 188) had an 
unknown source of infection. Of the identified sources of infection, 
one case was associated with fruit from Azerbaijan, one case was 
associated with fruit from Uzbekistan, four cases were among in-
dividuals who self-identified as MSM and isolated HAV RNA nu-
cleotide sequences belong to cluster RIVM-016–90, seven cases were 
related to each other from the outbreak in 2008, 23 cases were 
PWID, 35 cases were determined to be in contact with a HAV patient.

Data on travel history during HAV incubation and suspected 
country of origin of the virus showed that 81.5 % (n = 211) were local 
cases and 18.5 % (n = 48) were linked to other countries: Austria 
(n = 1), Bulgaria (n = 1), Philippines (n = 1), France (n = 1), Greece 
(n = 1), Estonia (n = 1), Italy (n = 1), Nepal (n = 1), Netherlands (n = 1), 
Nigeria (n = 1), Sri Lanka (n = 1), Turkmenistan (n = 1), Ukraine 
(n = 1), Great Britain (n = 2), Morocco (n = 2), Tajikistan (n = 2), Spain 
(n = 3), Egypt (n = 4), India (n = 4), Kazakhstan (n = 4), Russia (n = 4), 
Uzbekistan (n = 4), Germany ( n = 6).

3.6. Phylogenetic analysis

3.6.1. Subgenotype HAV IA
Fig. 4 shows subgenotype HAV IA results. 187 HAV sequences fall 

into 13 clusters and 12 sporadic cases with no identified epidemio-
logical association. The average age of patients with HAV sub-
genotype IA was 35.5 years, men were 103, women – 84, adults – 
165, children – 22.

The first cluster consists of 96/187 (51.3 %) identical sequences, 
95 cases were reported in 2008 and one in 2012. 23/96 cases were 
associated with PWID from the 2008 HAV outbreak, 6/96 were as-
sociated with the 2008 outbreak, 67/96 were of unknown source. 
The case from 2012 was linked to travel in the Great Britain, the 
other cases were local.

The cluster named VRD_521_2016, which was associated with 
the HAV outbreak in EU/EEA countries, consists of 30/187 (16 %) 
identical sequences, 27 cases were registered in 2017, 3 - in 2018. In 
11/30 cases, the source of infection was determined - contact with 
HAV patients, in 19/30 - the source of infection is unknown, but two 
cases were associated with travel to Germany, one to Spain and 
Austria, the remaining cases were local.

The cluster named RIVM-HAV16–090, which was associated with 
the HAV outbreak in EU/EEA countries, consists of 7/187 (3.7 %) 
identical sequences, 5 cases were registered in 2017, 2 - in 2018. In 1/ 
7 cases, the source of infection was determined - contact with an 
HAV patient, 4/7 had identified themselves as MSM, 2 / 7 - the source 
of infection is unknown, and two cases were associated with travel 
to Germany, one to Spain, France and Russia, the other cases were 
local.

Fig. 2. Age and sex distribution of sequenced hepatitis A cases, Latvia, 2008–2021 (n = 259). 

Fig. 3. Duration of hospitalized patients with HAV subgenotypes IA, IB, IIIA (n = 97). 
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A cluster named V16–25801, which was associated with an out-
break of HAV in EU/EEA countries, consists of 2/187 (1.1 %) identical 
sequences, cases were reported in 2017. The source of infection is 
unknown, but the cases were linked to travel to Germany and 
Estonia.

The second cluster consists of 16/187 (8.5 %) identical sequences, 
6 cases were reported in 2017 and 10 cases in 2018. In 3/16 cases, the 
source of infection was determined - contact with an HAV patient, 
for the rest the source of infection is unknown. One case was linked 
to travel to Ukraine and one to the Netherlands, the other cases were 
local.

The third cluster consists of 3/187 (1.6 %) identical sequences, one 
case was reported in 2015, one in 2016 and one in 2018. The source 
of infection is unknown, but one case was linked to travel to Bulgaria 
and one to Greece.

The fourth cluster consists of 4/187 (2.1 %) identical sequences, 
one case was reported in 2014, two in 2017, one in 2019. The source 
of infection is unknown, but two cases were linked to travel to Russia 
and Uzbekistan.

The fifth cluster consists of 5/187 (2.7 %) identical sequences, one 
case was reported in 2013, one in 2015, three in 2017. The source of 
infection is unknown, but one case was linked to travel to Russia, one 
to Italy, the rest were local.

The sixth cluster consists of 3/187 (1.6 %) identical sequences, 
two cases were reported in 2017, one in 2020. The source of infection 
is unknown, but one case was linked to travel to Spain, the others 
were local.

The seventh cluster consists of 2/187 (1.1 %) identical sequences, 
two cases were reported in 2014. In one case, the source of infection 
was fruit that was brought from Uzbekistan, in the second case, the 
source of infection is unknown. The cases were local.

Fig. 4. Maximum likelihood phylogenetic tree of the hepatitis A virus VP1/2A genomic region sequences from hepatitis A cases subgenotype IA (n = 187). 
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The eighth cluster consists of 2/187 (1.1 %) identical sequences, 
two cases were reported in 2017. The source of infection is unknown, 
the cases were linked to travel to Uzbekistan and Kazakhstan.

The ninth cluster consists of 3/187 (1.6 %) identical sequences, 
two cases were reported in 2018, one in 2019. The source of infection 
is unknown, but one case was linked to travel to Morocco, the others 
were local.

The tenth cluster consists of 2/187 (1.1 %) identical sequences, the 
cases were reported in 2017, the source of infection is unknown and 
the cases were local.

Sporadic cases accounted for 12/187 (6.4 %) sequences. Cases 
were registered: one in 2013, one in 2014, one in 2016, four in 2017, 
two in 2018, two in 2019, one in 2020. In 11 cases, the source of 
infection is unknown and one had contact with an HAV patient. Two 
cases were associated with travel to Kazakhstan, one to Germany, 
Uzbekistan, Morocco, the Philippines. The rest were local.

Reference sequence IA X75215 for subgenotype HAV IA from the 
GeneBank database and VRD_521_2016, RIVM-HAV16–090, 
V16–25801 from HAVNET database have been included for com-
parison. The European strains circulating among men who have sex 
with men are marked in coloured bars: VRD_521_2016 (gray bars), 
RIVM-HAV16–090 (blue bars), V16–25801 (black bars). Subgenotype 
HAV IA clusters are marked in coloured bars: HAV IA cluster 1 (dark 
red bars), HAV IA cluster 2 (red bars), HAV IA cluster 3 (orange bars), 
HAV IA cluster 4 (yellow bars), HAV IA cluster 5 (light green bars), 
HAV IA cluster 6 (green bars), HAV IA cluster 7 (light blue bars), HAV 
IA cluster 8 (purple bars), HAV IA cluster 9 (dark blue bars), HAV IA 
cluster 10 (pink bars).

3.6.2. Subgenotype HAV IB
Fig. 5 shows subgenotype HAV IB results. 59 HAV sequences fall 

into eight clusters and eleven sporadic cases with no identified 
epidemiological association. The average age of patients with HAV 

subgenotype IB was 27.8 years, men were 30, women - 29, adults - 
38, children - 21.

The first cluster consists of 4/59 (6.8 %) identical sequences, two 
cases were reported in 2018 and two in 2019, the source of infection 
is unknown and the cases were local.

The second cluster consists of 2/59 (3.4 %) identical sequences, 
two cases were reported in 2020, the source of infection is unknown 
and the cases were local.

The third cluster consists of 4/59 (6.8 %) identical sequences, 
three cases were reported in 2019, one case in 2020, the source of 
infection is unknown and the cases were local.

The fourth cluster consists of 3/59 (5.1 %) identical sequences, 
one case was reported in 2018, one in 2019, one in 2020, the source 
of infection is unknown, but two cases are local and one case was 
associated with traveling to Egypt.

The fifth cluster consists of 20/59 (33.9 %) identical sequences, 18 
cases were registered in 2018 and two in 2020. In 2018, 16/18 cases 
were related to HAV infection among relatives in one family, where 
the first recorded case was in a two-year-old child and the suspected 
source of infection was food from Egypt. Of the two registered cases 
in 2020, one was linked to travel to Egypt. In 16/20 cases, the source 
of infection was determined - contact with an HAV patient, 4/16 - the 
source of infection is unknown.

The sixth cluster consists of 4/59 (6.8 %) identical sequences, one 
case was reported in 2018, three in 2019, the source of infection is 
unknown and the cases were local.

The seventh cluster consists of 6/59 (10.2 %) identical sequences, 
two cases were reported in 2017, one in 2018, one in 2019, two in 
2020, the source of infection is unknown and the cases were local.

The eighth cluster consists of 5/59 (8.5 %) identical sequences, all 
reported in 2018. The possible source of infection in four cases was 
linked to contact with an HAV patient, all cases were local.

Fig. 5. Maximum likelihood phylogenetic tree of the hepatitis A virus VP1/2A genomic region sequences from hepatitis A cases subgenotype IB (n = 59). 
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Sporadic cases accounted for 11/59 (18.6 %) sequences. One case 
was registered in 2008, 2014, 2016, 2017, 2018, 2020, 2021, four in 
2019. Possible sources of infection are unknown. Two cases were 
associated with travel to Egypt, one to Nigeria, one to Sri Lanka.

Reference sequence IB M14707 for subgenotype HAV IB from the 
GeneBank database has been included for comparison. Subgenotype 
HAV IB clusters are marked in coloured bars: HAV IB cluster 1 (dark 
red bars), HAV IB cluster 2 (red bars), HAV IB cluster 3 (orange bars), 
HAV IB cluster 4 (yellow bars), HAV IB cluster 5 (light green bars), 
HAV IB cluster 6 (green bars), HAV IB cluster 7 (light blue bars), HAV 
IB cluster 8 (blue bars).

3.6.3. Subgenotype HAV IIIA
Fig. 6 shows subgenotype HAV IIIA results. 13 HAV sequences fall 

into one cluster and nine sporadic cases with no identified epide-
miological association. The average age of patients with HAV sub-
genotype IIIA was 34.5 years, 7 men, 6 women, 12 adults, 1 child.

The first cluster consists of 4/13 (30.7 %) identical sequences, the 
cases were registered in 2008, the source of infection is unknown 
and the cases were local. It is possible that this HAV subgenotype 
was imported to Latvia, as homology with HAV sequences with the 
country-of-origin Pakistan was found.

The first branch consists of 2/13 (15.4 %) similar sequences, cases 
were registered in 2017–2018 and were associated with travel in 

India. One case was associated with an Indian citizen whose country 
of residence was Latvia, in both cases the source of infection is un-
known.

The second branch consists of 2/13 (15.4 %) similar sequences, 
the cases were registered in 2016 and were associated in one case 
with travel in Turkmenistan and the source of infection is unknown, 
and in the second case with the consumption of unwashed fruits 
brought from Uzbekistan.

The third branch consists of 2/13 (15.4 %) similar sequences, cases 
were registered in 2018 and were associated with travel in India, and 
one case was associated with an Indian citizen whose country of 
residence was Latvia, in both cases the source of infection is not 
known.

The fourth branch consists of 2/13 (15.4 %) similar sequences, 
cases were reported in 2015–2016 and were associated with travel in 
Tajikistan, both cases with an unknown source of infection.

The fifth branch consists of 1/13 (7.7 %) sequences, the case was 
recorded in 2015 and was linked to travel in Kazakhstan, the source 
of infection is unknown.

Reference sequence IIIA FJ227135 for subgenotype HAV IIIA from 
the GeneBank database has been included for comparison. 
Subgenotype HAV IIIA cluster 1 is marked in red bar.

Fig. 6. Maximum likelihood phylogenetic tree of the hepatitis A virus VP1/2A genomic region sequences from hepatitis A cases subgenotype IIIA (n = 13). 
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4. Discussion

Reporting of HAV is mandatory and the surveillance system is at 
national level in all EU Member States, Iceland and Norway, except 
for the United Kingdom, which has organized surveillance differ-
ently [25].

From 1990–2008, laboratory diagnosis of HAV in Latvia was 
based on detection of Anti-HAV IgM in blood serum and detection of 
HAV Ag in feces by EIA method. With the development of tech-
nology, since 2008, the Sanger sequencing method has been applied, 
with the help of which molecular epidemiology was started, and also 
gave the opportunity to determine not only the circulating geno-
types of HAV, but also to build a phylogenetic tree based on the 
nucleotide sequence to track HAV clusters.

In 2008–2009, an outbreak of HAV was registered in Latvia (5107 
cases) and initially the spread of infection was associated with PWID 
and then spread widely to the rest of the population, continuing to 
be registered in 2009 [26]. The 2008 outbreak can be attributed to 
the large number of susceptible individuals caused by rapidly de-
clining population immunity to hepatitis A. Control measures im-
plemented included: contact tracing of cases; vaccination 
recommendations for contacts of cases; quarantine and medical 
observation of cases; public health education through mass media 
and specific prevention recommendations for food handlers, schools 
and the general public. During HAV outbreak in 2008−2009 vacci-
nation against hepatitis A has not been provided free of charge, 
vaccination has been recommended to risk groups and contacts. As a 
result, a significant increase in the number of people vaccinated 
against hepatitis A has been observed since September 2008 corre-
sponding to the spread of the epidemic. [27]. As a result, sporadic 
cases of acute viral hepatitis A were reported in Latvia every year 
until 2017, and most cases were associated with travel to endemic 
regions. The hepatitis A vaccine is not included in the national im-
munization calendar in Latvia. Vaccination is only recommended for 
citizens who travel to countries or areas where HAV is endemic or 
have with low or intermediate levels of infection.

In late 2016 and early 2017, outbreaks of HAV were reported in 
EU/EEA countries with a common source of infection, mostly among 
MSM [28,29], and a trend of increasing HAV cases was observed in 
2017 in Latvia with similar HAV sequences from EU/EEA outbreaks, 
as well as sporadic cases linked to travel or contact with an HAV 
patient.

Analyzing the molecular epidemiological data on the spread of 
HAV from 2008 to 2021, it can be established that three sub-
genotypes of HAV have been found in Latvia - IA, IB, IIIA. The ma-
jority of HAV cases were of subgenotype IA (72 %), which is also the 
most common genotype worldwide [19]. The remaining number of 
cases were with HAV subgenotype IB (23 %) and HAV subgenotype 
IIIA was found (5 %).

The patients included in study were hospitalized for an average 
of 6.9 sick days. A study from Sri Lanka reported an average of 7.8 
days of hospitalization [30], while a study from South Korea reported 
an average of 5.3 days of hospitalization [31].

The average number of hospitalized patients with subgenotype 
HAV IA was 9.3 days, with subgenotype IB – 7.3 days, and with HAV 
IIIA – 7.7 days. One study reported 7.4 days for subgenotype IA and 
7.8 days for subgenotype IIIA [30]. There are no significant differ-
ences between hospitalization days and HAV subgenotypes.

The main limitation of the study was to understand the possible 
source of infection due to the long incubation period of HAV infec-
tion. Our data show that only 27.4 % had an identified source of in-
fection and 72.6 % had an unknown source of infection. Comparing 
the data obtained in our study on the sources of infection, it can be 
concluded that similar data are also available in other studies in 
different parts of the world. Among our data, the most frequently 
reported source of infection was related to households or close 

contact with an infected person, similarly reported in a study from 
the USA [32]. However, our other potential sources of infection in-
clude contact with a risk group, e.g., MSM, travel to HAV-endemic 
countries, and PWID. Contaminates food and water are an infrequent 
source of infection.

Other possible sources are among PWID, which have been stu-
died in Scandinavia and North America [33–35] and travel to coun-
tries where HAV is endemic [36]. Previous studies have shown that 
travel to countries with high or moderate HAV endemicity is a risk 
factor for residents of countries with low HAV endemicity. Travel 
remains a major risk factor for HAV infection in the EU/EEA. In 
participating European countries, 27.8 % of reported hepatitis A cases 
were travel-related [37]. The results of our study showed that 18.5 % 
of HAV cases during the incubation period were also travel related 
and 81.5 % were local cases.

Also, some of our cases were associated with self-identified 
MSM, which has also been implicated as a source of HAV infection in 
studies from the Netherlands and England [38,39]. In our study, 
MSM cases belong to the isolated HAV RNA nucleotide sequence 
cluster RIVM-016–90, and our study lacks information on sexual 
behavior because only four patients self-identified as MSM, but 
these cases were also travel-related.

In our study, in two cases, the source of HAV infection was linked 
to the consumption of unwashed fruits brought from Azerbaijan and 
Uzbekistan. Although other studies have suggested that con-
taminated food and water are a rare source of infection, although 
they have been linked to outbreaks [10].

Despite the fact that the largest number of cases was local and 
with an unknown source of infection, there was a trend in the dis-
tribution of the identified HAV sequences in different years, which 
may indicate local circulation of the virus.

5. Conclusion

In conclusion, we report the first detailed comprehensive mole-
cular epidemiological study of the hepatitis A virus in Latvia. This 
study highlights the genetic diversity of HAV circulating in the 
country. The combination of diagnostic methods, molecular biology 
methods and epidemiological data allows public health to identify 
clusters, establish links with other outbreaks and compare Latvian 
strains with other strains. This approach helps to understand the 
epidemiological process of viral hepatitis A. In our study we have not 
HAV molecular divergences among sources of infection. All cases 
which were epidemiologically linked to each other were confirmed 
by sequencing.
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