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Abstract

Background: The vaccination for the hepatitis A virus (HAV) is very effective in preventing HAV
infection, but some people who receive the vaccine do not develop levels of antibody to protect
them. The aim of this study was to assess the prevalence of low responders to hepatitis A vaccine
and to determine factors associated with poor antibody response to Hepatitis A vaccination in
vaccinated children in Diyala Province, Iraq.

Methods: A cross-sectional survey was performed of 435 children aged 1-15 years who had been
vaccinated against hepatitis A. The study sample consisted of participants who were included in the
study from Baquba City, Diyala Province. The anti-HAV IgG antibodies present in the serum were
determined by enzyme-linked immunosorbent assay (ELISA); according to the World Health
Organization (WHO) criteria, the antibody level <10 mIU/mL was deemed non-protective. The
descriptive statistics and the inferential analyses, such as the Chi-square test, were conducted with
SPSS version 27, P value <0.05 was considered statistically significant.

Results: Of the 435 immunised children, 104 (23.9%) had levels of anti-HAV IgG antibody below
the protection level. The mean antibody level was 7.12 + 1.9 mIU/mL among the low responders.
There were no statistically significant relationships between antibody response and age, sex,
vaccination schedule, feeding pattern, duration since vaccination, or chronic diseases (P > 0.05).

Conclusion: About 25% of vaccinated children did not develop antibody levels that provide
protection after vaccination. None of the factors that were assessed—including age, pregnancy,
breastfeeding status, and vaccination history—was significantly associated with low antibody levels.
These results also indicate that there is a need for serological monitoring after vaccination and
further research to determine other factors linked with poor vaccine-induced immunity.
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1. Introduction

Hepatitis A virus (HAV) is a non-enveloped, positive sense, single-stranded RNA virus, which
belongs to the genus hepatovirus, under the family picornaviridae [1]. It is spread mainly through the
fecal—oral route through contaminated food and water or by close person-to-person contact and is an
important cause of acute viral hepatitis worldwide, especially in low- and middle-income countries
where sanitation and hygiene are not adequate [2], [3]. HAV infection is typically mild, but serious
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infection can happen in older people and in those who have underlying liver disease, causing a
significant public health and economic burden [3].

Prevention of HAV infection by vaccination is the most important measure to combat the disease
and its morbidity and mortality [4]. Havrix® (GlaxoSmithKline) and other inactivated hepatitis A
vaccines have been shown to be very safe and have high immunogenicity, inducing long-lasting
protection in most individuals who are vaccinated [5]. Countries with intermediate endemicity are
recommended to vaccinate against hepatitis A, and some national immunization programs include
routine childhood vaccination against HAV [1], [6].

Although hepatitis A vaccines are highly effective, some people who receive them do not have
enough antibodies to protect them after they are vaccinated [7]. There have been several factors
proposed that could affect vaccine-induced immune responses, such as age, immune status,
nutritional status, vaccination schedule, and underlying chronic diseases [8], [9]. Even after
vaccination, children with poor antibody levels could still be at risk of contracting HAV, and could
therefore benefit from further immunoprevention measures like post-vaccination serological
surveillance or booster doses [10].

Studies in various countries have shown different levels of seroprotection after hepatitis A
vaccination, with some children who have been vaccinated having antibody levels below the level
for seroprotection (10 mIU/mL) [11], [12]. However, the knowledge about low responders to
hepatitis A vaccination is limited in Iraq, especially in Diyala Province, where healthcare disruptions,
population displacement, and socioeconomic challenges might affect the vaccination outcomes and
immune response.

Thus, the present study was designed to assess the prevalence of low responders to Hepatitis A
vaccination among Hepatitis A vaccinated children in Diyala Province, Iraq, and investigate the
relationship between anti-HAV IgG antibody response and other demographic, clinical, and
vaccination-related factors that could impact vaccine-elicited immunity.

2. Materials and Methods
2.1 Study Design and Participants

The cross-sectional study was carried out in the city of Baquba, Diyala Province, Iraq, from Ist
September 2024 to 30th April 2025. A total of 435 children aged 1 to 15 years who were previously
given the standard two doses of the inactivated hepatitis A vaccine (Havrix®, GlaxoSmithKline,
Belgium) containing 10 pg of hepatitis A antigen in 0.5 mL injected intramuscularly. The second
dose was given 6-12 months after the first vaccine dose as per the national immunization policy. Of
the enrolled participants, 218 (50.2%) were males, and 217 (49.8%) were females. The study
participants were children who were admitted to Al-Batoul Teaching Hospital for Maternity and
Children in Baquba consecutively during the study period. In the study, the researchers did not have
a separate control group since the goal was to assess vaccine responsiveness in children who were
already immunized.

2.2 Inclusion and Exclusion Criteria

Children between the ages of 1 and 15 years, who were fully immunized with the hepatitis A vaccine
and whose parents/legal guardians signed informed consent, were included. Children were excluded
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if they had incomplete vaccination history, previous laboratory-confirmed hepatitis A infection,
severe congenital or acquired immunodeficiency disorders, current immunosuppressive therapy, or
incomplete clinical or laboratory data.

2.3 Blood Sample Collection and Serological Analysis

A total of 3-5 mL of peripheral venous blood was drawn from each participant in a sterile,
disposable syringe, with the use of a venipuncture technique. Samples of blood were placed into
plain tubes and left in these tubes for about 20—30 minutes to clot at room temperature. The samples
were then centrifuged at 3000 rpm for 10 minutes, and the isolates were transferred to sterile
microtubes and stored at —20°C for laboratory testing.

Anti-hepatitis A virus (anti-HAV) IgG antibodies were measured by a commercially available
enzyme-linked immunosorbent assay (ELISA) kit (ACON Foresight, USA) as per the manufacturer's
instructions. Anti-HAV antibody levels were reported as mIU/mL; those having antibody levels less
than 10 mIU/mL were defined as 'low responders' following the recommendations of the World
Health Organization.

Data was gathered with a standardised questionnaire that parents/legal guardians filled out, and
included information on demographic variables, vaccination status, feeding pattern, medical history,
and chronic diseases.

2.4 Ethical Considerations

The study protocol was approved by the Ethics Committee of Al-Batoul Teaching Hospital for
Obstetrics and Pediatrics, Diyala Health Directorate, Iraq, with approval number: 21/2024, approved
on 12 September 2024. The study was carried out in compliance with the principles of the
Declaration of Helsinki. At the time of enrollment, all parent(s)/legal guardian(s) signed an informed
consent form. Participant confidentiality was ensured by using a participant identification code,
which was assigned to every participant, and by keeping all the personal information confidential.

2.5 Statistical Analysis

The data was analyzed with the use of Statistical Package for Social Sciences (SPSS) version 27.
Meantstandard deviation (SD) was used to report continuous variables, and frequencies and
percentages were used for categorical variables. The Chi-square test or Fisher's exact test was used to
determine the association between categorical variables, as appropriate. A two-sided significance
level (o) of 0.05 was used, and a P-value <0.05 was accepted as statistically significant.

3. Result

Of the 435 vaccinated children who were studied, 104 (23.9%) had anti-HAV IgG levels below the
WHO protective level of 10 mIU/mL and were considered low responders. Their ages ranged from
14 to 199 months with a mean age of 63.7 £ 5.7 months. This study involved an equal number of
males and females (52 males and 52 females, 50.0%). Among low responders, the mean anti-HAV
IgG antibody concentration was 7.12 + 1.9 mIU/mL, ranging from 4.0 to 9.91 mIU/mL.

Table 1 shows the correlation between age group and anti-HAV IgG antibody level for anti-HAV
antibody low responders. The antibody titres did not vary significantly with age group (3> = 3.10, P =
0.220), the highest proportion being seen in children aged 69 years (50.9%).
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Table 1: Association between age group and anti-HAV IgG antibody titer among low responders

Anti-HAV IgG titer | 1-5 years | 6-9 years | 10-15 years Total ) P-value
(mIU/mL)
1-5 5(4.6%) 13(12.5%) 11(27.7%) 29(27.7%) 3.10 0.220
69 25(24.9%) | 40(38.4%) 10 (9.6%) 75(72.3%)
Total 30(31.9%) | 53(50.9%) 21(17.2%) 104 (100%)

Similarly, no significant association was observed between anti-HAV IgG antibody titer and sex,
with males and females showing comparable distributions of antibody levels (P = 0.858) (Table 2).

Table 2: Association of anti-HAs antibodies titer and gender

Anti-HAs Ab Gender

titer(mIU/mL) male female Total (%) P Value
1-5 16(15.4%) 15(14.9%) 29(28.4%)
6-9 36(34.6%) 37(35.1%) 75(71.6%) 0.858
total 52(50%) 52(50%) 104(100%)

The relationship between the number of vaccine doses received and antibody titer is presented in
Table 3. Most participants exhibited antibody titers between 6 and 9 mIU/mL regardless of the
number of doses received, and no statistically significant association was observed (P = 0.405).

Table 3: Associations between numbers and dose and anti-HAs Ab titer

No. doses Anti-HAs ab titer (mIU/mL) Total (%) P value
1-5 6-9
1 7(6.7%) 9(8.6%) 16(15.3%)
2 6(5.7%) 8(7.6%) 14(13.3%)
3 9(8.6%) 17(16.3%) 26(24.9%) 0.405
4 77(10.7%) 37(35.8%) 48(46.5%)
total 33(31.7%) 71(68.3%) 104(100%)

Table 4 summarizes the association between chronic diseases and antibody response. Although a
greater proportion of low responders had chronic diseases compared with participants having higher
antibody titers, this difference was not statistically significant (P > 0.05).

Table 4: Association of anti-HAs Ab titer and presence of chronic diseases

Anti-HAs Ab Presence of chronic diseases

titer(mIU/mL) Yes No Total (%) P Value
1-5 3(2.8%) 26(25.0%) 29(27.8%)
6-9 5(4.8%) 70(67.1%) 75(12.2%) 11
fotal 8(7.6%) 96(92.4) 104(100%)

The association between vaccination schedule regularity and antibody titer is shown in Table 5.
Participants who received vaccinations according to the recommended schedule tended to have
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higher antibody levels than those vaccinated irregularly; however, the observed difference was not
statistically significant (¥* = 2.151, P=0.185).

Table 5: Associations between vaccination schedules and anti-HAs antibodies

Anti—HAV Ab Vaccinations schedules Total P value v
titer(mIU/mL) Regular Non- regular
1-5 16(15.4%) 14(13.4%) 30(28.8)
6-9 51(49.0%) 23(22.2%) 74(71.2) 0.185 2.151
Total 67(64.4%) 37(35.6%) 104(100%)

As shown in Table 6, antibody titers varied according to the duration since the last vaccine dose,
with relatively higher titers observed among children vaccinated one to three years previously.
Nevertheless, no statistically significant association was identified between time since vaccination
and antibody response (x> = 3.837, P=0.164).

Table 6: Associations between durations since last vaccine dose and anti-HAs Ab titers

. Durations (years)
Anti-HAs Ab Total (%) . P Value
titer(mIU/mL) 4> 1-3 <1
1-5 2(1.9%) 11(10.5%) 17(16.4%) 30(28.8%)
3.837
6-9 16(5.4%) 23(22.12%) | 35(33.6%) 74(71.2) 0.164
total 18(17.3% 34(32.7%) 52(50.0%) 104(100%)

The association between feeding type and antibody response is presented in Table 7. Breastfed
children showed a slightly higher proportion of antibody titers between 6 and 9 mIU/mL compared
with artificially or mixed-fed children. However, these differences did not reach statistical
significance (y*> = 1.474, P = 0.488).

Table 7: Associations between types of feeding and anti-HAs Ab titers

Anti-HAs Ab Types of feeding
titers Total (%) P value e
(mIU/mL) Breast Artificial Mixed
1-5 12(11.5%) 6(5.7%) 13(12.5%) | 31(29.8%)
6-9 35(33.6%) 12(11.5%) 26(25.0%) | 73(70.2%) 0.488 1.474
Total 47(45.2%) 18(17.3%) 39(37.5%) | 104(100%)

4. Discussion

The current study assessed the immune response to HepA vaccination in children in Diyala Province,
Iraq, and found that 23.9% of the vaccinated cohort had suboptimal anti-HAV IgG levels <10
mlIU/mL in line with World Health Organization (WHO) guidelines. Hepatitis A vaccines are highly
immunogenic; however, a proportion of vaccinated low responders exist; this would be a group of
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individuals who could still be susceptible to HAV infection following the recommended vaccination
schedule [1], [13].

The frequency of low-responders found in the present study is comparable to previous
international reports showing that about 5-30% of vaccinated people have antibody levels below the
protective threshold, depending on vaccine type, population characteristics, age and time since
vaccination [14], [15]. The seroprotection rates observed have been similar among vaccinated
children in Brazil, Turkey, and India, but differences in epidemiology and implementation of the
vaccination program may be responsible for differences between the studies [4], [16].

The lack of a statistically significant association between IgG anti-HAV antibody level and age or
sex among the vaccinated children was one of the main results of the present study. The results are
consistent with earlier studies indicating that the immune response following vaccination varies only
slightly in healthy children [6], [17]. The absence of age differences could be due to the low age
range of the study population and/or the high immunogenicity of the inactivated hepatitis A vaccines.

Likewise, in the present study, antibody concentrations were not significantly associated with the
regularity of vaccination, number of doses received, pattern of feeding, or chronic diseases. Children
who followed the recommended immunization schedule had higher antibody levels than those with
irregular immunization schedules, but this difference was not significant. Previous studies have made
similar observations that host immune parameters may play a more significant role in vaccine
responsiveness than demographic parameters alone [18], [19].

The relatively higher levels of antibodies (although not statistically significant) in breastfed
children could be because of the beneficial effects of maternal immunity and early life immune
modulation, which occur in breastfed children. Passive immunity, through transfer of maternal
immunoglobulins across the placenta and in breast milk, during infancy may affect later life
immunity, but the long-term effects of maternal passive immunity on vaccine-induced immunity are
not fully understood [20].

Children with chronic medical conditions did not show a statistically significant decrease in
antibody response compared to healthy children, but there was a trend. Previous studies have found
that chronic illnesses and immunocompromising conditions are linked to decreased vaccine-induced
immune response, especially in people with HIV infection, hematologic malignancies, and renal
failure [10], [21]. The small number of participants who had chronic disease in the current study
could have reduced the power of the statistical test to identify any significant differences.

One of the key take-home messages from the present findings is that there is a significant
percentage of children who may not be adequately immunized against hepatitis A who have received
the vaccine series. Routine post-vaccination serological testing is not recommended for healthy
people; however antibody testing can be useful in certain high risk groups and/or for those who may
have had impaired immune responses. Children with persistently low antibody levels following
primary vaccination may also be boosted [2], [22].

There are several strengths in this study, such as a relatively large cohort of vaccinated children,
and multiple demographic and vaccination factors evaluated for antibody response. There were,
however, a number of constraints to be recognized. Because of the cross-sectional study design, the
findings cannot be interpreted as causes; participants came from a specific geographic area, and
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cellular immune responses were not assessed. In addition, there was no study of genetic or nutritional
factors potentially affecting vaccine responsiveness [23].

In general, the results suggest that almost one quarter of vaccinees had antibody levels that were
suboptimal for protection, and there was only a weak correlation between vaccine responsiveness
and demographic and vaccine-related factors. Other multicenter, prospective, longitudinal studies
with a larger number of patients and studies of other immune and genetic factors are needed to
elucidate the mechanisms of low responses to hepatitis A vaccination.

Several limitations must be considered when interpreting the results. These include a relatively
small sample size, limited to children under 15 years of age, participants only visited one hospital in
Baquba, and some samples were collected from private laboratories. This limits the generalizability
of the results to an area of the governorate. Additionally, the study did not include older participants.
Nevertheless, the study is useful in providing preliminary data on the reasons for the low response to
the hepatitis A vaccine.

5. Conclusion

Vaccine and vaccine-related variables had little effect on the anti-HAs antibody titers in low
responders to HAV vaccination. It was also shown that neither gender nor age significantly differed
from low response in the study. Consequently, the researchers recommended that those with low
response rates get a booster shot of the HAV vaccination.
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