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Abstract

Background: Becoming infected with hepatitis A virus (HAV) is deadlier in patients with end-stage liver disease.
Objectives: This study aimed to determine the seroprevalence of chronic immunity to HAV in liver transplant (LT) candidates to
determine whether HAV vaccination is necessary for them or not.
Methods: This cross-sectional study was conducted on adult LT candidates who were referred to the LT center of Shiraz, Iran. The
patients were interviewed for filling the data collection forms. These forms consisted of demographic information, medical back-
grounds, etiology of chronic liver disease, a model for end-stage liver disease (MELD) score, laboratory findings, and abdominal
sonography report. Furthermore, a 3-cc blood sample was obtained from each patient, and anti-HAV IgG was detected by Enzyme-
linked Immunosorbent assay (ELISA) using standard Diapro kits. Univariable and multivariable data analyses were performed using
SPSS version 20. A P-value of less than 0.05 was considered the significant cutoff in regression analysis.
Results: A total of 291 patients with a mean age of 47.73 ± 12.9 years were recruited in this study of whom, 197 (67.7%) patients
were males, 237 (81.4%) were married, 229 (78.7%) were educated lower than 12 years, 250 (85.9%) were living in urban areas, and
(221) 75.9% had access to sanitary water in their living area. anti-HAV IgG was detected in 269 (92.4%, 95% CI: 89.4 - 95.4%) patients.
Multivariable analysis showed that lower knowledge of hepatitis A transmission routes (OR: 11.9, 95% CI: 1.39 - 101.8, P = 0.024), no
waterpipe smoking (OR: 9.5, 95% CI: 1.6 - 55.5, P = 0.014), and older age (OR: 1.12, 95% CI: 1 - 1.24, P = 0.03) were the main predictors of
HAV immunity, in sequence.
Conclusions: Most LT candidates are HAV IgG positive, but due to the growing number of LT candidates and high mortality of HAV
in non-immune cases, LT candidates should be checked for HAV IgG, especially younger or waterpipe smoking patients who are less
immune. Also, all non-immune patients should be vaccinated against HAV, if possible.
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1. Background

Hepatitis A virus (HAV) infection is a vaccine-
preventable disease transmitted via the fecal-oral route
(1). The symptoms of HAV include fever, malaise, loss of
appetite, nausea, abdominal discomfort, dark-colored
urine, diarrhea, and jaundice (1). Hepatitis A virus is esti-
mated to infect over 100 million people and kill 15,000 to
30,000 ones around the world each year (2). According
to the global report by the World Health Organization

(WHO) in 2010, Iran was categorized among countries
with an intermediate level of anti-HAV seroprevalence (3).
However, a recent nation-wide study showed that Iran has
changed from an intermediate level to a low level of HAV
immunity (4). Hepatitis A virus causes a higher mortality
rate in adults than in children (5, 6). Moreover, the risk
of becoming infected with HAV and then dying from the
infection is much higher in patients with chronic liver
diseases, including liver transplant candidates (7, 8). Based
on previous studies, HAV can also be transmitted through
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transplanted organs and blood transfusions (9, 10). This
transmission can lead to conditions that mimic the symp-
toms of transplant rejection while being undetectable for
a long time (10). Furthermore, immunity against HAV in
transplant recipients can be lost (11, 12). Although anti-HAV
vaccines are less effective in people with chronic liver
diseases, vaccination has been recommended to prevent
complications following this infection (7).

2. Objectives

To the best of our knowledge, no study has been con-
ducted on HAV immunity in LT candidates in Iran. There-
fore, we carried out this study to determine the seropreva-
lence of HAV immunity in these patients.

3. Methods

This cross-sectional study was carried out in Shiraz,
which is the first and main center of LT in Iran (13). The
target population was patients aged ≥ 18 with End-stage
Liver Disease (ESLD) who became candidates for LT by the
liver transplantation team of Shiraz University of Medical
Sciences (SUMS).

The sample size was calculated as 260 using the
Cochran formula while considering the prevalence of
96.5% of HAV immunity in patients with ESLD (14), confi-
dence interval of 95%, error of 5%, design effect of 2, a break-
out of 25%, and gender difference. There were no exclusion
criteria, except for non-willingness to participate in this
study. We used a convenient type (census) of patient re-
cruitment in this study due to logistic difficulties in access
to the patients. A three-person team, including a physi-
cian, a health technician, and a laboratory expert, gath-
ered the data from all patients within five months. First,
the patients were interviewed, and a data collection form
was filled for each patient, including demographic infor-
mation, medical history, etiology of chronic liver disease,
baseline model for end-stage liver disease (MELD) score,
and baseline laboratory and abdominal sonography find-
ings. Body weight and height were also measured by stan-
dard scales. Moreover, a 3-cc blood sample was obtained
from each patient and centrifuged. The blood serum was
separated and collected in two coded microtubes. Then,
the samples were transferred to the SUMS-affiliated Gas-
troenterology Research Laboratory while maintaining a
cold chain. In the laboratory, anti-HAV immunoglobulin G
(IgG) was detected by Enzyme-linked Immunosorbent As-
say (ELISA) method using standard Diapro kits (15). The pro-
tocol was approved by the laboratory of the School of Pub-
lic Health affiliated with Tehran University of Medical Sci-
ences, Iran. For external quality control, 10 samples were

selected randomly and sent to the Virology Research Labo-
ratory of Shiraz Paramedical School that showed no differ-
ence between the results.

3.1. Data Analysis

The data were analyzed by IBM SPSS statistics software
package version 20. Then, the accuracy of the data en-
tered into the software was randomly checked with data-
gathering forms. For univariable analysis, a t-test and a
chi-square test were used. Then, significant variables were
selected and included in the multivariable logistic regres-
sion test (Forward-Wald). A P-value of less than 0.05 was
considered significant in the final analysis.

3.2. Ethics

The proposal of this study was approved by the Ethics
Committee of Shiraz University of Medical Sciences (refer-
ence number: IR.SUMS.MED.REC.1398.588). Also, we consid-
ered the ethical principles of the Helsinki Declaration for
medical research in this study (16). All participants were
informed sufficiently about the study’s purposes and pro-
cesses, as well as their rights. We obtained a signed consent
form from each voluntary participant.

4. Results

In total, 291 individuals were recruited in this study,
showing a complete fulfillment of the defined sample size.
The mean age of the patients was 47.73± 12.9 years. Briefly,
197 (67.7%) patients were males, 237 (81.4%) were married,
229 (78.7%) were educated lower than 12 years, 250 (85.9%)
lived in urban areas, and 221 (75.9%) had access to sani-
tary water in their living areas (Table 1). Cigarette smok-
ing (26.5%), familial history of liver disease (21.6%), and di-
abetes mellitus (DM) (20.3%) were the three most common
behavioral and clinical backgrounds of the patients (Table
1). Primary sclerosing cholangitis (PSC), hepatitis B virus
and cryptogenic cirrhosis as the causes of liver disease of
26 (8.9%) cases, 20 (6.9%) cases, and 20 (6.9%) cases were the
most common etiologies of ESLD, in sequence. Moreover,
the frequency and percentage of other etiologies of liver
disease in liver transplant candidates who were diagnosed
at the time of the study were as follows: Non-alcoholic
steatohepatitis 15 (5.2%) cases, autoimmune hepatitis (AIH)
9 (3.1%) cases, Budd-Chiari syndrome 6 (2.1%) cases, overlap
syndrome (AIH and PSC) 5 (1.7%) cases, hepatitis C virus 4
(1.4%) cases, Wilson disease 2 (0.7%) cases, alcoholism, and
alcoholic steatohepatitis 2 (0.7%) cases, and primary biliary
cirrhosis 1 (0.3%) case. Besides, the HAV IgG test showed that
269 (92.4%, 95% CI: 89.4-95.4%) LT candidates had immunity
against this virus.
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Univariable analysis indicated that older age groups (P
< 0.001), males (P = 0.005), married people (P < 0.001),
breadwinners of families (P < 0.001), patients with lower
than ≤ 12 years of education (P = 0.002), patients who be-
longed to the denser families (P < 0.001), no waterpipe
smokers (P = 0.007), and obese patients (P < 0.001) were
more immune against HAV compared to the counterpart
groups (Table 2). However, the patients’ area of living,
monthly income, and having supplementary insurance
were not associated with the immunity against HAV. The
univariable analysis also revealed that DM (P = 0.01) was
associated directly with HAV IgG positivity, while the his-
tory of AIH (P = 0.014), overlap syndrome (P = 0.035), and
higher knowledge of HAV transmission routes (P = 0.047)
were inversely associated with HAV IgG positivity. There
were no significant associations between cigarette smok-
ing, alcoholism, hypertension, hyperlipidemia, drug use,
hepatitis B, hepatitis C, Wilson disease, history of kidney
disease, and family history of liver disease, and HAV-IgG im-
munity (Table 2). Multivariable analysis showed that lower
knowledge of hepatitis A transmission routes (OR: 11.9, 95%
CI: 1.39 - 101.8, P = 0.024), no waterpipe smoking (OR: 9.5, 95%
CI: 1.6 - 55.5, P = 0.014), and older age (OR: 1.12, 95% CI: 1 - 1.24,
P = 0.03) were the main predictors of HAV IgG immunity, in
sequence.

5. Discussion

Our study showed that 9 out of 10 LT candidates had
IgG immunity against HAV. Because the HAV vaccination
is not included in the immunization program of Iran, it
can be concluded that all immune cases were acquired im-
munity due to past natural exposure to HAV. Furthermore,
patients with higher knowledge of transmission routes of
HAV, waterpipe smokers, and younger patients had less im-
munity against HAV compared to the counterpart groups.

Overall, millions of people are infected with HAV, while
thousands of them die because of insufficient immunity
against it (2). The virus causes higher rates of morbid-
ity and mortality in patients with chronic liver disease (7).
Therefore, not only patients with ESLD but also those who
are candidates for LT are at risk of high mortality (7, 8).
Even after LT, this virus can cause complications for these
patients (11). The prevalence of immunity against HAV in
our study was the same as those in previous studies in
Iran, which showed that more than 90% of patients with
chronic liver disease had immunity against HAV (14, 17),
while the level of HAV immunity in the general population
of Iran was far less than the above rate (50% - 70%) (3-5).

This study showed that age had a significant direct as-
sociation with HAV immunity. This finding is consistent
with the studies by Shavakhi et al. (14), Cho et al. (18),

and Helmy et al. (19), which similarly found more immu-
nity among older ones. Furthermore, the lower level of
knowledge of transmission routes of HAV was correlated
directly with immunity against HAV, which was in contrast
to a study conducted by Lankarani et al. in the general
population (4). We also found a significant association be-
tween waterpipe smoking and less immunity against HAV.
To the best of our knowledge, there is no study that inves-
tigated the association between hookah smoking and HAV
immunity. Cho et al. (18) found that female patients with
chronic liver disease were more immune to HAV than male
patients. This finding was in contrast to our study that
found no relationship between gender and HAV immunity.
Moreover, our findings showed that the lower level of ed-
ucation was correlated directly with the positive result of
the HAV IgG test, which is similar to a study by Lankarani et
al. (4) in the general population. According to the univari-
able analysis, we found a direct association between im-
munity against HAV and obesity. Some researchers found
an increased risk of getting infections (e.g., influenza) in
more obese patients (20); however, no study was found
that shows the relationship between obesity and HAV im-
munity. Ferreira et al. (21) remarked in their study that
HAV immunity was correlated inversely with the level of in-
come; however, we did not find such an association. In line
with Shavakhi et al.’s study (14), we did not find any corre-
lation between HAV immunity and urban or rural living ar-
eas.

As a limitation of this study, we could not find studies
with a similar topic for comparison in LT candidates. Also,
we had no access to the HAV immunity status in the prior
stage of ESLD development in those patients who were not
immune to HAV. Therefore, we could not define any possi-
ble change in their HAV immunity over time. If we knew
that, this could help to define the benefit of HAV vaccina-
tion for them. Therefore, the periodic monitoring of HAV
immunity in LT candidates even after LT is recommended.

5.1. Conclusions

In conclusion, according to the high seroprevalence of
anti-HAV IgG in LT candidates, it is not required that all of
these patients become vaccinated against HAV; however,
due to the growing number of LT candidates and high mor-
tality of HAV in non-immune adults, it is suggested that all
of these patients be checked for anti-HAV IgG for consid-
ering HAV vaccination in non-immune groups, especially
young and waterpipe smoker patients.
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Table 1. Demographic, Socioeconomic, Anthropometric, Medical, and Sanitary Backgrounds of Participants (N = 291)a

Variable Values

Age, y 47.73 ± 12.9

Gender

Male 197 (67.7)

Female 94 (32.3)

Ethnicity

Fars 143 (49.1)

Turk 64 (22)

Lor 27 (9.3)

Kurd 23 (7.9)

Education level, y

≤ 12 229 (78.7)

> 12 62 (21.3)

Marital status

Single life 54 (18.6)

Married 237 (81.4)

Number of children 2.58 ± 2

Parents’ relativity

Relative 65 (22.3)

Non-relative 226 (77.7)

Living area

Urban 250 (85.9)

Rural 41 (14.1)

Job status

Having job 29 (10)

Jobless 105 (38)

Retired 60 (20.8)

Having supplementary insurance

Yes 123 (48.1)

No 168 (57.7)

Monthly income, $b

< 250 140 (48.1)

> 250 151 (51.9)

Daily working hours for those with job 7.4 ± 2.7

Travel abroad

Yes 126 (43.3)

No 154 (52.9)

Self-assessment score (out of 5) 2.51 ± 1.1

Having access to sanitary water in the living area

Yes 221 (75.9)

No 53 (24.1)

Having access to a sanitary toilet in the Living area

Yes 285 (97.9)

No 3 (1)

Type of sewage disposal in the living area

Public sewer system 160 (55)

Sewage pit 113 (38.8)

Having sanitary garbage disposal in the living area

Yes 273 (93.8)

No 13 (4.5)
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Handwashing before eating meals

Standard and observed 51 (17.5)

Not standard or observed 237 (82.5)

Cooking of seafood

Yes, completely 166 (57)

Yes, incompletely 56 (21.7)

Not using seafood 62 (21.3)

Washing or disinfecting vegetables and fruits

Yes 149 (51.2)

No 125 (43.6)

Source of edible ice

Home freezer (sanitary) 157 (54)

Others (not sanitary) 134 (46)

MELD score 18.21 ± 5.85

BMI, kg/m2 25.31 ± 5.1

Cigarette smoking

Yes 77 (26.5)

No 214 (73.5)

Waterpipe smoking

Yes 33 (11.3)

No 256 (88)

Substance use

Yes 24 (8.2)

No 267 (91.8)

Drinking alcohol

Yes 43 (14.8)

No 248 (85.2)

Diabetes mellitus

Yes 59 (20.3)

No 232 (79.7)

Hypertension

Yes 18 (6.2)

No 272 (93.5)

Hyperlipidemia

Yes 25 (8.6)

No 265 (91.1)

Family history of liver disease

Yes 63 (21.6)

No 226 (77.7)

Hypothyroidism

Yes 22 (7.6)

No 267 (91.8)

Hyperthyroidism

Yes 5 (1.7)

No 284 (97.6)

Abbreviations: BMI, body mass index; MELD, model for end-stage liver disease.
aValues are expressed as mean ± SD or No. (%).
bBased on dollar-rial exchange price in 2017 - 2018.
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Table 2. Univariable Analysis of Studied Variables in Liver Transplantation Candidates (N = 291)a

Variables HAV IgG Positive (N = 269) HAV IgG Negative (N = 22) OR 95% Cl P-Value

Age 269 (49.37 ± 11.9) 22 (27.82 ± 7.1) < 0.001

Gender 3.353 1.3 - 8.1 0.005

Male 188 (95.4) 9 (4.6)

Female 81 (86.2) 13 (13.8)

Education, y 4.275 1.7 - 10.4 0.002

≤ 12 218 (95.2) 11 (4.8)

≥ 12 51 (82.3) 11 (17.7)

Marital status 16.1 5.9 - 43.4 < 0.001

Single 38 (70.4) 16 (29.6)

Married 231 (97.5) 6 (2.5)

Breadwinner of family 22.8 5.2 - 99.8 < 0.001

Yes 187 (98.9) 2 (1.1)

No 82 (80.4) 20 (19.6)

Number of children 268 (2.780 ± 2.021) 22 (0.23 ± 0.612) < 0.001

BMI (mean), kg/m2 268 (26.07 ± 5.15) 22 (22.43 ± 3.36) < 0.001

Waterpipe smoking 4.32 1.61 - 11.6 0.007

Yes 26 (78.8) 7 (21.2)

No 241 (94.1) 15 (5.9)

Diabetes mellitus 1.1 1.05 - 1.15 0.01

Yes 59 (100) 0 (0)

No 210 (90.5) 22 (9.5)

Autoimmune hepatitis 10.6 2 - 55.5 0.014

Yes 6 (66.7) 3 (33.3)

No 106 (95.5) 5 (4.5)

Autoimmune hepatitis and primary sclerosing cholangitis
(overlap syndrome)

12 1.69 - 83.3 0.035

Yes 3 (60) 2 (40)

No 109 (94.8) 6 (5.2)

Knowledge of transmission routes of HAV 3.146 1.063 - 9.308 0.047

Correct answers 23 (82.1) 5 (17.9)

Incorrect answers 246 (93.5) 17 (6.5)

Abbreviations: CI, confidence interval; OR, odds ratio.
aValues are expressed as mean ± SD or No. (%).
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