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a b s t r a c t

The burden of hepatitis A (HAV) and hepatitis E (HEV) infection is unknown in Aden, Yemen.
This survey describes the prevalence of antibodies against HAV and HEV among individu-
als attending primary health care facilities in Aden, Yemen. Five hundred and thirty eight
participants, stratified by age and district population size, were enrolled and screened for
anti-HAV and 356 for anti-HEV antibodies. The age-standardized seroprevalence of anti-
bodies was 86.6% (95% CI 83.7–89.5) for anti-HAV and 10.7% (95% CI 7.5–13.9) for anti-HEV.
eywords:
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epatitis A
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The prevalence of anti-HAV and anti-HEV ranged from 53% and 0% in infants to 100% and
15.3% in participants >18 years old, respectively (P < 0.001). Viral hepatitis remains a major
public health problem in Aden with trends of hyperendemicity for both infections. Prior-
ity should be given to improve water quality, sanitation coverage, and food hygiene and
increase public health awareness concerning the risk of contracting infection.
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. Introduction

Despite significant achievements in recent decades to
ontrol viral hepatitis worldwide and a considerable pool
f information for prevention, hepatitis A (HAV) and hep-
titis E (HEV) viruses remain a significant public health
roblem.1 Although these viruses share many similarities
both are ingested by mouth, spread by faecal shedding,2

he clinical presentation cannot differentiate them and
ests are mostly used in symptomatic individuals3) they
lso have considerable differences in their genomic orga-

ization and natural history. HAV is acquired early in

ife, while most HEV infections occur in late childhood or
oung adulthood.4,5 The severity of the disease also varies
nd HEV infections result in high morbidity and mortality
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among pregnant women.6 In addition, recent studies have
suggested that HEV is zoonotic, with domestic pigs, wild
boar, deer and other animals being important reservoirs,7

which may explain some of its unique features and differ-
ences from HAV.8

There is no reported serologic or hybridizing cross-
reactivity between HAV and HEV and serologic and nucleic
acid detection tests developed for epidemiologic and diag-
nostic purposes have adequate sensitivity and specificity.9

The prevalence of anti-HAV and anti-HEV antibodies
varies from 15% to 100% and 3% to 26% of adolescents,
respectively,1,10 and there is substantial evidence of a
link between the reduction in the seroprevalence of HAV
and HEV, mainly among children and young adults, and
the improvement in living standards and sanitation.11,12
These infections thus remain endemic in parts of the world
where poor socioeconomic conditions continue to facil-
itate transmission,10 while both viruses cause sporadic
disease and outbreaks in industrialised countries, often
linked to travel to endemic areas and contaminated food.4,5

ygiene. Published by Elsevier Ltd. All rights reserved.
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Vaccination against HAV is well established while recent
trials of HEV vaccine are encouraging.13,14

There are no studies describing the prevalence of HAV
and HEV in Aden, Yemen, even though studies in the
northern governorates of the country have shown a high
exposure rate to both HAV and HEV.15,16 Historically, Aden
has had a different health infrastructure to the northern
governorates, with a strong emphasis in primary health
care and prevention until unification with the North in
1990 and these differences may have resulted in differ-
ent patterns of HAV and HEV infection. The current survey
therefore describes the prevalence of HAV and HEV by age
among a population attending primary health care facilities
in Aden.

2. Materials and methods

This was a prospective cross-sectional survey con-
ducted among attendants of eight polyclinics in Aden
(population 590 413), Yemen. These polyclinics were
selected because they were functioning on a daily basis
during the time of the study. Patients attending the clinics
usually reside within the same district where the poly-
clinic is located and attend for medical consultations and
maternal and child health care. All individuals attending
the clinics between April and July 2005 were eligible to
participate, independent of age and gender.

A questionnaire was used to obtain information on the
participants and household characteristics, medical history
and known risk factors for hepatitis transmission.

The estimated sample size was calculated according
to the expected prevalence of HAV and HEV in each age
group to obtain a degree of precision of ± 10% according
to the expected prevalence in the population. The esti-
mated sample size for HAV required 55 children <1 year
old; 55 aged 1–2 years; 58 aged 3–4 years; 96 aged 5–9
years; 90 aged 10–14 years; 92 people aged 15–44 years
and 92 aged ≥ 45 years, for a total of 538 participants. Sim-
ilarly, for HEV, the estimated sample size was 31 children
<1 year old; 31 aged 1–2 years; 33 aged 3–4 years; 52 aged
5–9 years; 48 aged 10–14 years; 83 people aged 15–44
years and 78 aged ≥ 45 years, for a total of 356 partici-
pants. The sampling for HEV was nested within the HAV,
therefore most of the 356 HEV subjects were selected from
the 538 subjects studied for HAV. Therefore the enrolment
of study subjects for each disease is not independent. It
was, however, assumed that the two infections occurred
independently, because we had no prior information to
inform the potential for clustering for the two infections.
In addition, samples with insufficient material for testing
were replaced by the subsequent participant enrolled in
the study. The number of participants enrolled ranged from
6–18 per day.

The sample size was distributed among the par-
ticipating polyclinics proportional to their number of
consultations by age group. Informed written consent, or

oral consent for illiterate participants, was obtained from
all participants, Patients were explained the purpose of
the study orally and received written information to take
home. Informed consent was collected following a care-
ful explanation and providing opportunities to clarify and
pical Medicine and Hygiene 104 (2010) 801–805

check the candidate’s understanding. Consecutive patients
were enrolled until the sample size was achieved for each
age group. None of the individuals invited to participate
refused and only one child was excluded due to difficulties
in obtaining a suitable blood sample. The study protocol
was approved by the Research Ethics Committee of the
Liverpool School of Tropical Medicine, UK and the Ethical
Committee in the Ministry of Public Health and Population
(MOPHP) in Yemen.

Five mL of blood were obtained from all participants
and serum was separated and stored at −70 ◦C until anal-
ysis at the Liverpool School of Tropical Medicine, UK.
Samples were tested for anti- HAV and HEV antibodies
using enzyme-linked immunosorbent assay (ELISA). These
included ETI-AB-HAVK PLUS (N0136) Anti-HAV Enzyme
Immunoassay Kits for the qualitative determination of total
immunoglobulin G (IgG) antibody to human HAV (HAV-
IgG) (DiaSorin S.p.A., Vercelli, Italy) and MP Diagnostic HEV
ELISA kit (MP Biomedicals Asia Pacific Pte Ltd, Singapore)
to detect IgG antibodies to HEV.

Data were analysed using SPSS v. 14 (SPSS Inc., Chicago,
IL, USA) and included descriptive summary statistics with
95% CI for the prevalence of HAV and HEV antibodies in the
population. Although sample size was estimated propor-
tional to population size and we analyzed the data stratified
by clinic, there were no differences between the clinics and
it was decided to pool the data for clarity. Multivariate anal-
ysis was used to describe the association of HAV and HEV
IgG antibodies and household characteristics.

3. Results

The characteristics of the 538 participants are described
in Table 1. Age ranged from one month to 79 years
with a mean of 18.2 years. Fifty two percent of partici-
pants were male, most were ≤18 (364, 67.7%) and 168
(31.2%) were under 5 years old. One hundred and six-
teen (67%) of 174 adults did not have formal or basic
education and 58 (33.4%) had secondary or higher educa-
tion. Seventy two (41.4%) of 174 adults were unemployed.
Participants resided with a median of 7 other household
members and electricity, piped water and toilet facilities
were available in 98.1%, 93.3% and 86.1% of the households
respectively.

Four hundred and sixty six (86.6%, 95% CI 83.7–89.5)
of 538 participants had anti-HAV IgG antibodies and 38
(10.7%, 95% CI 7.5–13.9) of 356 participants tested had
anti-HEV IgG antibodies. The associations between the par-
ticipants’ characteristics and the presence of HAV and HEV
antibodies are shown in Table 2 and Table 3, respectively.
Children were less likely to have HAV and HEV IgG than
adults (p< 0.001 and p<0.05, respectively). Among chil-
dren, 81% and 8% had HAV and HEV antibodies, while in
adults these proportions reached 99% and 15.4%, respec-
tively. Infants were less frequently infected with HAV than
young adults (53% vs. 100%). No HEV IgG antibodies were

found among infants but the levels reached 16% in adults
(Figure 1).

The presence of HAV IgG antibodies was associated
with age, an individual or family history of hepatitis
and the availability of electricity in the household. Age
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Table 1
Socio-demographic and household characteristics of the study participants

n = 538 (%)

Age / years mean (±S.D) [IQR] 18.2 (19.4) [3,32.3]
Range 1 month–79 years
children ≤18/adults/ (% children) 364/174 (67.7)

Gender male/female (% male) 280/258 (52.0)
Education (174 adults) basic or no formal education 116 (66.7)

secondary and higher 58 (33.3)
Unemployed (174 adults) 72 (41.4)
Number of household members median [IQR] 7 [5–10]
Median crowding ratioa median [IQR] 3.4 [2–4]
Availability of electricity 528 (98.1)

piped water 502 (93.3)
toilet 463 (86.1)

±SD = standard deviation. IQR = inter quartile range.
a Number of residents/number of bedrooms.

Table 2
Association of anti-hepatitis A IgG antibodies and household characteristics of the study participants

Hepatitis A n = 538 Odds Ratio (95% CI) Adjusted Odds
Ratio (95% CI)

Positive (%) Negative (%)

Age children <18 294 (63.1)c 70 (97.2) ref. ref.
adults 172 (36.9)b 2 (2.8) 20.8 (5.1–86.1) 14.4 (3.5–59.8)

Sex male/females (% male) 242:223 (52.0) 38:35 (52.1) 1 (0.6–1.6) 1.2 (0.7–1.9)
Education (174 adults) basic or no formal education 115 (66.9) 2 (100) ref. ref.

secondary and higher 57 (33.1) 0 (0) undefined undefined
Unemployed (174 adults) 66 (38.4) 2 (100) – –
Number of household members Median 8 7 0.9 (0.8–1.1) 2.2 (0.9–4.8)
Median crowding ratio 3.6 3.3 0.94 (0.7–1.1) 0.8 (0.7–1)

79 (16 b

157 (3
405 (86

a

a
o
a
a

a
p
(

T
A

a

History of hepatitis (individual)
(family)

Availability of toilet

P < 0.05; bP < 0.01; cchildren vs. adults;.

nd educational status were associated with the presence
f anti-HEV IgG antibodies (P < 0.05). The same vari-
bles remained statistically significant after multivariate
nalysis.
Thirty seven (97.4%) of 38 individuals with HEV IgG
ntibodies had HAV IgG antibodies, while 37/314 (11.8%)
articipants with HAV antibodies had HEV exposure
P = 0.1).

able 3
ssociation of anti-hepatitis E IgG antibodies and household characteristics of the

Hepatit

Positive

Age children <18 17 (44.7
adults 21 (55.3

Sex Male: females (% male) 21:17 (5
Education (174 adults) basic /no formal education 11 (52.4

secondary and higher 10 (47.6
Unemployed (174 adults) 6 (28.6)
Number of household members Median 9
Median crowding ratio 3.7
History of hepatitis (individual) 4 (10.5)

(family) 15 (39.5
Availability of: electricity 38 (100

pipe water 37 (97.4
toilet 33 (86.8

children vs. adults, bP < 0.05.
.9) 2 (2.8) 7.3 (1.8–30.3) 6.9 (1.7–28.9)
3.7)a 16 (22.2) 1.8 (1.1–3.3) 1.9 (1.1–3.4)
.9) 58 (80.6) 1.7 (0.9–3.2) 1.7 (0.9–3.3)

4. Discussion

This is the first description of the seroepidemiological
characteristics of HAV and HEV by age in Yemen. There

is a significant difference in the seroprevalence between
adults and children for both HAV and HEV, and differ-
ences between the two viruses. The seroprevalence of
HAV antibodies in patients attending the health-centres

study participants

is E n = 356 Odds Ratio (95% CI) Adjusted Odds
Ratio (95% CI)

(%) Negative (%)

) 203 (63.8) ref. ref.
)a,b 115 (36.2) 2.1 (1.1–4.3) 2.2 (1.1–4.3)
5.3) 158:160 (49.7) 1.2 (0.6–2.4) 0.8 (0.4–1.6)
)b 77 (61.6) 2.4 (1–5.8) 3.1 (1.5–6.7)
) 48 (38.4) ref. ref.

39 (31.2) 1.5 (0.5–4.1) 0.7 (0.2–1.9)
8 0.9 (0.8–1.1) 1 (0.9–1.2)
3.6 0.9 (0.8–1.1) 0.9 (0.7–1.1)
47 (14.8) 0.9 (0.3–2.3) 1.5 (0.5–4.4)

) 98 (30.8) 1.5 (0.7–2.9) 0.7 (0.3–1.4)
.0) 312 (98.1) undefined undefined
) 295 (92.8) 0.3 (0.1–2.5) 0.4 (0.1–4.9)
) 271 (85.2) 3 (0.4–22.9) 1.9 (0.5–7.9)
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1. WHO. Hepatitis E. Geneva: World Health Organization; 2001
Figure 1. HAV and HEV IgG antibody prevalence by age. Bars are mean
+/- SD

increased steadily from 53% among infants, 82% in pre-
school children to 99% amongst adults. Although the overall
prevalence was very high (86.6%), it was lower than
reported by Scott et al. (99.7%) in 1988 from the northern
governorates.15 The population studied by Scott et al. was
older (mean age 24.2 ±14.6 years) than the participants
in this study (18.2 ± 19.4 years) and the difference could
be an artefact of the population structures, use of different
diagnostics and socio-demographic risk factors. The high
prevalence of HAV exposure (82%) in pre-school children
is similar to similar studies in developing countries such
as India (86%) and South Africa (100%).17,18 However, stud-
ies from the Middle East have reported lower prevalence
rates, including Oman (53.2%),19 Saudi Arabia (39%)20 and
Lebanon (10.5%).12

Most reports from the Middle East also indicate high
rates of previous exposure to HAV among adults, with anti-
body prevalence > 95% in Egypt, Qatar, some areas of Saudi
Arabia, Oman, Syria, Iran, Morocco and Algeria.10,19,21,22

This may change with current socioeconomic develop-
ment: similar rates were seen in Japan 30 years earlier
(1973), while only 50% were seropositive in 2003.11

There were no significant differences in HAV seropreva-
lence by gender, education and occupational status. This
might be due to improvements in the sanitary infras-
tructure such as piped water and sewage, which were
constructed in Aden during the time of the British Colony
(1839–1967), and were recently renovated and expanded.
The water and sanitary coverage in the city (currently 94%
and 87%, respectively) is now higher than in other cities in
Yemen, e.g. water coverage is 25% and 13% in Sana’a and
Taiz, respectively.23

There are very few reports of HEV in Yemen and one
study of patients with acute hepatitis reported a positivity
rate of 14%.16 Countries are categorized into low, mod-
erate and high HEV prevalence zones (0–2%, >2–5% and
>5%, respectively)24 and the seroprevalence rate of 10.7%
obtained would place Yemen in the high seroprevalence
zone, which is similar to other reports in adults in the Mid-
dle East (10–40%).2 Population-based studies suggest that
the virus is highly endemic in the region, as Egypt reported

a prevalence of 30–50%, Somalia 71%, United Arab Emirates
20% and Saudi Arabia 14.8%.24–27

The Yemeni population has low access to potable water
and sanitation with only 65% and 46% of the population
pical Medicine and Hygiene 104 (2010) 801–805

having access to these services.23 In addition, there is poor
control of food hygiene, low health awareness and high
illiteracy levels;28 these factors increase the spread of HAV
and HEV in the Yemeni community. Although vaccination
could be desirable for the control of HAV, the WHO does
not recommend the use of vaccination in populations resid-
ing in highly endemic countries, as almost all persons are
infected during childhood without presenting symptoms,
effectively preventing clinical hepatitis A in adolescents
and adults.

The data presented however were collected in a cross
sectional survey and it is not possible to account for indi-
viduals who did not survive, resulting in a selection bias
towards a healthier population. A further shortcoming is
the difficulty in collecting information that occurred sev-
eral decades earlier, with significant recall bias of potential
risk factors. In addition, although anti-HAV IgG antibod-
ies usually persist for life, there is evidence of anti-HEV
IgG antibodies becoming undetectable some years after
infection or vaccination,14 which would lead to an under-
estimation of the frequency of HEV exposure.

This study provides data on the prevalence of exposure
to both HAV and HEV in Aden, Yemen. Both viruses are a
significant public health problem, with differing rates of
infection in children and adults. Exposure to HAV is com-
mon in individuals exposed to HEV, reflecting worldwide
epidemiological features of these infections. Substantial
changes are needed to achieve the control of HAV and HEV
infection in Yemen. Priority should be given to improving
water quality, sanitation coverage, food hygiene and public
health awareness of the risk of contracting infection.
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