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SUMMARY

Rates of acute hepatitis B are high in Moldova, but the prevalence of chronic infection is

unknown. In 1994, we surveyed children and pregnant women, collected demographic

information, and drew blood for laboratory testing. Among the 439 children (mean age,

5 years), the prevalence of antibody to hepatitis B core antigen (anti-HBc) and hepatitis B

surface antigen (HBsAg) were 17±1 and 6±8%, respectively. Among the 1098 pregnant women

(mean age, 26 years), 52±4% were anti-HBc-positive and 9±7% were HBsAg-positive. Of the

HBsAg-positive pregnant women, 35±6% were hepatitis B e antigen (HBeAg) positive and

18±3% had antibodies to hepatitis D virus. The prevalence of antibody to hepatitis C virus was

1±4% in children and 2±3% in pregnant women. The high HBeAg prevalence among HBsAg-

positive pregnant women and the high anti-HBc prevalence among children indicate that both

perinatal and early childhood transmission contribute to the high hepatitis B virus endemicity

in Moldova.

INTRODUCTION

Although hepatitis B virus (HBV) infection is pre-

ventable by vaccination, it remains endemic through-

out many regions of the world. In highly endemic

areas, infection occurs early in life, often resulting in

chronic infection [1] and premature death in adult-

hood because of cirrhosis and hepatocellular car-

cinoma. In Moldova, a former Soviet Union republic

located between Romania and Ukraine, reported

rates of acute hepatitis B are high among children and
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adults (Moldova Ministry of Health, unpublished

data) and the prevalence of chronic infection is high

[2, 3]. Starting in 1989, the Ministry of Health

increased the availability of disposable syringes for

children and instituted a programme to prevent

perinatal HBV infection. This programme consisted

of universal hepatitis B surface antigen (HBsAg)

screening of pregnant women and administration of

hepatitis B vaccine starting at birth to all infants of

HBsAg-positive mothers.

Studies of the prevalence of HBsAg in the adult

population and among pre-school children provide

useful information to guide prevention strategies. In

areas where the HBsAg prevalence is high among
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pre-school children, the prevalence of HBsAg among

pregnant women and of hepatitis Be antigen (HBeAg)

among those who are HBsAg-positive can help to

predict the incidence of perinatal transmission and

determine the optimal hepatitis B vaccination strat-

egy. For this purpose, we surveyed children and

pregnant women for serological markers of HBV

infection during 1994–5 in Moldova. Participants

were also tested for antibodies to hepatitis D virus

(HDV) and hepatits C virus (HCV) to estimate the

prevalence of these infections in Moldova.

MATERIALS AND METHODS

Epidemiological methods

Children and pregnant women were sampled for

participation using a two-stage cluster sample. Eleven

of the 44 rural and urban districts in Moldova were

selected with a probability proportional to size.

Within each selected district, a prenatal clinic, a first-

grade classroom, and a pre-school group were selected

at random. In each pre-school group or classroom,

the first 20 children on the registration list were

included in the study. The next child on the list

replaced children whose parents refused participation.

A standardized questionnaire was administered col-

lecting information about age, sex and district of

residence. In each prenatal clinic, the first 100

pregnant women presenting during September and

October 1994 for routine HBsAg testing were included

in the study. Information about age and district of

residence was collected on a standardized form.

Laboratory methods

Serum samples were shipped to the Centers for

Disease Control and Prevention (CDC) for serological

testing using commercial tests (Abbott Laboratories,

Abbott Park, IL, USA). All sera were tested for total

antibody to hepatitis B core antigen (anti-HBc) using

a radio-immunoassay (CORAB). Anti-HBc-positive

sera were tested for HBsAg using a radio-immuno-

assay (AUSRIA II-125). Sera positive for HBsAg

were tested for HBeAg, for IgM anti-HBc and for

antibody to HDV (anti-HDV) using an enzyme-

immunoassay (EIA). All sera were tested for antibody

to HCV (anti-HCV) using EIA 2±0 (second gener-

ation), and repeatedly reactive specimens were tested

with a semi-automated immunoblot supplemental

assay (Matrix HCV).

Sample size and statistical methods

The sample size of 200 children was chosen to obtain

95% confidence limits of ³3 percentage points

around the point estimate of the prevalence. This

calculation was based upon an estimated population

size of 250000 in each of the two age groups and a

40% expected prevalence of anti-HBc. The sample

size of 1000 pregnant women was chosen to obtain

95% confidence limits of ³2 percentage points

around the point estimate of the prevalence. This

calculation was based upon an estimated population

size of 54000 and a 10% expected prevalence of

HBsAg.

For the purpose of the analysis, the 11 selected

districts of Moldova were grouped into a northern

region (2 districts), a central region (5 districts) and a

southern region (4 districts) [3]. Confidence intervals

for proportions were calculated in the CSAMPLE

module of Epi-Info to take into account the design

effect of the cluster sample [4]. Prevalences were

compared by the calculation of the prevalence ratio

[PR] using Mantel–Haenszel adjustment when ap-

propriate. Sample size and other statistical calcu-

lations were done using Epo-Info version 6 [5].

Human subjects

Parents of children gave informed written consent and

the network of public medical care providers returned

all serological results to them. Serum samples for

pregnant women were collected as part of the

Moldovan routine HBsAg screening programme;

results of the tests conducted at CDC were not

returned to study participants, and test results for

anti-HCV and anti-HDV were not linked to individual

pregnant women to preserve their anonymity. The

study protocol was approved by the Scientific Ad-

visory Board of the Prophylactic and Clinical Medi-

cine Research Institute in Chisinau, by the ethical

committee of the Ministry of Health of the Republic

of Moldova, and the Institutional Review Board of

the CDC.

RESULTS

Children

Of the 440 children recruited, 439 children had a

serum sample available and were included in the

study. The mean age of the pre-school children was

3±5 years (standard deviation [SD] 1±3 years ; range 0–6
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Table 1. Pre�alence of serological markers of hepatitis B and C �irus infection in children, by age and sex,

Republic of Moldo�a, 1994

HBsAg Total anti-HBc Anti-HCV

Positive (%) 95% CI Positive (%) 95% CI Positive (%) 95% CI Total

Age

Pre-school 13 4±6 2±3–6±9 31 11±0 6±8–15±2 2 0±7 0–1±6 281

First-grade 17 10±8 5±1–16±6 44 27±8 12±7–42±9 4 2±5 0–6±4 158

Sex

Boys 27 10±3 5±2–15±4 53 20±2 11±3–28±9 3 1±1 0–2±8 263

Girls 3 1±7 0–3±4 22 12±5 6±2–18±8 3 1±7 0–4±0 176

Total 30 6±8 3±6–10±1 75 17±1 9±6–24±7 6 1±4 0–3±2 439

years). Four (1±4%) of the pre-school children were

under 2 years of age. The mean age of the first-graders

was 7 years (.. 0±5 years, range 7–13 years). Seventy-

five children (17±1%) were anti-HBc positive, con-

sistent with past or present HBV infection (Table 1).

Thirty children (6±8%) were HBsAg positive. The

prevalence of both anti-HBc and HBsAg was higher

among first-graders than among pre-school children

(anti-HBc: PR¯ 2±5, 95% CI 1±7–3±8; HBsAg: PR

2±3, 95% CI 1±5–3±8). The prevalence of anti-HBc was

higher among boys than girls, although this difference

was not statistically significant (age-adjusted PR 1±4;

95% CI 0±9–2±1). However, the prevalence of HBsAg

was significantly higher among boys than girls (age-

adjusted PR 5±4, 95% CI 1±6–18). The prevalence of

serological markers of HBV infection did not vary

significantly among the three regions of the country

(data not shown). Of the 29 HBsAg-positive children

whose serum could be tested for total anti-HDV, 4

(13±8%) were positive. Among the 439 samples of the

study children, 6 (1±4%) were positive for anti-HCV.

Pregnant women

Of the 1100 pregnant women recruited, 1098 had a

serum sample available and were included in the

study. Among the women studied (mean age 26 years,

SD 6), 575 (52±4%; 95% CI 45±4–59±3) were anti-

HBc-positive and 106 (9±7%; 95% CI 7±1–12±3) were

HBsAg positive. Of the 104 HBsAg-positive pregnant

women whose serum could be tested, 37 (35±6%; 95%

CI 28±7–42±5) were HBeAg positive, none was IgM

anti-HBc-positive, and 19 (18±3%; 95% CI 11±4–27±1)

were anti-HDV positive. The prevalence of anti-HBc

increased from the northern to the southern region

(29±5%, 37±1 and 47±3% in the northern, centre and

southern regions, respectively ; P! 0±001). The preva-

lence of HBsAg also presented the same north to

south gradient (2±5, 10±2 and 12±5% in the northern,

centre and southern regions, respectively ; P! 0±001).

Of the 1098 pregnant women tested, 25 (2±3%, 95%

CI 1±0–3±5) were anti-HCV positive.

DISCUSSION

The results of this study demonstrate that chronic

HBV infection is common in Moldova. The preva-

lence of HBsAg among pregnant women, a surrogate

group for the general population, was 9±7%. This

level of HBsAg prevalence indicates that HBV

infection in Moldova can be characterized as highly

endemic (prevalence of HBsAg exceeding 8% in the

general adult population [6]). However, despite a high

prevalence of anti-HBc, almost half of the adult

population was susceptible to HBV infection.

Based on the HBsAg prevalence among pregnant

women (9±7%), the HBeAg prevalence among

HBsAg-positive pregnant women (36%), and on

reported risk of HBV transmission to infants born to

HBeAg-positive and HBeAg-negative HBsAg-posi-

tive mothers (85 and 30% respectively [7]), an

estimated 5% of Moldovan infants acquire HBV

infection perinatally. Thus, the 27±8% prevalence of

anti-HBc among children in first-grade in our study is

higher than expected from perinatal transmission

alone, suggesting a high incidence of HBV infection in

early childhood. The exact incidence of HBV infection

in children could not be inferred from these cross-

sectional data. The two age groups included in this

study may have been exposed to different risks of

HBV infection in children, as prevention activities,

including use of hepatitis B vaccine, were implemented

in Moldova starting in 1989.
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Modes of HBV transmission in children are difficult

to identify precisely [8]. Other children probably

represent an important source of infection for children

in Moldova, because the prevalence of HBsAg is high

in this age group. Clustering of infection in households

[9] suggests that HBV is acquired from other infected

household members, probably through exposure to

small quantities of blood [10–12]. In addition, one

study showed that approximately 30% of acute

hepatitis B cases among children under 15 years of age

in Moldova are associated with injections given in

various health-care settings [13].

Boys in Moldova tended to have a higher prevalence

of anti-HBc than girls, although the difference was not

statistically significant. However, compared with girls,

boys had a higher prevalence of HBsAg. A higher

HBsAg prevalence among boys has also been observed

in West Africa [12, 14] and in Taiwan [15]. A more

prolonged active, HBsAg-positive phase of HBV

infection in boys is the proposed explanation for the

differences in HBsAg prevalence observed between

boys and girls [14].

The overall HBsAg prevalence among pregnant

women in the Republic of Moldova is similar to that

reported in Romania [16, 17]. However, the HBeAg

prevalence among HBsAg-positive pregnant women

was lower (2%) in north-eastern Romania than in our

study [17]. The reason is unclear for the differences in

HBeAg prevalence between populations that would

be expected to be close in background and socio-

economic status.

Co-infection with HDV in HBsAg-positive persons

may increase the risk of rapid development of chronic

liver disease. The prevalence of anti-HDV among

HBsAg-positive children and pregnant women

suggests moderate HDV endemicity [18]. This en-

demicity level probably contributes to the burden of

chronic liver diseases in Moldova. The prevalence of

anti-HCV among pregnant women in Moldova was

intermediate (ie between 0±1 and 5% [19]), as seen in

the United States and in European countries [20].

Modes of HCV transmission have not been studied in

Moldova.

The high HBeAg prevalence in HBsAg-positive

pregnant women and the high HBsAg prevalence in

children indicate that both perinatal and early

childhood transmissions are important sources of

infection among children in Moldova. Starting in

1989, universal HBsAg screening of pregnant women

and vaccination of infants born to HBsAg-positive

mothers starting at birth was initiated in Moldova to

prevent perinatal HBV transmission. In 1994, hepa-

titis B vaccination of all infants at birth was added.

Hepatitis B vaccine, when started at birth, has high

efficacy in preventing perinatal HBV infection even

when hepatitis B immune globulin is not given [21].

Therefore, some countries or regions (eg Alaska) have

either not included maternal HBsAg screening as part

of their hepatitis B prevention strategies or stopped

maternal HBsAg screening [22] [CDC, unpublished

data]. Stopping maternal HBsAg screening might be

considered in Moldova where a high proportion of

infants receive their first dose of hepatitis B vaccine at

birth.

Routine infant hepatitis B vaccination should

reduce the risk of HBV infection and its sequelae

among children in Moldova [23]. However, infant

vaccination alone will not eliminate the risk of HBV

infection in older cohorts for many years ; further-

more, it will not protect persons from infection with

HCV and other bloodborne pathogens. Thus, pre-

vention programmes, including initiatives to improve

injection practices [13], should be initiated particularly

among older cohorts.
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