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Introduction

Hepatitis B virus infection is a major health problem with an

Abstract

Background: Perinatal transmission of HBV leads to chronic infection in
up to 90% of neonates. Focused prenatal screening and appropriate treatment
of pregnant women and neonates is necessary for the elimination of hepatitis
B, as was stated in the 2017 WHO Action Plan for HBV. Information on
seroprevalence of HBV in Greece, especially in pregnant women, is scarce and
rather outdated. Seroprevalence data specifically for high-risk groups, such as
immigrants, is necessary for proper public health planning and elimination of
vertical transmission and this study will struggle to fill the gap that exists in
Greece.

Methods: HBsAg status of pregnant women delivering during 2017 in Crete
was studied. Seroprevalence was estimated for the whole population and each
ethnic group separately.

Results: The mean age of the participants was 30.38 (+6) years. Their origin
was Greek (76.76 %), Albanian (10.18%), Bulgarian (3.79%), Roma population
(2.44%), Russia and Former Republics of Russia (2.06%), Romanian (1.95%),
Central Europe (0.70%) refugees from Syria, Morocco, Egypt (0.55%), and East
Asian (0.43%). The HBsAg (+) seroprevalence was 1.5%. The seroprevalence
of Greeks was 0.5%, while Albanians, Bulgarians, Romanians and Roma had
4.3%, 5.7%, 2.8%, and 11.1% respectively (p<0.001).

Conclusions: Defining specific at-risk groups in each country is fundamental,
since MTCT is the principal mode of transmission in high prevalence settings.
Our study revealed high seroprevalence in certain migrant groups and Roma
women. This information is essential for proper planning of perinatal care in
Greece, especially taking into account that these underprivileged groups often
lack quality health care.

Keywords: Perinatal infection; Mother-to-child-transmission;
Seroprevalence; Pregnant women; Hepatitis B virus (HBV); Greece

The main route of MTCT is vertical transmission during
childbirth, by the HBV-infected body fluids or maternal blood
entering fetal circulation during uterine contractions [5-8].
Intrauterine infection takes place in 13-44% of cases by placental
barrier disruption or even genetic vertical infection of the fetus
from HBV-infected oocytes or sperm [5,6], and horizontal infection
through daily contact or breastfeeding also occurs, but to a lesser

estimated 240 million chronic carriers worldwide and over 600,000
deaths per year. WHO has developed a global strategy to eliminate
hepatitis B as a public health threat by 2030, with a goal to reduce its
incidence by 90% and its mortality by 65% [1]. Combating Mother-to
Child-Transmission (MTCT) is highlighted as an intervention with
great impact, since up to 90% of infected neonates become chronic
carriers and account for almost 50% of chronic cases worldwide.
Especially in settings with high hepatitis B prevalence, MTCT is a
major mode of transmission, along with early childhood household
infection of unvaccinated children. Accordingly, WHO has advocated
universal immunization with a birth-dose HBV vaccine and universal
HBsAg screening of pregnant women [1-4].

extent, putting unvaccinated children of HBV-infected mothers in
danger of acquiring HBV infection until their 5th birthday [9]. The
risk for perinatal transmission of HBV is 70-90% for infants born to
mothers who are both HBsAg and HbeAg (+), compared to 5-20%
for infants born to HbeAg (-) mothers. The joint HBV standard
passive-active immunopropylaxis with HBIG plus HBV vaccine in
neonates within 12 hours after delivery is very effective at reducing
HBV transmission to 5-9%. The remaining percentage is mainly
attributed to intrauterine infection, usually encountered with a high
viral load and/or HBeAg positivity [5-8]. Wen WH et al, found that
pregnant women with a high viral load, who mostly were also HBeAg
(+), presented with a risk of immunoprophylaxis failure ranging from
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6.6% to 27.7% with an HBV load of 107 to 109 copies respectively
[10]. HBeAg (+) pregnant women or those with a high viral load,
are now considered for treatment with nucleotide analogs [5-7]. A
systematic review and meta-analysis on the efficacy and safety of
peripartum antiviral prophylaxis was recently undertaken and found
all three antivirals (lamivudine, tenofovir disoproxil fumarate and
telbivudine) highly efficious and safe [11]. Due to high barrier to
resistance of tenofovir, the latest WHO recommendations suggest
administering tenofovir to pregnant women infected with HBV with
a high viral load from week 28 of pregnancy until at least childbirth
to prevent MTCT. In settings in which antenatal HBV DNA testing
is not available, HBeAg testing can be used as an alternative to
determine eligibility for tenofovir prophylaxis [12].

With an estimated prevalence of 0.7-8.7 % for hepatitis B
infection in pregnant women in different parts of the world, a great
number of neonates are in danger of perinatal transmission. Taking
into account that less than 5% of HBV chronic carriers are aware of
their status and that prenatal risk factor-based screening will miss
many chronic HBV infections among pregnant women, screening for
HbsAg during pregnancy should be universal; women at high risk
should be offered repeat screening at delivery [7,11-13]. Additionally,
in HbsAg (+) pregnant women HBYV viral load, or at least HBeAg,
should also be tested [7].

Greece is considered a country of intermediate endimicity in the
latest Technical report of ECDC on Epidemiological assessment of
Hepatitis B among migrants in the EU, with an estimated HBsAg
prevalence of 2.33 (CI 1.54-3.11), reflecting around 260.000 chronic
HBYV carriers. Even though only 6.4% of the population is foreign-
born, 84% are from intermediate or high endimicity countries, thus
contributing significantly to the HBV burden of Greece [14]. Data on
HBYV infection in pregnant women in Greece are scarce and rather
outdated, with different studies reporting a prevalence of 1.2-3.8 %
[15]. According to WHO latest strategy, every country should define
specific populations within their borders that are most at risk for
HBYV infection and response should be based on epidemiological
and social context [1]. The goal of this study is to provide useful
information on the prevalence of HBV infection in pregnant women
residing in Greece, shedding light especially on vulnerable population
groups such as migrants, which are at greatest risk of limited medical
prenatal care.

Patients and Methods

Study population

All of the pregnant women who gave birth in the Obstetric Clinics
of the three major public hospitals of Crete, Greece, (University
Hospital of Heraklion, Venizeleio General Hospital of Heraklion and
General Hospital of Chania) from January 2017 to December 2017
were included. Preliminary results from a similar survey that took
place during December 2016 at the University Hospital of Heraklion
were also included. Women experiencing miscarriage or stillbirth
were excluded from the survey. After getting permission from the
Ethic Committees of each hospital and the Directors of the individual
clinics, we reviewed the medical records for prenatal HBV serological
testing. In women with no prenatal screening documented, testing
with HBsAg was ordered on an emergency basis. Records of women
who were HBsAg (+) were further checked, to verify whether

appropriate immunoprophylaxis against HBV had been offered to
the newborn. Data that was also collected from the medical records
included the ethnic origin of the participating women and their age.

Mean seroprevalence was calculated for the total of the study
sample and then further analyzed according to the nationality of
the participants. Comparisons were made among the different
nationality groups, with previous studies, as well as with studies from
the countries of origin.

Statistical analysis

An excel database was created initially for each hospital and at
the end collectively for the whole study population. Data analysis
was performed using Vassarstats and GraphPrism software. Specific
prevalence was calculated in each ethnic group of pregnant women,
and compared to the mean seroprevalence and that of the Greek
women. Chi-square test was used to compare qualitative values,
whenever appropriate. P-values <0.05 were considered statistically
significant.

Results

Our study included a total of 2438 women who gave birth
from January 2017 to December of 2017 in Crete. Results on
HBV seroprevalence were available for 1846 women (75.7%). The
remainder records were either not found or specific data concerning
HBYV infection was missing, in which case it was postulated that
serological tests had been done on a private basis and presented in
printed form to the obstetrician, but not recorded in the medical
file. In any case, these missing results were most possibly negative,
since HBsAg positivity would have most probably been recorded.
Women with no prenatal screening were always tested immediately
postnatally. Negative prenatal tests for HBV were usually not repeated
in the third trimester or at birth, even for women at high risk.

The mean age of the participants was 30.38 (+6) years. Three point
5 percent of women were <20 years old, 39.3% 20-29 years old, 50.0%
30-39 years old, and 7.1% over 40 years old. Their origin was Greek
(76.76%), Albanian (10.18%), Bulgarian (3.79%), Roma population
(2.44%), from Russia and the former Republics of Russia (2.06%),
Romanian (1.95%), from Central/Western Europe (0.70%), refugees
from Syria, Morocco, Egypt (0.55%), and East Asian (0.43%).

The seroprevalence rate of the study population for HBsAg
(+) was 28 /1846 (1.5%, 95% CI 1-2.2). The highest seroprevalence
of HbsAg was in women of Far East origin (37.5%, 95% CI 10-74)
and in Roma women (11.1%, 95% CI 4.8-23.5). Bulgarian women
had a seroprevalence of 5.7% (95% CI 2.2-14), Albanian 4.3% (95%
CI 2-8.5) and Romanian 2.8% (95% CI 0.5-14) (Figure 1). There
were no HbsAg (+) women from Russia and the former Republic
of Russia, Central and Northern Europe and refugee group, but the
number tested was small, so safe conclusions cannot be made. Greek
women showed a low seroprevalence of 0.5% (95% CI 0.2-1), and
the difference compared to the mean seroprevalence of the whole
population was statistically significant (p < 0.01).

Among the seropositive women, 28.6% were Albanian, 25%
Greek, 17.85% Roma, 14.2% Bulgarian, 10.7% from Far East, and
3.6% Romanian (Figure 2). The women who tested positive for
HBsAg were stratified according to age: there was no case under 20
years old, 32.14% were between 20-29 years old, 60.71% between 30-
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Figure 1: Seroprevalence of HBsAg (+) among different ethnic groups.
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Figure 2: Ethnic origin of HBSAg (+) pregnant women.

39 years old and only 7.14% above 40 years old. This difference was
statistically significant (p<0.001).

According to the medical records, appropriate passive and active
immunoprophylaxis was given to all 28 newborns whose mothers
were HBsAg (+). Interestingly, in the medical records of HBsAg
(+) women, HbeAg and HBV viral load were not documented and
there was no evidence that nucleotide analogs had been offered as
treatment. Accordingly, calculations on the seroprevalence of HbeAg
(+) women or women with a high viral load cannot be made.

Discussion

Vertical transmission occurs in up to 90% of double positive
HBsAg/HBeAg women and 90% of the perinatally infected infants will
develop chronic HBV infection, progressing to chronic liver disease,
cirrhosis and hepatocellular cancer [5-8]. Proper screening of all
pregnant women for Hepatitis B Virus (HBV) infection, regardless of
risk factors, as stated in WHO and ECDC guidelines is of paramount
importance in our effort to combat perinatal transmission. HBsAg (+)
women with a high viral load should be offered antiviral medication
to reduce MTCT transplacentaly, and standing immunoprophylaxis
protocols should be implemented to the newborn [1,2,4,14]. In
Greece, a national prevention program for Hepatitis B with universal
screening of pregnant women and vaccination of infants against HBV
is in effect since January 1998.

Seroprevalence of HbsAg (+) in Greece for the general population
has been previously studied in a limited number of studies, ranging
from 2.33% (CI 1.54-3.11) to 3.3% (CI 2.2-4.7), placing Greece in
the intermediate endimicity category [14-16]. Exact data on the
seroprevalence of native Greeks is lacking. The fact that 84% of
the migrants living in Greece originate from intermediate or high

Table 1: Number of cases and rate of HBsAg (+) among pregnant women
according to ethnic origin.

HBsAg (+) pregnant women
(+)/total Rate % (95% CI)

Greek 711417 0.5(0.2-1.1)
Greek Roma 5/45 11.1 (4.8-23.5)
Albanian 8/188 4.3 (2-8.5)
Bulgarian 4/70 5.7 (2.2-14)
Romanian 1/36 2.8 (0.5-14)
East Europe 0/38 0 (0-9.2)
Far East 3/8 37.5(10-74)
West Europe 0/13 0 (0-23)
Refugees 0/10 0 (0-28)
Total 28/1846 1.5 (1-2.2)

endimicity countries, definitely poses a threat to the increase of the
total number of people living with chronic hepatitis B in Greece [14].

In our study, the mean seroprevalence of pregnant women for
HBsAg (+) was 1.5% (95% CI 1-2.2). In a study by Papaevangelou
et al, that took place during a two-week study period in 2003, 2.89%
of women were HbsAg (+) [9]. Elefsiniotis et al, estimated the
seroprevalence of HBsAg in 26,746 women at reproductive age in
Greece from 2003-2005 and found that 1.53% of women were HBsAg
positive [17].

The results are similar in a more recent survey by Karatapanis
et al, that took place form 2007-2009, where the total HBsAg (+)
prevalence is 1,2% [18].

Native Greek pregnant women showed a low seroprevalence of
0.5% (95% CI 0.2-1) in our study, similar to the most recent surveys
by Elefsiniotis et al. and Karatapanis et al., reporting 0.57% and
0.6% respectively [7,18]. The 1.7% seroprevalence in Greek pregnant
women that Papaevangelou et al. reported in the 2003 study probably
highlights the constantly falling prevalence of HBV in the Greek
population [9].

In the present study, Albanian pregnant women had a
seroprevalence of 4.3% (95% CI 2-8.5) for HbsAg (+). Seroprevalence
in Albanian pregnant women living in Greece has always been in
excess of that reported for Greeks, reflecting the higher burden of
HBYV in Albania. In a study by Malamitsi-Puchner et al, published
in 1996, HbsAg (+) prevalence of 13,4% was found among Albanian
pregnant women [19] and Papaevangelou et al. in 2006 found a
prevalence of 9.8% [9]. More recent studies show a gradual decrease
to 4.9-5.4% [17,18], very similar to our findings. This trend can be
explained by the ever-improving hygiene conditions among Albanian
families, as well as the increasing percentage of immunization in this
population. In the general Albanian population, the seroprevalence
of HBV is 9.5%, which means that Albania remains a country of high
endimicity [20]. This is also reflected in ECDC data on migrants
in Europe, where Albanian migrants are considered to display a
prevalence of 9% for Chronic Hepatitis B Infection (CHB) [14].

Our study is the first to our knowledge to report the
seroprevalence of Bulgarian and Romanian women separately, and
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not as a whole, like former studies. In our study, Bulgarian women
had a seroprevalence of 5.7% (95% CI 2.2-14), much higher than that
reported in a study by Tsankova et al, where the seroprevalence in
Bulgaria for pregnant women is estimated at 2.26%, with residence in
rural areas and belonging to an ethnic minority important risk factors
[21]. This discrepancy could be explained by the fact that most of
the Bulgarian immigrants to Greece belong to the Roma population
and are not indigenous Bulgarians. In the ECDC Technical Report
on the epidemiological assessment of hepatitis B among migrants in
Europe, Bulgaria is considered a country of intermediate endimicity
of 4.25% (CI 2.80-5.70) [14]. Similarly, in a study conducted in 2010
in Bulgaria, the prevalence was estimated at 4.8% in adults over 20
years old [22].

Romanian pregnant women living in Greece had a seroprevalence
of 2.8% (95% CI 0.5-14) for HBsAg (+) in our study. In a study by
Popovici et al. in 2016, the prevalence of HBsAg was 5.1% in pregnant
women in Romania, and HBeAg was present in 7.4% [23]. Romania in
general is a country of intermediate endimicity, with a seroprevalence
ranging from 4.4-7.6 % in different studies [14,15,24]. Romania is
considered the country contributing the largest absolute number of
migrants with CHB in Europe, with prevalence in migrants of 5.5%
[14].

The Roma population constitutes the most important
transnational minority in Europe. Low socioeconomic conditions and
lack of quality health care deem them a vulnerable population group
and predispose them to infections, such as hepatitis B. In the global
attempt to eliminate viral hepatitis, Roma should be considered a
high priority group for screening and treatment. In a study conducted
in Slovakia in 2011, Roma population had a significantly higher
prevalence of HBsAg compared to the non-Roma population (12.4%
vs. 2.8%). Furthermore, HBsAg (+) Roma were more commonly HBV
DNA positive compared to HBsAg (+) non-Roma population (94.3%
vs. 70.0%) [25].The estimated Roma population in Europe is 5.2
million, with the vast majority living in Central and Eastern Europe.
The Roma population in Greece estimated at 120,000-300,000,
although Greek in nationality often behaves as a separate group with
discrete characteristics, often nonadherent to national guidelines
and immunization practices [26]. A large proportion does not seek
medical advice, so the exact prevalence of HBV, as well as other
diseases, is actually unknown. In our study, 11.1% (95% CI 4.8-23.5)
of Roma women were HBsAg (+), but the overall number of Roma
participants (N=45) is not big enough to extract safe conclusions.
Papaevangelou et al, had found a seroprevalence of 3.6% (95% CI 0.8-
10.2) among the same group [9], while in a study of hepatitis Bamong
Roma children in Athens, 22% were identified with evidence of past
infection (anti-HBc (+)), while 4% were chronic carriers (HBsAg
(+)) [27]. In the same study by Michos et al. on the HBV vaccination
coverage in Roma children, only 13.6% had evidence of HBV
vaccination, compared to 95.9% of non-Roma children, highlighting
the immunization gap in this group [27].

The highest seroprevalence of HbsAg (+) was in women of
Far East origin (37.5%, 95% CI 10-74). Elefsiniotis et al. reported a
seroprevalence of 5.57% in 251 pregnant women in Greece, being the
highest in his study too [17]. In China, HBV infection in women of
childbearing age >20 years old has a prevalence of 5.64% of the HBsAg

(+) women, 67.07% were HBeAg (+) and 81.93% were HBVDNA
positive [28]. The Chinese migrant population in Europe consist
the second largest contributing chronic HBV carrier group among
migrants, after Romanians, with an estimated 104,000 people and
a seroprevalence of 9.4% (CI 7.9-11.1) in first generation migrants,
compared to 4.3% (CI 1.9-8.3) in second generation migrants [14].
The extremely high rate found in our study, is definitely misleading
and due to the very small size of the sample, but nonetheless, women
from China should be treated as high risk and every effort should be
made to screen them prenatally.

There were no HbsAg (+) women from Central and Northern
Europe, as was the case in the study by Elefsiniotis et al. [17]. This
comes of no surprise, since central and northern European countries,
such as Austria, Belgium, Germany and Finland have a seroprevalence
of 0.2-0.7% for HBsAg (+) in the general population [14]; taking
into account that more than 50% of cases are attributed to migrant
groups, one can easily conclude that the indigenous population will
have a very low prevalence. There were no women from Russia or the
former Soviet Union (FSU) that were HBsAg (+), probably due to
the small sample size, since the seroprevalence of migrants in Europe
from the former USSR is 4.7% and of those from Russia 10.3% [14].
Nonetheless, migrants from these countries should be considered as
high-risk groups. Finally, no refugees from Morocco or Egypt were
found to be HBsAg (+), which would be expected since these migrant
groups exhibit a low seroprevalence of 0.3% and 1.1% respectively in
Europe [14]. Syria on the contrary is a country of intermediate-to-
high endimicity with a seroprevalence of 5.62% [14], but the minute
number of Syria refugees in our study, justifies that no cases were
detected.

It is evident that compliance to screening guidelines is extremely
important in preventing vertical transmission and ECDC points out
the importance of screening a minimum of 90% of pregnant women.
Underprivileged groups though, often do not seek medical advice
during pregnancy. In a study by Papaevangelou et al., that took
place in Athens, prenatal screening for HBV had been undertaken
in 91.3% of the women, much improved than in another study by
the same author, where only 63.1% had been tested [9,29]. What was
of most interest however is that in two different studies, women that
escaped prenatal testing, had a much higher prevalence; in total 5.3%,
Greeks 2.8%, Albanians 7.4% and Roma 4.3% [9,18]. These findings
emphasize that specific populations should be targeted for prenatal
testing and vaccination coverage, as WHO strategy also underlines
[1]. Our study did not record the percentage of women with regular
prenatal follow-up versus those who only sought medical advice at
term, so conclusions on this topic cannot be made.

Important conclusions as for the importance of immunization
against hepatitis B in the general population can also be drawn from
the data related to seropositivity according to different age groups. In
our study, HBsAg (+) pregnant women were almost twice as likely to
belong to the 30-39 years old group, as compared to the 20-29 years
old group, while there was no case recorded under 20 years, even in
women of high-endimicity origin. Popovici et al. show similar results
from a study in Romania in 2013, where the seroprevalence of HBsAg
(+) of people in the general population over 20 years old was 4.02%
compared to only 1.37% of those younger than 20 years old [30].
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Accordingly, in a study by Kevorkyan et al. in Bulgaria in 2010, the
HBsAg seroprevalence of 1% was significantly lower in individuals
under 19 years old targeted by immunization, related to the rate of
4.8% in adults over 20 years of age (P<0.05) [31].

A limitation of our study is that medical records reviewed did
not provide any information either on HBeAg or on HBV viral load.
The Society of Maternal and Fetal Medicine (SMFM) of Greece, in
accordance with WHO and ECDC, recommend that pregnant women
with HBV infection should have their HBeAg status and HBV viral
load checked, preferably before the third trimester [7]. In the study
by Elefsiniotis et al., only 2.67% of HBsAg (+) pregnant women in
Greece were HBeAg (+) and from the women whose blood was tested
for viral load, only 12.7% exhibited extremely high serum HBV-DNA
levels of >107copies/ml, suggesting that only a slight proportion
of HBsAg positive women in Greece pose a great risk for vertical
transmission to their offspring [17]. Accordingly, in HEPNET study
in Greece, an ongoing nationwide retrospective-prospective study
initiated in 1997, it was shown that the prevalent form of hepatitis
B among adult native Greek patients was HBeAg negative (92.13%),
in comparison with immigrants who were positive in 16.6% of the
cases and had a higher DNA load [32]. Malamitsi et al. reported an
HBeAg positivity of 7.5% in Albanians living in Greece [19]. Despite
HBeAg (+) prevalence being rather low in Greece, gynecologists
and gastroenterologists should cooperate in diagnosing all HBsAg
(+) pregnant women and treating as needed, in the fight towards
elimination of MTCT hepatitis B disease.

One of the weaknesses of this study was that the population
studied was pregnant women giving birth at one of the three major
public hospitals in Crete. Women who gave birth at the private
hospitals, might have slightly different seroprevalence rates, as they
tend to belong to a higher income category as a whole, and would
thus be expected to have better living standards. Additionally, public
hospitals tend to have an overrepresentation of minority groups,
such as immigrants and Roma, which could adversely affect the mean
seroprevalence estimated.

Data was not collected concerning the mode of infection of the
women, or information related to high-risk categories for HBV
infection was not recorded, i.e. drug abuse or multiple sex partners
or if the foreign women were first or second-generation migrants in
Greece.

In the future, a prospective study could be implemented, for
newborns born to mothers with HBV, which would yield interesting
data on the final prevalence of MTCT in Greece and the breaches in
prenatal and postnatal treatment, when implemented.

Conclusion

Screening of pregnant women for HBV is of paramount
importance, if the goal set by WHO of 90% reduction in incidence by
2030 is to be achieved. Knowledge of the HBsAg and HBeAg status
allows for timely treatment of pregnant women with nucleoside
analogues, if applicable, and immunoprophylaxis of the neonate
immediately after birth. Defining specific population groups at risk
in each country is fundamental, since MTCT is the principal mode
of transmission in settings with high prevalence. This study aimed at
revealing the seroprevalence of HBsAg in pregnant women in Crete,

and similarly in Greece. Native Greek pregnant women were found to
have a low seroprevalence of 0.5%, while certain migrant groups and
Roma women exhibited statistically significant higher seroprevalence
rates and accounted for 75% of HBV cases. Taking into account that
it is these specific groups that often lack quality health care and are
nonadherent to national guidelines and immunizations practices,
one can easily perceive the threat to public health. Improvements
in perinatal care should aim at timely diagnosing seropositive
pregnant women and implicating gastroenterologists in their care.
Immunization strategies reaching out to all population groups living
in underprivileged conditions is also of paramount importance, since
intrafamilial transmission remains a threat and perpetuates the pool
of HBsAg (+) future mothers.
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