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Abstract

Background: According to a WHO global hepatitis report, the global prevalence of hepatitis
B in 2022 was 254 million and for hepatitis C it was 50 million. The estimated number of
people newly infected by viral hepatitis declined from 3 million in 2019 to 2.2 million in
2022. Of these, 1.2 million are hepatitis B infections and nearly 1.0 million are hepatitis C
infections. Regarding vertical transmission, it is estimated that 4 to 5 million children are
infected worldwide every year from HBV-positive mothers. The United States declared
that hepatitis C is the commonest chronic blood-borne infection, with an increase in HCV
birth infections from 1.8 to 4.7 per 1000 births. Objectives: This systematic review focuses
on highlighting the most suitable screening methods and maternal interventions to prevent
HBV/HCV mother-to-child transmission, as well as the appropriate prophylactic strategies
for newborns. Materials and methods: We searched a medical database (PubMed) to
find papers regarding mother-to-child transmission of hepatitis B and C. Inclusion criteria
were human-based studies, studies with large cohorts of subjects, studies conducted in
different parts of the globe and position papers from various international associations.
Exclusion criteria were non-human-based studies and non-English publications. To present
and synthesize results we made use of thematic analysis and narrative synthesis. Results:
We included 103 publications. For hepatitis B, the combination of maternal antiviral
therapy during pregnancy and timely administration of HBV vaccine alongside HBIG to
the newborn has proven to be highly effective in lowering transmission rates. Hepatitis C
vertical transmission lacks an effective vaccine or immuno-prophylaxis, turning prevention
strategies into a continuous battle. Conclusions: Vertical transmission of hepatitis B and
C continues to be a major contributor to the global burden of chronic viral hepatitis.
Strengthening prenatal care programs, improving access to diagnostic and therapeutic
resources and enhancing public health policies are essential to curb vertical transmission of
both hepatitis B and C.

Keywords: hepatitis B; hepatitis C; vertical transmission; pregnancy; newborn; antiviral therapy

1. Introduction
Viral hepatitis continues to represent an enormous burden to both patients and health

systems worldwide, turning the need for prevention and prophylaxis methods into an
urgent public health issue. Despite advances in screening and prevention measures, mother-
to-child transmission remains a critical pathway for new infections. Strengthening prenatal
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care programs, improving access to diagnostic and therapeutic resources and enhancing
public health policies are essential. This review focuses on mother-to-child transmission
of hepatitis B and C, with emphasis on seroprevalence, risk factors during pregnancy and
birth, prophylaxis methods and recommendations for further care.

Overall, about 304 million people were living with viral hepatitis B or C in 2022, so
one of the key objectives of the WHO is to eradicate viral hepatitis by 2030 [1,2]. These two
viruses are responsible for 96% of all deaths from hepatitis [3,4]. The World Health Organi-
zation (WHO) estimated that there are 1.5 million new infections each year with HBV [5,6],
particularly prevalent in East Asia and South Africa where it affects approximately 10% of
the adult population [5]. In Europe, the estimated prevalence in 2020 was low for western
areas (1%) and less than 5% for eastern regions, but these numbers might have changed
because of massive migrations [4]. For HCV, the prevalence is estimated at 2.3% in Europe,
the most affected area being the Eastern Mediterranean [4], whereas in the United States,
3.5 million people suffer from chronic hepatitis C [7,8].

Regarding vertical transmission, it is estimated that 4 to 5 million children are infected
worldwide every year from HVB positive mothers [9]. The United States declared that
hepatitis C is the commonest chronic blood-borne infection [8,10] with results from a
nationwide study from 2009 to 2017 which reported an increase in HCV birth infections
from 1.8 to 4.7 per 1000 births [7]. A study involving 1.7 million pregnant women from
Florida concluded that HVB prevalence was higher in Asian Americans and African
Americans compared to Caucasians [10]. The prevalence of HCV-positive pregnant women
in Spain is estimated at 1.4%, but the rate of vertical transmission is quite low (1–8%) [4].

In June 2016, a collaborative effort by the United States Centers for Disease Control and
Prevention, the WHO and the ZeShan Foundation led to the first International Roundtable
Summit on Funding for Elimination of Viral Hepatitis. The main goal was to develop easy-
to-use diagnostic tools and facilitate diagnosis in health facilities with limited laboratory
infrastructure, all performed at a cost-effective price, using economic analysis regarding
treatment and care of patients with chronic hepatitis from many areas. For example, in
Egypt, the prevalence of hepatitis C is very high and health care costs consume 4% of
the total health expenditure. Last year, in northwestern Ethiopia, overall prevalence of
HBsAg was 6% and that of anti-HCV antibodies was 2.4% [11]. In China, back in 2017
when costs of hepatitis B treatment were not sustained by health care insurance, tenofovir
therapy cost USD 2929 per year (almost 5 times more than HIV treatment) [8]. So, national
immunization programs, easy access to health care facilities especially for those at high risk,
lowering the prices for medicines and developing government programs which partially or
fully sustain therapy cost are the main keys in fighting the battle against hepatitis.

HBV is an enveloped virus from the Hepadnaviridae family and consists of a double-
stranded circular DNA genome [3,12–14]. The replication cycle of HBV is briefly exhibited
in Figure 1.

Clinical features of HBV infection range from asymptomatic to acute fulminant hepati-
tis, with an incubation period ranging from 40 to 90 days [13,15,16].
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Figure 1. Hepatitis B Virus—Mechanism of replication [3,12,15,17]. NTCP—sodium taurocholate
co-transporting polypeptide. pgRNA—pregenomic ribonucleic acid.

Transmission of HBV is through cutaneous or mucosal exposure to infected blood or
body fluids [3,13,15,18]. The hepatitis B core antigen (HBcAg) comes from the nucleocapsid
core, which is surrounded by a lipoprotein coat produced and released in massive amounts
in the blood stream—the hepatitis B surface antigen (HBsAg) [3,12,14,15,18,19]. Viral
replication occurs primarily in the liver and an infectivity marker of HBV infection is
HBeAg, a viral protein produced by the HBcAg reading frame [3,12,15,18]. HBV will
integrate and release its own DNA into the genome of host hepatocytes, where it establishes
a closed circular pool, named covalently closed circular DNA (cccDNA), responsible for
infection persistence [12–14].

There are five phases regarding the natural course of HVB infection: immune tol-
erance, immunoreactivity, inactive carrier, HBeAg-negative phase and HBsAg-negative
phase [9,20]. The first phase occurs during perinatal infection and is marked by very high
levels of viral DNA load, positive HBsAg and HBeAg. The second phase occurs in children
infected at birth or early childhood, debuts after two to three decades of life and is marked
by moderate viral load, high ALT and positive HBsAg. The third phase, which goes on for
decades, is known for low viral load and ALT values. The fourth phase is characterized by
progression of liver fibrosis, with high risk of developing hepatocellular carcinoma (HHC).
The last infection phase, known as “occult” chronic B hepatitis, is marked by absence of
HBsAg and normal ALT levels, but immunosuppression status, such as in pregnancy, may
cause reactivation of infection [9,14,20–22].

The highest risk of vertical transmission seems to be in the immune tolerance phase,
probably because of the severely elevated viral load (109 UI/mL). The lowest risk for
mother-to-child transmission is present in the fifth phase because of unidentifiable viral
load and negative HBsAg [9,20,23,24]. The serological and molecular markers of HBV
infection are briefly exhibited in Table 1.
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Table 1. Serologic and molecular markers in hepatitis B infection [9,10,17,20].

Serologic and Molecular Markers Significance Vertical Transmission Risk

HBsAg+ First infection marker
Positive after 6 months means chronic infection Very high

Anti-HBs antibodies After vaccination or clinical resolution of
acute infection Low

HBeAg+ Elevated viral replication
Related to immune tolerance phase Very high

Anti-HBe antibodies Indicates resolution of infection if it is
associated with anti-HBs+ Low

IgM Anti-HBc antibodies
Indicates acute or recent infection

Can reappear during chronic infection
reactivation (pregnancy)

Very high

HBV-DNA Indicates viral replication Depends on the viral load

HCV, a small, encapsulated, single-strand RNA virus, is part of the Flaviviridae
family and is mostly transmitted via percutaneous inoculation [10,25–27]. Other ways to
contract HCV are through sexual intercourse, household behaviors, occupational risks and
mother-to-child transmission [3,4,26,27].

Replication of HCV includes seven steps: 1—attachment of viral particle to the cell;
2—endocytosis into the cell by ditching the lipid external coat; 3—fusion of cellular and
viral membranes which releases the genomic RNA into the cytoplasm; 4—translation
of genome RNA into proteins; 5—replication of HCV RNA genome; 6—assembly and
maturation of virions; 7—release of mature virions from the cell (Figure 2) [28].

Figure 2. Replication mechanism for HCV [28].

Compared to HBV, vertical transmission of HCV is lower (3–14%) [25,26,29] and there
is a significant difference between pregnant women positive for anti-HCV antibodies and
those positive for HCV-RNA (1.7% compared to 4.3%) [26,29]. Incidence of acute HCV in-
fection during pregnancy and development of fulminant hepatitis is low [3]. Development
of antibodies against HCV does not produce immunity against this disease [3,7,27,30].
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Nowadays, the leading source of infection in pediatric patients from developed coun-
tries is vertical transmission, with prevalence of HCV infection among pregnant women
resembling that of the general population [25,26]. HCV is considered the main cause of
chronic viral hepatitis among children [26].

2. Materials and Methods
Published literature abounds in information about HBV and HCV vertical transmis-

sion, as well as in data regarding prophylaxis measures.
This literature review is based on PubMed papers published in the last 23 years

(2002–2025) and concerns characteristics of mother-to-child viral transmission during preg-
nancy and after delivery, with a primary interest in prevention methods. The following
particular search terms in different combinations with filters for case reports, clinical trials
and reviewed articles were used in order to find the most suitable papers for this re-
view: “hepatitis B”, “hepatitis C”, “vertical transmission”, “mother-to-child transmission”,
“prophylaxis”, “antiviral therapy”, “vaccination”.

The review process followed the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) guidelines. The selection of studies is summarized in the
PRISMA flow diagram (attached in the Supplementary Material).

Data was also sought by a list of variables, including type of study and details about
demographics. We first screened titles and abstracts using predefined criteria, then assessed
the full text of potentially eligible studies. To collect data from these papers, we analyzed
the entire content, through qualitative and quantitative assessment, so we could interpret
information in our narrative report. To decide which results to collect, we clearly identified
the necessary information through extensive and careful reading of each article, then
extracted it from all papers included.

Inclusion criteria were human-based studies, studies with large cohorts of subjects,
studies conducted in different parts of the globe and position papers from various international
associations. Exclusion criteria were non-human based studies and non-English publications.

To present and synthesize results we made use of thematic analysis and narrative syn-
thesis. We searched for and selected papers and studies that were relevant for HBV/HCV
MTCT and we extracted suitable information from each included paper. We looked for
similar concepts across all papers, extracted suitable data and combined the findings, which
we then interpreted to draw our own conclusions.

Based on the keyword search, we encountered 163 publications. We excluded 60 of the
articles, either because the inclusion criteria were not met, because duplicates were found
or because they were not written in English.

3. Screening Techniques
3.1. Screening of Pregnant Women with HBV Infection

All pregnant women should benefit from HBV infection testing in their first trimester
in each pregnancy, regardless of their vaccination status [20,29,31–33]. In China, back in
2011, a national integrated prevention program of mother-to-child transmission (MTCT)
of HIV, HBV and syphilis was implemented and provided an essential tool for further
management of these infections [29]. In Singapore, antenatal screening consists in detection
of HBeAg and anti-HIV antibodies [31].

The Centers for Disease Control and Prevention has elaborated a series of strong rec-
ommendations for the prenatal identification and management of HBV-infected pregnant
women [15]. Timing of prenatal HBsAg screening is also crucial because it has a massive im-
pact on MTCT, as infants born to mothers with high viremia load (HBV-DNA > 106 UI/mL)
or positive HBeAg have a 10–15% higher risk of developing HBV infection, despite re-
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ceiving postexposure prophylaxis [21,24,32,34,35]. A study from University Hasanuddin,
Indonesia including a total of 943 pregnant women concluded that quantitative serum
HBsAg levels may be used as a predictor of viral HBV load in HBeAg-positive subjects,
meaning that HBV-DNA levels are not necessary to measure if levels of HBsAg are low [19].

All HBsAg-positive mothers should be tested for HBeAg, anti-HBe antibodies, HBV-
DNA levels and biochemical markers of liver function immediately, as maternal antiviral
therapy is an effective recommendation for preventing MTCT [15,29,33,36–38]. Presence of
active hepatitis or liver fibrosis puts everything in a different light—specific recommenda-
tions are made for this group of pregnant HBV-positive women (Table 2).

Table 2. Management recommendations for pregnant women with active HBV infection [15,29,34].

Infection Markers Management Approach

HBV-DNA+
ALT ≥ 5 × ULN

Requires further examination (abdominal ultrasound, fibrosis
score) and antiviral therapy as primary recommendation

HBV-DNA+
ALT ≥ 1 and ≤ 5 × ULN and

Total bilirubin ≤ 2 × ULN

“Wait and watch” approach until 24 weeks of gestation
If levels remain the same, antiviral therapy should

be administered

HBV-DNA+
ALT ≥ 5 × ULN or

Total bilirubin ≥ 2 × ULN

Requires further examination (abdominal ultrasound, fibrosis
score) and antiviral therapy
as primary recommendation

HBV-DNA+
Normal levels for ALT

No manifestations of liver cirrhosis

“Wait and watch” approach until 24 weeks of gestation
If ALT ≥ 1× ULN at follow-up, further testing required and,

according to ALT value, consider antiviral therapy

Undetectable levels Test again for HBV-DNA levels at 24 weeks of gestation
ULN—upper limit of normal value.

Newborns of HBV-positive mothers must be tested at 2 months after the final HBV
vaccine dose was administered, meaning at approximately 12 months of corrected age.
Screening evaluates HBsAg and anti-HBs antibodies. No testing of anti-core antibodies
should be performed in infants, because they can passively pass through the placenta and
be detected until 24 months of age in a child’s circulation. Depending on the child’s HBs
antibody load, a fourth additional vaccine dose can be given in order to increase protection
against HBV infection [21,24,32,39,40].

3.2. Screening of Pregnant Women with HCV Infection

According to the American Association for the Study of Liver Diseases (AASLD), all
pregnant women should be tested for HCV infection at the time of first prenatal visit, be-
cause the risk of MTCT increases and severe potential complications regarding delivery and
fetal outcomes may occur when maternal viral load is higher than 105 copies/mL [41–44].
Although most infected women do not develop HCV-related clinical manifestations during
pregnancy, intrahepatic cholestasis was described to be 20 times more frequent in HCV-
positive pregnant women [25,42–45]. Infants of HCV-positive mothers with high viremia
load are more likely to develop delayed fetal development, smaller head circumference [41],
be born prematurely (60% higher risk) and require ventilatory support and admission to a
neonatal intensive care unit (NICU) [25,42,45,46]. There is also evidence of increased risk of
gestational diabetes mellitus [42] and pregnancy anemia [41] in high-level HCV-RNA preg-
nant women. The rate of HCV MTCT increases if there is HIV co-infection [25,26,42–45].
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4. Mother-to-Child Transmission of Viral Infection
4.1. Vertical Transmission of HBV Infection

Mother-to-child HBV transmission was first noted in 1862 by Saint-Vel in a pregnant
woman from Martinique. But it was not until the late 1950s that vertical transmission was
documented with the discovery of infants developing hepatitis during the first months of
life. Later, a prospective study conducted in the United States and Europe concluded that
66% of infants from mothers with acute HBV infection developed viral hepatitis within six
months of life [20]. Vertical transmission of HBV can occur in any stage of pregnancy, from
in utero to breastfeeding stages [20,21,23,32,47,48]. In an update paper regarding MTCT
of HVB, Fillipo Villa et al. proposed a useful schematic algorithm of pregnancy-related
HBV infection, dividing the potential timeframe of transmission into three periods: during
gestation (2nd to 32nd week), during delivery (32nd to 40th week) and after delivery, each
one consisting in different pathways of mother-to-child viral transmission [20].

4.1.1. Transplacental Transmission of HBV Infection

In utero infection, which could explain immuno-prophylaxis failure, occurs through pla-
cental cells, transplacental leakage of maternal blood, during amniocentesis, through infected
maternal peripheral blood monocellular cells or through germline cells [20,21,23,32,48–50]
(Figure 3). It is well known that HBV and HBsAg cannot traverse the placenta, but HBeAg,
being smaller, is able to do so [9,32].

Figure 3. Pathways of in utero HBV vertical transmission [20,21,23,32].

Transplacental leakage is the commonest way of IUT and can occur early in pregnancy
due to immature placenta or later because of uterine contractions [20,32].

The placenta can also become infected—in a study by Chen et al. which examined
HBV infection in 157 placental tissues, it was established that the infection rate was higher
in decidua cells and in trophoblastic cells (55% and 51%) compared to villous mesenchymal
cells and villous capillary endothelial cells (46% and 30%) [20,32]. This study is supported
by another one, Xu et al. [51], which reported similar results—the HBV infection rate
gradually decreases from the maternal to fetal placental layer, therefore HBV can cross
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the entire placental barrier and can replicate in all types of placental cells, but infection of
villous capillary cells is associated with the highest VT risk [20,32] (Figure 4).

Figure 4. HBV infection of placental cells [32,52].

Invasive obstetrical procedures during pregnancy, such as amniocentesis, are asso-
ciated with a higher risk of HBV VT [20,21,24,32]. Amniocentesis exposes the fetus to
HBV in two different ways: either the fetus swallows contaminated amniotic fluid or a
maternal–fetal blood exchange takes place [4,5,20]. Chorionic villus sampling, placing fetal
scalp electrodes, vigorous suctioning of newborn airways at birth or any other procedure
that breaks skin and mucosal barriers should be avoided [20,24]. In a case–control study,
prevalence of MTCT of HBV was significantly higher in pregnant women with elevated
viral load [21]. A Chinese study enrolling 642 infants born to HBsAg-positive mothers
concluded that the risk of VT was higher in those who underwent amniocentesis and were
born from mothers with viral load of more than 2 × 106 UI/mL (p = 0.006) [24].

Another pathway of IUT is via infected maternal peripheral blood monocellular cells
(PBMCs) because infected cells serve as carriers of HBV from mother to fetus [20,32,49,51].
A recent case–control study which evaluated HBV serology in infants from 312 HBsAg-
positive mothers demonstrated that mother-to-child PBMC transfer represents an important
risk factor for HBV VT [20].

A fifth way of IUT of HVB is through germline cells, via oocyte or embryos from
HBsAg-positive women during in vitro fertilization [20,23,32,53–55]. Jin L et al. reported
two mothers with HBsAg-positive oocytes who gave birth to infected infants [54]. HBV-
DNA was found in embryos from couples with at least one HBV-infected member [20,53,54].
In a case–control study by Xiaoling Hu et al. from 2024, which included 167 couples with
HBV-positive oocytes or embryos and 91 couples with HBV-negative oocytes or embryos,
it was determined that HBV-DNA oocytes or embryos may not result in VT of HBV to
offspring of HBV carriers [53]. This study is supported by another one from Jin et al., which
reported that infants born from in vitro fertilization with HBV-positive oocytes or embryos
were not infected with HBV [20,54]. The fertilization method also has a significant impact
on the viability of HBV in infected oocytes [20,53,54].
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Regarding sperm samples from HBV-DNA-positive males, a study conducted by Cai
et al. described eight fathers with HBV viral load who had non-HBV-infected offspring
via in vitro fertilization; in this study, infected infants resulted from HBV-positive mothers,
regardless of the father’s viral status [32]. Another study supports the above statement—
Qun Xi et al. obtained sperm samples from three HBV-DNA-positive males; none of their
infants was infected with HBV (but the mothers were HBsAg-negative) [20].

4.1.2. Perinatal Transmission

Mother-to-child HBV transmission during childbirth can occur in three ways: in-
strumental trauma during delivery, maternal–fetal blood micro-transfusion and neonatal
contact with maternal vaginal secretions or vaginal cells [20,32,35]. Perinatal MTCT is the
most common route of HBV vertical transmission, reaching up to 40% of cases [20,21]. High
maternal HBV load alongside positive HBeAg is considered to significantly increase the
transmission rate in the perinatal stage [21,37]. Positive HBsAg and high levels of viral
HBV load were found in the umbilical cord, amniotic fluid and vaginal fluid (96%) but
also in the gastric content (90%) and serum (lasting 2–3 months) of neonates from infected
mothers [21,35–37,56]. A study of 447 infants from HBsAg-positive and HBeAg-negative
mothers found higher rates of HBV VT for those delivered vaginally than in newborns
delivered by c-section (25% in comparison with less than 10%) [20].

4.1.3. Postnatal Transmission

Mother-to-child HBV transmission after birth can occur in two ways: through breast-
feeding or contact with maternal saliva [20,21,23,24,32,57]. Although possible, after birth
transmission is less common (<7%) [20] because the viral load in breast milk and mater-
nal saliva is very low compared to the blood [21]. Regarding breastfeeding, there are
three major concerns: Is breastfeeding a risk factor for postnatal HBV transmission? Does
breastfeeding interfere with the immune response after vaccination? Can we recommend
breastfeeding for a mother under antiviral therapy [24,57]?

Lesions in the breast tissue with serous exudate or cracked nipples could be a source
of HBV MTCT, more so because of the fragile nature of the neonate’s gastrointestinal
mucosa [20,23]. But, keeping in mind that the gastrointestinal tract is not the primary route
of HBV transmission and that there is no relevant evidence-based data that breastfeeding
should be considered a risk factor for MTCT of HBV [20,21,23,24,32], nowadays guidelines,
including those of the WHO, recommend that all infants from HBV-positive mothers should
be breastfed for 4 to 6 months [20,23,24,57]. Benefits of breastfeeding exceed any potential
risk of infection [23,24,57]. In one study comparing breastfed infants versus formula-fed
infants, there was evidence of the protective role of the mother’s milk against chronic HBV
infection through maternal antibodies present in breast milk [20,32].

Regarding interference of breastfeeding with immune response after HBV vaccination,
Wang et al. elaborated a study including 230 infants, who received immuno-prophylaxis at
birth. Subjects were followed up for one year and there was no significant difference in
incidence of immuno-prophylaxis failure between breastfed and formula-fed babies [24].

The main concern about breastfeeding mothers on antiviral therapy is the child’s
long-term exposure to these drugs, which may have an impact on growth and develop-
ment [24,58,59]. However, AASLD currently states that HBV-positive mothers on tenofovir
therapy can and should breastfed because only small amounts of the drug have been found in
breast milk of women undergoing antiretroviral therapy [24].

4.2. Vertical Transmission of HCV Infection

The leading cause of pediatric HCV infection is MTCT during pregnancy or delivery.
It is estimated that 3% to 10% of HCV-positive pregnant women transmit the infection
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to their infants [10]. Intrauterine transmission of HVC seems to be lower (30%) than
perinatal transmission (40–50%) [32]. Approximately 1/3 of IUT HCV transmissions occur
between 25 and 36 weeks of gestation [7,46,48]. According to a meta-analysis, VT of HCV
is estimated at 5.8% and the risk doubles if there is HIV co-infection [46]. The fetus may be
exposed to HCV through two pathways: either free virions and other virus-related cells
directly cross the placenta or because large amounts of HCV copies infect the placenta
during pregnancy, so a severe inflammatory response leads to placental barrier damage
and creates a breach (Figure 4) [7,30,32,44,46]. Le Campion et al. proposed that HCV
MTCT occurs by transcytosis [27,32], whereas Giugliano et al. discovered that the primary
trophoblast, which is a specialized epithelial layer of the placenta, expresses receptors for
HCV [32,60] (Figure 5).

Figure 5. Pathways of HCV IUT transmission [27,32,60].

During childbirth, transmission of HCV can occur through various pathways, all involv-
ing exposure of the neonate to maternal infected blood [7,44]. There is no evidence that c-
section birth prevents MTCT in HCV-positive HIV-negative pregnant women [7,10,25,32,43,46],
therefore there are no guideline recommendations for these cases.

Regarding breastfeeding for HCV-positive women, the question remains the same as
in the case of HBV—do breastfed infants have a higher risk of infection? Small amounts of
HCV-RNA can be detected in breast milk, but there is no evidence to consider breastfeeding
a risk factor for maternal transmission of HCV. In the case of breaches, as infected maternal
blood could come into contact with the infant (like cracked nipples), there is a concern for
HCV MTCT [10,25,32]. In a study conducted by Belopolskaya et al. from 2021, none of the
76 breast milk samples from HCV-positive mothers contained HCV-RNA and more than
50% of them had high HCV load [9]. Another study conducted by Tovo et al. suggested
that human milk is able to inactivate HCV because lipase breaks down fats from the viral
envelope [25,32].
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5. Risk Factors for Mother-to-Child Viral Transmission
5.1. Risk Factors for HBV Vertical Transmission

Various factors are identified (Figure 6) to increase the risk of HBV MTCT, among
them being positive status for HBeAg, co-infection with HIV or type of delivery [20,61,62].

Figure 6. Risk factors for mother-to-child HBV transmission [20,61,62].

5.1.1. Positive Status of HBeAg

HBeAg is a secretory protein with immunomodulatory functions that is not required
for HBV replication, but it is a serological marker of elevated viral replication, with an
essential role in chronic HBV hepatitis [20,31,61,63]. It is associated with high risk of
vertical transmission and is responsible for establishment of chronic HBV infection after
MTCT [20,31,61,64].

Fillip Villa et al. mentioned a case–control study carried out in India in 2011 and
published in Indian J. Gastroenterol., in which vertical transmission was encountered in 65%
of newborns from HBeAg-positive and HBV-DNA-positive mothers [20]. Furthermore,
HBeAg is the only viral-related marker that can cross the placenta (because it is only
17 kDa), so it can generate infant immunotolerance to HBV, which leads to premature
chronic infection [20,32,64].

Kuen-Nan Tsai et al., in a paper published in 2021, regarding HBeAg and viral per-
sistence, supported that HBeAg+ carrier mothers were much more likely to transmit the
virus to their offspring. The article mentions that infants born to HBeAg-negative and
HBV-positive mutant mothers usually develop self-limited acute infections and do not
become chronic HBV carriers. So, even in the presence of mutant viral variants, chronic
infection is still linked to the positive status of HBeAg [13,61,63].

5.1.2. HBV-DNA Viral Load in Maternal Blood

High maternal viral load is considered an independent risk factor and an important pre-
dictor of HBV MTCT, therefore having a significant impact on both active and passive immuno-
prophylaxis failure [15,20,29,34,39,40,65]. Studies have shown that a pregnant woman’s viral
load above 106 UI/mL was associated with failed neonatal prophylaxis compared to low
numbers of HBV-DNA copies, which are linked to 100% success rates of active and passive
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infant immunization [20,39,40,65]. If the mother is HBeAg-positive, in the presence of high
viral load, risk of mother-to-child HBV transmission increases [20,39,40,61,64,65].

5.1.3. HBV Mutant Variants

These “escape” HBV variants have been identified in subjects with neutralizing anti-
bodies and active HBV infection [20,49]. Infants born to mothers who carry the “wild-type”
HBV usually develop chronic infection, more so in the presence of HBeAg [9,20,61]. A
paper stated that precore mutants carried by chronic-HBV mothers do not correlate with
increased risk of HBIG prophylaxis failure or liver disease severity over long-term follow-
up [66]. A paper by Yin et al. concluded that there were no significant differences in
mutation frequencies of the HBV pre-S/S gene between case and control groups, therefore,
no association between pre-S/S mutations and vaccination failure could be made [67].

5.1.4. Delivery Type

Current data regarding type of delivery and HBV MTCT is inconsistent. There are
studies which support cesarean section in mothers with high viral load and HBeAg as a
method to reduce vertical transmission [15,29,68]. The delivery method should follow ob-
stetrical recommendations [29]. A meta-analysis from 2019 found no significant differences
between type of delivery and reduced HBV MTCT [69]. Another meta-analysis from China,
published in 2017, which analyzed 28 articles containing 30 databases and encompassed
9906 subjects, determined that cesarean section could reduce the risk of HBV MTCT in com-
parison with vaginal delivery [70]. Hou Jin et al. stated in their paper regarding algorithms
for interrupting mother-to-child HBV transmission that mode of delivery should follow the
usual obstetric indications and that routine c-section is not recommended for prevention of
HBV MTCT [63].

5.1.5. HIV Co-Infection

As with HCV-infected pregnant women, co-infection with HIV has been determined
as an important risk factor for HBV MTCT [20,71]. A study in South Africa by Chasela
et al. from 2014 reported that HBV VT in HIV/HBV-co-infected mothers who were also
HBeAg-positive and had high HBV viral load (107–108 copies/mL) was 28% [71].

5.1.6. HBV Genotype

There are ten main HBV genotypes—from A to J. The HBV genotype may be associated
with a higher rate of viral vertical transmission [9,15,20,22]. In their review paper entitled
“Vertical Transmission of Hepatitis B Virus—An Update” Fillipo Villa et al. mention that
HBV MTCT is higher in East Asia, particularly in China where genotypes B and C are
prevalent and most pregnant women are HBeAg+, compared to sub-Saharan Africa where
genotypes A1 and E are prevalent and seroconversion to anti-HBe occurs long before
gestational age [20].

A significant matter is the risk of MTCT depending on the specific time the mother
contracted HBV infection during pregnancy: 60% of pregnant women who acquire acute
HBV infection at or near delivery will transmit the virus to their offspring [72].

5.2. Risk Factors for HCV Vertical Transmission

There are a variety of factors that may increase the risk of HCV MTCT, such as delivery
method, viral load or HIV co-infection [10,26,30,32,42] (Figure 7).
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Figure 7. Risk factors for mother-to-child HCV transmission [10,26,32].

5.2.1. High Maternal Serum Viral Load

Elevated number of HCV copies is considered the most important risk factor for
MTCT, but no clear level for viral load has been defined as a VT predictor [7,32,54,73].
Risk of VT increases proportionally with the increase in viral load above 100 UI/mL [26].
Transmission to the fetus is more likely if the mother has high HCV-RNA levels at the
time of delivery [7,10,42,44,46]. Furthermore, infants who are infected with HCV genotype
1 have a higher rate of chronicity [10,27,46]. Recent studies have indicated a beneficial
relationship between IL28B and spontaneous viral clearance, meaning no impact on HCV
MTCT but high chance of HCV clearance in the newborn [10,27,30,46].

5.2.2. Serum Levels of ALT

An elevated level of alanine aminotransferase close to delivery time or within
12 months before pregnancy reflects high viral replication and is considered an important
risk factor for HCV vertical transmission [26,27,32,46].

5.2.3. Prolonged Membrane Rupture, Prolonged Delivery and Obstetrical Procedures

Prolonged rupture of membranes (ROM) for more than 6 h increases risk of HCV
VT, so the second stage of labor must be shortened [10,27,42,46]. The European Pediatric
Hepatitis Virus C Network estimated that, for every hour of ROM, the risk of MTCT goes
up by 3% [32]. The average ROM time for infected infants is 4.5 h [32].

Invasive monitoring of the fetus during delivery with scalp electrodes increases
the risk of HCV MTCT, so recommendations are to avoid internal fetal monitoring for
HCV+ mothers [10,32,42].

Amniocentesis is another procedure which increases risk of HCV VT [7,32,42], as the
virus can be detected in amniotic fluid samples from up to 6.3% of infected mothers [32].

Episiotomy increases risk of HCV MTCT from 1.7% to 3.8% [7,32,42] because it creates
a vaginal or perineal laceration, thus exposing the fetus to infected maternal blood [10,44].

5.2.4. Gender of Neonate

Sex of the neonate has been reported to affect the perinatal transmission rate of HCV,
as well as HBV. While male infants are more commonly infected with HBV, female infants
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are twice as likely to be infected with HCV, probably due to their hormonal status or genetic
response to infection [26,32,44].

5.2.5. HIV Co-Infection

Maternal co-infection with HCV and HIV is associated with higher rates of vertical
transmission [10,26,32,42]. Co-infected pregnant women have a 3 to 4 times higher risk of
transmitting infection to their offspring, with a VT rate ranging from 8.7% to 19% [10,32].
Seroprevalence of HCV in HIV-infected pregnant women is between 17% and 57% [10].
A meta-analysis found that HIV-HCV co-infection increases the risk of perinatal HCV
transmission by 90% [26]. Even with antiretroviral therapy, the risk for HVC VT remains
high [10,26,42].

5.2.6. Twin Pregnancies

Twin pregnancies discordant for HCV MTCT are yet another supporting factor [26].
Studies suggest that the second twin might be at higher risk of infection, potentially because
of prolonged exposure to infected maternal blood during birth. Even in twins that share
the same amniotic sac, HCV transmission might happen only in one of them, suggesting
involvement of factors beyond the intrauterine environment [26,27,74].

HLA classes I and II are ideal candidate genes to study associations between HCV
infection and outcomes, as each HLA has an important role in the immune response
against HCV [6,27]. A multicenter study from 2019 investigated the connection between
HLA-DRB1 alleles and HCV infection outcomes among 162 Egyptian families. Results
showed that carrying HLA-DRB1*030101 and DRB1*130101 alleles was associated with the
risk of progression to chronic HCV infection. Those carrying DRB1*040101, DRB1*040501,
DRB1*7:01:01 and DRB1*110101 alleles were protected against HCV infection [6].

Regarding twin pregnancies, no consistent relation was observed between the presence
or absence of HCV infection in the first versus second infant, even in identical twins [26,74].

6. Prevention of Vertical Transmission
6.1. Management Strategies for Prevention of HBV VT During Pregnancy

The first step to reduce global burden of chronic HBV infection, especially in endemic
areas, is to prevent mother-to-child transmission. The key to obtaining this goal is through
rigorous screening and prophylactic methods applied both during pregnancy and after
delivery. Two main preventive arms have been developed to lower HBV MTCT—antiviral
therapy for pregnant women and immuno-prophylaxis in infants [20,21,24,29,64,65].

6.1.1. Maternal Screening

Step one for prevention is screening—all pregnant women should be tested for HBsAg
status. If HBsAg is detected, the next step is searching for HBeAg and HBV-DNA, as well
as contacting a specialist in infectious diseases (Figure 8). The mother should also be further
investigated with hepatitis B core antibody, hepatitis B e antibody, serum aminotransferase levels
and liver imaging. In the last few years other viral markers have been proposed for evaluation—
covalently closed circular DNA (cccDNA) and circulating HBV-DNA [9,21,24,29,63,75–79].
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Figure 8. Management of HBV infection during pregnancy [21,24,29,80,81].

If a pregnant woman is HBsAg-negative at first testing but comes from a high-risk
family environment (infected partner or family members, risky habits), a second serological
evaluation should be performed before delivery [24,35,80–82].

6.1.2. Hepatitis B Vaccine During Pregnancy

Vaccination against HBV in a pregnant woman is considered to be safe and effective.
It is recommended to women not immune to or not infected with HBV with or without risk
factors, such as more than one sexual partner or a previous partner with HBsAg+, IV drug
use or recent diagnosis of an STD (Figure 9). Maternal antibodies produced afterwards cross
the placenta and enter the fetus’s circulation, offering protection. But active vaccination of
the newborn should be further pursued because maternal antibody titer rapidly fades after
birth [10,24,35,37,49,52].

Figure 9. Risk factors to support HBV vaccination during pregnancy [10,24,49,52]. STD—sexual
transmitted disease.
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6.1.3. Hepatitis B Immunoglobulin (HBIG) During Pregnancy

Approximately 10% of infants born to HBV-infected mothers, despite rigorous ad-
ministration of HBIG and HBV vaccine immediately after birth, develop long-term HBV
infection. This is why additional prophylaxis methods during pregnancy should be taken
into consideration, such as giving the mother purified HBIG. In terms of real efficacy, doses
and route of administration, studies do not offer exact recommendations [24,35,52,75,83,84].

Veronese et al. mentioned a Cochrane study including more than 6000 pregnant
women who received 200 UI of HBIG in the second and third trimesters; the review
found low-quality evidence about the impact of HBIG on HBsAg and HBV-DNA status of
newborns [24].

Despite maternal–fetal diffusion of antibodies, after HBIG therapy for pregnant
women, being maximal during the third trimester, Eke et al. concluded there was lit-
tle evidence regarding the benefits of antenatal administration to HBV mothers compared
with no intervention. Newborn outcomes, such as HBV-DNA, HBsAg or HBeAg, were not
significantly improved [52].

But a paper regarding cost-effectiveness of maternal therapy to prevent HBV MTCT,
classified as “level III of confidence”, concluded that, for HBIG administered in the third
trimester, 9.5 cases of chronic hepatitis B virus infections were prevented for every 100 preg-
nant women treated, with a cost savings of USD 5887 [2].

The CDC proposes, for pediatricians, a useful and easy-to-apply algorithm for the
management of infants born to women with HBV infection, depending on birth weight. For
newborns above 2000 g (Figure 10), BD vaccination and HBIG should be administered no
later than 12 h after birth in separate limbs. The vaccine series must be completed with two
additional doses of single-antigen vaccine (three doses in total) or with three additional
doses of combined vaccine (four doses in total). The last dose should be administered after
6 months of age [79].

Figure 10. Immunization algorithm for newborns >2000 g birth weight [79].

For newborns with birth weight under 2000 g (Figure 11), BD vaccination and HBIG
should be administered within the first 12 h after birth in separate limbs. Then, the
vaccination scheme must be completed with three additional single-antigen or combined
vaccine doses (four doses in total). The final dose should be administered no earlier than
6 months of age [79].

Figure 11. Immunization algorithm for newborns <2000 g birth weight [79].
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6.1.4. Antiviral Therapy During Pregnancy

There are several papers which describe the use of nucleotides or nucleoside analogues
during the third trimester in pregnant women with high viral load and HBeAg, alongside
newborn HBIG and HBV vaccine administration, as an effective method to reduce vertical
transmission. AASLD and APSAL recommend, for all high-load HBV-DNA mothers,
to combine active and passive infant immunization with antiviral therapy starting at
28–32 weeks of gestation for high effectiveness of MTCT prevention strategies. In terms of
single versus combined antiviral therapy, there is no evidence base during pregnancy to
date [1,35,36,56,58,59,85–88].

Antiviral therapy during pregnancy is widely accepted because it lowers the mother’s
HBV-DNA level and therefore plays a significant positive role in eliminating HBV
MTCT [20,24,29,35–37,39,85]. Antiviral therapy is generally safe to use in pregnant women,
but there is a risk of hepatitis flare after treatment is stopped postpartum, meaning mod-
erate increases in ALT level [1,35,56,58,59,86–88]. However, there have been cases with
progression to liver failure, more so if women were younger and HBeAg-positive [35].

An indication for receiving antiviral therapy during pregnancy is elevated viral load in
the second trimester (12–24 gestational weeks). If quantitative testing is unavailable, HBeAg
must be used as an alternative serological marker for viral replication [20,24,29,37,56,58,59,86].

The appropriate time to begin antiretroviral therapy during pregnancy is still under
debate. Studies have suggested that an earlier start might have additional benefits in
preventing placental infection and IUT [24,58,59].

When it comes to which antiretroviral drug to use in a pregnant woman, there are
three main choices considered to be safe and effective, each with their pros and cons—
lamivudine, telbivudine and tenofovir disoproxil fumarate (TDF) [20,24,29,36,37,39,88].
Tenofovir alafenamide fumarate (TAF) is a prodrug of tenofovir that can be used in a
lower dose, thus producing lower circulating drug levels in pregnant women [1,24,59,88].
Entecavir is not recommended during pregnancy due to its questionable use [20,59].

Lamivudine is the oldest antiviral drug used to treat chronic B hepatitis in preg-
nant women [85], but it has a low genetic barrier to resistance [24], therefore it has some
limitations because of poor antiviral effect in the third trimester [20,24,36,37,59].

Compared to lamivudine, telbivudine is a newer antiviral agent, with higher efficacy
in preventing HBV VT [37,56,58,59,87], but which also has a low genetic barrier to resis-
tance [24,59,87]. A prospective, open-labeled study from 2018, which assessed the efficacy
of telbivudine in highly viremic mothers (>5 log10 UI/mL) and included 91 subjects in the
treatment group, concluded that the drug was effective in reducing HBV MTCT—the rate
was 0% in the treatment group and 9.5% in the observational group (p = 0.042) [56].

Tenofovir is the treatment of choice for HBV-positive mothers because of its high
antiviral activity, high barrier to resistance and safety profile [20,24,37,39,86,89]. It has also
been used to safely treat pregnant women with HIV infection [37,86,89]. An HBV MTCT
prevention protocol for a one-arm, open-labeled intervention, by Bierhoff et al., proposes
TDF during pregnancy as a potential alternative to HBIG, which is far more expensive and
difficult to obtain in limited-resource settings [86]. This study from 2020 aimed to gather
pregnant women under 20 weeks of gestation from Thailand and Myanmar and investigate
if TDF administered to mothers alongside standard immunization of newborns (HBIG and
HBV vaccination) could result in better VT prevention [86]. Another review paper by Pan
QC about the role of TDF in preventing MTCT which searched the literature from 2015
to 2021 has concluded that therapy initiated from the second or third trimester for highly
viremic mothers is the key to success. Furthermore, if TDF was started earlier (second
trimester), a better control of viremia was achieved [89]. Table 3 summarizes the indications
of TDF therapy in HBV-DNA-positive pregnant women [1,24,29,36,37,59,86,89].
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Table 3. Recommendations for tenofovir disoproxil fumarate in HBV viremic mothers [1,29,59,86,89].

HBV-DNA Level TDF Therapy Alternative Drugs

>2 × 105 UI/mL Start at 28 weeks of gestation
TAF or telbivudine if mother has

osteoporosis, kidney damage, severe
GI symptoms

<2 × 105 UI/mL
NOT recommended

(perform standard active and passive
immunization of newborn)

NOT recommended

≥2 × 105 UI/mL
First follow-up after 28 weeks

of gestation
Immediate initiation of TDF

TAF or telbivudine if mother has
osteoporosis, kidney damage, severe

GI symptoms
GI = gastrointestinal tract.

A systematic review and meta-analysis of almost 7000 papers including more than
70,000 HBV+ mothers concluded that approximately 20% of infected pregnant women
are eligible for prenatal antiviral prophylaxis (PAP) [90]. The risk of child infection, when
an infant is born to a high-viremia and HBeAg-positive mother, following birth dose
vaccination without HBIG and PAP was almost 15% [90]. The risk of child infection, in an
infant born to a low-viremia and HBeAg-negative mother, following birth dose vaccination
without HBIG and PAP was 0.14% [90]. This meta-analysis is essentially supporting
treatment recommendations from Table 3—low viral load and negative status of HBeAg
are not indicators for antiviral therapy during pregnancy. In these cases, standard active
and passive newborn immunization should be pursued.

Regarding the question about when it would be the right time to stop antiretroviral
therapy, Veronese et al. gathered in their paper recommendations from five international
profile societies [24]. These recommendations about the appropriate time to stop antiviral
therapy after delivery are summarized in Table 4.

Table 4. Recommendations for cessation of antiviral therapy in HBV+ mothers [24].

Societies Time for Treatment Cessation

AASLD At birth to 3 months

EASL Up to 3 months after delivery

APASL At delivery

NIHCE 1 to 3 months after delivery

CMA At delivery
AASLD = American Association for the Study of Liver Diseases, EASL = European Association for the Study of
the Liver, APASL = Asian Pacific Association for the Study of the Liver, CMA = Chinese Medical Association,
NIHCE = National Institute for Health and Care Excellence.

The time to discontinue antiviral therapy for pregnant women depends on the initial
purpose of use. If drugs were recommended for prevention of HBV MTCT, after delivery,
serological markers should be quantified—if the mother is HBsAg-negative and HBeAg-
negative, then antiviral therapy should be interrupted. If this is not the case, and serological
status still indicates active disease, the mother should be further treated after delivery. There
is the discussion of potential maternal hepatitis flare after ending antiviral treatment, but most
cases are asymptomatic with low to moderate increases in ALT level [20,24,29,37,58,85–87].

Regarding safety of breastfeeding in mothers who received or are still under antiviral
therapy, evidence to date is still debatable [20,37,59]. EASL maintains that the safety profile
of antiretrovirals in breastfeeding women is uncertain, but the WHO recommends that
HIV-positive mothers under antiretroviral therapy should continue to breastfeed [37,76].
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Furthermore, the odds of fetus IUT after exposure to antivirals are higher than through
breast milk [58,87]. Di Fillipo Villa et al. mention in their paper a study about pregnant
women treated with lamivudine—total concentration of the drug was almost 50% lower in
breast milk compared to blood (684 ng/mL versus 1070 ng/mL) [20]. Therefore, antiviral
therapy should be considered after delivery in breastfeeding mothers to eliminate residual
transmission [20,29,35,37,87].

6.2. Management Strategies for Prevention of HBV VT at Birth

A single-center retrospective study (2014–2019) from a North Carolina Hospital stated
that 98% of followed neonates, born to HBV-infected mothers, received the AASLD-
recommended prophylaxis dyad (HBIG + HBV vaccination) within 12 h after birth. The
paper stated that AASLD guidelines should be revised to include HBeAg-positive mothers in
the risk group or to lower the cut-off for viral load to <200,000 IU/mL, because 62% of preg-
nant women in this study were HBeAg+ or had low viremia with HBeAg [38]. Administration
of HBIG and HBV vaccine prevents in most cases perinatal viral transmission [47,78,91–93].

An analysis conducted in Namibia by CR Tamandjou Tchuem et al. about cost-
effectiveness of different types of HBV MTCT prevention methods proposed a four-step
interventional strategy to eliminate risk of HBV infection in offspring (step 1: universal
BD vaccination, step 2: universal BD vaccination + targeted HBIG, step 3: universal BD
vaccination + HBV viral load testing + maternal antiviral prophylaxis + targeted HBIG, step
4: universal BD vaccination + HBeAg testing + maternal antiviral prophylaxis + targeted
HBIG) (Table 5) [80]. This analysis determined that the current intervention against HBV
MTCT in Namibia, which includes birth dose vaccination and targeted HBIG, is cost-
effective, but elimination of VT can be achieved only by using PAP in combination. Rate
of MTCT from HBeAg-negative mothers was 1.02% in newborns who received only BD
vaccination, compared to 0.34% in newborns with timely BD and HBIG [80]. When the
mother was HBeAg-positive, rate of MTCT for newborns who received only timely BD
vaccination was 24.68%, but if HBIG was added to the prophylaxis intervention, the
percentage went down to 6.9% [80]. In newborns with both BD vaccination and HBIG,
from HBeAg-positive mothers who received TDF therapy before birth, rate of MTCT was
low (0.73%) [80].

Table 5. Interventional strategy for HBV MTCT prevention in Namibia (summary) [80].

Strategy Type Intervention

Strategy 1
➣ Universal BD vaccine ➣ No prenatal HBV screening

➣ No PAP

Strategy 2
➣ Universal BD vaccine
➣ Targeted HBIG

➣ HBsAg as prenatal screening
➣ No PAP
➣ HBIG + BD vaccine for HBV-exposed neonates
➣ BD vaccine for HBV-unexposed neonates

Strategy 3
➣ Universal BD vaccine
➣ Test HBV-DNA level
➣ PAP
➣ Targeted HBIG

➣ HBsAg as prenatal screening
➣ Test HBV-DNA level in HBsAg+ mothers
➣ PAP for high viral load mothers
➣ HBIG + BD vaccine for HBV-exposed neonates
➣ BD vaccine for HBV-unexposed neonates
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Table 5. Cont.

Strategy Type Intervention

Strategy 4
➣ Universal BD vaccine
➣ Test HBeAg status
➣ PAP
➣ Targeted HBIG

➣ HBsAg as prenatal screening
➣ Test HBeAg in HBsAg+ mothers
➣ PAP for HBeAg+ mothers
➣ HBIG + BD vaccine for HBV-exposed neonates
➣ BD vaccine for HBV-unexposed neonates

PAP = prenatal antiviral therapy, BD = birth dose HBV vaccination.

In another review paper regarding HBV VT in sub-Saharan Africa including 60 studies,
the most cost-effective intervention to reduce HBV MTCT was timely BD vaccination
followed by three-dose infant vaccine series [81]. A meta-analysis by Machaira et al.
comparing two prophylaxis strategies (HBV vaccination alone versus HBV vaccine + HBIG)
in neonates born to HBsAg+/HBeAg- mothers concluded that the vaccine alone seemed to
be equally effective in preventing HBV MTCT as the combination [64]. In a position paper
by Stevens et al. regarding eradication of HBV and the critical role of preventing perinatal
transmission, the authors stated that the vaccine alone at birth or within one week of birth,
with an efficacy of 70–80% and 90% coverage, still predicts a residual carrier rate in children
of 1% due to perinatal transmission [65]. In contrast with the result of the previous paper
(by Machaira et al.), this one implies that the birth dose vaccine alone is not sufficient for
ceasing HBV VT, especially in HBeAg-positive mothers [65]. To support this statement, a
recent study by Jourdain et al. reported that prompt administration of HBIG within 4 h
after birth, alongside an increase in HBV vaccination number (0–1–2–4–6 months), resulted
in very low rates of perinatal transmission (2%) [1].

Table 6 carefully summarizes recommendations for neonatal anti-HBV immuno-
prophylaxis, respecting variations such as single versus combined prevention approaches,
HBsAg status of pregnant women, infant’s birth weight, immunization of newborns in criti-
cal conditions and approaches in the case of delayed vaccination [8,24,29,47,76,79,80,93,94].

Table 6. Recommendations for newborn anti-HBV prophylaxis [8,24,29,47,76,79,80,93,94].

Newborn’s General Status and
Mother’s HBsAg Status General Recommendations

Routine vaccination

➣ Recombinant yeast HBV vaccine 10 mcg/0.5 mL (anterior lateral deltoid or thigh
muscle) within 12 h of birth

➣ HBIG 100 UI (corresponding contralateral muscle) within 12 h of birth
➣ Recombinant yeast HBV vaccine 10 mcg/0.5 mL at 1 month and 6 months

Normal newborn
HBsAg-positive mother

➣ Recombinant yeast HBV vaccine 10 mcg/0.5 mL within 12 h of birth
➣ HBIG 100 UI within 12 h of birth
➣ Recombinant yeast HBV vaccine 10 mcg/0.5 mL at 1 month and 6 months

Normal newborn
Mother’s HBsAg status unknown ➣ Must be treated the same as newborns with HBsAg-positive mother

Normal newborn
HBsAg-negative mother

➣ Recombinant yeast HBV vaccine 10 mcg/0.5 mL (anterior lateral deltoid or thigh
muscle) within 12 h of birth

➣ Recombinant yeast HBV vaccine 10 mcg/0.5 mL at 1 month and 6 months
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Table 6. Cont.

Newborn’s General Status and
Mother’s HBsAg Status General Recommendations

Low-birth-weight newborn
(under 2000 g)
Preterm newborn
(under 37 weeks of gestation)
HBsAg-positive mother

➣ Recombinant yeast HBV vaccine 10 mcg/0.5 mL (anterior lateral deltoid or thigh
muscle) within 12 h of birth

➣ HBIG 100 UI (corresponding contralateral muscle) within 12 h of birth
➣ Recombinant yeast HBV vaccine 10 mcg/0.5 mL at 1 month, 2 months and 7

months

Low-birth-weight newborn
(under 2000 g)
Preterm newborn
(under 37 weeks of gestation)
Mother’s HBsAg status unknown

➣ Must be treated the same as newborns with HBsAg-positive mother

Low-birth-weight newborn
(under 2000 g)
Preterm newborn
(under 37 weeks of gestation)
HBsAg-negative mother

➣ Recombinant yeast HBV vaccine 10 mcg/0.5 mL (anterior lateral deltoid or thigh
muscle) within 12 h of birth

➣ Recombinant yeast HBV vaccine 10 mcg/0.5 mL at 1 month, 2 months and 7
months

Very low birth weight
(under 1500 g)
Severe birth defects
Neonatal hypoxia
Respiratory distress syndrome
HBsAg-positive mother

➣ Recombinant yeast HBV vaccine 10 mcg/0.5 mL (anterior lateral deltoid or thigh
muscle) within 12 h of birth

➣ HBIG 100 UI (corresponding contralateral muscle) within 12 h of birth
➣ Recombinant yeast HBV vaccine 10 mcg/0.5 mL at 1 month, 2 months and 7

months

As soon as possible after stabilizing vital signs

Very low birth weight
(under 1500 g)
Severe birth defects
Neonatal hypoxia
Respiratory distress syndrome
Mother’s HBsAg status unknown

➣ Must be treated the same as newborns with HBsAg-positive mother

Very low birth weight
(under 1500 g)
Severe birth defects
Neonatal hypoxia
Respiratory distress syndrome
HBsAg-negative mother

➣ Recombinant yeast HBV vaccine 10 mcg/0.5 mL (anterior lateral deltoid or thigh
muscle) within 12 h of birth

➣ Recombinant yeast HBV vaccine 10 mcg/0.5 mL at 1 month, 2 months and 7
months

As soon as possible after stabilizing vital signs

Delayed vaccination ➣ Second dose of HBV vaccine can be delayed (no longer than 3 months)
➣ Third dose of HBV vaccine can still be given at 6 months of age

6.3. Management Strategies for Prevention of HCV VT

Vertical transmission in the case of HCV-positive mothers depends on the viral load—
levels above 6 log UI/mL are associated with high risk of HCV MTCT [7,27,73]. There are
a few published cases reporting safety of antiviral therapy during pregnancy [7,25,85]. One
trial with ledipasvir/sofosbuvir is limited to a phase 1 status, with 100% cure and no safety
concerns [85]. However, these INF-free and ribavirin-free regimens, that might represent
an exciting prospect, cannot be used yet during pregnancy because of potential toxic effects
on the fetus [25]. It is widely known that ribavirin, due to its teratogenic traits which last
up to 6 months after treatment cessation, is contraindicated during pregnancy [85].

Clinicians are in deep need of a composite score which will identify populations of
pregnant women at high risk for HCV MTCT. This predictive score would allow them to
decide which mother-to-be should benefit from antiviral therapy. A multicenter study by
Wasuwanich et al. proposed the following statement: low HCV-RNA load under 6 log
UI/mL has an excellent negative predictive value [7]. Pregnant women with low viral load
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are at low risk for HCV VT, thus no antiviral therapy during pregnancy is required [7].
For those with high viral load (>6 log UI/mL), antiviral therapy might be beneficial [7].
When it comes to HCV, there is a huge lack of preventive MTCT measures, but this is no
contraindication for a future pregnancy, more so because of what is known as “spontaneous
viral clearance” (SVC). This term refers to those children infected with HCV via vertical
transmission who have cleared circulating HCV-RNA and associated biochemical remission
of hepatitis [25].

All infants born to HCV-positive mothers, regardless of maternal HCV-RNA load,
must be tested for HCV infection and followed up a least until 18 months of age
(Table 7) [7,25,43,44,77,95]. Epstein et al. proposes a well-structured algorithm for HCV
infection diagnosis of children born to seropositive mothers [44]. According to a large co-
hort study of more than 1700 children, 3.9% of infants born to HVC-RNA-positive mothers
remain infected at the age of 5 years [46].

Table 7. Screening for HVC-infected offspring [7,25,43,44,77,95].

HVC Infection Markers HVC Infection Status

Two positive HCV-RNA samples at least 1 month apart HVC infection

Anti-HVC antibodies at/beyond 18 months of age HVC infection

Two negative HCV-RNA samples at least 1 month apart Non-infected child

Negative anti-HVC antibodies at any age Non-infected child

7. Assessment of Infants Born to Infected Mothers
Actively searching for vaccine response and infection status is recommended in all

offspring of HBV- and HCV-positive mothers. Follow-ups of these newborns are manda-
tory for their health and development, thus ensuring timely interventions and support in
affected families. These infants are at an increased risk of acquiring the infection, which
possibly leads to chronic liver disease, and that is why early detection and management
can significantly improve outcomes for these children. Follow-up during the breastfeed-
ing period is also important, especially for those infants who did not receive timely BD
vaccination [77,79,95–97].

7.1. Assessment of Newborns from HBV-Positive Mothers

Testing exposed infants is quite problematic. Searching for HBsAg and anti-HBs
antibodies should be performed first at 1–2 months of age. If the initial test indicates
that the infant is HBsAg-positive, further evaluation and follow-up care will be necessary
to monitor liver function and manage any potential complications. Within the first six
months of life, HBsAg may be inconsistently detectable in infected infants. For an accurate
result, postvaccination serologic testing (for those who received BD vaccination) should
be performed again at 9–12 months of age. This includes checking status of HBsAg
and anti-HBs antibodies (Figure 12). If both are negative, the infant did not develop an
adequate immune response and further additional dosages may be needed. An infant who
has negative HBsAg and high levels of anti-HBs antibodies is well protected. Acquired
infection is diagnosed if HBsAg is persistent after 6 months or more [77–79,93,96]. PVST
should not be performed earlier than 9 months of age because antibodies from the after-
birth HBIG injection may interfere with test results [63,93]. Recommendations are not to
test for anti-HBc antibodies due to false-positive results because of passively acquired
maternal antibodies [92,96].
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Figure 12. Interpreting postvaccination serologic test results in infants born to HBV-positive mothers [79].

7.2. Assessment of Newborns from HCV-Positive Mothers

Approximately 6–7% of perinatally exposed children will acquire perinatal HCV infec-
tion [95]. The CDC strongly recommends perinatal testing for hepatitis C among infants
born to positive mothers for an early diagnosis [95]. Infected children must be detected so
they can have access to curative treatment before developing clinical manifestations and
complications from chronic hepatitis C [77,95].

HCV-RNA should be searched for in all perinatally exposed infants at or after 2 months
of age (until 6 months) to identify who stands at risk to develop chronic HCV infection.
Infants with undetectable HCV-RNA do not require further investigations. Those with
detectable HCV-RNA at 2–6 months of age (lower limit of detection being 15 IU/mL)
are considered infected, because one positive result is sufficient to determine perinatal
infection [77,95,97,98].

Because maternal antibodies, passively passed through the placenta, remain in the
child’s bloodstream up until 18 months of age, testing for anti-HCV antibodies in infants
has no indication. Infants and children aged 7–17 months, who were perinatally exposed to
HCV and have not been previously tested, should be searched for HCV-RNA. Those aged
above 18 months can be tested for anti-HCV antibodies, alongside HCV-RNA [77,95,97].

8. Future Directions
This systematic review has its limitations. The search strategy may not have captured

all relevant studies, as only a limited database was utilized, thus this narrow search
strategy could have missed relevant studies, alongside a potential bias in the selected
literature. Furthermore, the findings of this review are established upon the quality of the
original studies. Therefore, the reliability of the collective evidence is constrained by the
methodological rigor of each individual study.

Global health sector strategy calls for the elimination of viral hepatitis as a public
health threat by 2030. The goal is to reduce new infections by 90% and mortality by
65%. The number of deaths from chronic liver disease and primary liver cancer due to
viral hepatitis is increasing over time, while mortality caused by tuberculosis and HIV is
declining [17].

Future directions in preventing hepatitis B and C in newborns focus on improving
vaccination strategies, screening and maternal interventions.

Universal newborn vaccination against hepatitis B, combined with timely administra-
tion of hepatitis B immunoglobulin, has proven highly effective in preventing mother-to-
child transmission and efforts are ongoing to ensure full coverage worldwide. Advances in
maternal screening during pregnancy are aiding early identification of infected mothers,
enabling targeted interventions to reduce vertical transmission [93,99–101].

For hepatitis C, education campaigns aim to raise awareness about the importance
of prenatal screening and vaccination. Innovative approaches, such as maternal antiviral
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therapy and improved diagnostic tools, hold promise for further decreasing the incidence
of hepatitis C in newborns, ultimately contributing to the goal of elimination [8,17].

A prospective study regarding an infant vaccination program against hepatitis B in
Taiwan showed that seroprevalence of HBsAg decreased from 9.8% (before 1984) to 1%
(25 years later). The epidemiological study surveyed the Taipei metropolitan area every
5 years from 1984 to 2014. It showed that 6.7% of individuals born before universal vaccina-
tion were found positive for HBsAg, compared to 0.5% of those born afterwards [102].

Another prospective study regarding seroprevalence of hepatitis B in the general
population of Shandong Province in eastern China, 30 years after implementing a national
vaccination program, concluded that, through routine vaccination of newborns, substantial
control of HBV infection was achieved. The overall prevalence of HBsAg in 2023 was 2.25%
and, in individuals younger than 30 years of age, prevalence dropped to 0.28%. The highest
HBsAg prevalence (5.63%) was found among older people (>50 years old), concluding that
the vaccination program has successfully fulfilled its mission [101].

These studies are highly relevant because they demonstrate, with clear numbers,
how important vaccination of newborns is, especially in high-risk populations. Such
studies have a major impact on public health policies, strengthening the need for global
immunization programs.

9. Conclusions
Vertical transmission of hepatitis B and C continues to be a major contributor to the

global burden of chronic viral hepatitis. Despite advances in screening and prevention
measures, mother-to-child transmission remains a critical pathway for new infections,
particularly in areas with high endemic status.

For hepatitis B, the combination of maternal antiviral therapy during pregnancy and
timely administration of the HBV vaccine alongside HBIG to the newborn has proven to be
highly effective in lowering transmission rates. However, challenges such as late maternal
diagnosis, areas with limited access to health care and vaccine coverage gaps still interfere
with the efforts of eradicating HBV mother-to-child transmission.

In contrast, hepatitis C vertical transmission lacks an effective vaccine or immuno-
prophylaxis, turning prevention strategies into a continuous battle. Current approaches
focus on identifying infected mothers through screening and considering antiviral treatment
options during pregnancy, although safety and efficacy are yet to be established. Risk factors
impacting rates of transmission, like maternal viral load or co-infections, underscore the
need for individualized care in the case of HCV-positive women.

Overall, strengthening prenatal care programs, improving access to diagnostic and
therapeutic resources and enhancing public health policies are essential to curb vertical
transmission of both hepatitis B and C. Continuous research into novel prophylaxis and
treatment methods, alongside education and awareness campaigns, will be pivotal in
reaching the ultimate goal—eliminating mother-to-child transmission and reducing the
long-term health consequences for affected children.
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IV intravenous
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NIHCE the National Institute for Health and Care Excellence
PAP prenatal antiviral prophylaxis
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HCV-RNA ribonucleic acid of hepatitis C virus
STD sexually transmitted disease
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TAF tenofovir alafenamide fumarate
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