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Hepatitis C Virus Infection in Pregnancy

An Update

ABSTRACT

Parenteral transmission is the major route of hepatitis C virus transmission in adults; however, vertical transmission is
most common in children. There are several factors that have been shown to be associated with vertical transmission
of hepatitis C virus, including hepatitis C virus RNA, human immunodeficiency virus coinfection, and peripheral blood
mononuclear cell infection. As there is no effective vaccine to prevent hepatitis C virus infection, and there are no hu-
man data describing the safety of the new direct acting antiviral agents in pregnancy, the only preventive strategy for
vertical transmission is to treat the hepatitis C virus infection before becoming pregnant. Direct acting antiviral agents
are interferon-free, and many are also ribavirin-free. Based on animal studies, sofosbuvir plus ledipasvir may be the
best safety profile during pregnancy for now; however, it is too early to recommend treating hepatitis C virus-infected
pregnant women with these direct acting antiviral agents currently.

hronic infection with the hepatitis C virus

(HCV) is a global health problem, with an

estimated 3% of the world population

exposed to HCV (>185 million people)
(Mohd Hanafiah, Groeger, Flaxman, & Wiersma,
2013) and between 0.9% and 2.1% chronically infect-
ed worldwide (Baser, Kariburyo, Altinbas, & Baser,
2014; Bruggmann et al., 2014; Gower, Estes, Blach,
Razavi-Shearer, & Razavi, 2014; Hope, Eramova,
Capurro, & Donoghoe, 2014; Yildirim et al., 2009).
The majority (75%—85%) of those who develop acute
HCV infection progress to chronic HCV infection,
with only a small proportion of patients spontaneously
clearing virus (Di Bisceglie, 2000). However, the true
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incidence and prevalence are likely under-represented,
as many patients with chronic hepatitis C (CHC) are
unaware of their diagnosis owing to the asymptomatic
nature of HCV infection and limited screening of at-
risk individuals (Linas, Hu, Barter, & Horberg, 2014).

Background

The main routes of HCV transmission are through
intravenous (IV) drug use and receipt of contaminated
blood products. Even a single episode of (IV) drug use
in the distant past is recognized to be a risk factor for
HCV infection (http://www.cdc.gov/hepatitis/hcv/hev-
faq.htm). It is estimated that 0.5%-40% of HCV-
infected patients are actively involved in injecting
practices, and more than 90% of persons who inject
drugs are HCV-positive (Patrick, Buxton, Bigham, &
Mathias, 2000; Razavi et al., 2014).

Although the implementation of blood product
screening from the early 1990s has dramatically
reduced the risk of transfusion-associated CHC, blood
product screening is not universal worldwide; those
receiving blood products in developing countries
remain at risk. In addition, up to 26 % of HCV-infected
persons reported a history of receiving blood products
during their lifetime (Razavi et al., 2014).

Other potential risk factors include nosocomial
transmission through inadequately sterilized medical
equipment, incarceration, hemodialysis, cultural prac-
tices such as acupuncture or cupping, occupational
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exposure (mucosal splashes and needlestick injuries),
unsterile tattooing and piercing, high-risk sexual prac-
tices, human immunodeficiency virus (HIV) or hepati-
tis B virus (HBV) infection due to shared transmission
routes, and transmission from household contacts
(including individuals born to HCV-positive mothers).
No risk factor is identified in 10% of HCV-infected
patients (Flamm, Parker, & Chopra, 1998). As a result,
most countries recommend HCV screening in individu-
als with the aforementioned risk factors (Benova,
Mohamoud, Calvert, & Abu-Raddad, 2014; Karaca et
al., 2006; Tahan et al., 2005) (Table 1). In addition,
birth cohort screening in the “baby boomer” popula-
tion born in the years 1945-1965 is recommended in
the United States (U.S.), as this age group represents
70% of the HCV-positive population in U.S. Vertical
transmission, defined as HCV transmission from
mother to infant during pregnancy, at the time of deliv-
ery, or during the first 28 days after birth, occurs in
around 5% of children born to HCV-positive mothers
(Benova et al. 2014).

Despite the implementation of needle exchange pro-
grams and education regarding safe injecting practices,
IV drug use remains the main risk factor for HCV
transmission in adults nowadays. In contrast, owing to
the implementation of blood product screening in many
countries, the predominant route of transmission of
HCV in children nowadays is vertical transmission
(Arshad, El-Kamary, & Jhaveri, 2011). This represents
an important route of HCV transmission, as HCV
screening is not routinely performed during pregnancy

TABLE 1. Risk Factors for HCV Acquisition
1. Intravenous or intranasal drug use (current or prior)

2. Recipient of blood products including clotting factor
concentrates and immunoglobulin prior to 1992

. Solid organ transplantation prior to 1992
. Occupational exposure

. Born between 1945 and 1965

. Coinfection with HIV

N o o B~ W

. Multiple sexual partners or high-risk sexual
practices

8. Born to HCV-positive mothers

9. Living in high-prevalence developing countries
10. Undergoing hemodialysis
11. Incarceration
12. Received unsterile tattoos or piercings

Note. HCV = hepatitis C virus; HIV = human immunodeficiency
virus.
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in many countries and the previous standard of care
therapy (interferon [IFN] and ribavirin [RBV]) was
contraindicated during pregnancy. Interferon (desig-
nated Category C in pregnancy) has been shown to
have abortifacient effects on developing animal fetuses,
and RBV (designated Category X in pregnancy) has
been associated with significant teratogenic and/or
embryocidal effects in all animal species examined.

Until recently, the mainstay of treatment of HCV
infection has been IFN combined with RBV. Despite
the low cure rates (overall cure rate 54%-56%) and
significant toxicity, this remained the only successful
therapy for the better part of two decades owing to the
lack of experimental models for drug development.
Therefore, many patients were unable or unwilling to
tolerate or were ineligible for IFN/RBV therapy. This,
combined with the aging HCV-infected population,
has contributed to a sharp increase in the number of
patients with complications from CHC infection, with
a tripling of the number of patients with cirrhosis,
decompensated liver disease, and hepatocellular carci-
noma over the past 15 years.

Almost 350,000 HCV-related deaths each year are
directly attributed to CHC worldwide (Gower et al.,
2014; Hope et al., 2014), and all-cause mortality is
almost 2.4 times higher in HCV-infected individuals
compared with HCV-uninfected persons (El-Kamary,
Jhaveri, & Shardell, 2011). These estimates are expect-
ed to continue to rise to 60%—-110% by the year 2030
if there are no changes in the update and efficacy of
HCV therapy (Bruggmann et al., 2014).

The development of the replicon model system for
HCV, together with the crystallization of the nonstruc-
tural HCV proteins and characterization of the HCV
life cycle, has led to the development of direct acting
antiviral agents (DAAs) that directly target steps in the
HCV replication life cycle. These agents have revolu-
tionized the treatment landscape of HCV infection,
with cure rates in excess of 90% for all genotypes with
minimal toxicity. These agents are now approved and
are available in many countries around the world for
adult patients with CHC. As these regimens are IFN-
and potentially RBV-free, there is a hope that these
new IFN-free and RBV-free DAA combination regi-
mens may be safe for use during pregnancy and there-
fore may have a role in preventing vertical transmis-
sion of HCV (Kanninen, Dieterich, & Asciutti, 2015).

However, this remains to be proven, as data regard-
ing the safety of DAAs during pregnancy and lactation
are currently limited to animal studies and there are no
data regarding the efficacy of prevention of perinatal
transmission of HCV with these new agents. In this
review article, we summarize the existing data about
HCV in pregnancy and the natural history of perina-
tally acquired HCV, as well as HCV treatment options
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in pregnancy, with a specific focus on safety of the
DAAs during pregnancy and lactation in the animal
studies.

Results

Prevalence of HCV Infection Among
Pregnant Women

The frequency of anti-HCV antibodies in pregnant
women ranged between 0.1% and 3.6% and varied
according to geographic region (Altinbas, Erdogan, &
Danisman, 2010; Arshad et al., 2011; Baldo et al.,
2000; Benova et al., 2014; Blasig et al., 2011;
Bruggmann et al., 2014). The proportion of pregnant
women with active HCV infection, as determine by
HCV RNA positivity in the presence of anti-HCV anti-
bodies, varied from 45% to 72% (El-Kamary et al.,
2015; Floreani, 2013). However, these data must be
interpreted with caution, as they may not reflect the
true prevalence of HCV in pregnant women. This is
due to the lack of universal HCV screening for all preg-
nant women during the antenatal period, the asympto-
matic nature of HCV infection, and the fact that HCV
screening may only be undertaken in pregnant women
with risk factors for HCV infection (Prasad &
Honegger, 2013).

This is supported by a study that found that 40%-—
73% of HCV-infected pregnant women may be missed
when HCV screening is performed solely based upon
risk factor-based screening policies (Conte, Fraquelli,
Prati, Colucci, & Minola, 2000; Ward et al., 2000).
Several studies reported that the number of pregnan-
cies per woman may be a risk factor for HCV infection
itself (2.0- or 3.2-fold increased risk for HCV infection
with five or more pregnancies compared with nul-
ligravida women, after adjustment for age at time of
pregnancy) (Khan, Janjua, Akhtar, & Hatcher, 2008;
Murphy et al., 2010; Stoszek et al., 2006). These data
may support the cumulative iatrogenic spread of HCV
infection either through exposure to unsterile medical
equipment or receipt of unscreened blood products
during each subsequent pregnancy.

Vertical Transmission of HCV

Overall Transmission Rate

The rate of vertical transmission of HCV varies consid-
erably among different global populations of pregnant
HCV-positive women. In a review of 77 studies,
Yeung, King, and Roberts (2001) calculated that the
overall crude rate of vertical transmission of HCV is
5.6% among HCV-positive viremic pregnant women,
irrespective of HCV RNA levels. When adjusted for
the inverse of the variance, the weighted rate was cal-
culated at 1.7%. Another meta-analysis of 20 studies
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reporting vertical transmission of HCV calculated the
pooled transmission rate was 5.8% in HCV viremic
women, with increased HCV vertical transmission in
particular subgroups, namely, HCV/HIV-coinfected
women, where transmission rates were 19.4% (Benova
et al., 2014).

Known Risk Factors for Vertical
Transmission of HCV

HCV RNA Levels. Mother-to-infant transmission of
HCV should occur only in the setting of active HCV
infection, as demonstrated by HCV viremia in the
mother; however, there are several reports of vertical
HCV transmission occurring in the context of anti-
HCV antibody positivity but negative HCV RNA lev-
els (Benova et al., 2014; Granovsky et al., 1998;
Marine-Barjoan et al., 2007; Yeung et al., 2001).
Ordinarily, this would represent past HCV infection
and therefore HCV transmission should not be allowed
to occur as there is no active HCV replication.
However, it should be noted that in these isolated
cases, HCV RNA testing was not always mandatory or
HCV RNA quantification was performed using the old
and insensitive first- and second-generation HCV RNA
assays, where the lower limit of detection was as high
as 31,746 IU/ml. Therefore, it is conceivable that these
insensitive assays were unable to detect lower level
HCV viremia in these women. In addition, HCV levels
can fluctuate significantly and therefore testing at a
single time point does not preclude the same women
returning a positive HCV RNA level later during preg-
nancy. When limited to HCV viremic pregnant women,
the crude mother-to-infant HCV transmission rate was
higher at 8.1%, with a weighted rate of 4.3% (Yeung
et al., 2001).

Many studies have reported an association between
the actual level of HCV viremia and vertical transmis-
sion of HCV, although not all studies have demonstrat-
ed this association (Conte et al., 2000; Resti et al.,
1998). However, the cutoff level to define increased risk
in these studies varies considerably. The majority of
studies have demonstrated that HCV RNA levels great-
er than 10° to 10° copies/ml correlate with a greater
likelihood of mother-to-infant HCV transmission
(Baroncelli et al., 2016; Elrazek et al., 2017; Marine-
Barjoan et al., 2007; Roberts & Yeung, 2002).

In HCV-positive mothers with HCV RNA levels less
than 6 logyg IU/ml, the maternal-to-child HCV trans-
mission rate was 1.7% and increased to 17.4% in
mothers who had HCV RNA levels 6 log;y IU/ml or
more (Marine-Barjoan et al., 2007). Similarly, in anoth-
er study, the mean HCV RNA level was 9 X 10° copies/
ml in pregnant women who subsequently transmitted
HCV compared with 2 X 10° copies/ml in women who
did not transmit virus (Mast et al., 2005).
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In a prospective cohort of 3,000 pregnant women
followed during their pregnancy who received HCV
testing during the third trimester, data mining analysis
demonstrated that a polymerase chain reaction (PCR)
titer of more than 3,000,000 IU/ml was associated with
a high risk for vertical transmission of HCV (Baroncelli
et al., 2016; Elrazek et al., 2017; Marine-Barjoan et al.,
2007; Roberts & Yeung, 2002). In addition, a PCR titer
between 975,000 and 3,000,000 IU/mL was still identi-
fied as a considerable risk factor for mother-to-infant
HCV transmission.

HIV Coinfection. Another well-described risk factor
for maternal-to-child transmission of HCV is HIV
coinfection (Benova et al., 2014; Okamoto et al., 2000;
Valladares, Chacaltana, & Sjogren, 2010). In a multi-
center review of children born to HCV-positive moth-
ers, transmission was threefold higher in HCV/HIV-
coinfected women compared with monoinfected
women (Marine-Barjoan et al., 2007). In women with
lower viral loads, defined as an HCV RNA less than
6 logio IU/ml, the odds ratio for vertical transmission
was 8.3 in HCV/HIV-coinfected women (12.5%) com-
pared with 1.0 in HCV-monoinfected women with
similarly low HCV RNA levels (1.7%). The rate of
mother-to-child transmission was similar in HCV/HIV-
coinfected and HCV-monoinfected women with higher
HCV RNA levels, suggesting that HIV itself represents
a greater risk factor for vertical transmission than HCV
RNA in the context of HCV/HIV coinfection (Marine-
Barjoan et al., 2007) (Table 2).

In a meta-analysis of vertical transmission in preg-
nancy, children born to HCV/HIV-coinfected mothers
had approximately double the vertical rate of HCV
transmission compared with HCV-monoinfected moth-
ers (10.8% vs. 5.8%, respectively), and in an adjusted

TABLE 2. Risk Factors for Vertical
Transmission of HCV Infection

Risk
Association

Established HCV RNA levels
HIV coinfection

Possible Early membrane rupture (>6 hr before
delivery)

Internal fetal monitoring in viremic
mothers

Emergency cesarean section

Not associated Mode of delivery
Breastfeeding in the absence of nipple

trauma

Note. HCV = hepatitis C virus; HIV = human immunodeficiency
virus.
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regression meta-regression model, HIV coinfection
was identified as the most important determinant of
mother-to-infant HCV transmission, with an odds
ratio of 2.56 (Benova et al., 2014; Okamoto et al.,
2000; Valladares et al., 2010).

The immunosuppressive effect of HIV has been shown
to increase HCV viral loads in HCV/HIV-coinfected indi-
viduals compared with HCV-infected individuals without
HIV (Baroncelli et al., 2016; Elrazek et al., 2017; Marine-
Barjoan et al.,, 2007; Matthews-Greer et al., 2001;
Roberts & Yeung, 2002). Therefore, it is unclear whether
the presence of HIV itself in HCV/HIV-coinfected moth-
ers confers an increased risk of vertical transmission of
HCV or whether the higher transmission is a conse-
quence of higher HCV RNA levels that occur in HCV/
HIV-coinfected individuals leading to greater HCV trans-
mission. In another study of HCV/HIV-coinfected moth-
ers on antiretroviral therapy, HCV RNA levels were simi-
lar to HCV-monoinfected mothers and none were found
to transmit HCV to their child, also supporting the
importance of HIV-related immunosuppression. This also
highlights the importance of HIV testing and adequate
management of HIV during pregnancy.

Peripheral Blood Mononuclear Cell Infection. Another
factor that has been associated with increased vertical
transmission of HCV is HCV infection in peripheral
blood mononuclear cells (PBMCs) (Azzari et al., 2008,
2000). In a study of 170 HCV-positive mothers, HCV
PBMC infection and maternal IV drug use were found
to be associated with vertical transmission (Azzari et
al., 2008). Multivariate analysis revealed that maternal
HCV PBMC infection was associated with vertical
transmission, however, maternal IV drug use was not
associated, suggesting that the previously observed link
between mothers who inject drugs and mother-to-child
transmission is, in fact, due to HCV infection of
PBMCs rather than IV drug use.

Factors Not Associated With HCV Vertical
Transmission
Mode of Delivery: Vaginal Delivery Versus Elective
Cesarean Section. Several large meta-analyses have
demonstrated that vertical transmission of HCV is not
influenced by the mode of delivery in women without
HIV coinfection (Durmaz, 2012; Gibb et al., 2000;
Marine-Barjoan et al., 2007; Mclntyre, Tosh, &
McGuire, 2006; Tahan et al., 2005). Therefore, vagi-
nal delivery should not be discouraged and elective
cesarean section (C/S) is not recommended over vagi-
nal delivery unless there is an alternative indication.
In contrast, in HIV-positive women with HCV coin-
fection, there are older data suggesting that elective C/S
may reduce the risk of vertical transmission of HCV
(Baroncelli et al., 2016; European Paediatric Hepatitis C
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Virus Network, 2001, 2005; Snijdewind et al., 2015).
In a large study from the European Paediatric Hepatitis
C Virus Network (2001), mother-to-child transmission
of HCV was significantly lower in women who had an
elective C/S (odd ratio = 0.4). However, in the era of
widespread availability of highly active antiretroviral
therapy (HAART) for HIV, the benefit of C/S was not
observed in women who demonstrated HIV suppres-
sion with HAART. Hence, recommendations regarding
mode of delivery in HCV/HIV-coinfected pregnant
women should be made on the basis of the status of the
HIV infection.

Breastfeeding. Although HCV can be detected in colos-
trum of HCV-positive asymptomatic mothers at much
lower levels than serum, vertical transmission of HCV
from breast milk has not been documented (Lin et al.,
19935). In addition, testing of mature breast milk from
73 HCV-positive mothers failed to detect the presence
of HCV RNA in and of the samples despite the pres-
ence of HCV RNA in the serum of 60% of the women
(Polywka, Schroter, Feucht, Zollner, & Laufs, 1999).
Several larger systematic reviews and prospective stud-
ies have confirmed a lack of HCV transmission through
breastfeeding (Cottrell, Chou, Wasson, Rahman, &
Guise, 2013; Rest et al., 1998; Thomas, Newell,
Peckham, Ades, & Hall, 1998).

However, in a small prospective study, including five
symptomatic HCV-positive mothers, three of the
infants developed symptomatic hepatitis (Kumar &
Shahul, 1998). All three infants were born via elective
C/S, were breastfed, and no other risk factors for trans-
mission were identified. None of the mothers reported
overt nipple trauma, a potential source of HCV trans-
mission (“ACOG Committee opinion,” 1999;
“Recommendations for Prevention,” 1998). On the
basis of these data, breastfeeding is recommended
except in the setting of nipple trauma or in HIV coin-
fection, where HIV transmission also can occur.

Potential Risk Factors and Prevention of
Vertical Transmission of HCV

Despite best efforts, there is currently no effective vac-
cine to prevent against HCV infection; therefore, the
only strategy to prevent vertical transmission is to treat
HCV before becoming pregnant. This, however,
requires diagnosis of HCV in the first instance (a well-
established barrier to accessing therapy and was not a
practical option for women in the IFN/RBV era due to
the long duration of therapy and subsequent 6-month
washout period) (Thomas et al., 1998). Furthermore,
this therapy was only effective in around half of the
patients and was associated with significant toxicity,
making many ineligible for and intolerant to therapy.
The advent of short, highly efficacious IFN- and

16  Copyright © 2020 Society of Gastroenterology Nurses and Associates

RBV-free treatment options provides an opportunity
for global HCV eradication, including in women of
childbearing age, that will not only have a positive
impact upon the worldwide HCV incidence, preva-
lence, and vertical transmission rates over the coming
decades but also reduce the burden of end-stage liver
disease resulting from CHC infection (Vandijck et al.,
2014; Wedemeyer et al., 2014).

Natural History of HCV Infection in Infants
With Vertically Transmitted HCV

As observed in adult HCV infection, HCV infection may
also resolve spontaneously in children with vertically
transmitted HCV, where spontaneous resolution occurred
in 25% by the end of 7 years of follow-up (Yeung, To,
King, & Roberts, 2007). The route of childhood HCV
transmission in this study was heterogeneous, but spon-
taneous clearance rates were similar in children with
transfusion-associated HCV infection and all other routes
of transmission. More specific to vertical transmission of
HCV, Ceci et al. (2001) found that spontaneous clear-
ance rates may approach 75% among infants with verti-
cally acquired HCV by 24 months of age.

Treatment of HCV During Pregnancy
and Lactation
For the past two decades, IFN plus RBV for up to 12
months’ duration has been the mainstay of therapy for
HCV infection. In addition to suboptimal responses
rates (54%—-56% overall cure rate), therapy was associ-
ated with significant toxicity that resulted in up to 14%
discontinuing therapy due to adverse events in the regis-
tration trials (Fried et al., 2002; Hadziyannis et al.,
2004; McHutchison et al., 1998). Because of the signifi-
cant toxicities, many individuals were either ineligible or
intolerant to therapy. Furthermore, this combination
therapy was contraindicated in pregnant and lactating
women, with TFN designated Category C and RBV
Category X in pregnancy by the Food and Drug
Administration (FDA) (Durmaz, 2012; Floreani, 2013;
Gurol, Saban, Oral, Cigdem, & Armagan, 2006; Karaca
et al., 2006; Martin et al., 2013; Okamoto et al., 2000;
Tahan et al., 2005; Valladares et al., 2010) (Table 3).
The development of the replicon system for HCV
and subsequent delineation of the HCV life cycle
(Bartenschlager, 2002), and the crystallization of the
nonstructural HCV proteins (Lesburg et al., 1999; Yao,
Reichert, Taremi, Prosise, & Weber, 1999), led to the
development of new DAAs. Combinations of DAAs
have allowed the development of IFN- and also RBV-
free regimens for the treatment of HCV infection, and
several combinations have been licensed for the first-line
therapy for HCV infection in many countries. These
regimens range from 8 to 24 weeks’ duration and have
the advantages of superior efficacy (>95% cure rates)
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TABLE 3. The Safety Categories of the Drugs
Throughout Pregnancy

Category A No harmful effect on fetus in the first
trimester based on controlled studies

Category B No harmful effect on fetus based on
animal studies (no controlled studies in
human being)

Category C  Harmful effect on fetus based on animal
studies (no controlled studies in human
being)

Category D Harmful effect on fetus based on investi-
gational or postmarketing studies

Category X  Clear harmful effect on fetus based on

human and animal studies

and minimal toxicities (Holmes & Thompson, 2015).
The registration of clinical trials of these agents specifi-
cally excluded pregnant and lactating women, and
owing to the recent development of these agents, there
are no real-world data regarding safety in pregnancy.

Animal Studies of DAAs in Pregnancy

The animal studies revealed that most of the DAAs cross
the placenta; however, teratogenicity was seen with sime-
previr and daclatasvir usage individually (Spera, Eldin,
Tosone, & Orlando, 2016; https://www.accessdata.fda.
gov/drugsatfda_docs/label/2017/206843s0061bl.pdf).
Because of the favorable pharmacokinetic profiles and
nonteratogenic features coming from animal studies, the
combination of sofosbuvir and ledipasvir looks like the
best option for HCV infection treatment in pregnancy so
far (Spera et al., 2016).

Currently, a clinical trial (NCT02683005) is being
conducted to assess the safety and efficacy profile of
sofosbuvir and ledipasvir combination during the sec-
ond and third trimesters of pregnancy. According to
the instruction booklets of ombitasvir, paritaprevir/
ritonavir and dasabuvir, velpatasvir, glecaprevir, pibren-
tasvir, elbasvir, and grazoprevir, the animal studies have
shown no adverse effects on embryo—fetal or prepost-
natal development (https://www.accessdata.fda.gov/
drugsatfda_docs/label/2014/2066191bl.pdf, https://
www.accessdata.fda.gov/drugsatfda_docs/label/
2016/208341s0001Ibl.pdf, https://www.accessdata.fda.
gov/drugsatfda_docs/label/2017/209394s0001bl.pdf,
https://www.accessdata.fda.gov/drugsatfda_docs/
label/2016/2082610rig1s0001bl.pdf).

Because RBV-related sperm toxicity reversed 4-8
months after the drug cessation, male patients are also
advised to take all precautions for the risk of pregnancy
for their female partners (https://www.accessdata.fda.gov/
drugsatfda_docs/label/2011/021511s0231bl.pdf). The

impact of new DAAs on spermatogenesis is still not clear.
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FDA Recommendations for DAA Use in
Pregnant and Lactating Women

The first approved DAAs were the first-generation
protease inhibitors telaprevir and boceprevir. However,
these agents were used with an IFN plus RBV back-
bone and were not approved as monotherapy for HCV
infection (Feeney & Chung, 2014; Tahan et al., 2005).
Therefore, these agents were also contraindicated in
pregnancy and in breastfeeding women.

Owing to the lack of teratogenicity in limited animal
studies, the FDA has given DAAs a classification of
Category B in pregnancy for sofosbuvir, ledipasvir,
daclatasvir, asunaprevir, paritaprevir, ombitasvir, and
dasabuvir, representing the currently approved IFN-
free regimens (Kanninen et al., 2015). Simeprevir has
been given a Category C in pregnancy (Spera et al.,
2016). However, there are no human data regarding
their safety in pregnancy and lactation; therefore, in
the clinical setting, these agents have not been widely
recommended for use in women who are pregnant,
those who are breastfeeding, or in women planning to
become pregnant.

Because the animal studies (in rats) determined that
sofusbuvir and ledipasvir have no harmful effect on
nursing pups, the FDA recommends that the benefits
of breastfeeding during sofosbuvir and ledipasvir treat-
ment need to be evaluated along with the mother’s
clinical need for the drugs and the potential harm on
the child (https://www.accessdata.fda.gov/drugsatfda_
docs/label/2016/205834s0101bl.pdf).

Several regimens also still include RBV. These com-
binations remain contraindicated in pregnant women
and breastfeeding women. Moreover, owing to the long
half-life of RBV (steady state is reached after 4 weeks),
women are advised against becoming pregnant for 6
months after completing RBV-based therapy.

Clinical Scenarios
Scenario 1: Chronic HCV-Infected Patients Become
Pregnant. The natural course of HCV infection may
depend on the status of the underlying liver disease.
The risk of hepatic decompensation is high in cirrhotic
patients and therefore these patients are discouraged
from becoming pregnant (Tahan et al., 2005; Valladares
et al., 2010). In addition, fertility is decreased in cir-
rhotic women. On the contrary, if HCV-related liver
destruction is limited, most pregnancies may be com-
pleted without any HCV infection-induced problem.
Frequently, because of pregnancy-associated immu-
nomodulation, the decline in HCV viral load and the
normalization of transaminase levels have been report-
ed at the same time (Floreani, 2013; Fontaine, Nalpas,
Carnot, Bréchot, & Pol, 2000; Gervais et al., 2000;
Paternoster et al., 2001). These changes might be
related to endogenous IFN release, hemodilution, and
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an altered immune system. However, these mild chang-
es do not lead to viral clearance (Fontaine et al., 2000;
Paternoster et al., 2001). As is widely accepted, HCV
viral load usually increases toward the third trimester.
In contrast, Baroncelli et al. (2016) showed a stable
HCV viral load from the first to third trimesters. With
immune restoration even after delivery, the risk of
HCV exacerbation increases (Gervais et al., 2000;
Oketani, Shibatou, Yamashita, Arima, & Arima, 2002;
Paternoster et al., 2001). So, even though there is no
consensus, close monitoring of patients transaminases
and HCV viral load levels should not be overlooked
during pregnancy or after delivery. Spontaneous HCV
clearance was noted only in a few cases (Baroncelli et
al., 2016; Zein, Abu-Lebdeh, & Zein, 2001).

In the past, this follow-up was recommended only
to define liver deterioration earlier. On the contrary,
the new DAAs may be an option for use at the begin-
ning of the third trimester as is being done in HBV
infection in the near future. This alternative can
decrease HCV viral load toward delivery to protect the
mother from the HCV rebound seen after delivery and
the child from HCV transmission by preventing verti-
cal transmission. Of course, these suggestions need to
be supported by clinical trials and it is too premature
to suggest using these agents during pregnancy.

Conversely, the effect of CHC infection on preg-
nancy is a dilemma. Higher intrahepatic cholestasis
seen in HCV-infected pregnant women has been sup-
ported by several studies and none in the opposite
direction (Marschall, Wikstrom Shemer, Ludvigsson, &
Stephansson, 2013; Paternoster et al., 2001). However,
low birth weights, premature rupture of membranes,
neonatal jaundice, and increased necessity of intensive
care unit use for newborns are controversial (Pergam et
al., 2008). On the contrary, increased C/S rates in HCV-
positive patients are not due to obstetric indications,
but they were mostly aimed to decrease the rate of
HCV transmission by preferring C/S rather than vagi-
nal delivery, even though it is not an evidence-based
approach (Floreani, 2013; Jabeen et al., 2000).

Scenario 2: Acute HCV Infection in Pregnant Women.
Acute HCV infection usually presents silently and ends
with chronic infection in almost 75% of patients.
Among them, 20% develop cirrhosis after 20-30 years
of infection (Di Bisceglie, 2000). Faster progression of
HCV infection-related liver disease may be seen in
older patients, posttransplant patients, or those with
HIV and/or HBV coinfection or alcohol abuse.
However, a minority of patients are symptomatic, and
these patients have a chance to clear the HCV infection.
Therefore, to start medication against HCV infection is
commonly advised in asymptomatic patients who fail
to eradicate HCV at the end of the sixth week of
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infection whereas it is at 12 weeks in symptomatic
patients.

Probably, the course of acute HCV infection in preg-
nancy is similar to that in nonpregnant women
(Floreani, 2013). Data about acute HCV infection dur-
ing pregnancy are limited and come from just a few
case reports (Gonzalez et al., 2006; Kogure et al., 2006;
Ozaslan, Yilmaz, Simsek, & Tatar, 2002). We should
note that only severe liver injuries related to HCV
infection were reported. Therefore, it is difficult to
build a specific guideline for acute HCV infection in
pregnancy. Because of the rarity of acute HCV infection
in pregnancy, and that the natural course of HCV infec-
tion is under-reported, we do not know exactly which
patients should be treated to prevent severe liver injury
or vertical transmission of HCV. If none of the acute
HCV infections result in severe liver injury or increased
vertical transmission rate, therapy becomes useless.

Conclusion

The global burden of HCV-related liver disease remains
a significant health issue. Parenteral transmission is the
major route of HCV transmission in adults; however,
vertical transmission is most common in children.
Therefore, universal HCV screening, particularly
among pregnant women, is needed to fight against
HCV infection. There are several factors that have
been shown to be associated with vertical transmission
of HCV, including HCV RNA, HIV coinfection, and
PBMC infection. Mode of delivery and breastfeeding
have not been associated with transmission. Infants
born to HCV-positive mothers should be followed up
and have HCV testing, and it should be noted that
maternal anti-HCV antibodies may persist in the infant
for up to 18 months. Therefore, HCV nucleic acid test-
ing should be used in combination with anti-HCV
antibody testing to diagnose HCV infection. As there
is no effective vaccine to prevent HCV infection, and
no human data describing the safety of the new DAAs
in pregnancy, the only preventive strategy for vertical
transmission is to treat the HCV infection before
becoming pregnant.

Although the DAAs are IFN-free and many are also
RBV-free, the lack of human safety data in the light of
limited animal data has meant that these agents have
been given a Category B or C classification in preg-
nancy. Data from animal studies suggest that the com-
bination of sofosbuvir plus ledipasvir may have the
best safety profile during pregnancy; however, it is too
early to recommend treating HCV-infected pregnant
women with these DAAs currently and therefore they
are not routinely recommended in clinical practice.
Furthermore, the majority of the approved combina-
tion DAA therapies are only 12 weeks’ duration and
hence pregnancy may be able to be deferred until
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completion of DAA therapy. These agents are likely to
have a significant impact upon the incidence/preva-
lence and natural history of HCV, reducing the burden
of HCV-related liver disease. &
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