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Abstract

Purpose of Review Increasing hepatitis C virus (HCV) cases over the past decade have raised concerns about subsequent
increased cases in infants due to mother to child transmission (MTCT). Many are reminded of the early days of HIV and the
rationale for using antiretroviral agents during pregnancy.

Recent Findings Direct-acting antivirals (DA As) that are highly potent, all-oral, short-duration regimens that cure HCV have led
many to consider what it would entail to use DAAs for pregnant women. Considering HIV and Hepatitis B virus (HBV) as two
infections with MTCT to draw lessons from, DAA use to interrupt HCV MTCT comes with risks, costs, and many potential
benefits.

Summary When considering how to effectively curb the current epidemic of HCV in the US population, using DAAs to treat
pregnant women with HCV offers potential benefits to the mother immediately, to the pair in the short-term and to the child,
family, and society over a lifetime.

Keywords Hepatitis C - Pregnancy - Mother to children transmission - Vertical transmission
offered a wealth of experience and served as a model for

intervention that benefits both mother and infant. Hepatitis B
virus (HBV) offers an example of how a strategy has evolved

Abbreviations
HCV  Hepatitis C
MTCT Mother to children transmission

DAAs Directly acting antivirals over time to incorporate treatment as prevention of MTCT in
SVR Sustained virologic response high-risk cases. Hepatitis C virus (HCV) is often discussed as
the potential next target. Similar to HIV and HBV, HCV also
progresses to chronic infection and can spread via MTCT.
Introduction With the advent of direct-acting antivirals (DAAs), the obvi-

ous question that arises is “Should we now be using these
agents to treat pregnant women with HCV?” In this commen-
tary, we will review some of the important examples learned

The treatment of chronic viral infections during pregnancy has
now become the standard of care for many conditions. The

concept of treatment also serving as prevention of mother to
child transmission (MTCT) has taken many years to mature.
The example of human immunodeficiency virus (HIV) has
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from the HIV experience and how they relate to HCV. We will
discuss how HCV treatment in pregnancy might be initiated
and identify the perceived risks and expected benefits. Finally,
we will discuss what research needs must be performed before
widespread treatment can occur.

HCV Background
Natural History and Treatment

The cardinal features of HCV are well known. HCV pro-
gresses to chronic infection in the majority of adults, is a major
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cause of chronic liver disease, and is responsible for many
cases of cirrhosis and hepatocellular carcinoma [1]. It is cur-
rently the leading indication for liver transplantation [1]. What
was once a difficult and complicated infection to treat with
interferon-based therapy has now become a modern medical
success story. DAAs offer very simple, oral, once- or twice-a-
day dosing that offer sustained viral response (SVR) rates of
greater than 95% in virtually every patient group [2—8]. As the
DAA combinations treat more genotypes and more patients
with prior concerning risk factors (cirrhosis, prior treatment
failure), the decision-making becomes less complex and more
amenable for treatment outside of a specialist’s office.

HCV in Pregnancy and MTCT

Studies of pregnant women with HCV have demonstrated that
they have largely equivalent outcomes to uninfected women.
There are reports of increased rates of gestational diabetes
with an approximate odds ratio of 2 [9]. HCV-infected preg-
nant women with cirrhosis are at risk for severe outcomes like
bleeding and death, but this is largely due to the fragile nature
of compensated cirrhosis [10].

Studies of HCV MTCT show that it is not a frequent event.
Approximately 5-10% of exposed infants have detectable
HCV RNA levels in the first several months of life [11-13].
Some studies have demonstrated the rate could be as high as
15%, and the early Women and Infants Transmission Study
(WITS) analysis of mothers with HIV-HCV co-infection re-
ported rates as high as 25% [13—15]. Those studies were con-
ducted before highly active antiviral therapy (HAART) was
available, and more current estimates demonstrate that the risk
of HCV MTCT in HIV co-infected women on HAART is the
same as HCV mono-infection [16]. The range of HCV MTCT
that is most widely quoted is 3—8% [17]. What is different
about infants and young children (less than 3 years old) com-
pared to older children and adults is that there is a much higher
rate of spontaneous resolution in these younger patients (25—
50%) [11, 12, 13, 18]. The diagnosis of chronic HCV in a
young child is not made until persistence of viremia is con-
firmed past the age of 3. The natural history of HCV-infected
children with chronic infection is largely benign. Studies
looking at children infected with HCV since birth show that
only about 5% have detectable fibrosis up to 20 years after
acquisition [19-21]. While cases do occur in adolescents, cir-
rhosis and hepatocellular carcinoma are rare events [22].

Studies that have attempted to define risk factors for MTCT
have been conflicting or unsuccessful. Mode of delivery was
identified in early studies, but large network studies have
shown that cesarean section is not protective against MTCT
[14, 23-25]. Higher maternal HCV RNA was also identified
in some early studies, but MTCT can still occur with low
levels of viremia [12, 14]. The IL28B allele that was so influ-
ential to the success of interferon-based therapies has no
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identified role in HCV MTCT, but it does impact spontaneous
resolution in infants as well as in the women during the post-
partum period [14, 26-28, 29].

The Contrast with HIV and HBV

When considering the possibility of treating pregnant women
with HCV, the prior experience and context of HIV and HBV
offer meaningful lessons to build upon. Each scenario illus-
trates some of the gaps in our knowledge of HCV MTCT that
still need to be filled prior to moving forward with universal
treatment. The important attributes of each virus are summa-
rized in Table 1.

HIV-Emphasizing Maternal Treatment to Save
the Infant

The overwhelming success of HIV MTCT efforts over the past
20 years has long overshadowed the urgency, novelty, and
controversy of the initial studies to test if it would work.
Prior to the ACTG 076 trial, the status quo of HIV MTCT
was abysmal. In the early 1990s, about 25% of infants ac-
quired HIV from their infected mother and a large percentage
of infants infected developed opportunistic infections and rap-
idly progressed to AIDS or death within the first 2 years
[30-32]. Treatment was still limited to azidothymidine
(AZT) and a few other nucleoside analogs. Because MTCT
was possible antepartum, intrapartum, and post-partum, the
prevention strategy had to span the entire time frame. The
resulting ACTG 076 trial did just that, with maternal AZT
treatment during pregnancy, IV AZT in the delivery room,
and oral AZT for all infants exposed to the virus [33]. The
risk of this therapy that was previously unstudied in pregnancy
was tangible, but the potential benefit was enormous. Indeed,
the results were groundbreaking. This aggressive approach to
treating mother to save infants worked well, with a > 66%
reduction in transmissions (25% in control group vs. 8% in
AZT group) [33]. This approach opened the door to expanded
treatment algorithms and mandated that future antiretroviral
drugs be studied, be proven safe, and ultimately be used as
part of MTCT prevention. In the USA, the rate of HIV MTCT
is now < 2% [34].

HBV-Identifying Women with Increased MTCT Risk
for Targeted Therapy

The case of HBV illustrated different circumstances and an
evolved approach to MTCT prevention. Unlike adults infected
with HBV where only 10% or less progress to chronic infec-
tion, infants with MTCT progress to chronic infection 90% of
the time [35]. This differential created the urgency for
preventing MTCT to counter this unique susceptibility. After
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Table 1 Comparison of mother to child transmission features for HIV, HBV, and HCV
HIV HBV HCV
Rate of transmission 17-25% pre-HAART; 30-40% before prophylaxis; 3—4% 3-8%
1-2% w/HAART with prophylaxis

High-risk groups Detectable HIV RNA at delivery HBV DNA > 10 copies/ul HCV viremia

for MTCT
Methods for Maternal treatment before during HBIG and HBV vaccine for all infants None currently; possible future

interruption of MTCT  and after delivery; infant treatment at birth; tenofovir for high-risk pregnant DAAs

women from 28 to 32 weeks gestation
to 4-6 weeks post-partum

Prevention of neonatal hepatitis; prevention Potential benefits: HCV cure
of breakthrough transmissions after for mother; elimination of
HBIG and HBV vaccine MTCT; elimination of need
(with tenofovir) for screening of exposed infants

for 6 weeks after delivery

Prevention of infant infections; reduction
of infant mortality due to HIV infection;
improved maternal health; reduced
breastmilk transmission

Short-term/long-term
benefits of
maternal/neonatal
interventions

the advent of using both HBV vaccine and high-titer HBV
immunoglobulin (HBIG), approximately 90% of the transmis-
sion events were prevented which subsequently saved many
infants from chronic HBV [36]. Despite the current wide-
spread testing and administration of this effective prophylactic
regimen, a consistent minority of infants are still infected with
HBV via MTCT [37]. The profile of the high-risk pregnant
women was a predictable one: those pregnant women with the
highest burden of HBV (very high HBV DNA levels and/or
HBV e antigen positive) [37]. Due to the predictable nature of
this subgroup of women, studies designed to routinely per-
form subsequent testing of any pregnant woman that tested
positive for HBV surface antigen to identify those at increased
risk of breakthrough MTCT and start pre-emptive antiviral
therapy. Initial attempts to suppress viremia with lamivudine
had minimal effect, likely because of the low potency and low
barrier to resistance of this agent [38]. Subsequent efforts with
tenofovir have been much more successful and several studies
have demonstrated marked reductions in MTCT in high-risk
pregnant women with an antiviral in addition to standard of
care prophylaxis [39—41]. This practice is now part of AASLD
recommendations for HBV management [42].

HCV in Comparison to HIV and HBV: Challenges
and Opportunities

In contrast to both HIV and HBV, HCV treatment during
pregnancy lacks the obvious urgency of the other viruses.
There is no neonatal mortality or even early childhood mor-
bidity associated with HCV infection, and symptoms may take
10-15 years to manifest. The overall transmission rate is low
in comparison (HCV 3-8% vs. HIV 17-25% or HBV at 30—
40% without any intervention) to the other chronic viruses.
Unlike HBYV, there is no reliable way to identify the women
that are at higher risk for MTCT for targeted therapy. The one
overwhelming benefit when considering HCV is that using
DAAs offers the potential for viral eradication, a cure that is
not possible for either HIV or HBV. This reason among others

is why HCV therapy in pregnant women is such a compelling
opportunity.

Rationale for HCV Therapy in Pregnant
Women

Given that the current DAAs offer potent and rapid suppres-
sion of HCV RNA levels and the presence of viremia is an
absolute criteria for MTCT to occur, it is very reasonable to
expect almost complete prevention of HCV MTCT [11, 13,
43]. Even though the risk for MTCT in HCV is less than that
of HIV and HBV as outlined above, the risk reduction from 3
to 8% to near zero should be sufficient to justify therapy for
HCV-infected women during pregnancy [17]. The benefits of
HCYV cure during pregnancy, however, go beyond MTCT re-
duction and are multifaceted and include direct benefits to the
mother, child, and society (Table 2).

Benefits of HCV Therapy for Pregnant Women
Access to Care

For young adults who may not seek regular medical attention,
pregnancy represents a unique opportunity for access to care.
Any chronic illness diagnosed early offers an improved
chance at cure or control and greater potential cost savings
as well. In a Canadian study of birth outcomes among immi-
grant mothers, researchers found an unanticipated high rate of
diabetes and hypertension [44]. Without the opportunity to
access care via antenatal programs, these problems may go
undiagnosed until symptomatic end organ damage results
[45]. HCV often follows a similar model of asymptomatic
disease until there are manifestations of cirrhosis, where the
cost of care then increases and the opportunity to cure may be
lower. While only risk-based screening for HCV in pregnant
women is currently part of antenatal care guidelines, the dou-
bling of HCV infections in women of reproductive aged from
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Table 2 Rationale for HCV

therapy in pregnant women Beneficiary

Benefit of therapy

Risks of delayed therapy

Pregnant women

» Completion of therapy during
pregnancy
* HCV cure

Unborn child and
children

Society

* Cost savings over treating more
advanced disease and

* Opportunity to access care

* Safety—new DAA are not teratogenic
like former therapies

* HCV cure

* Closer to HCV eradication

* Delayed screening and diagnosis
* Gestational diabetes
* Loss to follow up

* Systemic disease associated with
HCV

* Advancing disease

* Medical costs

* Risk of mother to child transmission
* Need for future HCV therapy

* Small for gestational age

* Low birth weight

* HCV transmission

* Progression to cirrhosis

* Increased costs to healthcare system

complications of cirrhosis

2006 to 2014 serves as a potent justification for universal
screening [46]. The lack of urgency for identifying HCV in
pregnancy was previously justified by the lack of a direct
intervention, but the availability, safety, and efficacy of
DAAs undermine the legitimacy of that justification.

Left untreated, HCV infection is associated with excess
weight gain and gestational diabetes in pregnant women [9].
HCYV cure prevents the development of insulin resistance and
HCYV replication is associated with higher all-cause mortality
in the general population [47, 48]. HCV has surpassed HIV
and HBV as a cause of death as well [47]. Seizing the oppor-
tunity to treat at this juncture may prevent subsequent excess
morbidity and mortality in the mother later.

Treatment Duration within Confines of Pregnancy

HCYV can be cured in as little as 8 weeks for treatment-naive
patients without cirrhosis [49]. Assessment for cure takes
place 12 weeks after the completion of therapy [49]. Thus,
screening, treatment, and assessment of cure can now take
place during pregnancy. This is critically important as many
patients identified with HCV are ultimately lost to follow up,
and there are significant gaps in linkage to care [50]. Curing
HCV during pregnancy would significantly reduce the chal-
lenge of following and testing those infants with perinatal
HCV exposure. A study from Philadelphia has demonstrated
that almost 90% of HCV-exposed infants never receive any
follow up testing [51].

Safety
In order for HCV therapy to be feasible, it must be safe for

mother and fetus. Prior treatment regimen that included riba-
virin was FDA category X due to the significant teratogenic

@ Springer

effects of ribavirin. While there are limited data for their use in
pregnancy, sofosbuvir, ledipasvir (Harvoni in combination,
Gilead Sciences, Inc.), paritaprevir, ombitasvir, and dasabuvir
(Vikeria Pak, Abbvie) were classified as FDA pregnancy cat-
egory B prior to the redesigned labeling system, rendering
them in the same safety category as oral nucleoside analogs
and other antiretrovirals already in widespread use during
pregnancy.

Benefits of HCV Therapy for the Child

Children born to HCV-infected mothers are at risk to be small
for gestational age, low birth weight, and to require assisted
ventilation and neonatal intensive care [9]. Chronic infection
may only develop in a minority of children, but these infec-
tions will need to be addressed at some point in the future,
potentially doubling costs by treating mother and child. Mode
of delivery, avoidance of breast feeding, and other interven-
tions have not been shown to reduce the risk of MTCT, thus
HCV therapy for the mother is the one certain way to stop
transmission.

Symptomatic liver disease is uncommon in children, but
the most severe and/or problematic consequences of chronic
HCV are still seen. Children can progress to cirrhosis that may
require liver transplantation. There are children that have de-
veloped hepatocellular carcinoma as a result of their HCV
infection. As a result, regular monitoring is required for any
child with chronic HCV. With treatment of pregnant women,
the need for monitoring and all of these subsequent sequelae
would be eliminated.

Because there are few clinical symptoms that can be attrib-
uted to HCV during childhood, one must also consider the
other potential non-medical benefits to parents and children.
Many parents feel guilt and remorse at having their offspring
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potentially acquire a chronic infection that is the result of their
past indiscretions. Many children that are chronically infected
face significant stigma in schools, daycares, and from com-
munities that are ignorant of the facts about the lack of trans-
mission of HCV with normal childhood behavior. These could
all potentially be eliminated with systematic treatment during
pregnancy.

Benefits of HCV Therapy for Society
Virus Eradication

From a societal perspective, the epidemic of HCV will not
be curbed by highly effective DAA alone [52]. Of 4 mil-
lion people living with HCV in the USA, only a third are
referred for care and only 7-11% are actually treated [53].
Treatment must be offered to all infected patients inclu-
sive of pregnant women to impact the overall disease bur-
den. Groups of patients traditionally classified as difficult
to treat have shown equivalent cure rates, and traditional
arguments “not to treat” have been discredited [54]. Now
that HCV therapy is highly effective and safe, and inter-
feron and ribavirin are no longer part of treatment regi-
men, treatment of pregnant women needs to be
reconsidered in the same manner.

Cost Effectiveness

While expensive at first glance, multiple studies have shown
that HCV therapy is cost effective, even at early stages of
disease and improves health outcomes [55, 56].
Furthermore, the costs of not treating, measured strictly in
financial terms, and ignoring the significant psychosocial bur-
den of HCV infection, are significant. A patient without HCV
infection has a mean annual all-cause healthcare cost of
US$9979 [57]. This cost nearly doubles for non-cirrhotic
HCV-infected patients to $17,277 annually. Once cirrhosis
develops, annual costs are US$22,752 and skyrocket to
US$59,995 with decompensated disease [58]. Billed charges
per liver transplant are $577,100 [59].

Treating and curing HCV will have enduring long-term
implications for large patient populations of pregnant
women and their children, manifest by less hepatocellular
carcinoma, less end-stage liver disease, reduced morbidity,
and ultimately reduced mortality. These are the motives
that should drive policy for screening and treatment.
Equally important, however, is the fact that HCV cure will
have enduring long-term effects for individual pregnant
women and their children by eliminating psychological
stress and social stigma, stopping vertical transmission
and ending the complications associated with HCV where
morbidity and mortality are not measured by a percentage,
but by a zero or one. At this level, SVR is “priceless” [59].

Conclusion

As one can see, HCV MTCT and the use of DAAs to interrupt
transmission evoke some of the lessons of both HIV and HBV.
While the initial medical urgency is not there, the power of
cure and the need to use additional measures to control the
growing HCV epidemic should be a call to action. Future
studies should ensure that DAAs could be used safely and
effectively in pregnant women and that providers are ready,
willing, and able to intervene at the appropriate time.
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