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Hepatitis C virus (HCV) infection is themost common chronic
blood-borne disease in the United States. Following its iden-
tification in 1989, HCV was recognized to be a major global
public health problem affecting 170 million people world-
wide—3% of the population.1 In the United States, an estimat-
ed 4.1 million people (1.6%) have been infected, of whom 2.7
million (1.3%) have persistent viremia, the marker of chronic
infection.2 Though often clinically silent initially, chronic HCV
infection is important because it predisposes to eventual
development of liver fibrosis and hepatocellular carcinoma,
as well as numerous extrahepatic complications.3 Late-stage
hepatic complications of HCV already compose the leading
indication for liver transplantation and are anticipated to
continue to increase in frequency in the next decade such that
by 2020, one million Americans will be living with HCV-
related cirrhosis.4 Following eradication of blood product-

associated HCV infections in the 1990s, intravenous drug use
is now the primary route of newHCV infections in adults, and
mother-to-child transmission (MTCT) is the major route of
new infections in young children in the developed world.5

More than 20 years after identification of the virus, there is
still no vaccine and current interferon (IFN)-based treatment
regimens are difficult and often unsuccessful. Furthermore, a
recent Institute of Medicine report has contended that poor
control of the HCV epidemic is compounded by inadequate
public health resources and a lack of knowledge of about
hepatitis C among at risk populations, health care providers,
and policy makers.6 Nevertheless, breakthroughs in drug
development have raised hopes for a new era in the HCV
epidemic. The first direct-acting antivirals were approved in
2011, and a host of new drug candidates are in clinical trials.7

Numerous advances in the immunobiology of HCV have
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Abstract Despite recent advances in the pathogenesis, treatment, and public health response to
hepatitis C virus (HCV), HCV as it specifically relates to pregnancy has been a neglected
condition. HCV-monoinfected pregnant women have a 2-8% risk of viral transmission to
their infant, but the mechanism and timing of mother to child transmission (MTCT) are
not fully understood, nor is the natural history of the illness in pregnant women and
their offspring. Recognition of HCV-infected pregnant women is relevant because of the
long-term health implications for the mother, potential adverse effects of infection on
pregnancy outcomes, and the possibility of transmission to their infants. Certain risk
factors for MTCT of HCV appear similar to those for human immunodeficiency virus
(HIV); however, unlike HIV, effective methods for prevention of HCV vertical transmis-
sion have not been developed. It is possible that a better understanding of HCV MTCT
and pathogenesis in pregnancy will guide development of useful prevention strategies,
particularly as we enter an era where interferon-free drug cocktails may emerge as
viable treatment options for HCV.
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yielded practical tools including genetic polymorphism tests
that predict likelihood of response to treatment.8 Finally,
recognition of the climbing rates of HCV complications and
possibilities of more effective treatment regimens have led to
a more assertive public health approach to HCV diagnosis.
Whereas recommendations for HCV testing were previously
limited to patients with certain medical or behavioral risk
factors for HCV infection, in 2012 the Centers for Disease
Control and Prevention (CDC) added a recommendation for
universal screening of all persons born between 1945 and
1965 regardless of personal risk factors because of the higher
rates of HCV in people of this age group and their likelihood of
encountering complications soon.9

These advances in HCV science, therapies, and policies for
adults have not been matched in pregnant populations.
Although it is known that HCV monoinfected pregnant
women have a 2 to 8% risk of viral transmission to their
infant, the mechanism and timing of MTCT are not well
understood, nor is the natural history of the illness in
pregnant women and their offspring. To date, no clear prac-
tice guidelines for pregnant women with HCV have been
established. In fact, a recent review for the U.S. Preventative
Services Task Force failed to identify any definitive evidence-
based interventions for the prevention of MTCT.10 HCV, as
will be reviewed, does have several parallels to human
immunodeficiency virus (HIV) with regard to risk factors
for MTCT. Implicit to this readership is the respect for the
public health coup that has nearly eliminatedMTCTof HIV via
antiretroviral therapy and appropriately performed cesarean
delivery. Practitioners seek similar recommendations for
intervention in the setting of HCV. We may even be inclined
to execute similar strategies in absence of sound evidence
when caring for women with HCV in an attempt to prevent
MTCT. This review intends to address the current fund of
knowledge that exists regarding HCV in pregnancy and will
comment on screening for HCV, adverse pregnancy outcomes
associated with HCV, timing and pathogenesis of MTCT,
maternal disease evolution in pregnancy, and risk factors
for MTCT.We intend, also, to identify areas of future research,
which may provide the evidence upon which to build appro-
priate practice patterns formanagement ofHCV inpregnancy.

Screening

Current American College of Obstetricians and Gynecologists
(ACOG) recommendations for HCV screening in pregnancy
follow CDC guidelines for risk factor-based screening in the
general population.11,12 In 2012, the CDC added recommen-
dations for universal one-time screening of all U.S. “baby
boomers” regardless of reported risk factors.9 This new
recommendation was prompted by a recognition of the
climbing rate of HCV complications in the United States, the
disproportionate burden of HCV disease in this cohort, and
the failure of risk factor-based screening to identify most
individuals. Current CDC recommendations for HCV screen-
ing are listed in ►Table 1.

In practice, the targeted approach to HCV screening in
pregnancy has proven difficult, and it is likely that most HCV-

infected pregnant women are not identified.13–15 Aside from
physician reluctance to discuss risk factors and testing, 40 to
70% of HCV-infected pregnant women do not initially report
major risk factors.16,17 Several of the CDC risk factors of
“uncertain” significances such as a history of multiple sexual
partners or sexually transmitted diseases are rather ubiqui-
tous and of little utility for predicting maternal infection. A
recent report by Delgado-Borrego et al estimated that 85 to
95% of HCV-infected children in the United States have not
been identified,18 presumably due in part to the failure to
identify most maternal infections.

Given the inherent inadequacies of risk factor-based
screening, several have investigated whether universal
screening for HCV in pregnancy would be a better approach.
Patients do not seem opposed to the notion of screening for
HCV. When a United Kingdom population was approached
with the option of universal screening, 84% of women accept-
ed the test and 92% felt the test should be offered to all
women.17Universal screeningwould additionally ensure that
children born to HCV-infected women, a population for
whom the CDC recommends screening, are properly identi-
fied and get appropriate postnatal evaluation. However,
when Plunkett and Grobman modeled universal screening
in a pregnant population with 1% HCV seroprevalence, they
found that it was not cost-effective, even when benefits of
HCV diagnosis and treatment were considered for both
mothers and infants and assuming that cesarean section
eliminated perinatal transmission.19

An effective screening strategy utilizes an inexpensive and
sensitive test to identify asymptomatic individuals at risk of a
disease that has reasonably high prevalence, serious conse-
quences if left untreated, and an effective treatment avail-
able.20 HCV screening in pregnancy meets most of these
criteria except, as will be reviewed, the consequences of
HCV infection are often delayed for many years, there are
no confirmed interventions for prevention of MTCT, and
current therapies of established infection in mothers and
children are expensive, associated with major side effects,
and often ineffective. Without the basic tenets of effective
screening upheld, the argument for universal screening folds
(►Table 2).102

Prevalence of Hepatitis C among Pregnant
Women

The current prevalence of HCV in pregnant women in the
United States is unknown because the recommended practice
of selectively screening for HCVamong high-risk patients risk
misses a large proportion of infected pregnant women, and
no recent large scale HCV serosurvey data are available for
this population. HCV seroprevalence among women of child-
bearing agewas estimated to be 1% (age 20 to 29 years) to 1.6%
(age 30 to 39 years) in 1999 to 2002 National Health and
Nutrition Examination Survey (NHANES) surveys,2 though
these data excluded homeless and imprisoned women who
may have rates of HCV 20 to 40 times higher.21–23 Seroposi-
tivity rates in pregnant women ranged from 0.24 to 4.3% in
several U.S. studies conducted between 1991 and 2003,24–27
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but most were single-site studies and none were designed to
be nationally representative. It is conceivable that the preva-
lence of HCV among pregnant women might be lower today
than in the 1990s because fewer transfusion-associated cases
would be expected. However, reductions in transfusion-
associated cases may be offset by increased numbers of cases
acquired by intravenous drug use, related especially with the
ongoing opiate abuse epidemic. Several recent state reports
describe a doubling or tripling in the incidence of acute HCV
in adolescents and young adults following the turn of the
century.28,29 Concurrently, Salihu and colleagues report
climbing HCV prevalence in pregnancy. Between 1998 and
2007, the prevalence of HCV in pregnant women as deter-
mined by discharge data increased from 17/100,000 births to
125.1/100,000 births (p < 0.0001).30 Thus, although no re-
cent actual seroprevalence data are available for HCV in

pregnant U.S. women, recent data suggest that it is likely to
be climbing.

Effects of Pregnancy on the Course of Acute
and Chronic HCV Infection

Outside of pregnancy, most acute HCV infections are asymp-
tomatic or cause mild nonspecific symptoms such as malaise
and anorexia, whereas 10 to 20% lead to overt icteric hepati-
tis.31,32 Symptoms (if present) and transaminase elevations
usually follow a prolonged viremic incubation period that
averages 7 to 8 weeks (range, 2 to 26),3 and they are likely
immune-mediated as they correlate temporally with appear-
ance of functional HCV-specific CD8þ and CD4þ T-cell re-
sponses in the blood and declines in viremia (►Fig. 1;
reviewed in Rehermann).33 In about 20 to 25% of acute

Table 2 Challenges of Universal Screening Versus Risk Factor-based Screening in the Pregnant Population

Universal screening Risk factor-based screening

Not cost-effective19 Difficult to ascertain risk factors

Lack of effective therapy in pregnancy 40–70% of women with HCV do not reported identifiable
risk factors16,17

No evidence-based intervention to limit MTCT of HCV Current strategies may miss 85–95% of infected children18

No protocol to link identified women to resources for care102

Abbreviations: HCV, hepatitis C virus; MTCT, mother-to-child transmission.

Table 1 CDC and ACOG Recommendations for Screening

ACOG recommendations for HCV screening in pregnancy

• Routine prenatal HCV screening is not recommended; however, women with significant risk factors for infection should be
offered antibody screening.

CDC recommendations for HCV screening in general population

HCV testing is recommended for anyone at increased risk for HCV infection, including:

• Persons born from 1945 through 1965
• Persons who have ever injected illegal drugs, including those who injected only once many years ago
• Recipients of clotting factor concentrates made before 1987
• Recipients of blood transfusions or solid organ transplants before July 1992
• Patients who have ever received long-term hemodialysis treatment
• Persons with known exposures to HCV, such as

� health care workers after needlesticks involving HCV-positive blood
� recipients of blood or organs from a donor who later tested HCV-positive

• All persons with HIV infection
• Patients with signs or symptoms of liver disease
• Children born to HCV-positive mothers

Testing of uncertain need

• Recipients of transplanted tissue (e.g., corneal, musculoskeletal, skin, ova, sperm)
• Intranasal cocaine and other noninjecting illegal drug users
• Persons with a history of tattooing or body piercing
• Persons with a history of multiple sex partners or sexually transmitted diseases
• Long-term steady sex partners of HCV-positive persons

Abbreviations: ACOG, American College of Obstetricians and Gynecologists; CDC, Centers for Disease Control and Prevention; HCV, hepatitis C virus;
HIV, human immunodeficiency virus.
Source: ACOG Practice Bulletin 2007.11

Source: CDC, Recommendations for Prevention and Control of Hepatitis C Virus (HCV) Infection and HCV-Related Chronic Disease (1998)12 and
Recommendations for the Identification of Chronic Hepatitis C Virus Infection Among Persons Born During 1945–1965 (2012).9
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infections, immunity prevails and viremia spontaneously
resolves (►Fig. 1, upper panel). For the majority, however,
immunity fails and lifelong infection ensues. The chronic
phase of infection is characterized by exhausted cellular
immunity, stable high-level viremia, and normal or elevated
alanine aminotransferase (ALT; ►Fig. 1, lower left panel).
Affected individuals are often asymptomatic or have only
nonspecific findings such as fatigue. Inability to clear viremia
has been linked to an unexplained early loss of HCV-specific
CD4þ T-cell immunity and development of CD8þ T cells that
are functionally exhausted or evaded by viral escape muta-
tions.33 Innate immunity is also important for control of acute
infection as genetic differences in elements controlling inter-
leukin (IL) 28B (IFN-λ) and receptors governing natural killer
(NK) cell activation have been linked to the outcome of
infection34,35 and numerous viral mechanisms to block in-
nate immune signaling have been identified.33

How the immune changes of pregnancy affect the course
of acute hepatitis C infection is not well understood as less
than a dozen cases have been described (reviewed in Gonza-
lez et al).36,37 Interestingly, jaundice is present in themajority
of reported cases of pregnant womenwith acuteHCV, but this
may reflect a diagnostic or publication bias rather than
evidence of more severe disease in pregnancy.36,37 Indeed,

asymptomatic acute HCV infection in pregnancy is difficult to
diagnose unless there is a distinct exposure that permits
accurate timing of seroconversion. Whether pregnancy alters
the outcome of acute HCV infection is unknown, but it is
conceivable that the immunomodulation of pregnancy could
favor viral persistence rather than clearance.37 At the same
time, it is unknown if acute infection during pregnancy is
more likely to result in MTCTor adverse pregnancy outcomes
than chronic infection. Premature delivery was described in
three of eight reported cases of HCV, but this again could
represent a bias for publication of more severe cases.36,37

Several key studies of viral levels in chronically infected
pregnant women have documented a modest increase (0.2 to
0.8 log IU/mL) in average viral load over the course of
pregnancy, concurrent with declines in ALT to levels that
are lower than would be expected from hemodilution
alone.38–40 Because ALT elevation is thought to reflect im-
mune-mediated hepatocyte injury rather than toxicity from
viral replication per se, several authors have speculated that
these viral load and ALT changes in pregnancy reflect sup-
pression of cellular immunity by the maternofetal tolerance
mechanisms of pregnancy that prevent rejection of the HLA
semimismatched fetus,38,39 though no published studies
have tested this hypothesis. Interestingly, some women

Figure 1 Patterns of viremia and cellular immunity in acute resolving infection, acute persisting infection, and amodel of chronic hepatitis C virus
(HCV) infection during pregnancy. (Upper left) Following a prolonged incubation period, viremia declines when HCV-specific CD8þ and CD4þ T
cells appear in the blood. Concurrent spikes in alanine aminotransferase (ALT) levels likely reflect immune-mediated hepatocyte injury. Successful
T-cell responses do not fully contract into memory populations until after viremia is resolved. (Bottom left) In persisting infections viremia may be
temporarily contained but eventually rebounds as HCV-specific CD4þ T-cell responses are lost and CD8þ T-cell responses become ineffective.
(Bottom right) In some women, viral levels rise during pregnancy and then decline significantly in the postpartum period, together with inverse
changes in ALT. In this model we hypothesize that these viral load and ALT fluctuations reflect further suppression of the already dysfunctional
HCV-specific T-cell responses during pregnancy followed by a sharp and unusual rebound in T-cell function after delivery.
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sustain unusually sharp decreases in viremia 1 to 3 months
after delivery,41 and a few go on to actually resolve their
chronic viremia in the postpartum period,42 an otherwise
rare phenomenon.43 We have observed that women with
significant postpartumdeclines in viremia havebroaderHCV-
specific T-cell IFN-γ-producing responses,44 suggesting these
revived cells might be responsible for postpartum viral
declines (►Fig. 1, lower right panel). Efforts are ongoing to
better characterize this unusual postpartum restoration of
HCV-specific T-cell responses and define the associated cyto-
kine environment. These observations have led to intriguing
suggestions that the immunologic milieu of the postpartum
period may be a strategic time for maternal antiviral
treatment.5,45

Adverse Pregnancy Outcomes Associated
with HCV

Although it is clear that pregnancy affects immune control of
HCV, it has been less clear howchronic HCVaffects pregnancy
outcomes. Only recently have studies been sufficiently pow-
ered to distinguish the contribution of HCV to adverse
pregnancy outcomes from tobacco, alcohol, drug use and
other confounding variables that disproportionately affect
HCV-positive women.46 Small studies conducted in the first
years after discovery of the virus did not identify adverse
obstetric or fetal outcomes statistically associated with HCV
infection,24,47 though several noted an increased rate of
cesarean delivery,25,47,48 which authors speculated could
reflect inability of obstetricians to use fetal scalp electrodes
for reassurance of fetal status.48 Since then, larger population-
based and case–control studies have inconsistently uncov-
ered independent associations of maternal HCV infection
with gestational diabetes,49,50 preterm delivery,46 low birth
weight,46,49 small for gestational age,49 and cholestasis of
pregnancy (►Table 3).51–53

The increased risk of gestational diabetes among HCV-
infected pregnant women is plausible given that chronic HCV
infection increases the risk of insulin resistance and diabetes
mellitus in nonpregnant persons.54 Mechanisms for prema-
turity and low-birth-weight/small-for-gestational-age out-
comes in HCV are not known—and could reflect
inadequately controlled effects of maternal substance use—
but one study of placental immunity in HCV infection sug-
gested that alterations such as increased cytotoxicity of
placental NK T cells could potentially account for the in-
creased risk of preterm delivery.55

Pathogenesis of MTCT of HCV

The timing and route by which HCV passes from mother to
child, and the host defense mechanisms that govern this
transmission, remain poorly understood. As with HIV, esti-
mates of the timing of transmission have relied on the
presence or absence of viral RNA in the neonate at delivery,
and both intrauterine and peripartum transmission events
have been described. Mok et al reported that 31% of 54 HCV-
infected children were HCV RNA polymerase chain reaction Ta
b
le

3
A
d
ve
rs
e
Pr
eg

na
nc

y
O
ut
co

m
es

A
ss
oc

ia
te
d
w
it
h
M
at
er
na

lH
ep

at
it
is
C
In
fe
ct
io
n
Fo

llo
w
in
g
A
d
ju
st
m
en

t
fo
r
D
em

og
ra
p
hi
c
Fa
ct
or
s
In
cl
ud

in
g
To

ba
cc
o
an

d
D
ru
g
U
se

A
u
th
o
rs

So
u
rc
e

N
o.

H
C
V
ab

þ
C
o
m
p
ar
at
or

gr
ou

p
O
u
tc
o
m
es

G
es
ta
ti
o
n
al

D
M

Pr
em

at
ur
it
y

LB
W

SG
A

U
n
iq
u
e
fi
nd

in
g
s

C
on

ne
ll
et

al
46

Fl
or
id
a
di
sc
ha

rg
e
da

ta
19

98
–2

00
7

99
9

1,
66

9,
37

0
N
S

O
R
1.
40

(1
.1
5
–1

.7
2)

O
R
1.
39

(1
.1
1–

1.
74

)
O
R
1.
19

(0
.9
7–

1.
46

)
C
o
n
ge

n
it
al

an
om

al
ie
s
O
R
1.
55

(1
.1
4–

2.
11

)

Re
d
di
ck

et
al
50

N
IS

19
95

–2
00

5
d
is
ch

ar
ge

da
ta

55
5

29
6,
21

8
O
R
1.
61

(1
–2

.5
9
)

O
R
1.
22

(0
.9
4–

1.
52

)

Pe
rg
am

et
al
49

W
as
hi
ng

to
n
st
at
e
bi
rt
h

ce
rt
ifi
ca
te

20
03

–2
00

5
50

6
2,
02

2
ra
nd

om
ly

se
le
ct
ed

If
ex
ce
ss

w
ei
g
ht

ga
in
:

O
R
2.
51

(1
.0
4–

6.
03

)
O
R
1.
54

(0
.9
7–

2.
43

)
O
R
2.
17

(1
.2
4–

3.
80

)
O
R
1.
46

(1
–2

.1
3)

N
IC
U
O
R
2.
91

(1
.8
6–

4.
55

);
ne

on
at
al

as
si
st
ed

ve
n
ti
la
ti
o
n
O
R
2.
37

(1
.4
6–

3.
85

)

12
4
dr
ug

us
in
g

1,
43

9
dr
ug

us
in
g

Q
N
S

O
R
1.
03

(0
.6
6–

1.
61

)
O
R
1.
19

(0
.7
4–

1.
91

)
O
R
0.
97

(0
.5
7–

1.
64

)
N
IC
U
O
R
2.
80

(1
.8
3–

4.
29

);
ne

on
at
al

as
si
st
ed

ve
n
ti
la
ti
o
n
O
R
1.
82

(1
.0
3–

3.
22

)

Be
rk
le
y
et

al
51

U
n
iv
er
si
ty

of
N
ew

M
ex
ic
o

pr
eg

na
nc

y
dr
ug

tr
ea

t-
m
en

t
pr
og

ra
m

15
9
dr
ug

us
in
g

14
1
dr
ug

us
in
g
H
C
V
�

N
S

33
%
vs
.
17

%
,

ad
ju
st
ed

p
¼

0.
06

C
h
o
le
st
as
is
of

p
re
gn

an
cy

(6
.3
%

vs
.
0
%
,
u
n-

ad
ju
st
ed

p
¼

0.
00

2)
;
ne

o
na

ta
la

bs
ti
n
en

ce
sy
nd

ro
m
e
if
m
o
th
er

on
m
et
ha

d
on

e
(8
8.
4%

vs
.
36

.4
%
,
p
<

0.
00

01
)

A
b
br
ev

ia
ti
on

s:
ab

,a
n
ti
bo

dy
;D

M
,d

ia
be

te
s
m
el
lit
us
;H

C
V
,h

ep
at
it
is
C
vi
ru
s;
LB

W
,l
ow

bi
rt
h
w
ei
gh

t;
M
TC

T,
m
ot
he

r-
to
-c
h
ild

tr
an

sm
is
si
on

;N
IC
U
,n

eo
na

ta
li
nt
en

si
ve

ca
re

un
it
;N

S,
no

t
si
g
ni
fi
ca
nt
;O

R
,o

d
ds

ra
ti
o
(v
al
ue

s
in
di
ca

te
ad

ju
st
ed

od
ds

ra
ti
o
w
it
h
95

%
co

nfi
de

nc
e
in
te
rv
al
);
Q
N
S,

qu
an

ti
ty

no
t
su
ffi
ci
en

t;
SG

A
,
sm

al
lf
or

ge
st
at
io
na

la
g
e.

American Journal of Perinatology Vol. 30 No. 2/2013

Hepatitis C Virus in Pregnancy Prasad, Honegger 153

T
hi

s 
do

cu
m

en
t w

as
 d

ow
nl

oa
de

d 
fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 U
na

ut
ho

riz
ed

 d
is

tr
ib

ut
io

n 
is

 s
tr

ic
tly

 p
ro

hi
bi

te
d.



(PCR)-positive in the first 3 days after birth, consistent with
intrauterine transmission. The remainder were assumed to
have late intrauterine or intrapartum transmission on the
basis of a negative PCR in the first 3 days of life and a
subsequent positive PCR months later.56 Other studies sub-
stantiate the likelihood that both intrauterine and late intra-
uterine/intrapartum transmission events can occur.57,58

As recently reviewed by Le Campion et al,45 there are
several routes by which HCV could conceivably cross the
placenta to accomplish in utero transmission, including
transcytosis, trafficking in maternal mononuclear cells,59,60

receptor mediated entry into and possibly infection of troph-
oblasts,61,62 or other injury to the placental barrier. With an
estimated 1013 to 1014 virions circulating through the pla-
cental vascular bed daily,63 it is likely that some viral particles
enter the fetal circulation even if the mechanism of transpla-
cental passage is inefficient. In cases of intrapartum trans-
mission, it is conceivable that transmission occurs by leakage
of maternal blood into fetal circulation across the placenta
during labor or via cutaneous injuries (e.g., fetal scalp
electrode).

Given the probability that some viral particles enter the
fetal circulation in most pregnancies, it is rather remarkable
that the rate of HCV MTCT is as low as it is (2 to 8% for HCV
versus 25% for HIV). This conundrum has prompted investi-
gation into the immune mechanisms that limit HCV MTCT.
Starting at the maternal-fetal interface, Hurtado and col-
leagues characterized innate immune cells in the decidua,
placenta, and cord blood, comparing HCV-infected women to
healthy controls.55 Relative to cord blood, placental tissues
had greater frequencies of NK T and γδ T cells and greater
cytotoxicities of NK T and NK cells, suggesting that an antivi-
ral immune gradient exists at the interface. HCV infection
further enhanced placental NK T and γδ T-cell frequencies
and placental NK T cytotoxicity while at the same time
reducing expression of NK-cell activation markers in both
compartments. Given the role of NK cells in immunity to
acute HCV infection in adults, these findings suggest that
placental immune cells may play an active antiviral role in
limiting MTCT of HCV.55

Hypothesizing that some viral particles enter the fetal
circulation in most pregnancies, Babik and colleagues exam-
ined fetal cellular adaptive immunity and plasma inflamma-
torymarkers using cord blood of seven neonates born toHCV-
positive women, compared with eight neonates born to HCV-
negative women.63 Although no HCV-specific T-cell re-
sponses were detected in the exposed neonates, relative to
controls these exposed neonates had suppression of T-cell
activation markers and plasma proinflammatory markers
that was counterbalanced by increased capacity of T cells to
produce IFN-γ upon polyclonal stimulation.63 These distinct
changes in the fetal immune system were interpreted as
evidence that the fetal immune system had come into contact
with HCV. Several studies have examined HCV-specific T-cell
responses in older aviremic children born to HCV-infected
women.64,65HCV-specific T cellswere detected in some of the
children, but it is not yet clear whether these responses were
primed following in utero or later household exposure,66 nor

is it clear whether they contributed to immune protection or
were simplymarkers of past exposure. Genetic studies of HLA
types have identified several candidate class II alleles associ-
ated with protection from or predisposition to vertical trans-
mission, supporting a role of fetal antigen-specific CD4þ T-cell
immunity in governing MTCT, but most candidate class II
alleles have not been corroborated in subsequent
studies.67–69

Infection, or at least association, of HCV with maternal
peripheral blood mononuclear cells (PBMCs) has been linked
to an increased riskofMTCT in studies byAzzari, Indolfi, Resti,
and colleagues.59,60,70 The authors reasoned that if maternal
PBMCs are a conduit for HCV MTCT, then fetal alloimmune
responses that targetmaternal cellsmay be protective against
transmission, and mother–child pairs with high concordance
of HLA alleles (the primary molecules targeted by fetal
alloimmune responses against leukocytes) should be at
higher risk of MTCT. Concordance of class I molecules was
not shown to be associated with increased risk of transmis-
sion,71 but in support of their theory concordance of class II
HLA molecules did in fact significantly increase the risk of
vertical transmission.67

Additional genetic factors known to be determinants of
infection outcome in adults have been examined for a role in
the risk of HCV MTCT, including polymorphisms in IL28B
promotor,34,72 mannose binding lectin, tumor necrosis fac-
tor-α, IFN-γ, IL-10, and transforming growth factor-β67Noneof
these were associated with altered risk of HCV MTCT, though
IL28B genotype was predictive of viral clearance in the infant
once transmission had occurred.72 Finally, fetal gender has
been identified as a possible risk factor forMTCT, as a European
collaborative study identified that females were twice as likely
asmales tobe affected byMTCT (adjustedodds ratio [OR], 2.07;
95% confidence interval [CI], 1.23 to 3.48; p ¼ 0.006).73

Clinical Risk Factors for MTCT

Clinical risk factors for MTCT echo those seen in HIV:
demonstrable viral load, exposure to maternal blood, pro-
longed rupture of membranes, and internal fetal monitoring.
Maternal coinfection with HIV also increases this risk
(►Table 4).86,88,94,95,103–108

Viral Load
Much data exist regarding the risk that maternal viremia
poses toMTCT. It is generally accepted that transmission does
not occur in the setting of undetectable viral loads,26,58,74,75

as there are only a few cases of such transmission in the
literature potentially explained by lack of sensitivity of RNA
testing to detect lower levels of viremia or transient vire-
mia.76–78 Mast and colleagues submit that further studies of
MTCT be limited to those who are RNA-positive or at least
stratified by RNA status.26

There appears to be an increased risk of MTCT with
increasing levels of viremia. Steininger and colleagues dem-
onstrated that viral loads were higher among transmitters
than nontransmitters in women undergoing vaginal delivery
(8.1 � 105 versus 1.4 � 104, p ¼ 0.056),58, and Mast et al had
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similar findings in HCVmonoinfectedmothers.26DalMolin et
al found that womenwithmarkedly elevated levels above 107

IU/mL appeared to be at particularly high risk of transmission
(OR 10.2, p ¼ 0.03).75 Nevertheless, no lower threshold of
viremia below which transmission does not occur has been
determined. As a matter of practicality, viral RNA testing may
be most useful in counseling patients who demonstrate
absence of viremia.

Exposure to Maternal Blood
Steininger et al determined that children delivered vaginally
tomotherswho sustained a vaginal or perineal laceration had
sixfold higher risks of becoming HCV-infected.58 Exposure to
maternal blood can be extrapolated in the setting of twins
affected discordantly. Boxall et al reported on four sets of
twins where MTCT was discordant, and in three of the four
sets, the second twin was the one infected. There were no
episiotomies or internal monitors used in any case. They
postulated that placental separation allows inoculation of
the second twin, but it may be additionally considered that
exposure tomaternal blood after the delivery of the first twin
is increased with the delivery of the second.79

Prolonged Rupture of Membranes and Internal Fetal
Monitoring
The obstetric factors of prolonged monitoring and internal
fetal monitoring (scalp electrodes and intrauterine pressure
catheter, IUPC) have been shown to increase risk of MTCT. In
cases where membrane rupture occurs > 6 hours before
delivery, higher rates of MTCT have been demonstrated.80,81

Mast and colleagues conducted a multivariate analysis re-
stricted to HCV RNA–positivemothers and determinedmem-
brane rupture > 6 hours to be significantly associated with
MTCT (OR, 9.3; 95% CI, 1.5 to 179.7). Their data additionally
identify use of internal fetal monitors to be similarly associ-
ated (OR, 6.7; 95% CI, 1.1 to 35.9).26

Amniocentesis
Though Minola et al acknowledged that amniocentesis may
contribute to the risk of MTCT,82 a prospective study followed

22 HCV-positive women and compared them with 11 con-
trols. All women underwent amniocentesis in the fourth
month of pregnancy. Of the 22 women, 16 demonstrated
viremia, and in only one of the viremic women (6.3%) was
HCV virus detected. This did not result in HCV infection in the
offspring.83 Additionally, as the single case of identification of
HCV in the amniotic fluid occurred in the presence of anterior
placentation, the possibility of contamination from transpla-
cental passage does exist. The data on amniocentesis are
limited in pregnancy, but is not thought to significantly
increase the risk of MTCT.

Maternal Disease Severity
In a study among HCV RNA–positive mothers, elevated
prepregnancy ALT levels were associated with an increased
risk of vertical transmission, though quantitative viral load
measurements were not available to distinguish if hepatocyte
injury was an independent predictor of MTCT.84

HIV Coinfection
Maternal HIV coinfection has been consistently associated
with an increased risk of HCV MTCT upon meta-analysis (OR
2.8; 95% CI, 1.17 to 6.81).85 Reasons for this increased risk are
unclear, but could relate to higher levels of HCV in maternal
plasma or PBMC compartments,86,87 altered immunity at the
placental barrier, or physical disruption of the placenta due to
HIV infection of trophoblasts (reviewed in Le Campion et
al).45 To our knowledge, no studies have addressed whether
suppression of HIV in the highly active antiretroviral therapy
era ameliorates this increased risk of HCV transmission in
coinfected women.

Cesarean Delivery
Those interested in HCV MTCT see the inherent similarities to
HIV with regard to obstetric risk factors for transmission of a
blood-borne virus. Therefore, it is not difficult to extrapolate
that interventions such as cesarean delivery might effectively
eliminate peripartum transmission. Much interest was piqued
when Gibb and colleagues published their work in 2000,
examining the impact of mode of delivery on MTCT.57 In their

Table 4 Clinical Risk Factors for MTCT

Maternal risk factor Risk of MTCT

HCV PCR-positive103–105 3–40%

HCV PCR-negative56 0%

Breastfeeding58,94,95 0–3.7%

HIV-positive58,86,106,107 15–26%

HIV-negative57,86,88,108 0–12%

IV drug abuse and transfusion104 7–12%

IV drug abuse95 8.6%

Ruptured membranes > 6 h, PCR-positive26 8.6%, OR 9.3 (95% CI 1.5–179.7)

Internal fetal monitoring, PCR-positive26 18.8%, OR 6.7 (95% CI 1.1–35.9)

Abbreviations: CI, confidence interval; HCV, hepatitis C virus; HIV, human immunodeficiency virus; IV, intravenous; MTCT, mother-to-child
transmission; OR, odds ratio; PCR, polymerase chain reaction.
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study, 441 mother–infant pairs from the United Kingdom and
Ireland were included. Overall vertical transmission rate was
6.7%, 3.8 times higher in HIV-positive women. Transmission
rates were 7.7% among 339 women undergoing vaginal deliv-
ery, 5.9% among 54 women undergoing emergency cesarean
section, and 0% among 31 women undergoing elective cesare-
an section.57 Though Paccagnini et al suggested similar prom-
ise in their cohort,88 the benefit of elective cesarean has yet to
be confirmed. Many studies have found no association be-
tweenmode of delivery and decreased MTCT rates.73,89,90One
analysis found that elective cesarean section would need to
substantially reduce the risk of perinatal transmission to be
cost-effective (e.g., a 77% reduction in transmission would be
required if the background perinatal transmission rate were
7.7%).91 Current evidence does not support the use of elective
cesarean section to prevent MTCT. The Cochrane Database
solidifies the recommendations, stating, “Currently there is no
evidence from randomised controlled trials upon which to
base any practice recommendations regarding planned cae-
sarean sectionversus vaginal delivery for preventingmother to
infant HCV transmission.”92

Breastfeeding
Until recently the risk associated with breastfeeding in the
setting of maternal infection with HCV has been controver-
sial. Although HCV is demonstrated in the human milk and
colostrum,93,94 the quantity is too low to infect the newborn.
Other theories imply that gastric secretions may inactivate
the virus.57,80,94–96 Both the American Academy of Pediatrics
and ACOG endorse safe breastfeeding as defined by absence
of cracked, damaged, or bleeding nipples. In the setting
of HIV coinfection, recommendations remain to avoid
breastfeeding.97

Treatment of HCV during Pregnancy

Combined pegylated IFN-α and ribavirin for 24 to 48 weeks
have been standard therapy for HCV. However, this regimen
results in a sustained virological response (undetectable viral
load through 6 months after completing treatment) in only
approximately 50% of persons infected with the most preva-
lent genotype, and it is associatedwith a host of constitutional,
psychiatric, hematologic, and other side effects.98 Treatment in
pregnancy is not an option because of safety concerns. Ribavi-
rin in particular is contraindicated (Food and Drug Adminis-
tration [FDA] pregnancy category X) because of teratogenic
effects in numerous animal studies at low doses.99 Ribavirin
has a long half-life, and avoidance is recommended for women
and their male partners starting 6 months prior to concep-
tion.99 Nevertheless, preliminary data from a ribavirin birth
registry havenot corroborated teratogenic effects inhumans.99

Pegylated IFN-α is FDA pregnancy category C, and experience
is limited in pregnancy, though a recent review of IFN-α-
exposed pregnancies did not identify adverse fetal out-
comes.100 Therapy in the postpartum period has not been
widely utilized because it is contraindicated in breastfeeding,
and even for thenonbreastfeedingmother, therapy is not likely
practical while caring for a young infant given the significant

side effects of this regimen. Nevertheless, breakthroughs in
HCV drug development have raised hope for a new era of HCV
therapy. A flurry of new drug candidates termed direct-acting
antivirals have been identified, including compounds that
target the HCV NS3/4A protease, the NS5B polymerase, the
NS5A protein, as well as host proteins critical for HCV replica-
tion.7 In 2011, two protease inhibitors, telaprevir and boce-
previr, were FDA-approved for genotype 1 infection. Addition
of these drugs increased sustained virological response rates
for treatment naïve genotype 1 infections from 38–44% with
standard therapy to 66–74%.101 Viral resistance mutations
emerge readily to these protease inhibitors, necessitating their
use as adjuncts to standard pegylated IFN-α and ribavirin
therapy, but the hope is that new multidrug cocktails in
development will replace IFN.

Improved efficacy and tolerability of new drug regimens
may open possibilities for treatment of HCV in pregnancy or
the postpartumperiod. Antiviral treatment during pregnancy
such as done for HIVmay help prevent HCVMTCT, but it is not
clear that this will be justified given that pediatric HCV may
also be more readily curable with new drug regimens and
pediatric HCV lacks the early consequences of pediatric HIV.5

Antiviral treatment in the postpartum period, however, may
prove to be a strategic approach for multiple reasons, includ-
ing possible improved efficacy from a synergistic effect with
rebounding immunity in this time frame,5,44,45 recent en-
gagement of the HCV-infected mother in the health care
system, and the potential to prevent future pregnancies
complicated by maternal HCV. Furthermore, improved effi-
cacy of new drug regimens will require reassessment of the
utility of universal screening for HCV in pregnant women. The
cost-effectiveness analysis of universal HCV screening in
pregnancy by Plunkett and Grobman19 assumed treatment
efficacy of 54% (range 50 to 58%), whereas it is conceivable
that new regimens will have efficacy > 90%. Finally, as public
health goals shift towardmore aggressive screening of HCV in
the general population to reduce HCV morbidity9 and even-
tually eliminate adult and pediatric HCV, universal HCV
screening in pregnancy may prove to be a logical step.

Concluding Remarks

HCV as it relates to pregnancy is poorly understood, large
numbers of HCV-infected pregnant women are never identi-
fied, and practice patterns for optimal management of preg-
nancies affected by HCV have not been established. Obstetric
risk factors for MTCT of HCV share some similarities with HIV
MTCT. However, unlike HIV, effective interventions for pre-
vention of HCV MTCT have not been confirmed. It is possible
that a better understanding of the pathogenesis and clinical
risk factors for HCV MTCT will lead to useful prevention
strategies. Furthermore, better insight into the unique changes
in HCV-specific immunity during and after pregnancy may
inform new treatment approaches, particularly as new IFN-
free drug therapies for HCV emerge. If effective MTCT preven-
tion strategies are identified or pharmacotherapies are found
appropriate in these settings, arguments against comprehen-
sive HCV screening in pregnancy may be nullified.
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The Eunice Kennedy Shriver National Institute of Child
Health and Human Development Maternal-Fetal Medicine
Units Network has prioritized a multicenter observational
cohort study to further define risk factors for MTCT and
adverse pregnancy outcomes associated with HCV in a
prospective trial. It is hoped that this large clinical trial
will not only address Institute of Medicine priorities out-
lined earlier, but in conjunction with the basic science
efforts described in this article, also help establish optimal
practice patterns for women and their children affected by
HCV.
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