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Introduction
Hepatitis C virus (HCV) is a single stranded RNA virus 

causing mild transient illness that clears spontaneously in 20-
25% of cases. In 50-80% of infected persons, it may persist as 
chronic hepatitis C that may then progress to liver cirrhosis. 
Approximately 10-20% of people developing cirrhosis go on 
to develop complications such as decompensated liver disease, 
portal hypertension and hepatocellular carcinoma [1,2]. The 
Centers for Disease Control and Prevention [CDC] estimates that 
roughly 2.7-3.9 million people in the United States have chronic 
hepatitis C. Untreated chronic hepatitis C related mortality 
became the most common cause of infectious diseases related 
mortality in the USA in 2013, surpassing combined mortality due 
to 60 other reportable infectious diseases [3]. Though prevalence 
of the disease is highest among people born between 1945-
1975, during the period between 2010-2014 the largest increase 
in incidence of acute hepatitis C infection was among people  

 
aged 20-29 years and 30-39 years [4]. Also during the period 
between 2010-2014, it has been reported that HCV antibody 
detection rates have increased 22% in women of childbearing 
age in parallel with a 14% increase in detection of HCV RNA or 
antibodies in children <2 years in the United States. This recent 
spike in incidence among younger age groups is associated 
especially with a history of injection drug abuse [5]. Recently 
approved Direct Acting Antivirals [DAA] have demonstrated a 
post treatment sustained virological response (SVR) of> 95% 
after a short treatment duration of only 8-12 weeks. Universal 
screening in previously unscreened women for HCV antibodies 
during gynecology office visits and during pregnancy may prevent 
underreporting of HCV infections that can occur with risk based 
screening strategy and give women effective treatment options. 
This should in turn, eliminate pediatric infections due to vertical 
transmission, the most common cause of chronic hepatitis C in 
children.

Abstract

Chronic hepatitis due to Hepatitis C virus is a public health problem of significant magnitude in the USA, affecting around 2.9-3.5 million 
people. In recent years, increased incidence of HCV infections have been noted among young people aged between 20-29 years and 30-
39 years. During the period between 2010-2014, it has been reported that HCV antibody detection rates have increased 22% in women of 
childbearing age in parallel with a 14% increase in detection of HCV RNA or antibodies in children <2 years in the United States. Intravenous 
drug abuse has been identified as the most common associated factor with this increased incidence in younger age groups. Studies have 
reported that self-reporting of risks factors like drug use especially past use may not be reliable for screening of Hepatitis C virus infections. 
Subsequently, the current risk factor based screening recommendations may under report the prevalence of HCV infections. Since 2011, newer 
direct acting antiviral drugs against HCV infections have been very effective in attaining sustained virological response with short treatment 
duration and minimal side effects. Expansion of screening in younger people irrespective of the risk factors helps in reducing the burden of the 
disease significantly. Universal screening for HCV infections in women of reproductive age group helps in diagnoses and treatment of affected 
women either pre -conceptionally or in postnatal period thereby decreasing disease burden and also eliminating vertical transmission of HCV, 
the most common cause of pediatric infections in developed countries. 
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Hepatitis C in Pregnancy
In pregnant women, Hepatitis C infection is rarely diagnosed, 

as most of the infections are asymptomatic and screening is not 
universal. In 20-25% of these cases, the infection resolves but 
in the remainder it persists as chronic hepatitis C infection [6]. 
Chronic hepatitis C infection has not been previously found to 
have any impact on the course and outcome of pregnancy [7], but 
there are recent studies showing poor pregnancy and neonatal 
outcomes in women with HCV infection including increased risk of 
pre-term deliveries, pre labor rupture of membranes, gestational 
diabetes in those with excess weight gain, intrauterine growth 
retardation, low birth weight and NICU admission [8,9]. One of 
the most significant concerns of HCV infection during pregnancy 
is the vertical transmission of HCV. Vertical transmission of HCV 
occurs in about 3-5% mothers infected with chronic hepatitis 
C, with increased rates of transmission in mothers with HIV co 
infection (19%), intravenous drug use and high maternal HCV 
load. Transmission of the Hepatitis C virus can occur during 
intrauterine and perinatal period but postnatal transmission 
is very rare [10,11]. Factors associated with increased risk of 
maternal to child transmission are high viral load, prolonged 
rupture of membranes >6 hours, invasive intrapartum monitoring 
during labor such as scalp electrodes and exposure to maternal 
blood such as from second and third degree perineal lacerations. 
Mode of delivery does not seem to influence rates of transmission 
and there is no evidence supporting use of cesarean delivery to 
prevent Hepatitis C maternal to child transmission [12,13].

Pediatric Burden of Hepatitis C
Worldwide prevalence of Hepatitis C in children is 0.05% 

to 0.4% in developed countries and 2 -5% in resource limited 

settings, with vertical transmission as the most common cause 
of pediatric hepatitis C infection in developed countries [14]. 
The diagnosis of vertically transmitted hepatitis C infection is 
based on detecting HCV RNA in the infants between 2-5 months 
of age and again between 18-24 months or by persistence of 
HCV antibodies beyond 18 months as passively transferred 
maternal antibodies to the fetus may take 15 months to clear 
[15]. The course of HCV infection in children is generally milder 
than in adults but in a few it progresses to cirrhosis. Perinatal 
infections are asymptomatic and ALT levels don’t correlate 
with severity of the disease. In a study done by the European 
Pediatric Hepatitis C Infection Network, 266 children infected 
by vertical infection were identified and were followed up until 
a median time of 4 years, 20-25% cleared their infections, 50% 
had chronic asymptomatic infection, 30% had chronic active 
infection. Most of the children were asymptomatic and only 10% 
had hepatomegaly. Growth was not affected in these children 
and there was no reduction in quality of life [16]. There were 
67 pediatric patients who underwent liver transplantation for 
HCV infection in USA between 1988 and 2005. According to 
the recent NHANES survey, prevalence of chronic hepatitis C in 
children is between 26,000-46, 000 in the United States with 
projected health care cost between 199-336 million dollars 
[17]. Since perinatal infections are mostly asymptomatic, 
without pre-conceptional or antenatal screening of women for 
hepatitis C infection, most of the vertically infected infants can 
go undiagnosed. The FDA has recently approved the Sofosbuvir/
Ledipasvir combination for treatment of children aged between 
12-17 years with chronic hepatitis C due to HCV genotypes 1,4,5, 
and 6 [18].

Risk Factor Based Vs Universal Screening
Table 1: Risk factors for hepatitis c transmission.

Risk factors identified by CDC and AASLD for Hepatitis C 
testing30,48

Additional risk factors identified by AASLD for Hepatitis c 
testing30

•         Current or former injection drug users, including those who 
injected only once many years ago

•         Intranasal illicit drug use

•         Recipients of clotting factor concentrates made before 1987, 
when more advanced methods for manufacturing those products were 

developed

•         Persons who were ever incarcerated

•         Recipients of blood transfusions or solid organ transplants before 
July 1992, when better testing of blood donors became available

•         Sexually active persons about to start pre-exposure prophylaxis 
(PreP) for HIV

•         Chronic hemodialysis patients •         Unexplained chronic liver disease and/or chronic Hepatitis 
including elevated alanine aminotransferase levels

•         Persons with known exposures to HCV, such as Solid organ donors (deceased and living)

•         Health care workers after needle sticks involving HCV-positive 
blood

•         Recipients of blood or organs from a donor who tested HCV-
positive

•         Persons with HIV infection

•         Children born to HCV-positive mothers

•         One time screening irrespective of risk factors for persons born 
between 1945-1965
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The CDC and American Association for the Study of Liver 
Diseases (AASLD) do not recommend universal screening for 
HCV among persons with no risk factors (Table 1). The emphasis 
on one time screening of people born between 1945-1965 has 
improved detection rates of chronic hepatitis C in baby boomers, 
but in recent years there is increased incidence of HCV in 
younger people with intravenous drug abuse emerging as the 
principal risk factor. Statewide surveillance for HCV infection 
between 2006-2012 showed a trend of increase in HCV infections 
in persons aged under 40 years and in around 73% of them 
injection drug use was identified as the principal risk factor [19]. 
Other studies have reported intranasal cocaine/heroin use to be 
a risk factor for HCV infection independent of intravenous drug 
use as HCV is found in nasal secretions of intra nasal cocaine 
users. Transmission of HCV among intranasal illicit drug users 
may be due to sharing of straws and other snorting devices and 
due to epistaxis experienced by intranasal illicit drug users [20-
22]. A 2016 survey by National Institute on Drug Abuse found 
that 14.3% of 12 graders interviewed admitted using illicitdrugs, 
1.3% of 10 th graders interviewed had history of cocaine use 
and 3.8% of 8th graders with inhalant use in the USA [23]. Self-
reporting of cocaine and injectable drug use especially regarding 
past use may be unreliable and severely underreported especially 
in adolescents when used as the sole screening methodology and 
in close to 70% of cases no risk factor were identified on routine 
questionnaire [24,25]. Expansion of screening and treatment of 
HCV infections can reduce the burden of the disease significantly. 
A study by Durham and colleagues, reported projected reduction 
in case burden of chronic hepatitis C by 80% as early as 2025, 

if screening is expanded and treatment rates are increased 
among persons with history of injection drug abuse. The same 
study reported that universal screening in people with no 
apparent risk factors could reduce the prevalence of HCV even 
further [26]. Studies have also reported that people prefer 
universal screening for infectious diseases [27] and women are 
most receptive to health interventions and screenings during 
preconception period and during pregnancy [28].

Direct Acting Anti Virals
Hepatitis C virus is made of core, E1, E2, p7structural 

proteins and non-structural (NS) proteins NS2, NS3, NS4A, 
NS4B, NS5A, and NS5B. The non-structural proteins NS3, NS4A, 
NS4B, NS5A, and NS5B are essential for virus replication and 
assembly; NS5B is a RNA dependent RNA polymerase. The 
newer direct acting antivirals target these proteins, disrupting 
viral replication and assembly [29,30]. Before the approval 
of DAA’s, the standard therapy against HCV was combination 
of Interferon and Ribavirin, both of them contraindicated in 
pregnancy. Ribavarin is a known teratogenic drug and when 
used in reproductive age women, pregnancy should be ruled out 
before starting the drug and conception avoided until 6 months 
after treatment ends. In addition, the safety profile, efficacy in 
terms of sustained virological response is low and treatment 
duration longer comparedto the newer direct acting anti-virals. 
The newer DAA’S have shorter treatment duration [8-12 weeks], 
sustained virological responses of 95% and the regimens are 
ribavirin and interferon free. A brief overview of the newer DAA 
is given in Table 2. 

Table 2: Newer direct acting antivirals.

Drugs GenoTypes Svr Adverse Effects
Use in 

Severe Renal 
Impairement*

Use in 
Moderate-

Severe Hepatic 
Hepatic 

Impairment**

Sofosbuvir(400mg)  & Velpatasvir(100mg) 1,2,3,4,5 
& 6 95-99% Headache, Nausea & Fatigue Caution due to 

Sofosbuvir Yes
OD for 12 weeks

Sofosbuvir(400mg) & Ledipasvir(90mg) 
OD for12 weeks 1,4,5 & 6

1 (94-99%)

Fatigue, Headache & Cough Caution due to 
Sofosbuvir

Caution due to 
Sofosbuvir

4 (90%-
95.4%)

5 (95%)

6 (not many 
trials)

Sofosbuvir(400mg) & Daclatasvir(60mg) 
OD for 12 weeks 1,2 & 3

1 (97%) Fatigue, Headache & Nausea Caution due to 
Sofosbuvir Yes

3 (97-98%)

Sofosbuvir(400mg) & Simeprevir(150mg) 
OD for 12 weeks 1a & 1b 1 (93%) Fatigue, headache, nausea, 

photosensitivity & rashes.
Caution due to 

Sofosbuvir No

Elbasvir(50mg) & Grazoprevir(100mg) OD 
for 12 weeks 1 & 4

1 (91-95%)
Fatigue, Headache & Nausea Yes No

4 (>96%)

Paritaprevir(75mg)/Ritonavir(50mg) 
& Ombitasvir(12.5mg) OD & 

Dasabuvir(250mg) twice daily 12 weeks
1a & 1b

1a (90%) Nausea, pruritis, insomnia, 
hypersensitivity to Ritonavir-

Steven Johnson syndrome
Yes No

1b (99%)

*Creatinine clearance is less than 30 ml/min, 
**CTP B OR C with one or more of ascites, jaundice, hepatic encephalopathy, variceal hemorrhage.
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Sofosbuvir is a nucleotide analogue inhibitor of HCV NS5B 
RNA dependent RNA polymerase and Velpatasvir is a new NS5A 
protein inhibitor with activity against all genotypes of HCV and 
a high barrier to resistance [31,32]. Sofosbuvir 400mg plus 
Velpatasvir 100mg in a fixed dose once daily combination has 
99% sustained viral response rates against all genotypes and 
also in patients with cirrhosis and prior treatment failure [33]. 
Ledipasvir plus Sofosbuvir for 12 weeks has 94-99% rates of 
achieving sustained virological response against Hepatitis C 
virus genotype 1, 90-95% against genotype 4 and 95% against 
genotype 5 [34]. Daclatasvir, a HCV NS5A inhibitor has been 
approved for treatment of HCV genotypes 1 and 3 as single 
dose [60mg] once daily combination with Sofosbuvir 400mg 
with treatment duration of 12 weeks [35]. Though FDA has not 
approved this drug for treatment of chronic hepatitis C due to 
genotype 2, the AASLD recommends this drug combination for 
treatment of HCV genotype 2 [30].

Simeprevir, a competitive, reversible NS3/4A serine 
protease inhibitor, has been approved for treatment of HCV 
genotypes 1a and 1b in combination with sofosbuvir once daily 
for 12 weeks [SVR- 93%] [36]. Elbasvir 50mg and Grazoprevir 
100mg taken orally once daily for 12 weeks has SVR of 91-95% 

against genotype 1 and SVR of >96% against genotype 4. This 
drug has been approved for treatment of chronic hepatitis C 
and compensated cirrhosis due to HCV genotypes 1 & 4 [30,37]. 
Ombitasvir is an inhibitor of NS5A, the phosphoprotein involved 
in HCV replication. Paritaprevir is an inhibitor of NS3/NS4A 
protease needed for viral replication. The plasma concentration 
of Paritaprevir is increased significantly when Ritonavir, a 
CYP3A4 inhibitor with no antiviral activity is added to regime 
and this also prolongs the elimination half-life of Paritaprevir 
[38]. Combination of Ombitasvir (12.5mg) /Paritaprevir 
(75mg)/Ritonavir (50mg) two tablets once daily and Dasabuvir 
(250mg) (PROD) a NS5B RNA polymerase enzyme twice daily 
has been approved for treatment of chronic Hepatitis C caused 
by HCV genotypes 1a and 1 b [30].

These drugs have good safety profile with fatigue, nausea 
and headache as their most common side effects. In patients 
with moderate or severe hepatic impairment, simeprevir, 
elbasvir-grazoprevir and ombitasvir/paritaprevir/ritonavir are 
contraindicated as they can worsen liver function further [38-
40]. Sofosbuvir is predominantly renally excreted and safety of 
using the drug in patients with end stage renal disease and on 
dialysis has not been established [32,33].

Table 3: Animal reproduction studies.

Drugs Dose Escalation Maternal Toxicity Embryo-Fetal 
toxicity

Transfer to Breast 
Milk

Effect on Nursing 
Pups

Sofosbuvir 4-10 folds No No Yes. No

Velpatasvir 6-28 folds No No Yes No

Ledipasvir 2-4 folds No No Yes No

Daclatasvir At higher doses Yes1 Yes2 Yes No

Simeprevir 6 folds Yes3 Yes4 Yes No

Elbasvir-Grazoprevir 41-75 folds No No Yes No

PROD* 8-28 folds No No Yes No

*Ombitasvir-Paritaprevir-Ritonavir-Dasabuvir- Ombitasvir
1. Reduced body weight & reduced food consumption
2. Malformations of Brain, skull, eyes, ears, lips, palate and limbs & reduced birth weight and growth
3. Maternal death
4. Early and late IU fetal losses & reduced fetal weight & skeletal variations. 

None of the newer DAAs are approved to be used in 
pregnancy and during breast-feeding, as there are no human 
trials documenting the safety of these drugs in pregnant women. 
In animal reproductive studies done in pregnant rats and 
rabbits, Daclatasvir and Simeprevir use has been associated 
with maternal toxicity such as reduced food consumption, 
reduced body weight and embryo–fetal toxicity with early and 
late fetal losses, anomalies of skull, eyes, ears, palate, lips and 
skeletal system [41,42]. All DAA‘s are secreted into breast milk 
when given to lactating animals at varying concentrations, with 
Velpatasvir present in highest concentration in breast milk but 
none of them appear to have any negative effect on the nursing 
pups (Table 3) [43-46]. Though other combinations have shown 
no embryotoxicity in animal studies pregnant women are 

susceptible to drug induced hepatitis and these animal studies 
are not reflective of humans. So until drug registries for DAA’S 
have been established and human trials have reported the safety 
of these drugs during pregnancy its best to treat HCV infections 
pre conceptionally or in the post natal period. 

Conclusion
Hepatitis C infection is a serious public health problem 

affecting approximately 2.9 -3.7 million people in the United 
States. The recent CDC statistics on surveillance for HCV 
infections for the year 2015 shows as pattern of increased 
incidence among young people with injection drug abuse as 
the most common associated factor [47]. The current screening 
recommendation for Hepatitis C is based on presence of risk 
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factors. Multiple studies have reported that this risk factor based 
recommendation for screening of Hepatitis C may underreport 
the prevalence of chronic hepatitis Cin young people with 
history of past or current intravenous drug abuse. Expansion 
of screening for chronic hepatitis Cirrespective of risk factors 
will help in improving detection rates of chronichepatitis C and 
increase the linkage to care.

Universal screening for HCV antibody in women on their routine 
office visits or during preconception visits may help in diagnosis 
and treatment before conception. This in turn will help in 
reducing the disease burden significantly and in eliminating 
mother to child transmission of Hepatitis C virus. Women who 
have not been screened during preconception visits can be 
screened during antenatal visit. This helps in testing and follows 
up of children who are vertically infected and treatment of the 
infected mothers postnatal before subsequent conception.

In many places, obstetricians and gynecologists are the only 
doctors women seek for their health care. So it is incumbent 
upon us to create awareness of Hepatitis C among young 
women and to expand screening for HCV irrespective of the risk 
factors. Improved detection, treatment of affected women and 
elimination of perinatal infections in children ultimately help 
in achieving the goal of eradicating liver diseases due to chronic 
hepatitis C infection.
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