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Abstract

Objective: To estimate the rate of perinatal transmission of hepatitis C virus (HCV), to identify 

risk factors for perinatal transmission of HCV, and to determine the viremic threshold for perinatal 

transmission.

Methods: This was a prospective, multicenter observational study of pregnant individuals less 

than 24 weeks’ gestation screened for HCV from 2012 through 2018 in the Eunice Kennedy 
Shriver National Institute of Child Health and Human Development (NICHD) Maternal-Fetal 

Medicine Units (MFMU) Network. Individuals found to be HCV antibody positive were followed 

throughout the pregnancy. Neonates were followed for evidence of perinatal transmission at 2–6 

months (HCV RNA testing) and at 18–24 months (HCV RNA and antibody testing) of life. The 

primary outcome was perinatal transmission defined as positive testing at either follow-up time 

point.

Results: 109,379 individuals were screened for HCV. Of those who screened positive 772/1224 

(63.1%) participants enrolled and 432/772 (56%) participants had data available to assess primary 

outcome. The overall rate of perinatal transmission was 6.0% (26/432, 95% confidence interval 

(CI) 4.0 – 8.7%). All infected infants were from mothers with demonstrable viremia. In viremic 

participants (n=314), the perinatal transmission rate was 8.0% (95% CI 5.2 – 11.5%). Risk factors 

for perinatal transmission included HCV RNA >106 IU/mL (adjusted odds ratio (aOR) 8.22, 95% 

CI 3.16 – 21.4) and vaginal bleeding reported at any time prior to delivery (aOR 3.26, 95% CI 

1.32 – 8.03). A viremic threshold for perinatal transmission could not be established.

Conclusion: Perinatal transmission of HCV was limited to viremic individuals. High viral loads 

and antepartum bleeding were associated with perinatal transmission.

Precis:
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Perinatal transmission of hepatitis C virus only occurred in the setting of maternal viremia, and 

risk factors included a viral load of >106 IU/mL and antepartum vaginal bleeding.

Introduction

Hepatitis C virus (HCV) is a global health problem. In the United States (U.S.), the 

incidence in the general population is increasing. In 2015, the incidence of acute HCV 

was 0.8/100,000 persons, representing a 294% increase between 2010 and 20151. This 

increase is mirrored in the pregnant population, with estimates of prevalence in the 

obstetric population increasing 161% in a similar time frame. In 2017, HCV accounted 

for approximately 100,000 cases out of 31 million births2. Accordingly, the WHO has called 

for action to support eradication of the virus by 20303.

Eradication of HCV among reproductive-aged individuals is important, because a cure 

eliminates infection not only in the adult but also in their future children. To that end, several 

professional societies have recommended universal screening of pregnant individuals for 

HCV4–7, as identification is necessary for treatment to occur.

At present, there is controversy regarding management of HCV in pregnancy given the lack 

of quality evidence regarding the epidemiology and risk factors for perinatal transmission 

of HCV. The rate of perinatal transmission has been reported to be between 1 and 10%. A 

recent meta-analysis estimated perinatal transmission to be 5.8% in HIV-negative women 

infected with HCV8. Maternal viremia has been demonstrated to be of importance for 

perinatal transmission, particularly at higher viral loads10–12. Coinfection with HIV is 

understood to be a risk factor for perinatal transmission9, as is intravenous drug use 

(IVDU)13,14. Prolonged rupture of membranes and maternal blood exposure at time of 

delivery have also been identified as possible risk factors for perinatal transmission10,15–16.

Nevertheless, these data are non-contemporary, derived from studies with small study 

populations, or have very few infected neonates, and therefore have not been considered 

compelling enough to modify obstetric practice patterns for the prevention of perinatal 

transmission. Thus, the objectives of our study were to estimate the rate of HCV 

perinatal transmission in a contemporary population, identify risk factors for perinatal 

transmission, and determine the threshold of viremia below which transmission does not 

occur. The overarching goal of this work was to identify those individuals at highest risk 

of transmission. An understanding of modifiable risk factors for perinatal transmission of 

HCV is critical to the appropriate design of future intervention trials to prevent perinatal 

transmission.

Methods

This was a prospective observational study of pregnant individuals screened for HCV 

at one of 45 hospitals participating in the Eunice Kennedy Shriver National Institute of 

Child Health and Human Development (NICHD) Maternal-Fetal Medicine Units (MFMU) 

Network’s “An Observational Study of HCV in Pregnancy” from 2012 through 2018. 

During this period, 38 participating hospitals were included from the MFMU Network, 
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a nationwide network of academic (n=33) and non-academic (n=5) institutions across the 

U.S. This study also included 7 hospitals in the U.S. and Puerto Rico from the NICHD 

HIV Studies (HIVS) Network. Prior to initiation of the observational study, approval by the 

Institutional Review Boards (IRB) was obtained at all participating hospitals.

Pregnant individuals with a singleton pregnancy who were HCV-antibody positive (signal 

to cutoff ≥ 5) at the time of screening (i.e., less than 24 weeks’ gestation) and who 

enrolled for prospective assessment at less than 28 weeks’ gestation were included in the 

study. Additional details on HCV screening for this study have been previously published.8 

Individuals were excluded from the study if they planned termination of pregnancy, had 

known major fetal anomalies or demise, intended to deliver outside of a participating 

hospital, or had participated in this study in a prior pregnancy. Individuals were also 

excluded if they were unwilling to commit to 18 months of follow up for the infant, or 

if they had evidence of acute CMV (i.e., they were potentially eligible for the concurrently 

enrolling MFMU CMV trial).

Demographic and medical history were collected at enrollment via patient interview and 

medical record abstraction. Maternal blood samples were collected at enrollment (less 

than 28 weeks’ gestation), 24 to 28 weeks’ gestation, 32 to 36 weeks’ gestation, and 

delivery. Neonatal blood samples were collected at 2 to 6 months and 18 to 24 months 

of life. All study biospecimens were shipped to the central laboratory at the University 

of Washington Molecular Virology Laboratory in Seattle, WA. Tests run by the central 

laboratory included maternal HCV PCR (all visits), genotype (enrollment visit only), ALT, 

and AST (post-enrollment visits) and neonatal HCV PCR (both visits) and antibody (18 to 

24 month visit only). After delivery, neonatal follow-up and clinical result data at 2 to 6 

months and 18 to 24 months of life were collected via patient interview or medical record 

abstraction.

The primary outcome for this study was perinatal transmission of HCV, defined as either an 

infant who demonstrated HCV RNA at 2 to 6 months of life or was found to be HCV RNA 

or antibody positive at 18 to 24 months of life. If HCV RNA and antibody results at 18 to 24 

months of life were discordant, a confirmatory test was run on the positive sample. If HCV 

RNA was positive and HCV antibody was negative at 18 to 24 months, then confirmatory 

testing consisted of repeating the HCV RNA test to ensure it was positive. Likewise, if HCV 

antibody was positive and HCV RNA was negative at 18 to 24 months, then HCV antibody 

test was repeated to confirm the positive result. If the participant was lost to follow-up 

and did not have enough data from the study samples to define the primary outcome, then 

clinical laboratory results at 18 months or later defined the primary outcome.

A sample size of 500 seropositive viremic pregnant individuals was chosen to provide 80% 

power to detect an odds ratio as low as 3.0 for any risk factor that was 40% prevalent, 

assuming a transmission rate of 6%10. We estimated approximately 67% of participants 

seropositive for HCV at enrollment would be RNA positive (viremic)17 and assumed 

perinatal transmission was most likely to occur in viremic participants. Thus, we estimated a 

target enrollment of 750 participants seropositive for HCV to achieve our desired sample of 

500 who were viremic.
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Participants demonstrating HCV perinatal transmission were compared to participants 

without perinatal transmission. Descriptive summary statistics were calculated for baseline 

characteristics. Participants were compared using Wilcoxon rank sum test for continuous 

variables and Chi-Square or Fisher’s exact test for categorical variables, as appropriate. 

Odds ratios and 95% confidence intervals (CI) were estimated using logistic regression with 

perinatal transmission status as the dependent variable.

For descriptive purposes, maternal HCV viral loads, ALT, and AST at each visit 

were summarized by transmission status. For statistical analyses, geometric means were 

calculated for skewed values and only results from the central laboratory were included 

in longitudinal analysis (i.e., ALT and AST local laboratory results at enrollment were 

excluded). The association between gestational age and the laboratory values were assessed 

using generalized linear models assuming a first-order auto-regressive correlation structure 

to account for repeated measurements. Statistical models included perinatal transmission 

status as an independent variable and an interaction term for transmission and gestational 

age to compare trends between perinatal transmission statuses using the Wald test. If the 

interaction term was not statistically significant, then the overall trend was reported.

Potential risk factors included HCV RNA titer greater than 106 IU/mL (based on the highest 

value prior to delivery), antepartum bleeding (defined as any bleeding prior to delivery), 

planned pre-labor cesarean, any IVDU during the current pregnancy, premature rupture 

of membranes, duration of membrane rupture at least 6 hours, internal fetal monitoring, 

breastfeeding, any infections during the current pregnancy (including HIV, hepatitis B 

or D, UTI or pyelonephritis, pneumonia, syphilis, gonorrhea, chlamydia, trichomonas 

vaginalis, bacterial vaginosis, or herpes), maternal age, smoking, parity, household status, 

income, education, employment, insurance status, and fetal sex. Risk factors associated 

with perinatal transmission were determined using backward elimination with statistically 

significant variables retained in the model. The final model included all variables found 

to be significant from the backward elimination and any statistically significant two-way 

interactions among variables that remained in the model. As a planned sensitivity analysis, 

the final model was re-run with random intercepts for hospital to ensure that hospital 

differences did not change the result.

Area under the receiver operating characteristic curves (AUC-ROC) were created to evaluate 

the sensitivity, specificity, and likelihood ratios of maternal viral load at each visit (at 

enrollment, 24–28 weeks, 32–36 weeks, and delivery). The viremic threshold for perinatal 

transmission was defined as the viremic cutoff with sensitivity of 100% (zero false negative)

Nominal two-sided p-values are reported. A p-value less than 0.05 was considered 

statistically significant. No adjustments were made for multiple comparisons. Statistical 

analyses were performed using SAS statistical software version 9.4.

Results

In all, 109,379 individuals were screened for HCV, some based upon universal screening 

efforts (n=106842, 97.7%) and some based upon referrals (those with known risk factors 
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for HCV or history of HCV) (n=2537, 2.3%). Among those universally screened for HCV, 

301 (0.28%, 95% CI 0.25 – 0.32%) screened positive, and among referrals, 923 (36.4%, 

95% CI 34.5 – 38.3%) screened positive. Of the 1224 participants who screened positive, 

1072 were eligible, and 772/1224 (63.1%) participants provided consent for the prospective 

study. Among those eligible and screened positive, the most common reasons for exclusion 

were refusal of consent (n=108), lost contact (n=93), and unwilling to commit to follow-up 

(n=77). Among all enrolled HCV cases (n=772), 11 had missing or indeterminate samples 

for viral load at baseline, rendering 548/761 (72.0%) viremic. Primary outcome data were 

available on 432/772 (56.0%). The most common reasons identified for the difference 

between enrollment and the final cohort numbers were lost contacts, parental refusal of 

sample collection, or infant placed in foster care or adopted (Figure 1).

The study population (n=432) primarily identified as non-Hispanic White (77.8%), with a 

high prevalence of tobacco (78.7%) and injection drug use (26.4%). Of those participants 

with baseline HCV PCR and primary outcome data, 314/424 (74.1%) were found to be 

viremic at baseline (average ± standard deviation gestational age at baseline: 19.7 weeks 

± 4.5) (Table 1). The proportion who were viremic was similar between those with and 

without primary outcome (314/424 [74.1%] vs 234/337 [69.4%], p=0.16).

Maternal HCV viral loads during pregnancy across gestational age were greater in those 

who transmitted HCV compared to those who did not (Geometric mean 411 vs 49 

IU/mL increase per one week gestation, Geometric mean ratio 8.36, 95% CI 5.33 – 

13.1). Conversely, ALT decreased with gestational age (Geometric mean 0.995 IU/mL 

decrease per one week gestation, 95% CI 0.993 – 0.998) and was similar between perinatal 

transmission statuses (p-value=0.33). There were no statistically significant trends with AST 

and gestational age (p-value=0.09).

Of the 432 infants for whom data were available to assess the primary outcome, 26 (6.0% 

(95% CI 4.0 – 8.7%)) demonstrated perinatal transmission. 25/26 infants were born to 

viremic participants. 1 infant was born to a participant with indeterminate results for 

viremia. In viremic participants, the perinatal transmission rate was 8.0% (25/314, 95% 

CI 5.2 – 11.5%). Among those with determinant HCV genotype results (285/314), the 

predominant HCV genotype in viremic participants was genotype 1 (165/285, 57.9%). The 

rates of perinatal transmission were not statistically different for those with genotype 1 

versus other genotypes (16/165 [9.7%] vs. 7/120 [5.8%], p=0.24). Among viremic, the rates 

of perinatal transmission were not statistically different for those universally screened versus 

referrals (3/53 [5.7%] vs. 22/261 [8.4%], p=0.78).

Risk factors that remained in our final model were HCV RNA >106 IU/mL (aOR 8.22, 95% 

CI 3.16 – 21.4) and vaginal bleeding reported at any time prior to delivery (aOR 3.26, 95% 

CI 1.32 – 8.03) (Table 2). Results were similar with random intercepts for hospital (data not 

shown).

The distribution of the highest viral load prior to delivery in participants who did and 

did not transmit to their neonates is illustrated in Figure 2. All but one transmission who 

demonstrated indeterminate viral load occurred in participants with viremia, but not all 
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participants with high viral loads demonstrated perinatal transmission. The lowest viral 

load associated with perinatal transmission was 12,244 IU/mL (4.1 log10 IU/mL), aside 

from the transmission which occurred in a participant with indeterminate viral load. The 

AUC-ROC ranged from 0.75 to 0.83 for viral loads assessed at enrollment, 24–28 weeks, 

32–36 weeks, and delivery. Viral loads at 24–28 weeks’ gestation yielded the greatest 

AUC-ROC for perinatal transmission (0.83, 95% CI 0.75–0.91) (Figure 3). Using a cutoff 

value of 1,111,754 IU/mL (6.0 log10 IU/mL) at 24–28 weeks yields 80% sensitivity and 

77% specificity with a positive likelihood ratio of 3.5 and a negative likelihood ratio of 0.26. 

Planned pre-labor cesarean was not associated with perinatal transmission (4/76 [5.3%] vs 

22/356 [6.2%], OR 0.84, 95% CI 0.28 – 2.5).

Discussion

Our study has shown that in a contemporary cohort the rate of HCV perinatal transmission is 

8.0% in viremic individuals, acknowledging that missing data due to loss to follow up limits 

the precision and potentially the accuracy of the estimates of perinatal HCV transmission. 

Risk factors for perinatal transmission were HCV RNA viral loads >106 IU/mL and vaginal 

bleeding reported at any time prior to delivery. This work also showed that when viral load is 

not detected by PCR, transmission .did not occur.

Participants who demonstrated perinatal transmission had higher HCV viral loads during 

pregnancy through delivery compared to participants who did not demonstrate perinatal 

transmission. As the participant demonstrating the highest viral load did not demonstrate 

perinatal transmission, an absolute viremic threshold for perinatal transmission was not 

established. In participants for whom viral load was established, the lowest viral load 

associated with transmission was 12,244 IU/mL (4.1 log10 IU/mL). When interpreting 

the association of transmission with viral load >106, it is important to note that only 

20/148 participants with this viral load transmitted. As well, transmission occurred as low 

as 12,244 IU/mL (4.1 log10 IU/mL) suggesting that viral load alone, though associated 

with transmission, is likely influenced by additional factors. None the less, risk factors 

for perinatal transmission that emerged from this work included higher viral loads during 

pregnancy and vaginal bleeding occurring at any time prior to delivery. Planned pre-labor 

cesarean was not associated with perinatal transmission. HCV genotype was also not 

associated with perinatal transmission in this cohort.

The findings from this study are important in the counseling of patients with HCV. For 

example, if a patient is HCV antibody positive, but demonstrates no viremia, we can 

counsel that the best evidence suggests that the patient will not transmit HCV to their child 

Our findings are different from the existing literature19 in that internal fetal monitoring, 

prolonged ruptured membranes, and duration of membrane rupture > 6 hours did not 

significantly affect perinatal transmission. We suggest that intrapartum management does 

not need to be modified in this population, though further research would be necessary to be 

definitive. We have identified that with viremia and/or bleeding complicating pregnancy, the 

urgency for postnatal follow up of those children is heightened. This subset of neonates 

needs to be evaluated for evidence of perinatal transmission and linkage to care for 

childhood treatment should be prioritized.
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There were several strengths of this study. This contemporary cohort included the largest 

numbers of participants screened for HCV from U.S. hospitals, found to be HCV positive, 

and prospectively followed through pregnancy. The demographics for this study population 

mirrored national data with respect to those who carry a diagnosis of HCV18. This is also the 

largest study of infected infants where such conclusions can be derived.

In spite of those strengths, we were limited by loss to follow up, and this requires significant 

discussion. The MFMU has a research structure which has typical follow up rates even 

at several years of follow up of greater than 90 percent20. This historic success rendered 

us confident that we would have excellent ability to identify and follow even complex 

populations. The MFMU is also known to be a generalizable population, but this cohort was 

not easily ascertained in this network for reasons we do not fully understand. In spite of 

the prevalence of HCV anticipated in the MFMU network during a time coexistent with the 

opioid epidemic, it took from 2012–2019 to identify and enroll the patients in this cohort. 

The length of time affected our ability to enroll an optimal study size and feasibility was 

thus also affected. We encountered difficulty enrolling participants once found to be HCV 

positive (enrolling only 63.1%), most commonly due to refusal of consent and unwillingness 

to commit to follow up, which was a similar pattern of loss to follow up encountered during 

the study.

This study’s loss to follow up rate of 44.0% (i.e., the number of infants without primary 

outcome data) challenged feasibility and spoke to the complexity of circumstances in 

this study population. When not associated with research, loss to follow up rates in 

this population have been shown to be 94%21, suggesting that the research environment 

was much more successful than standard care. While each participant was offered some 

monetary incentive for participation, we have learned that future studies are likely to be 

more successful with a keener understanding of barriers to follow up so that study design 

and incentives can be tailored to improve retention. Critical to success of future studies 

would be patient engagement in the study design, perhaps in the form of a patient advisory 

board to influence both study design as well as study monitoring.

Given recent consensus in recommendations from the Centers for Disease Control and 

Prevention (CDC), United States Preventive Services Task Force (USPSTF), American 

College of Obstetricians and Gynecologists (ACOG), and Society for Maternal-Fetal 

Medicine (SMFM) for universal screening for HCV in pregnancy, there is an urgency to 

define best practices for pregnant people with HCV. This work suggests that the greatest 

effects in terms of reducing perinatal transmission would be decreasing viral loads in 

birthing persons prior to delivery. There is an ongoing trial to determine safety, tolerability, 

and outcomes of direct acting antivirals for treatment of HCV in pregnancy22. If direct 

acting antivirals are found to be safe in pregnancy and improve childhood outcomes, it 

stands to reason that treatment to cure either before pregnancy or prior to delivery may 

effectively eliminate perinatal transmission of HCV. In the meantime, efforts to optimize 

systems of care to combat loss to follow up of this complex population stand to make a 

significant public health effects by prioritizing linkage to care in those affected by HCV.
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Figure 1: 
Analysis cohort. HCV, hepatitis C virus; CMV, cytomegalovirus.
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Figure 2. 
Maternal hepatitis C virus (HCV) RNA by perinatal transmission status and antepartum 

bleeding. Middle line is the median, lower line is the first quartile, and the upper line is the 

third quartile.

Prasad et al. Page 13

Obstet Gynecol. Author manuscript; available in PMC 2024 September 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 3. 
Sensitivity and specificity of maternal viral loads for perinatal transmission. HCV, hepatitis 

C virus; AUC, area under the curve; ROC, receiver operating characteristic.
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Table 1.

Demographics

Characteristic
Perinatal transmission

(n=26)
No perinatal transmission

(n=406) p-value
Overall
(n=432)

Maternal age (years) 29.0 ± 4.9 28.7 ± 5.1 0.59 28.7 ± 5.1

Non-Hispanic White 22 (84.6) 314 (77.3) 0.39 336 (77.8)

BMI (kg/m2) 23.3 (21.3 – 30.9) 25.0 (21.8 – 30.0) 0.41 24.9 (21.8 – 30.0)

Nulliparous 9 (34.6) 120 (29.6) 0.58 129 (29.9)

HIV 2 (7.7) 5 (1.2) 0.06 7 (1.6)

Married or living with partner 10 (38.5) 184 (45.3) 0.50 194 (44.9)

Employed 8 (30.8) 146 (36.0) 0.59 154 (35.7)

Less than high school education 15 (57.7) 231 (57.0) 0.95 246 (57.1)

Private insurance 4 (15.4) 51 (12.6) 0.76 55 (12.7)

Data are mean ± standard deviation, median (IQR), or n (%), unless otherwise specified.

Number of missing values: BMI (n=4), education (n=1).
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Table 2.

Risk factors for perinatal transmission of HCV

Risk Factor
Perinatal transmission

(n=26)
No perinatal transmission

(n=406) OR (95% CI)

aOR (95% 
CI),

Final 
Model

HCV RNA titer >10^6 IU/mL 20 (76.9) 128 (31.7) 7.19 (2.82 – 18.33) 8.22 (3.16 – 
21.39)

Antepartum bleeding 9 (34.6) 72 (17.7) 2.46 (1.05 – 5.73) 3.26 (1.32 – 
8.03)

Planned pre-labor cesarean 4 (15.4) 72 (17.7) 0.84 (0.28 – 2.52)

Any self-reported injection drug use during 
current pregnancy

6 (23.1) 108 (26.6) 0.83 (0.32 – 2.12)

Premature rupture of membranes 9 (34.6) 108 (27.1) 1.43 (0.62 – 3.30)

Duration of membrane rupture ≥ 6 hours 9 (36.0) 131 (33.9) 1.10 (0.47 – 2.55)

Internal fetal monitoring 6 (23.1) 79 (19.5) 1.24 (0.48 – 3.18)

Breastfeeding 13 (52.0) 219 (57.3) 0.81 (0.36 – 1.81)

Any infections during current pregnancy 14 (53.8) 163 (40.1) 1.74 (0.78 – 3.86)

Maternal age (per 1 year) 29.0 ± 4.9 28.7 ± 5.1 1.01 (0.94 – 1.10)

Tobacco use 21 (80.8) 319 (78.6) 1.15 (0.42 – 3.13)

Nulliparous 9 (34.6) 120 (29.6) 1.26 (0.55 – 2.91)

Household status: Own/Rent 9 (34.6) 222 (54.7) 0.44 (0.19 – 1.01)

Annual income: less than $10,000 10 (45.5) 171 (48.0) 0.90 (0.38 – 2.14)

Less than 12 years of schooling 15 (57.7) 231 (57.0) 1.03 (0.46 – 2.29)

Employed 8 (30.8) 146 (36.0) 0.79 (0.34 – 1.87)

Private insurance 4 (15.4) 51 (12.6) 1.27 (0.42 – 3.82)

Fetal sex: male 13 (50.0) 202 (49.8) 1.01 (0.46 – 2.23)

Data are mean ± standard deviation or n (%), unless otherwise specified.

Number of missing values: HCV RNA titer (n=2), rupture of membranes (n=7), duration of membrane rupture (n=20), fetal monitoring (n=1), 
breastfeeding (n=25), income (n=54), education (n=1).

Adjusted model included HCV RNA titer and any antepartum bleeding.
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