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Background.  Most US children with perinatal hepatitis C virus (HCV) exposure fail to receive the recommended anti-HCV 
antibody test at age ≥18 months. Earlier testing for viral RNA might facilitate increased screening, but sensitivity of this approach 
has not been established. We hypothesized that modern HCV-RNA RT-PCR platforms would adequately detect infected infants.

Methods.  Nationwide Children’s Hospital electronic health records from 1/1/2008 to 30/6/2018 were reviewed to identify peri-
natally exposed infants tested by HCV-RNA RT-PCR at age 2–6 months. Diagnostic performance was determined using a composite 
case definition: (1) infected children had positive repeat HCV-RNA testing or positive anti-HCV at age ≥24 months; (2) uninfected 
children lacked these criteria and had negative anti-HCV at age ≥18 months.

Results.  770 perinatally exposed infants underwent HCV-RNA testing at age 2–6 months. Of these, 28 (3.6%) tested positive; vi-
remia was confirmed in all who underwent repeat testing (n = 27). Among 742 infants with negative HCV-RNA results, 226 received 
follow-up anti-HCV testing at age ≥18 months, of whom 223 tested negative. Three children had low-positive anti-HCV results at 
age 18–24 months that were negative upon retesting after age 24 months, possibly indicating waning maternal antibodies. Using the 
composite case definitions, early HCV-RNA screening demonstrated sensitivity of 100% (87.5–100%, Wilson-Brown 95% CI) and 
specificity of 100% (98.3–100%).

Conclusions.  Modern HCV-RNA RT-PCR assays have excellent sensitivity for early diagnosis of perinatally acquired infection 
and could aid HCV surveillance given the substantial loss to follow-up at ≥18 months of age.

Keywords.   hepatitis C virus; vertical transmission; perinatal infection; nucleic acid amplification test.

Perinatal exposure to hepatitis C virus (HCV) is increasingly 
common in the United States due to the ongoing opioid epi-
demic [1–7]. Children born to viremic mothers face an approx-
imate 6% risk of acquiring HCV infection [8], and 60–75% of 
infected children go on to establish chronic infection [9–11]. 
Although liver disease due to HCV progresses more slowly in 
children than adults [12], perinatally infected children face sub-
stantial risk for late complications, with up to one-third devel-
oping cirrhosis by their mid-30s [13].

Diagnosis of persistent HCV infection allows access to cur-
ative therapies that can avert long-term complications of HCV 
and prevent future transmission events. The American Academy 
of Pediatrics and others advisory bodies recommend testing 

all perinatally exposed infants for anti-HCV immunoglob-
ulin G (IgG) antibody at age 18  months or older, after loss of 
transplacentally acquired maternal antibodies [14, 15]. However, 
numerous population-based studies have shown that only 10–30% 
of exposed infants receive this testing [16–20]. Even at centers 
with dedicated screening programs for exposed infants, rates of 
anti-HCV testing at age 18 months fail to surpass 50% [21–23].

Serum or plasma HCV-RNA testing can identify infected 
children before age 18 months and has been incorporated in 
some protocols to augment screening efforts [23]. However, 
the sensitivity of HCV-RNA testing is not well established in 
infants. A prior European study found that reverse transcrip-
tion–polymerase chain reaction (RT-PCR) testing of HCV 
RNA had a sensitivity of 22% at birth, 79% at 1  month of 
age, 75% at 3 months, and 85% at 6 months [24]. Extremely 
poor sensitivity at birth suggested that some cases were ac-
quired near delivery [25], while suboptimal sensitivity at later 
time points was thought to reflect intermittent low-level vi-
remia [26]. The median lower limit of detection (LLOD) for 
PCR assays used in the European study was 150 copies/mL 
[24]. Newer real-time RT-PCR assays have improved analyt-
ical sensitivity [27], with LLOD down to 15 copies/mL, and 
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may thus have better diagnostic sensitivity during early in-
fancy. Given improved RT-PCR assays and our perception 
that HCV-exposed children were not being adequately tested, 
starting in 2015 we issued guidance to local providers advising 
HCV-RNA RT-PCR testing at age 2–6 months in addition to 
routine anti-HCV testing at 18 months or older. Here we as-
sessed the diagnostic performance of these RT-PCR assays, 
hypothesizing that they would accurately detect HCV infec-
tion at age 2–6 months, thus providing a practical means to 
improve identification and follow-up of children with perina-
tally acquired HCV infection.

METHODS

Subjects and Data Sources

Nationwide Children’s Hospital (NCH) laboratory data were 
queried to identify all infants who underwent HCV-RNA 
RT-PCR testing at age 2–6  months from 1 January 2008 to  
30 June 2018. Infants were included regardless of specialty or 
location of the ordering provider. Follow-up HCV-RNA and 
anti-HCV antibody results were collected through 30 June 2019 
for case classification.

Indications for infant HCV-RNA testing, mother–infant dem-
ographic characteristics, and maternal HCV status were assessed 
by review of infant and maternal electronic health records and 
Ohio Department of Health (ODH) surveillance data. Infants 
were considered HCV exposed if (1) “perinatal HCV exposure” or 
“maternal HCV infection” was listed in the infant NCH medical 
record, (2) maternal HCV infection was recorded on the infant 
ODH birth certificate, or (3) a positive HCV test result (antibody 
or RNA) was documented for the mother prior to delivery or 
through 90 days postpartum in the ODH Ohio Disease Reporting 
System [6] or The Ohio State University Wexner Medical Center 
(OSUWMC) electronic health record. Infants tested for HCV-
RNA due to perinatal HCV exposure were included in the study, 
whereas those tested for other or unknown reasons were excluded. 
This study was conducted with the approval of the institutional 
review boards of NCH, OSUWMC, and ODH.

HCV–RNA Assays

Clinical HCV-RNA RT-PCR assays conducted during the study 
period (1 January 2008 to 30 June 2018) used Cobas Taqman 
RT-PCR reagents (Roche) and included 2 types of tests: (1) a 
qualitative assay with LLOD of 50 IU/mL offered at NCH from 
2008 to 2014 and (2) quantitative assays with LLOD of 15–75 
IU/mL offered through the Associated Regional and University 
Pathologists reference laboratory (ARUP, Salt Lake City, UT) 
from 2008 to 2018. ARUP transitioned to a transcription-
mediated amplification (TMA) HCV-RNA assay with an LLOD 
of 10 IU/mL in October 2018. The TMA results from October 
2018 through June 2019 were included for follow-up case 
classification.

Anti-HCV IgG Antibody Assay

Anti-HCV testing conducted at NCH used the Abbott AxSYM 
Anti-HCV microparticle enzyme immunoassay from January 
2008 to February 2012 and the Abbott Architect Anti-HCV 
chemilluminescent assay after February 2012. The NCH elec-
tronic health records were manually reviewed for anti-HCV re-
sults imported from outside facilities to maximize assessment of 
follow-up anti-HCV testing.

Case Definitions

Case definitions for perinatal HCV infection were derived 
from composite endpoints incorporating HCV-RNA and anti-
HCV testing. Perinatal HCV infection was present if children 
had a (1) positive repeat HCV-RNA test after the initial posi-
tive screen or (2) positive anti-HCV test after age 24 months. 
Perinatal HCV infection was absent if children (1) had no 
documented viremia after the initial screen and (2) had a docu-
mented negative anti-HCV test after age 18 months. Children 
with repeatedly negative HCV-RNA testing but no follow-up 
antibody testing to confirm lack of perinatal infection were de-
fined as having “presumed absence” of perinatal HCV infection. 
Cases with discrepant anti-HCV antibody test results over time 
were resolved by consideration of antibody signal-to-cutoff 
ratios and repeat HCV-RNA test results.

Statistical Analyses

Diagnostic characteristics of HCV-RNA RT-PCR screening 
were examined in comparison to the case definitions. 
Sensitivity was calculated as the proportion of infected children 
whose first HCV-RNA RT-PCR at age 2–6 months was positive. 
Specificity was calculated as the proportion of children without 
perinatal HCV infection whose first HCV-RNA RT-PCR at 
age 2–6  months was negative. The 95% confidence intervals 
(CIs) for sensitivity and specificity were determined using the 
Wilson-Brown method [28]. Point estimates and 95% CIs for 
positive and negative likelihood ratios (LR+ and LR−) were 
estimated by an empirical bootstrap approach developed by 
Marill et al [29] for use when sample sensitivities or specificities 
approach 100%. Calculations were derived using the mean of 
10 runs of the “bootLR” program (R package version 1.0.2 ac-
cessed at https://abfriedman.shinyapps.io/bootLRshiny/), each 
of which represented the mean of 5 bootstrapping procedures 
of at least 10 000 random samplings. Incomplete study fol-
low-up precluded determination of the true prevalence of per-
inatal HCV infection in our cohort. Estimates and 95% CIs 
for positive-predictive values (PPVs) and negative-predictive 
values (NPVs) were calculated by applying the LR+ and LR− 
95% CI bounds to 2 different pre-test odds: (1) the prevalence 
reported in the literature by Benova et al [8] for children born 
to viremic mothers and (2) an estimated prevalence in our study 
population using HCV-RNA RT-PCR screening results (posi-
tive screens/total infants tested). Features of infants with and 
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without follow-up antibody testing were compared using chi-
square tests for categorical variables and Mann-Whitney U tests 
for continuous variables (SPSS version26; IBM Corporation). 
Finally, temporal trends in HCV-RNA testing and detection 
were explored in secondary analyses.

RESULTS

Perinatally Exposed Cohort

From January 2008 through June 2018, 810 infants ages 2 to 
6  months underwent HCV testing by RT-PCR at the NCH 
laboratory (Figure 1). Of these, 770 (95.1%) were classified as 
perinatally exposed and included in the study. In total, 3.6% 
(28/770) of the HCV-exposed infants tested positive by PCR at 
2–6 months of age, while the remaining 742 infants had neg-
ative PCR test results. This includes 2 infants with initial “in-
determinate” PCR results who had negative PCR results on 
subsequent testing of a separate sample. Among the subset of 
children born to mothers with documented HCV viremia re-
ported to the ODH in the year prior to delivery or up to 90 days 
postpartum, 4.7% (16/341) tested positive for HCV-RNA at age 
2–6 months.

The median age at initial HCV-RNA RT-PCR screening for 
all 770 infants was 3.3 months (interquartile range [IQR]: 2.9–
4.1 months; age distribution shown in Supplementary Figure 1). 
Over half (51%) of the infants resided in Franklin County, but 

the cohort included infants from 59 Ohio counties, 2 Kentucky 
counties, and 4 West Virginia counties. HCV-RNA testing was 
ordered by NCH infectious disease providers in two-thirds of 
cases, with the remainder ordered by a variety of NCH and non-
NCH primary care and specialty providers (Supplementary 
Figure 2).

Follow-up After a Positive HCV-RNA RT-PCR Screening

Repeat HCV-RNA testing was performed within a median of 
48 days (IQR, 33–113 days) following a positive PCR screen for 
27 of the 28 infants, all of whom had confirmed HCV viremia. 
The median HCV-RNA level at screening was 5.7 × 106 IU/mL 
(IQR, 2.2 × 106–2.4 × 107 IU/mL) (Supplementary Figure 3). 
Anti-HCV testing was positive in all viremic children who un-
derwent antibody testing after age 18 months (n = 12).

Follow-up After Negative HCV-RNA RT-PCR Screening

Of 742 perinatally exposed infants with a negative HCV-
RNA RT-PCR screen at age 2–6 months, 696 had reached age 
18 months by 30 June 2019. Despite this, only 226 (32%) chil-
dren had documentation in NCH health records of the recom-
mended anti-HCV antibody testing at age 18 months or older. 
Anti-HCV tests were negative in 223 (30%) of these children, 
confirming the absence of perinatal HCV infection.

Three children tested positive for anti-HCV at age 
18–24  months after a negative HCV-RNA screen at age 

Case Classification:
True Negative

Infants with perinatal HCV exposure (n = 770)

Excluded (n = 40)

Tested for reasons other than
perinatal HCV exposure (n = 38 c)

Unknown reason for testing (n = 2)

Positive PCR at
2–6 mo (n = 28)

Negative PCR at
2–6 mo (n = 742a)

Positive Repeat
PCR (n = 27)

Negative Anti HCV
at 18 mo (n = 223b)

Positive Anti HCV
at 18–24 mo (n = 3)

Infants age 2 to 6 mo with HCV RNA testing
at Nationwide Children’s Hospital between

1/1/2008 and 6/30/2018 (n = 810)

Negative PCR at 18 –24 mo and
Negative Anti HCV at >24 mo (n = 3)

Excluded for lack of
follow up testing (n = 1)

Anti HCV follow up
age 18 mo (n = 226)

Excluded for lack of follow up testing
(n = 516)

Age <18 mo as of 6/30/2019 (n = 46)

Age 18 mo and no follow up anti
HCV testing available (n = 470)

Case Classification:
True Positive

Case Classification:
True Negative

Figure 1.  Follow-up and case classification of infants tested for HCV-RNA at age 2–6 mo. aIncludes 2 children with indeterminate HCV-RNA RT-PCR results that were nega-
tive upon repeat testing. bIncludes 2 children with indeterminate anti-HCV antibody results that were negative upon repeat testing. cReasons for testing included: unexplained 
liver disease in infant (n = 22), other infant medical condition (n = 1), high-risk pregnancy with unknown maternal HCV status (n = 14), potential postnatal HCV exposure 
(n = 1). Abbreviations: HCV, hepatitis C virus; mo, month; RT-PCR, reverse transcription–polymerase chain reaction.
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2–6  months. In each case, repeat HCV-RNA RT-PCR testing 
was negative at 18–24 months and anti-HCV was negative when 
retested after age 24 months. These cases were ultimately classi-
fied as uninfected based on lack of viremia and loss of anti-HCV 
antibody after age 24 months (Figure 1). Given the discrepant 
test results, the initial positive anti-HCV tests of these 3 chil-
dren were further reviewed. The positive anti-HCV tests in 
these 3 children had signal-to-cutoff (s/co) ratios ranging from 
1.24 to 3.15, below the threshold of 5.0 or less established by 
the Centers for Disease Control and Prevention (CDC) for the 
Abbott Architect anti-HCV CMIA assay to predict a proba-
bility of 95% or higher of a true-positive result [30]. These anti-
HCV s/co ratios were also well below those of 17 children, ages 
18–31 months, with history of HCV viremia (s/co ratio range, 
7.72–18.7; P = .004) (Figure 2), including 2 who had resolved 
viremia prior to antibody testing (s/co ratios of 11.4 and 12.6).

Approximately two-thirds (470/696) of HCV-RNA–negative 
children who were aged 18 months or older lacked follow-up 
antibody testing through the NCH (Figure  1). Repeat HCV-
RNA tests available for 58 of these children were uniformly 
negative. Additionally, review of pediatric HCV cases reported 
to the ODH from 2007 to 2018 indicated that none of the 470 
children had been found to have HCV infection by testing per-
formed elsewhere in Ohio. Lack of follow-up antibody testing 
among HCV-RNA–negative infants was associated with resi-
dence in counties farther away from NCH (P < .001) and HCV-
RNA testing outside the infectious diseases program (P < .01), 
but not maternal viremia or other maternal/infant demographic 
features examined (Supplementary Table 1).

Performance of HCV-RNA RT-PCR for Detecting Perinatal HCV Infection

Using the composite case definitions, there were 27 true-positive, 
0 false-positive, 226 true-negative, and 0 false-negative HCV-
RNA RT-PCR results at 2–6 months (Figure 1). The sensitivity 

and specificity of HCV-RNA RT-PCR testing, with 95% CIs 
(Wilson-Brown), were calculated to be 100% (87.5–100%) and 
100% (98.3–100%), respectively (Table  1). Likelihood ratios 
for positive and negative screening tests, with 95% CIs calcu-
lated by bootstrapping [29], were ∞ (78.0–∞) and 0 (0–.103), 
respectively (Table 1). Estimates for PPVs and NPVs based on 
these LR+ and LR− values are given in Table 1 for 2 different as-
sumed rates of vertical transmission: (1) 5.8% risk documented 
by Benova et al [8] for infants born to viremic mothers and (2) 
3.6% (28/770) risk estimated in our study (which did not re-
quire documentation of maternal viremia during pregnancy).

Temporal Trends in HCV Screening

Screening for and identification of perinatal HCV infection by 
HCV-RNA testing in young infants increased 10-fold during 
the study period, from an average of 16 infants screened and 0.5 
infections identified annually in 2008–2011 to over 200 infants 
screened and 7 infections identified in 2018 (Figure 3). This in-
crease in infant HCV-RNA testing coincided with a period of 
increasing maternal HCV prevalence in Ohio [6], which, along 
with concerns for inadequate screening in exposed children, 
prompted issuance of local guidance in 2015 that exposed in-
fants be tested for HCV-RNA at 2–6 months and anti-HCV at 
18–24 months (Figure 4).

DISCUSSION

In this sample of over 750 perinatally HCV-exposed infants, 
HCV-RNA RT-PCR screening at age 2–6 months demonstrated 
excellent sensitivity and specificity for the diagnosis of HCV in-
fection. There were no apparent false-positive or false-negative 
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Table 1.  Diagnostic Performance of HCV-RNA RT-PCR in Perinatally 
Exposed Infants Age 2–6 Months

Point Estimate 95% CI 

Sensitivity, (%)a 100 87.5–100

Specificity, (%)a 100 98.3–100

Positive likelihood ratiob ∞ 78.0–∞

Negative likelihood ratiob 0 0–.103

Assume 5.8% prevalencec   

  Positive-predictive value, (%)d 100 82.8–100

  Negative-predictive value, (%)d 100 99.4–100

Assume 3.6% prevalencee   

  Positive-predictive value, (%)d 100 74.5–100

  Negative-predictive value, (%)d 100 99.6–100

Data are presented as percentages unless otherwise indicated. 
Abbreviations: CI, confidence interval; HCV, hepatitis C virus; RT-PCR, reverse transcrip-
tion–polymerase chain reaction.
aCIs determined by Wilson-Brown method.
bCIs determined by bootstrapping method of Marill et al [29].
cRisk of perinatal HCV transmission from viremic mothers (Benova et al [8]).
dPredictive values and CIs derived by application of likelihood ratios to the pre-test odds 
associated with the given prevalence.
eEstimated risk of perinatal HCV transmission in this study cohort of infants tested due to 
history of maternal HCV infection (without requirement for documented maternal viremia 
during pregnancy).

http://academic.oup.com/cid/article-lookup/doi/10.1093/cid/ciaa949#supplementary-data
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RT-PCR results at 2–6  months among 253 infants who had 
sufficient follow-up for case classification (27 confirmed true-
positive and 226 true-negative), yielding a test sensitivity of 
100% (95% CI, 87.5–100%) and specificity of 100% (95% CI, 
98.3–100%; Wilson-Brown). Assuming a transmission rate of 
5.8% for children born to HCV-viremic mothers [8], and using 
the calculated LR− and LR+ 95% CI bounds (Table 1), a nega-
tive HCV-RNA RT-PCR test at age 2–6 months confers a prob-
ability of 99.4% or higher of not being infected, and a positive 
test confers a probability of 82.8% or higher of infection. Taken 
together, these data indicate that a single HCV-RNA RT-PCR 
test at this stage of infancy may reliably rule out perinatal HCV 
infection.

HCV-RNA testing during early infancy had better diag-
nostic sensitivity in our study than reported in several prior 
studies. Thomas et  al [31] reported a sensitivity of 89% (90% 
CI, 80–95%) by age 3 months, and Polywka et al [24] reported 
a sensitivity of 75% (95% CI, 63–85%) at age 3  months and 
85% (95% CI, 75–93%) at age 6 months. We had hypothesized 
that modern HCV-RNA RT-PCR assays would better iden-
tify infected young infants due to advancements in analytical 
sensitivity that now permit detection of very low level viremia 
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[27]. However, all infected infants in our cohort had high viral 
loads at 2–6 months, ranging from 3.7 × 104 to 6.3 × 107 IU/mL 
(Supplementary Figure 3), well above the detection threshold 
of older PCR assays [24]. Thus, the better diagnostic perfor-
mance in our study may relate to other test characteristics, such 
as improved reliability and reproducibility of modern real-time 
RT-PCR techniques that are less susceptible to human error 
than prior gel-based RT-PCR assays [24, 31].

Differing case classification methodologies may also account 
for heterogeneous results in studies of HCV-RNA diagnostic 
performance. Detection of anti-HCV IgG at age 18 months or 
older is a commonly referenced standard for diagnosis of per-
inatal HCV infection. However, transplacentally acquired ma-
ternal antibodies remain detectable by enzyme immunoassay 
beyond 18  months of age in a small proportion of exposed-
uninfected infants (eg, 1.5% in Mast et al [32]) and could con-
tribute to misclassification of true disease states. To minimize 
this possibility, we used a composite endpoint requiring either 
the presence of anti-HCV antibodies beyond age 24  months 
or confirmed viremia to define infection. Three children with 
negative HCV-RNA screens at age 2–6 months tested positive 
for anti-HCV at 18–24 months and then negative for anti-HCV 
after age 24  months. These children were classified as HCV-
uninfected by our definition but might have been classified 
as infected in earlier studies. We suspect that their positive 
anti-HCV tests at 18–24 months reflected either residual ma-
ternal antibody or simply false-positive anti-HCV results [33]. 
In support of this interpretation, the s/co ratios of the “posi-
tive” anti-HCV tests for these 3 children at 18–24 months were 
below the CDC’s 95% true-positive threshold [30] and below 
the ratios of children with proven infection (Figure 2). These 
findings suggest that s/co ratios should be considered when 
interpreting anti-HCV results in perinatally exposed children, 
as in adults [30].

The ability to assess for perinatal HCV infection earlier than 
the recommended 18-month antibody screen could have im-
portant clinical and public health benefits. Our study and others 
have documented dismally low rates of anti-HCV testing for ex-
posed children [16, 17, 19–22, 34]. It is conceivable that the long 
delay from birth to 18  months, coupled with socioeconomic 
factors that lead to fragmented guardianship and healthcare, 
contribute to the low rates of anti-HCV testing. Screening as 
early as 2 months of age may substantially mitigate these bar-
riers. Importantly, follow-up rates were high for infants in our 
study with a positive HCV-RNA screen at 2–6 months (96.4%), 
likely due to greater concern and attention among healthcare 
providers and caregivers. Thus, early identification of HCV in 
infancy may be associated with high probability of linkage to 
care for follow-up and eventual treatment with direct-acting an-
tiviral regimens now available for chronically infected children 
aged 3  years and older [35]. Finally, the excellent predictive 

value of negative HCV-RNA testing at 2–6  months could aid 
health department efforts to conduct perinatal HCV surveil-
lance, allowing focus of limited resources on the 3–5% of in-
fants with positive screens and infants with no testing.

This study does have several limitations. The low rate of  
follow-up anti-HCV testing among infants with negative  
2–6-month HCV-RNA tests (32%, 226/696), although illustra-
tive of real-world challenges, substantially reduced the sample 
size for analysis. Receipt of follow-up antibody testing was 
linked to household proximity to the NCH and initial HCV-
RNA testing by infectious diseases providers, but not factors 
expected to skew perinatal transmission risk or assessment of 
HCV-RNA assay performance. Second, given the low perinatal 
transmission rate, there were only 27 children with confirmed 
infection, resulting in relatively wide 95% CIs for test sensi-
tivity (87.5–100%) despite no observed missed cases. Third, our 
study assessed the performance of Cobas Taqman HCV-RNA 
RT-PCR testing of infants ages 2–6 months at a single center. 
Future studies are warranted to evaluate the diagnostic perfor-
mance of other modern HCV-RNA or antigen assays at time 
points across infancy and at additional sites.

 In conclusion, we demonstrated that HCV-RNA RT-PCR 
testing performed well as a test for perinatal HCV infection in 
young infants aged 2–6 months. Further studies are needed to 
validate this approach in other populations of HCV-exposed 
infants and assess the potential impact and cost-effectiveness 
of diagnostic strategies incorporating infant HCV-RNA testing 
versus those employing 18-month antibody testing alone. As 
the possibility of curative therapy for HCV infection in early 
childhood is now upon us, the need for a practical and highly 
reliable strategy to identify perinatally infected children cannot 
be more emphasized.
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