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Abstract

Objective: Maternal hepatitis C virus (HCV) infection reported on birth certificates has been shown to underestimate HCV infec-
tion. We sought to determine the usefulness of HCV surveillance data for (1) quantifying the number of HCV- positive reproductive- 
aged women with a live birth, (2) comparing maternal HCV surveillance data with reported HCV infection status on birth certificates, 
and (3) delineating past versus current maternal infection to identify true perinatal exposures.

Methods: We extracted data from January 1, 2013, through December 31, 2017, on birth certificate indication of HCV exposure 
from the Tennessee Birth Statistical File, and we ascertained indication of HCV exposure by using laboratory data from the Tennessee 
National Electronic Disease Surveillance System (NEDSS) Base System (NBS). We conducted a sensitivity analysis comparing birth 
certificate indication of HCV exposure with HCV laboratory data to determine whether true perinatal exposure had occurred.

Results: During the study period, 6731 mothers with live births in Tennessee reported having HCV infection during pregnancy: 
3295 (49.0%) had both laboratory and birth certificate indication of HCV infection, 2130 (31.6%) had indication of HCV infection on 
the laboratory report only, and 1306 (19.4%) had indication of HCV infection on the birth certificate only.

Conclusions: Using data from a public health HCV surveillance system with birth certificate data may improve the identification of 
HCV- infected pregnant women and perinatally exposed infants. Surveillance systems that include complete reporting of all HCV RNA 
results can be used to distinguish past from present maternal HCV infection to focus limited public health resources on currently 
infected mothers and their exposed infants.
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Hepatitis C virus (HCV) infection is the most common blood-
borne pathogen in the United States, affecting an estimated 4.1 
million adults.1 Reported cases of acute HCV infection nearly 
quadrupled from 2010 to 2017 in the United States; the most fre-
quently reported risk factor was injection drug use, and the high-
est rates were among adults aged 20-49.2,3 Because more than 
half of acutely infected people progress to chronic HCV infec-
tion, the rate of chronic HCV infection has also increased, includ-
ing among women of reproductive age (15-49 years).4,5 Of the 
nearly 65 000 newly reported cases of chronic HCV infection 
from January 1, 2013, through December 31, 2017, in Tennessee, 
39 621 (61.6%) cases were among people of reproductive age, of 
whom 19 313 (48.7%) were female. Increasing prevalence of 

HCV infection among women increases the risk of vertical 
(mother- to- child) transmission, the most common route of 
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pediatric HCV infection. A meta- analysis of perinatal HCV 
infection found an overall 5.8% vertical transmission rate and a 
10.8% vertical transmission rate among mothers coinfected with 
HIV.6 The American Association for the Study of Liver Diseases 
and the Infectious Diseases Society of America recommended 
universal HCV screening of pregnant women in 2018, and the 
Centers for Disease Control and Prevention (CDC) followed suit 
in 2020.7,8 No US Food and Drug Administration–approved 
HCV treatment regimens currently exist for pregnant women or 
children younger than age 3 years.9,10 Children who are perina-
tally infected with HCV are not well studied.6

Most estimates of maternal HCV infection in pregnancy rely 
solely on birth certificate data. Analysis of US birth certificate 
data from 20092014 determined that the number of maternal 
HCV infections from reporting states had doubled and that the 
rate of HCV infection among women giving birth in Tennessee 
increased 163% (from 3.8 per 1000 live births in 2009 to 10.0 per 
1000 live births in 2014).11 Although maternal HCV infection 
reported on birth certificates has been used as a measure for peri-
natal HCV exposure, it has also been shown to underestimate the 
true prevalence. In addition, laboratory verification of HCV 
infection status before inclusion on the birth certificate is not rou-
tine practice. One study found that linking birth certificate data to 
HCV laboratory data resulted in a 62% increase above the birth 
certificate estimate alone, demonstrating incomplete or inaccu-
rate capture of data on maternal HCV status on birth 
certificates.12

Several states have begun developing chronic HCV surveil-
lance registries. The Tennessee Department of Health (TDH) 
began processing all positive HCV laboratory reports on July 1, 
2015. Negative HCV RNA laboratory reports became reportable 
in Tennessee on January 1, 2016, allowing Tennessee to begin 
capturing data on the prevalence of chronic HCV infection at that 
time; a negative HCV RNA test result indicates that a person has 
cleared his or her HCV infection either naturally or through cura-
tive treatment. Because of the high rates of newly diagnosed 
chronic HCV infection among women of reproductive age in 
Tennessee,11 we sought to determine the usefulness of using 
HCV surveillance data to (1) quantify the number of HCV- 
positive reproductive- aged women with a live birth, (2) compare 
maternal HCV surveillance data with reported HCV infection 
status on birth certificates, (3) delineate past versus current 
maternal infection to identify true perinatal exposures, and (4) 
determine statewide and county- specific rates of perinatal HCV 
exposure among infants born to women with current HCV infec-
tion in Tennessee.

Methods

Data Sources
To determine the number of live births, we obtained birth certifi-
cate data from 2013-2017 from the TDH Birth Statistical File, 
which includes information on all births recorded in Tennessee 
and on births among Tennessee residents that occurred outside 

Tennessee. We excluded records if they did not contain either (1) 
the set of mother’s first name, mother’s last name (maiden and 
current), and mother’s date of birth (DOB) or (2) social security 
number (SSN) (Figure 1). To assess birth certificate reporting of 
HCV status, we extracted a variable from the birth certificate data 
that indicates whether a health care provider reported a mother as 
having HCV infection during pregnancy.

We obtained HCV laboratory data from the TDH National 
Electronic Disease Surveillance System (NEDSS) Base System 
(NBS), an integrated information system used to manage labora-
tory and investigation data pertaining to all reportable conditions, 
including HCV.13 We extracted an NBS patient demographic 
dataset on November 5, 2018, and de- duplicated data on patient 
first name, last name, and DOB. We excluded records if the 
patient had a birth sex listed as male or if the client was missing 
(1) first name, last name, or DOB and (2) SSN. We extracted an 
NBS laboratory dataset on November 5, 2018, to include all 
HCV laboratory reports for clients in the final dataset (Figure 1).

Data Matches
We matched maternal birth certificate and NBS demographic 
data using a stepwise matching algorithm, and we required 
records to match on ≥1 of the following criteria: (1) first name, 
current last name, and DOB; (2) first name, maiden name, and 
DOB; (3) phonetic first name, phonetic current last name, and 
DOB; (4) phonetic first name, phonetic maiden name, and DOB; 
or (5) SSN. We then joined the maternal birth certificate and 
demographic matched dataset to the laboratory dataset using a 
unique identifier for each patient record in NBS (Figure 1). 
Because records were linked using maternal birth certificate 
record, each live birth was uniquely counted and mothers 
appeared more than once in the analysis if they had >1 live birth, 
or a multiple- birth event, during 2013-2017.

Case Definitions
Surveillance case definitions are developed and agreed upon by 
CDC and the Council of State and Territorial Epidemiologists 
(CSTE).14 No CDC/CSTE case definition for HCV- positive 
pregnant women currently exists. We used laboratory data to 
determine the perinatal HCV- exposure case status for each live 
birth as follows: (1) confirmed exposure: if a mother had ≥1 
HCV RNA- positive laboratory report during pregnancy or, in the 
absence of an HCV RNA pregnancy laboratory report, ≥1 HCV 
RNA was conducted before pregnancy and the last HCV RNA 
test result before pregnancy was positive; (2) probable exposure: 
if a mother did not have an HCV RNA laboratory report but had 
an HCV antibody- positive laboratory report before or during 
pregnancy; or (3) no exposure: if a mother had a history of an 
HCV antibody- positive or HCV RNA- positive laboratory report 
and only HCV RNA- negative laboratory reports during preg-
nancy or, in the absence of an HCV RNA pregnancy laboratory 
report, ≥1 HCV RNA test was conducted before pregnancy and 
the last HCV RNA test result before pregnancy was negative. We 
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defined a pregnancy laboratory report as any laboratory report 
collected 10 months before and up to 2 weeks after the child’s 
DOB. We excluded birth certificate–only cases from the perina-
tal HCV exposure case status, because no laboratory evidence 
was available to support whether the mother was infected with 
HCV.

Statistical Analysis
We assessed descriptive statistics, including frequencies and 
rates, by using SAS version 9.4 (SAS Institute, Inc), and we used 
the SAS SOUNDEX function to generate the phonetic name for 
each dataset.15 We calculated HCV infant exposure rates using 
the number of probable or confirmed HCV perinatal exposures 
divided by the total number per 1000 live births. We determined 
geographic differences in HCV exposure rates by maternal 
county of residence listed in the birth certificate dataset, and we 
generated maps using Tableau version 9.4 (Tableau Software 
LLC). This study was approved by the TDH Internal Review 
Board.

Study Cohort
A total of 404 694 live births occurred among Tennessee res-
idents from January 1, 2013, through December 31, 2017. As 
of November 5, 2018, a total of 328 950 unique female 

patient records and 205 879 female HCV laboratory reports 
were available in NBS. Matching of maternal birth certifi-
cate data from 2013 through 2017 with maternal HCV labo-
ratory data in NBS yielded 9704 mothers with ≥1 HCV 
laboratory report (positive or negative) in NBS. Of these 
women, we excluded 3804 (39.2%) women because the ear-
liest maternal HCV laboratory report was drawn >2 weeks 
after delivery and 475 (4.9%) women because the mother 
only had a history of HCV RNA- negative and/or HCV 
antibody- negative laboratory reports. The final maternal 
cohort in NBS with ≥1 positive HCV laboratory test result 
before 2 weeks postpartum was 5425. An additional 1306 
women did not have any HCV laboratory reports in NBS but 
were reported as having HCV infection on the birth 
certificate.

Results

During the study period, 5751 mothers with 6731 live births 
in Tennessee reported having HCV infection during preg-
nancy: 49.0% (n = 3295) had both laboratory and birth cer-
tificate indication of HCV infection, 31.6% (n = 2130) had 
indication of HCV infection from the laboratory report only, 
and 19.4% (n = 1306) had indication of HCV infection on 
the birth certificate only (Table 1). Of 2481 mothers with an 

Figure 1. Flow diagram depicting inclusion criteria and matching algorithm for birth certificate indication of maternal hepatitis C virus 
(HCV) infection and laboratory evidence of maternal HCV infection cohort from the National Electronic Disease Surveillance System Base 
System (NBS), Tennessee, 2013-2017. Abbreviation: TDH, Tennessee Department of Health.
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HCV RNA- positive laboratory report collected during preg-
nancy, 74.3% (n = 1844) had birth certificate indication of 
HCV infection compared with 56.1% (312 of 556) of moth-
ers with an HCV RNA- positive laboratory result collected 
before pregnancy and 44.9% (841 of 1873) of mothers with 
a stand- alone antibody- positive laboratory report collected 
before or during pregnancy.

The proportion of maternal HCV infections reported 
exclusively on birth certificates decreased from 28.2% in 
2013 to 11.9% in 2017; the proportion reported exclusively 

on HCV laboratory reports remained stable, ranging from 
33.0% in 2013 to 35.5% in 2017; and the proportion reported 
by both methods improved from 38.7% in 2013 to 52.7% in 
2017 (Table 1). Linking NBS laboratory data to birth certifi-
cate data (6731/4601) resulted in a 46.3% increase in identi-
fication of perinatally exposed infants during 2013-2017 and 
a 54.9% (1622/1047) increase in identification of perinatally 
exposed infants during 2017 alone.

Based on the timing and results of maternal laboratory 
reports in NBS, we determined that 9.5% (516 of 5425) of 

Table 1. Hepatitis C virus (HCV) infection status among women with a live birth in Tennessee, 2013-2017a

Birth year Live births, no.b

Mothers identified as having past or present HCV infection

Birth certificate only,c 
no. (%)

Birth certificate and 
NEDSS,d no. (%)

NEDSS only,e  
no. (%)

Total, 
no.

2013 79 954 263 (28.2) 361 (38.7) 308 (33.0) 932

2014 81 609 312 (26.9) 508 (43.7) 342 (29.4) 1162

2015 81 374 333 (23.8) 668 (47.7) 400 (28.6) 1401

2016 80 755 205 (12.7) 904 (56.0) 505 (31.3) 1614

2017 81 002 193 (11.9) 854 (52.7) 575 (35.5) 1622

Total 404 694 1306 (19.4) 3295 (49.0) 2130 (31.6) 6731

aData sources: Tennessee Department of Health National Electronic Disease Surveillance System (NEDSS) Base System and the Tennessee Department 
of Health Birth Statistical File 2013-2017.13

bLive births refers to the number of live births recorded in Tennessee and to births of Tennessee residents that occurred outside Tennessee.
cBirth certificate only refers to the number of mothers who had HCV infection denoted in the birth certificate but did not have laboratory evidence of 
HCV infection during pregnancy in NEDSS.
dBirth certificate and NEDSS refers to the number of mothers who had HCV infection denoted in the birth certificate and had laboratory evidence of 
HCV infection during pregnancy in NEDSS.
eNEDSS only refers to the number of mothers who did not have HCV infection denoted in the birth certificate but had laboratory evidence of HCV 
infection during pregnancy in NEDSS.

Table 2. Mothers identified as having hepatitis C virus (HCV) infection, by NEDSS maternal laboratory results, Tennessee, 2013-2017a

Birth year

NEDSS- 
identified 

mothers,b no.

Infants born to mothers with past or present HCV infection reported in NEDSS

Probable 
exposure,c no. 

(%)
Confirmed 

exposure,d no. (%)
No exposure,e 

no. (%)
Total exposed,f 

no. (%)

HCV- exposed 
per 1000 live 

births,g %

2013 669 304 (45.4) 327 (48.9) 38 (5.7) 631 (94.3) 7.9

2014 850 311 (36.6) 501 (58.9) 38 (4.5) 812 (95.5) 9.9

2015 1068 350 (32.8) 631 (59.1) 87 (8.1) 981 (91.9) 12.1

2016 1409 477 (33.9) 770 (54.6) 162 (11.5) 1247 (88.5) 15.4

2017 1429 430 (30.1) 808 (56.5) 191 (13.4) 1238 (86.6) 15.3

Total 5425 1872 (34.5) 3037 (56.0) 516 (9.5) 4909 (90.5) 12.1

Abbreviation: NEDSS, National Electronic Disease Surveillance System.
aData source: Tennessee Department of Health NEDSS Base System (NBS).13

bThe number of mothers who had a history of HCV (past or present) indicated by an HCV antibody- positive or HCV RNA- positive laboratory test result 
before or during pregnancy.
cMothers who did not have an HCV RNA laboratory test result but had an HCV antibody- positive laboratory test result before or during pregnancy.
dMothers who had at least 1 HCV RNA- positive laboratory test result during pregnancy or, in the absence of an HCV RNA pregnancy laboratory test 
result, at least 1 HCV RNA test was conducted before pregnancy and the last HCV RNA test result before pregnancy was positive.
eMothers who had a history of an HCV antibody- positive or HCV RNA- positive laboratory test result and only HCV RNA- negative laboratory test results 
during pregnancy or, in the absence of an HCV RNA pregnancy laboratory test result, at least 1 HCV RNA test was conducted before pregnancy and the 
last HCV RNA test result before pregnancy was negative.
fTotal exposed = probable exposure + confirmed exposure.
gHCV exposed per 1000 live births = (total exposed/live births) x 1000.
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infants born to mothers with a history of HCV infection were 
not perinatally exposed to HCV infection (Table 2). The 
remaining 4909 perinatal HCV exposures (probable or con-
firmed) had an average exposure rate of 12.1 per 1000 live 
births, which increased by 93.7%, from 7.9 per 1000 live 
births in 2013 to 15.3 per 1000 live births in 2017. Using a 
5.8% vertical transmission rate, 285 infants likely acquired 
HCV infection perinatally from 2013 through 2017 in 
Tennessee (data not shown).

Rates of perinatal exposure per 1000 live births from 
2013 to 2017 varied by county (Figure 2). Although the state 
rate of perinatal exposure from 2013 to 2017 was 12.1 per 
1000 live births, temporal rates varied by year, from 7.9 in 
2013 to 15.3 in 2017. In addition, county rates of perinatal 
exposure ranged from 0 to 106.2 per 1000 live births; the 
highest rates occurred in counties in northeastern Tennessee.

Discussion

Increasing rates of HCV infection among reproductive- aged 
women are mirrored by increasing rates of perinatal HCV 
exposure.16 We found that linking HCV surveillance data 
with birth certificate data increased the identification of peri-
natally exposed infants in Tennessee by 46.3% from 2013 
through 2017. The increase observed in 2017 (the first year 
that both positive and negative HCV RNA test results were 
reportable in Tennessee) was slightly lower but consistent 

with the 62% increase observed in another study and rep-
resents an important public health opportunity to improve 
the identification of affected mother–infant dyads.12 A simi-
lar study found that using surveillance data increased identi-
fication of women with past or present HCV infection among 
women delivering live births in Ohio by 27.5% from 2012 to 
2015.17 By analyzing both positive and negative HCV RNA 
test results, we are better able to ascertain current versus past 
HCV infection, because a negative RNA test result would 
indicate a cleared or cured infection; thus, no perinatal HCV 
exposure would have occurred. In addition, three- quarters of 
women with an HCV RNA- positive specimen collected 
during pregnancy had indication of HCV infection on the 
birth certificate; however, indication of HCV infection on the 
birth certificate reduced to 56.1% when the HCV RNA- 
positive specimen was collected before pregnancy and to 
44.9% when only an HCV antibody- positive specimen was 
collected before or during pregnancy. Furthermore, lack of 
birth certificate reporting of HCV infection among 25% of 
mothers who had a positive HCV RNA test result during 
pregnancy emphasizes the limitations of birth certificate–
based HCV surveillance.

Our study used maternal laboratory results housed in a 
disease surveillance system to distinguish past from present 
maternal HCV infection during pregnancy. Ten percent of 
women originally identified as being HCV infected in our 
cohort turned out to have a past HCV infection rather than a 

Figure 2. Rates of perinatal hepatitis C virus (HCV) exposure per 1000 live births, by National Electronic Disease Surveillance System 
(NEDSS) laboratory results, Tennessee, 2013-2017. Data source: Tennessee Department of Health NEDSS Base System.13
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current HCV infection, as evidenced by an HCV RNA- 
negative laboratory report during or directly before preg-
nancy. Using surveillance system laboratory reports, both 
positive and negative, to distinguish active from past mater-
nal HCV infection allows limited public health resources to 
focus on mother–infant dyads at risk of vertical transmis-
sion. The ability to make this distinction will become increas-
ingly important, because maternal HCV status should be 
evaluated in each pregnancy, and treatment should be initi-
ated postpartum to avoid additional perinatal HCV 
exposures.18

Nearly one- fifth of all mothers identified as having HCV 
infection in our cohort were identified by using data reported 
exclusively on birth certificates. Although this proportion 
decreased over time, we did not include this population of 
mothers in the tabulation of perinatal exposures or in geo-
graphic mapping because mothers with HCV infection 
denoted on the birth certificate had an 89.0% probability of 
having laboratory evidence of a confirmed or probable peri-
natal HCV exposure. HCV surveillance in Tennessee is a 
passive process that relies on laboratories to report HCV lab-
oratory results; thus, laboratory indication of HCV infection 
can be missed if the report is not received. Conversely, birth 
certificate identification can also be misclassified if maternal 
HCV history is not verified by the health care provider and 
could rely on maternal self- report. Our results emphasize the 
importance of continuing to use birth certificate data in addi-
tion to surveillance data to identify affected mother–infant 
dyads.

Our study demonstrated large temporal and geographic 
differences in rates of reported perinatal HCV exposure 
across Tennessee, consistent with the distribution of newly 
reported chronic HCV infection and neonatal abstinence 
syndrome in the state, providing another opportunity to focus 
limited public health resources to have the greatest impact.19 
However, 44.4% of adults living with HCV infection in the 
United States are estimated to be unaware of their infection, 
and HCV testing practices among pregnant women vary 
widely among health care providers.20 In the absence of uni-
versal HCV testing, reported perinatal exposure rates reflect, 
at least in part, local testing practices.

Limitations
This study had several limitations. First, chronic HCV sur-
veillance in Tennessee was not routine until July 2015, neg-
ative HCV RNA laboratory test results were not reportable 
until January 2016, and chronic HCV infection was not a 
laboratory- reportable condition until January 2017. Second, 
with respect to data included in our study before July 2015, 
only electronic laboratory reports were used, which could 
have resulted in underreporting. Third, HCV status reported 
on birth certificates was likely not confirmed with an HCV 
laboratory test because women were not universally screened 
for HCV infection in pregnancy during the study period. 

Fourth, because pregnancy is not reportable in the context of 
HCV infection, we relied solely on birth certificate data and 
NBS record matching to identify exposure. Lastly, we only 
studied women of reproductive age in Tennessee; as such, 
our findings may not be generalizable to the rest of the 
United States.

Strengths
This study also had several strengths. First, we used 2 reli-
able data sources, NBS and Birth Statistical File data, to 
determine perinatal HCV exposure. Second, we analyzed 
data during a 5- year period, which allowed for a large sam-
ple size. Lastly, we analyzed laboratory data versus birth cer-
tificate data, which are reported by health care providers and 
have been shown to underestimate the prevalence of mater-
nal HCV infection.12

Conclusions

Combining data from a robust public health HCV surveil-
lance system with birth certificate data may help improve the 
identification of HCV- infected pregnant women and perina-
tally exposed infants. Surveillance systems that include com-
plete reporting of all HCV RNA test results (positive and 
negative) can be used to distinguish past from present mater-
nal HCV infection, providing an opportunity to focus limited 
public health resources on currently infected mothers and 
their exposed infants. Strategies to accelerate the timely 
identification of affected mother–infant dyads include report-
ing pregnancy status on all viral hepatitis laboratory reports 
and matching of laboratory data to birth certificate data to 
better determine maternal HCV status. Implementation of 
such strategies may become more important if new tools, 
such as hepatitis C treatment during pregnancy or infant 
postexposure prophylaxis, become available to interrupt 
perinatal transmission.
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