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Abstract

Introduction: The prevalence of hepatitis C virus (HCV) infection among women delivering live 

births in the U.S. may be higher in rural areas, where county-level estimates may be unreliable. 

The aim of this study is to model county-level maternal HCV infection among deliveries in the 

U.S.

Methods: In 2020, U.S natality files (2010–2018) with county-level maternal residence 

information were used from states that had adopted the 2003 revised U.S. birth certificate, which 

included a field for HCV infection present during pregnancy. Hierarchical Bayesian spatial models 

with spatiotemporal random effects were applied to produce stable annual county-level estimates 

of maternal HCV infection for years when all states had adopted the revised birth certificate 

(2016–2018). Models included a 6-Level Rural–Urban County Classification Scheme along with 

birth year and county-specific covariates to improve posterior predictions.

Results: Among approximately 32 million live births, the overall prevalence of maternal HCV 

infection was 3.5 per 1,000 births (increased from 2.0 in 2010 to 5.0 in 2018). During 2016–2018, 

posterior predicted median county-level maternal HCV infection rates showed non-urban counties 

had 3.5–3.8 times higher rates of HCV compared with large central metro counties. The counties 

in the top 10th percentile for maternal HCV rates in 2018 were generally located in Appalachia, 

Northern New England, along the northern border in the Upper Midwest, and in New Mexico.

Conclusions: Further implementation of community-level interventions that are effective in 

reducing maternal HCV infection and its subsequent morbidity may help to reduce geographic and 

rural disparities.
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INTRODUCTION

In April 2020, the Centers for Disease Control and Prevention released hepatitis C virus 

(HCV) testing recommendations that include universal maternal screening during each 

pregnancy, except in settings where HCV infection (HCV RNA positivity) is <0.1% (1 per 

1,000 pregnant women).1 These recommendations are broader than existing 

recommendations from obstetrics organizations, such as the American College of 

Obstetricians and Gynecologists and Society for Maternal–Fetal Medicine, which continue 

to recommend only risk-based testing during pregnancy, and from the U.S. Preventive 

Services Task Force, which recommends a universal 1-time screening that is inclusive of 

pregnant adults and adolescents.2 The new Centers for Disease Control and Prevention 

recommendations highlight the need for county-level estimates of maternal HCV prevalence 

for the U.S.

Evidence suggests that higher rates of HCV are found in more rural areas in the U.S. 

Nonmedical prescription opioid misuse has increased in rural areas since the early 2000s,3 

which can lead to initiation of injection drug use,4–6 an HCV risk factor.7 Research indicates 

that people living in rural areas who use heroin, cocaine, and methamphetamine have higher 

use of injection as the method of administration compared with those living in urban areas.8 

Compared with urban areas, rural areas have experienced higher rates of acute HCV 

infection among young adults,9,10 faster growth rates of opioid-related overdose deaths,11,12 

higher opioid-related hospitalization rates,13,14 and lower access to harm reduction services.
15,16 The higher risk of HCV infection among people living in rural areas likely translates to 

a higher prevalence of HCV among pregnant women.

Previous U.S. studies have found increases in HCV infection during pregnancy during the 

past decade, with some of the highest estimates found in rural areas. Overall, the prevalence 

of maternal HCV, as documented in birth certificate data, nearly doubled during 2009–2014 

among reporting states (from 1.8 to 3.4 per 1,000 live births), which mirrored trends found 

using national hospital discharge data.17 Additionally, states with a large rural population, 

such as Tennessee, Kentucky, and Ohio, have prevalence rates higher than the national 

average.17–19 From 2014 to 2017, U.S. women with HCV at delivery were more likely than 

those without HCV to live in counties of <250,000 people, nationally.20 Maternal HCV 

infection not only places women at risk for high-morbidity conditions, including liver 

cancer, cirrhosis, and liver failure, but there is also a 5% perinatal transmission rate, which 

places the infant at risk as well and follow-up testing is recommended.21–23

Although an understanding of geographic variation in HCV prevalence at delivery in the 

U.S. may be useful, subnational estimates are typically suppressed when based on <20 

events owing to concerns about statistical reliability and confidentiality. Though aggregation 

over time, across counties, or within states is possible, these approaches might mask 

important sub-state trends and variation, particularly for less populated rural areas. The aim 

of this study is to model county-level maternal HCV infection among deliveries in the U.S. 

using Bayesian spatial modeling, which smooths rates across adjacent counties and years, 

allowing for the examination of spatiotemporal variation across every county in the U.S., 

including rural areas.
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METHODS

Study Population

This study used restricted-use birth certificate data from the National Center for Health 

Statistics (NCHS), 2010–2018. Data included information on the county of maternal 

residence at time of delivery, maternal demographics, maternal and infant clinical 

characteristics, and pregnancy outcomes. This study was determined to be non-human 

subjects research by the University of Southern Maine’s IRB. A data use agreement with the 

NCHS was signed stipulating that there would be no presentation of direct (i.e., observed) 

subnational estimates based on <10 events because of disclosure concerns.

Measures

Rurality of maternal residence was defined using the 2013 NCHS 6-Level Urban–Rural 

Classification Scheme (ranging from most urban to most rural: large central metro, large 

fringe metro, medium metro, small metro, micropolitan, and non-core).24

To estimate maternal HCV prevalence, data collected on the 2003 revised version of the U.S. 

Standard Certificate of Live Birth were used.25 Indicators of infections present and treated 

during pregnancy (even if treatment during pregnancy is not recommended) were added as 

checkboxes to the revised birth certificate for gonorrhea, syphilis, chlamydia, hepatitis B 

virus, HCV, or none of the above. This information was intended to be based on documented 

positive test results in the prenatal record, labor and delivery nursing admission triage form, 

admission history and physical examination record, or delivery record.26 There are 2 main 

types of HCV tests used: (1) antibody tests, which test for the presence of antibodies against 

HCV and can indicate current or past infection—these tests are most often used for HCV 

screening; and (2) HCV RNA tests, which test for the presence of the HCV virus—these 

tests are often used after an HCV screening test is positive.23 The type of test used for HCV 

testing was not collected on the birth certificate.

Maternal characteristics available from the birth certificate reflected information available at 

the time of delivery and included: age; race/ethnicity; highest level or degree of school 

completed; marital status and, if not married, paternity acknowledgment; receipt of food 

from the Special Supplemental Nutrition Program for Women, Infants, and Children (WIC) 

during the pregnancy; expected payment method for delivery (Medicaid, private, self-pay, 

other); smoking during pregnancy (self-reported ≥1 cigarettes a day on average for any 

trimester of pregnancy, no smoking, unknown)27; and first trimester prenatal care initiation 

(yes, no, unknown).

Federal Information Processing Standards county codes were used to link maternal county 

of residence with 2 time-varying county-level characteristics that could predict maternal 

HCV rates: the percentage of families living below the poverty threshold (county poverty 

rate) and drug overdose death rates.28,29 At the time of analysis, 2018 drug overdose death 

rates had not been released, so 2017 drug overdose death rates were used for 2018.
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Births from states that used the 1989 birth certificate were excluded because HCV status was 

not collected on this version of the birth certificate,25,30–33 as well as births to women who 

were not residents of the 50 states or Washington, District of Columbia (Appendix Figure 1).

Statistical Analysis

Maternal and county-level characteristics of births across the NCHS 6-Level Urban–Rural 

Classification Scheme were tabulated. Maternal HCV prevalence (per 1,000 births) by 

maternal and county-level characteristics of births was calculated, along with prevalence 

ratios (PRs).

After restricting the analysis to states using the 2003 version of the U.S. birth certificate 

(n=32,555,153), maternal HCV status was missing/unknown for more births (n=172,592; 

0.53%) than were reported with maternal HCV infection (n=113,142; 0.34%) (Appendix 

Figure 1). To assess the impact of these missing data, multiple imputation analysis was used, 

using chained equations to generate 10 sets of imputed maternal HCV status values for 

women missing this information. Assuming data were missing at random, HCV status was 

imputed using logistic regression, conditional on the following predictor variables that were 

associated with missing data: birth year, county NCHS 6-Level Urban–Rural Classification, 

state, county poverty rate category (<10%, 10%–19%, 20%–29%, and ≥30%), drug overdose 

death rate quartile (<10.7, 10.7 to <14.2, 14.2 to <19.2, and ≥19.2, estimated using the 

distribution of rates across all counties and study years), maternal age category, maternal 

educational attainment, and pregnancy smoking status.34

Hierarchical Bayesian spatial models with spatially and temporally structured random 

effects were applied to produce county-level prevalence of maternal HCV for the years 

2016–2018, when all states had adopted the revised birth certificate. Although direct 

estimates of county-level prevalence based on small numbers of observed data can be highly 

variable from year to year, hierarchical Bayesian methods can produce more stable 

(smoothed) estimates by borrowing strength from nearby counties and over time. These 

methods have been previously used to examine county-level trends in teen pregnancy and 

suicide rates.35,36 The results of the multiple imputation analysis, which found missing data 

had minimal impact on rural–urban HCV prevalence rates, informed the decision to proceed 

with the spatial analysis using observed data only.

Hierarchical Bayesian log-binomial models were fit using the Integrated Nested Laplace 

Approximation package in R, version 3.6.1.37–38,39 Models included spatially structured 

random effects,40 fixed and random effects for year, along with a space X time interaction 

term, which allowed temporal trends to vary by county. To improve the fit of model-based 

maternal HCV estimates, models included county-level drug overdose death rate (as a 

continuous variable), all covariates included in the imputation model (with the exception of 

state), as well as maternal race/ethnicity, marital status, expected source of payment for 

delivery, WIC use during pregnancy, and pre-pregnancy BMI. Shrinkage plots were 

examined to see the magnitude and direction of the model-based smoothing (e.g., model-

based estimate compared with direct estimate). Posterior predicted median county-level 

HCV rates were mapped and used to estimate maternal HCV prevalence by NCHS 6-Level 

Urban–Rural County Classification Scheme. Counties identified as being in the top 10th 
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percentile for maternal HCV prevalence rates were mapped to show the areas with the 

highest rates within the U.S., even if they crossed state boundaries.

To investigate potential bias in the main study findings, maternal HCV prevalence by year 

was recalculated by county NCHS 6-Level Urban–Rural Classification Scheme and maternal 

and county-level characteristics using only the jurisdictions that had adopted the 2003 

revised birth certificate as of 2010. Second, alternative hierarchical Bayesian models were 

applied, including/excluding variables and random effects; however, none of these 

alternative models resulted in improvements in fit, as assessed using the Widely Applicable 

Information Criterion (Appendix Text).41

RESULTS

This analysis included 32,555,153 live births occurring in the U.S. during 2010–2018 to 

women who were U.S. residents (92% of all live births during this time period). Most 

maternal and county-level characteristics showed variation by level of county rurality (Table 

1). Across rural micropolitan and non-core counties, approximately 9% of births were to 

women aged <20 years, whereas in urban counties this ranged from 5% in large fringe metro 

counties to 8% in small metro counties. In addition, >70% of births in rural counties were to 

non-Hispanic White women (compared with 35%–67% across urban county categories), 

approximately 18% were to women who had at least a Bachelor’s degree (compared with 

25%–38% across urban county categories), approximately 50% reported Medicaid as the 

expected source of payment for delivery (compared with 34%–45% across urban county 

categories), and approximately 15% of births were to women who smoked during pregnancy 

(compared with 4%–12% across urban county categories).

Maternal HCV infection was highest among women who smoked during pregnancy (26.7 

per 1,000 births), were not married and had no paternity acknowledgement (10.0 per 1,000 

births), resided in a county categorized within the top quartile for drug overdose death rates 

(7.6 per 1,000 births), and had a high school diploma/GED (5.5 per 1,000 births) or no high 

school diploma/GED (5.9 per 1,000 births) (Appendix Table 1). The overall prevalence of 

maternal HCV across study years was 3.5 per 1,000 births (increased from 2.0 in 2010 to 5.0 

in 2018; annual percentage change=0.39 per 1,000 births). HCV prevalence was higher for 

all other areas as compared with large central metro counties (Figure 1A). Multiple 

imputation of missing maternal HCV data did not meaningfully change HCV prevalence 

estimates by year and county-level rurality (Figure 1B). Findings were similar when these 

analyses were restricted to jurisdictions that had adopted the 2003 version of the birth 

certificate starting in 2010 (Appendix Figure 2, Appendix Table 2).

Using direct estimates from observed data, only 243/3,142 (7.7%) counties had ≥20 cases of 

maternal HCV in 2018 (Figure 2A). By contrast, Figure 2B shows a map of model-based 

prevalence estimates for all counties in 2018 (model-based estimates are shown in tabular 

form in Appendix Table 2). The counties in the top 10th percentile for predicted maternal 

HCV rates in 2018 were generally located in Appalachia, Northern New England, along the 

northern border in the Upper Midwest, and in New Mexico (Appendix Figure 3). Nearly all 

(94.7%; 2,974/3,142) counties had predicted maternal HCV prevalence estimates >1 per 
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1,000 births (0.1%). The mean posterior predicted median county-level maternal HCV 

prevalence estimates for 2016–2018 were larger for rural counties (non-core: PR=3.76, 95% 

CI=3.63, 3.89; micropolitan: PR=3.52, 95% CI=3.41, 3.62) and less densely populated 

urban counties (large fringe metro: PR=1.81, 95% CI=1.77, 1.86; medium metro: PR=2.21, 

95% CI=2.15, 2.27; small metro: PR=2.61, 95% CI=2.52, 2.69) as compared with large 

central metro counties; these were similar to prevalence ratios derived from observed data 

for the same time period (Table 2).

DISCUSSION

Among approximately 32 million live births in the U.S., the prevalence of maternal HCV 

increased from 2.0 per 1,000 births in 2010 to 5.0 in 2018, with an average prevalence of 3.5 

per 1,000 births. Maternal HCV prevalence was higher among women living in rural than in 

large central metro counties. In addition, using estimates obtained from hierarchical 

Bayesian models with spatiotemporal random effects, rural counties (micropolitan and non-

core) had 3.5–3.8 times higher rates of maternal HCV as compared with large central metro 

counties during the years 2016–2018, for which all areas reported maternal HCV data. The 

counties in the top 10th percentile for maternal HCV rates in 2018 were generally located in 

Appalachia, Northern New England, along the northern border in the Upper Midwest, and in 

New Mexico.

The prevalence of maternal HCV was higher among births to women with certain 

demographic characteristics, which is in line with recent studies that have also used U.S. 

birth certificate data and examined maternal characteristics.20,42 The maternal characteristics 

with the highest prevalence rates were smoking during pregnancy, being unmarried (without 

paternity acknowledgment), residing in a county within the highest quartile for drug 

overdose deaths, and having lower educational attainment. These characteristics have also 

been associated with maternal substance use disorder,43–47 a condition that places women at 

increased risk of acquiring HCV through injection drug use.

The study’s findings regarding temporal trends and geographic variations are consistent with 

the literature on prevalence of maternal HCV infection. National estimates have shown rates 

of approximately 3 per 1,000 births using either U.S. birth certificate data or ICD-CM codes 

from national hospital discharge data, with increases over time.17,20 In addition, several 

states that overlap with the Appalachian region have reported maternal HCV infection 

prevalence rates higher than the national average,17–19 which supports this study’s finding 

that many of the top 10th percentile counties are located in this region. This region has twice 

the percentage of rural residents than the U.S. overall (42% vs 20%),48 which is also 

consistent with the study’s findings. State-level analyses have found a higher prevalence of 

maternal opioid use disorder, a recognized risk factor for maternal HCV,49 in Maine and 

Vermont as compared with the national average and other rural areas43,44; this is consistent 

with this study’s finding of higher maternal HCV prevalence in some counties in Northern 

New England.

Study strengths include the ability to provide county-level estimates of maternal HCV for all 

counties in the U.S. Using the common threshold for suppressing rates (20 events), direct 
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estimates for maternal HCV prevalence were only reliably estimated for 7.7% of all counties 

and for <1% of the non-core rural counties, whereas use of hierarchical Bayesian models 

resulted in smoothed county-level estimates for all counties in the U.S. Aggregation of 

estimates across space or time can mask important sub-state trends and variation, 

particularly for rural areas with smaller populations and for regions that span multiple states, 

like Appalachia. Further, study findings based on only the jurisdictions that adopted the 

revised birth certificate as of 2010 were consistent with the overall analysis, providing 

support that gradual adoption of the revised birth certificates by states over time was not 

driving the study’s overall findings.

Limitations

This study has several limitations. First, prevalence estimates were based on maternal HCV 

documentation on the birth certificate, which is intended to be completed using positive 

HCV test results from the medical record.26 During the study period, women were not 

routinely screened for HCV during pregnancy,42 so women may have actually been infected 

with HCV but failed to be tested or have their test results documented in the medical record 

(approximately 50% of people with chronic HCV in the U.S. are unaware of their status).50 

Further, data transfer from the medical record to the birth certificate may be incomplete. 

Together, these issues likely resulted in under-documentation of HCV in the birth certificate 

data, and it is unknown how the degree of under-reporting may vary across counties and over 

time. Second, the spatial analysis could have resulted in over-smoothing of extreme high or 

low values, particularly in areas with sparse data or a small number of births. Third, 

although multiple imputation was used to estimate the impact of missing/unknown maternal 

HCV status on rural–urban estimates, missing data still could have biased the county-level 

estimates if they were related to county-level prevalence.

In addition, results regarding county-level maternal HCV prevalence cannot be used to 

identify areas for universal screening during pregnancy because type of HCV testing was 

unknown, and the Centers for Disease Control and Prevention guidelines refer only to HCV 

RNA positivity rates. However, assuming the birth certificate data relies on anti-HCV 

positive tests and that the percentage of anti-HCV positives that test positive for HCV RNA 

is consistent with prior data (59%),51 universal screening would be recommended for 

counties with maternal HCV prevalence estimates >1.7 per 1,000 births (0.17%).1 This 

threshold is mentioned with the caveat that positive predictive values of anti-HCV tests will 

vary based on the underlying prevalence of acute HCV infection,52 and owing to under-

documentation of HCV on the birth certificate, a threshold of 1.7 per 1,000 births may be 

too high.

CONCLUSIONS

This study found increasing rates of maternal HCV in the U.S. and demonstrated that certain 

rural areas of the country experience higher rates. Further implementation of community-

level interventions that are effective in reducing maternal HCV, as well as addressing co-

occurring substance use disorders, may help to reduce geographic and rural disparities.
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Figure 1. 
Prevalence of maternal hepatitis C virus infection (per 1,000 births) by 2013 National Center 

for Health Statistics’ 6-Level Urban–Rural Classification Scheme for Counties: U.S. birth 

certificate data, 2010–2018 (n=32,382,561). 1A: Prevalence (per 1,000 births). 1B: 

Prevalence (per 1,000 births), with missing prevalence of maternal hepatitis C infection data 

imputed.

HCV, hepatitis C virus.
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Figure 2. 
Observed and Bayesian modeled county-level estimates of maternal hepatitis C virus 

infection in 2018, (n=3,783,252 total births with maternal hepatitis C infection data). 1A: 

Prevalence of observed maternal hepatitis C virus infection per 1,000 live births in 2018 

among 243 counties with at least 20 cases. 1B: Prevalence of Bayesian modeled maternal 

hepatitis C virus infection per 1,000 live births in 2018, all counties.
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Table 1.

Maternal Characteristics by Urban–Rural Classification Scheme for Counties: U.S. Birth Certificate Data, 

2010–2018

Maternal characteristics at 
delivery Total

6-Level Urban-Rural Classification Scheme % of total

Large 
central 
metro

Large 
fringe 
metro

Medium 
metro

Small 
metro

Micropolitan Non-core

All births in the U.S., n 35,397,658 33.0 23.4 21.0 9.0 8.2 5.4

Births in reporting states,
a
 n 32,555,153 33.8 22.9 20.8 8.9 8.3 5.3

Among reporting states

 Maternal age at birth, years 32,555,153

 <20 2,147,632 6.0 4.9 7.3 7.7 9.0 9.3

 20–24 7,083,520 19.2 17.5 23.9 26.0 28.7 30.0

 25–29 9,383,286 26.9 28.0 30.2 31.4 31.0 31.3

 30–34 8,721,104 28.7 30.6 25.1 23.5 21.0 20.0

 35–39 4,229,385 15.4 15.4 11.1 9.5 8.5 7.8

 ≥40 990,226 3.8 3.6 2.4 2.0 1.8 1.7

Maternal race/ethnicity

 Hispanic 7,696,290 32.7 19.1 24.7 15.9 14.3 9.6

 Non-Hispanic White 17,174,129 35.3 57.9 55.9 66.7 72.0 75.9

 Non-Hispanic Black 4,683,992 19.0 14.1 12.6 11.6 8.0 8.3

 Other
b 2,992,797 13.1 8.9 6.8 5.9 5.6 6.2

Marital status

 Not married, no paternity 
acknowledgement

3,891,990 12.4 9.3 12.5 13.3 13.4 14.1

 Not married, paternity 
acknowledgement

8,889,338 27.6 24.4 28.1 28.0 30.2 29.2

 Married 18,847,431 54.8 64.7 56.7 57.7 56.0 56.4

Maternal educational attainment

 No high school diploma or GED 4,970,573 16.7 11.4 16.1 14.8 17.1 17.6

 High school diploma or GED 8,122,282 23.7 21.6 25.7 27.7 30.0 31.9

 Some college 9,284,067 25.0 27.7 30.8 32.1 32.5 32.9

 Bachelor’s degree or higher 9,720,068 32.6 37.7 26.4 24.6 19.7 16.8

Expected source of payment for 
delivery

 Medicaid 13,997,365 44.6 34.2 44.7 45.1 49.0 51.2

 Private 15,413,565 46.2 57.8 44.1 44.3 40.3 38.4

 Self-pay 1,333,698 4.6 3.3 3.8 3.7 4.9 5.3

 Other 1,410,035 3.7 3.1 6.2 5.6 4.7 3.8

WIC use during pregnancy

 Yes 13,659,406 43.3 31.8 44.7 45.0 48.8 50.3

 No 18,265,233 55.2 65.3 53.6 52.9 49.5 47.6

Pre-pregnancy BMI

 Underweight 1,146,154 3.8 3.2 3.5 3.4 3.6 3.5
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Maternal characteristics at 
delivery Total

6-Level Urban-Rural Classification Scheme % of total

Large 
central 
metro

Large 
fringe 
metro

Medium 
metro

Small 
metro

Micropolitan Non-core

 Normal 14,213,097 46.0 44.5 42.6 41.4 40.3 38.8

 Overweight 8,091,559 24.5 25.1 25.3 25.0 24.9 24.8

 Obese 7,917,842 21.8 22.8 25.7 27.3 28.7 30.1

Pregnancy smoking status
c

 No 28,788,307 93.6 88.2 88.1 83.6 80.5 78.5

 Yes 2,477,793 3.5 6.2 8.5 11.7 15.5 17.3

 Unknown/not stated 1,289,053 3.0 5.6 3.4 4.7 4.0 4.2

First trimester prenatal care 
initiation

 No 7,609,420 23.2 21.1 24.2 24.4 25.6 26.2

 Yes 23,809,149 73.0 74.4 73.0 72.6 72.3 70.9

 Unknown/not stated 1,081,024 3.7 4.2 2.7 2.9 1.9 2.5

County-level characteristics

 County of residence, percentage 

below poverty threshold
d

 <10% 5,443,385 4.7 49.4 10.1 8.4 7.5 6.4

 10%–19% 22,041,463 80.4 48.0 70.3 72.2 65.2 58.3

 20%–29% 4,507,466 13.7 2.6 16.5 18.5 23.4 30.0

 ≥30% 562,822 1.2 0.0 3.1 0.9 3.9 5.2

County overdose death rate per 

100,000 population,
e
 mean

32,555,153 15.8 16.7 17.4 15.8 16.9 17.3

Notes: Births in reporting states per year: 2010=3,055,884; 2011=3,267,934; 2012=3,412,436; 2013=3,548,525; 2014=3,837,663; 2015=3,839,624; 
2016=3,945,875; 2017=3,855,500; 2018=3,791,712. Missing and unknown values (all <4%) were excluded from display in the table for the 
following characteristics: race/ethnicity (<0.1%, n=7,945), marital status (2.8%, n=926,394, with nearly all missing values from California starting 
in 2017), educational attainment (1.4%, n=458,163), source of payment for delivery (1.3%, n=400,490), Special Supplemental Nutrition Program 
for Women, Infants, and Children (WIC) use during pregnancy (1.9%, n=630,514), pre-pregnancy BMI (3.7%, n=1,186,501), first trimester of 
prenatal care (0.2%, n=55,560), and county of residence percentage poverty level (<0.1%, n=17).

a
States and Washington, District of Columbia, reporting maternal hepatitis C virus infection used the 2003 revised birth certificate for the entire 

reporting year (U.S. territories excluded). The number of areas using the revised birth certificate increased over time: 34 areas in 2010, 37 areas in 
2011, 38 areas in 2012, 41 areas in 2013, 48 areas in 2014, 49 areas in 2015, and all 51 areas in 2016–2018. Overall, there were 55,568 births with 
missing information on maternal hepatitis C virus infection (decreased from 14,096 in 2010 to 3,121 in 2017); the remaining births had either N, Y, 
or U documentation. U documentation (n=117,032) indicated the individual hospital did not report maternal HCV infection status.

b
Includes Asian or Pacific Islander, American Indian or Alaska Native, Other, and Hispanic origin unknown or not stated; and unknown.

c
Smoking during any trimester of pregnancy.

d
Generated by merging restricted-use data files with Census Bureau data on percentage of families below the poverty threshold by county Federal 

Information Processing Standard Publication (FIPS) for mother’s county of residence at the time of birth.

e
Generated by merging restricted-use data files with vital records published data on overdose death rates by county Federal Information Processing 

Standard Publication (FIPS) for mother’s county of residence at the time of birth.

GED, general education diploma; WIC, Special Supplemental Nutrition Program for Women, Infants, and Children.
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Table 2.

Prevalence and Prevalence Ratio of Maternal Hepatitis C Virus (HCV) Infection, 2016–2018 (n=11,565,027)

6-Level Urban–Rural County 
Classification Scheme

Observed prevalence Bayesian modeled median prevalence

Prevalence of HCV 
infection (per 1,000 

births)

Prevalence ratio (95% 
CI)

Prevalence of HCV 
infection (per 1,000 

births)

Prevalence ratio (95% 
CI)

Large central metro 2.4 ref 2.4 ref

Large fringe metro 4.3 1.82 (1.77, 1.87) 4.3 1.81 (1.77, 1.86)

Medium metro 5.3 2.21 (2.16, 2.28) 5.2 2.21 (2.15, 2.27)

Small metro 6.2 2.62 (2.54, 2.70) 6.2 2.61 (2.52, 2.69)

Micropolitan 8.4 3.54 (3.44, 3.65) 8.3 3.52 (3.41, 3.62)

Non-core 9.1 3.82 (3.70, 3.95) 8.9 3.76 (3.63, 3.89)

HCV, hepatitis C virus.
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