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Abstract 

Background: The number of congenital syphilis (CS) cases in the United States are increasing. Effective prevention of 
CS requires routine serologic testing and treatment of infected pregnant women. The Centers for Disease Control and 
Prevention (CDC) recommends testing all pregnant women at their first prenatal visit and subsequent testing at 28 
weeks gestation and delivery for women at increased risk.

Methods: We conducted a cross-sectional cohort study of syphilis testing among pregnant women with a livebirth 
delivery from January 2014 to December 2016 in Marion County, Indiana. We extracted and linked maternal and 
infant data from the vital records in a local health department to electronic health records available in a regional 
health information exchange. We examined syphilis testing rates and factors associated with non-testing among 
women with livebirth delivery. We further examined these rates and factors among women who reside in syphilis 
prevalent areas.

Results: Among 21260 pregnancies that resulted in livebirths, syphilis testing in any trimester, including delivery, 
increased from 71.7% in 2014 to 86.6% in 2016. The number of maternal syphilis tests administered only at delivery 
decreased from 16.6% in 2014 to 4.04% in 2016. Among women living in areas with high syphilis rates, syphilis screen-
ing rates increased from 79.6% in 2014 to 94.2% in 2016.

Conclusion: Improvement in prenatal syphilis screening is apparent and encouraging, yet roughly 1-in-10 women 
do not receive syphilis screening during pregnancy. Adherence to recommendations set out by CDC improved over 
time. Given increasing congenital syphilis cases, the need for timely diagnoses and prevention of transmission from 
mother to fetus remains a priority for public health.
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Introduction
Congenital syphilis (CS) results from infection in infants 
in utero with the bacterium, Treponema pallidum [1]. 
Untreated, pregnant women with syphilis are at high risk 
of spontaneous fetal abortion, fetal death, and intrau-
terine growth retardation [1]. A fetus infected with 
syphilis can develop severe physical and neurological 

sequelae, including cardiac malformation, skeletal 
deformities, blindness, deafness, Hutchinson triad disor-
der, and hepatosplenomegaly [1]. However, the severity 
of these adverse health effects depends on the duration 
of the syphilis infection in the pregnant women and if 
and when treatment is initiated. As a result, early diag-
nosis, and treatment of syphilis in all pregnant women is 
imperative.

Although timely diagnosis and adequate treatment of 
syphilis infected pregnant women can prevent CS, the 
number of reported CS cases in the United States has 
more than tripled since 2013, rising from 362 in 2013 
to 1306 in 2018, the highest number of cases in the past 
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twenty years [2]. Similarly, CS has increased in Indiana, 
rising from zero cases between 2008 and 2013 to 30 
cases between 2014 and 2018 [3]. Specifically in Mar-
ion County, the state’s most populous county, CS cases 
increased from zero in 2008 through 2015 to nine cases 
in 2016 through 2017 [4].

The increase seen in CS among infants is correlated 
with the increase in syphilis rate seen among women of 
reproductive age [2]. The Centers for Disease Control and 
Prevention (CDC) recommends screening all pregnant 
women for syphilis during their first prenatal visit as this 
is critical in CS prevention [5]. Women who engage in 
risky sexual behaviors, use illicit drugs, have STIs (sexu-
ally transmitted infections) or multiple sex partners dur-
ing pregnancy or reside in communities with increased 
prevalence of syphilis infection are considered high risk 
and recommended to be screened again between 28 to 32 
weeks and also at delivery [5]. These recommendations 
are supported by the American Congress of Obstetri-
cians and Gynecologists (ACOG). Most states, including 
Indiana, require screening during the first trimester and 
subsequent screening in the third trimester if the women 
are considered high risk [6].

Despite established guidelines, pregnant women may 
still not be tested for syphilis. The CDC found that in 
2018, 28.2% of mothers of infants with CS did not receive 
timely prenatal care. Of those women that did, 8.9% were 
not screened appropriately [7]. Late serologic diagnosis 
was not uncommon as 11.2% of women with CS infants 
had a negative test early in pregnancy and a positive one 
less than 30 days before or within 90 days after delivery. 
Alarmingly, 30.7% of women diagnosed with syphilis 
during pregnancy lacked timely treatment [7]. Studies 
have also shown that healthcare providers’ adherence to 
testing guidelines varies significantly from one infectious 
disease to the other, and that maternal factors such as 
insurance type and geographical location are factors that 
contribute to low adherence [8, 9]. Several studies have 
also noted significant differences in providers’ adherence 
level based on data source [8, 10–14]. The use of admin-
istrative data such as Medicaid data has shown provid-
ers’ adherence to prenatal syphilis testing to be 60% [13] 
while studies utilizing clinical records have found higher 
adherence rate over 80% [10, 11]. In a previous study we 
found that among confirmed stillbirth cases, just over 
50% received any syphilis test [17]. In this study, using 
the same electronic medical record system, we exam-
ined providers’ adherence to CDC screening guidelines 
by examining the proportion of women with a livebirth 
delivery who received appropriate syphilis screening. 
Additionally, this study examined the factors associated 
with syphilis screening and non-screening among women 
with a livebirth delivery.

Materials and methods
We conducted a cross-sectional cohort study on prenatal 
syphilis testing among women with a livebirth delivery in 
Marion County, Indiana, between January  1st, 2014 and 
December  31st, 2016. Pregnancies were identified using 
birth certificate data from the Marion County Public 
Health Department (MCPHD), which is responsible for 
collecting vital records on all births in the county. We 
linked birth certificate data with the mother’s demo-
graphic, clinical encounter, insurance, laboratory, census 
tract, and medical procedure data stored in the Indiana 
Network for Patient Care (INPC). The INPC, described 
previously [15], is a statewide network of electronic med-
ical records that includes all major hospitals, laboratories, 
and many outpatient clinics in Indiana. The INPC is rou-
tinely used for health services and public health research 
[16], including prior studies on STIs [17–20]. Probabil-
istic matching techniques, described previously [21, 22], 
were used to match the mother’s social security number, 
last name, first name, date of birth, and gender from the 
birth certificate to her medical records.

For the purpose of this study, all live births with ges-
tation age missing or greater than forty-two weeks were 
excluded (201 mothers) (See Supplemental Digital Con-
tent). Maternal age was restricted to the reproductive 
years of 15-44 years, 23 mothers were excluded based on 
this criteria. In addition, women without clinical encoun-
ter data, 94 mothers, in the INPC were excluded from the 
study, because these women lack pertinent data needed 
for analysis. Race categories were condensed to reflect the 
main racial strata in Indianapolis. During this investiga-
tion, many African Americans were erroneously coded as 
Native Hawaiians in one health system, although Native 
Hawaiians account for <.05% of the Indianapolis popula-
tion [23]. Therefore we combined African Americans and 
Native Hawaiians into a single Black race category. Addi-
tionally, given low proportions in the underlying popula-
tion, we combined Multiracial and Asian categories into 
a single Other race category.

The CDC recommends testing pregnant women for 
syphilis at the diagnosis of pregnancy and additional 
syphilis testing early in the third trimester and again 
at delivery for women who are at increased risk [24]. 
For this study, providers’ adherence to syphilis test-
ing is determined by the timing of the test performed 
following testing recommendation from the CDC. 
Because individual-level risk factors were not available 
from the INPC, we classified women as high-risk using 
the syphilis prevalence associated with the zip code of 
the mother’s home address. During the study period, 
four zip codes consistently had the greatest number 
of syphilis cases, with prevalence ranging from 56 to 
95 cases per 100000 compared to the overall rate in 
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the Indianapolis Metropolitan statistical area (MSA) 
which ranged from 4.6 to 8.3 cases per 100000 during 
the study period. Mothers residing in these zip codes 
were designated high risk. A woman is classified as 
having syphilis (by serology) if a non-treponemal test 
and a treponemal test were both positive. In addition, 
a few cases were also classified as having syphilis by 
serology, where an IgG was positive with a positive 
(reactive) confirmatory test (± 7 days) such as an fluo-
rescent treponemal antibody absorption (FTA-ABS) or 
T pallidum particle agglutination (TP-PA), even with-
out a non-treponemal test.

The unit of analysis for this study is pregnancy; 
therefore, deliveries with multiple births (twins, tri-
plets, etc.), were counted as one pregnancy. Addition-
ally, two pregnancies in a year by the same mother 
was counted as two unique pregnancies. The concep-
tion date of each pregnancy was calculated by using 
the estimated gestational day and birthdate of the 
baby provided on the birth certificate. The trimester 
of the infant’s delivery was calculated using the esti-
mated gestational days of the infant. We deduced the 
trimester of each lab test by taking the numbers of 
days from conception to the test date. A laboratory 
test was classified to be within first trimester if it was 
done at 13 weeks or earlier, second trimester if it was 
performed between 14 to 27 weeks, and third trimes-
ter as lab tests performed between 28 weeks and 42 
weeks. Tests performed at delivery were defined as 
lab tests carried out seventy-two hours before or after 
the birth. To avoid overlapping of timelines, third tri-
mester lab tests were classified as lab tests performed 
between 28 weeks and 72 hours before the infant’s 
birthdate.

Descriptive statistics were calculated to examine 
the characteristics of mothers with a live birth deliv-
ery. Testing rates were calculated by trimester, 30 days 
before delivery, and at delivery. Results were strati-
fied by year, high risk status, testing status, and moth-
ers with syphilis based on serology. Statistics included 
mean and standard deviation for continuous variables 
and frequency and proportion for categorical vari-
ables. To evaluate the association between non-testing 
of women during pregnancy while adjusting for poten-
tial confounders, we constructed a multiple logistic 
regression model with race, age, delivery status (pre-
term or full-term), risk status, and insurance. The sta-
tistical software SAS, version 9.4, (SAS Institute Cary, 
NC) was used for all analyses, and a P-value < 0.05 was 
used for the level of significance. The study received 
approval by the Institutional Review Board at Indiana 
University (Study No. 1311659626 and 1611016230).

Results
Study population
We identified a total of 21260 pregnancies by 19574 
unique mothers from 2014 to 2016. Demographics of the 
study populations are given in Table 1. Because we were 
most interested in testing during pregnancy, demograph-
ics are given as characteristics of pregnancies rather 
than characteristics of mothers themselves. Of the preg-
nancies, 52.0% were among White women, 31.7% were 
among Black women, and 9.3% were among women of 
mixed or other race. Ethnically, 5.9% were Hispanic, 
57.6% non-Hispanic with the rest unknown or other. 
Most of the women were 20 to 34 years of age, with mean 
age being 27 years. There were 6,309, 7,946, and 7,006 
pregnancies in 2014, 2015, and 2016, respectively.

Maternal prenatal syphilis testing was performed for 
17,367 pregnancies (81.7%). This includes testing done 
any time during the pregnancy or at the time of delivery. 
Testing was done in 75.3% of pregnancies among White 
women compared to 90.4% of pregnancies among Black 
women and 81.9% of pregnancies of women of Mixed or 
Other race and 89.2% of pregnancies of women whose 
race was unknown. Testing was performed in 92.2% of 
pregnancies among Hispanic women, 88.7 and 68.9% of 
pregnancies among women who were non-Hispanic and 
whose ethnicity were unknown respectively. High risk 
was identified in 3,705 (17.4%) of pregnancies. Testing 
was performed in 89.4% of pregnant women identified 
as high risk compared to 80% of women not identified as 
high risk.

Timing of maternal prenatal testing
Maternal testing was performed in 60.1% of pregnancies 
during the first or second trimesters (Table 2). The pro-
portion of pregnant women tested in the first or second 
trimesters increased from 37.8% in 2014 to 75.5% in 2016. 
Testing occurred only at the time of delivery in 9.1% of 
pregnancies and this proportion decreased from 16.6% 
in 2014 to 4.0% in 2016. Among all pregnancies, 70.7% 
had syphilis testing performed at least thirty days before 
delivery, increasing from 51.8% in 2014 to 81.3% in 2016 
(Table 2). Overall, the proportion of pregnancies that had 
syphilis testing in any trimester plus delivery increased 
from 71.7% in 2014, 85.3% in 2015 to 86.6% in 2016.

Forty-one pregnancies were classified as having syphilis 
infection: 16 (39.0%) of these were in 2014, 14 (34.2%) in 
2015, and 11 (26.8%) in 2016. Testing among these cases 
increased from 48.8% during the first trimester to 70.7% 
at the third trimester, however, 7.6, 7.3 and 14.6% were 
solely tested at first, second, and third trimesters respec-
tively without indication of testing in any other trimester. 
Overall, 36 (87.8%) pregnant women were diagnosed at 
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least 30 days before delivery and 3 (7.3%) were diagnosed 
at delivery.

We next examined whether testing occurred differently 
in pregnancies among women who were classified as high 
risk on the basis of residence in a high syphilis prevalence 
zip code compared to those who did not reside in high 
prevalence zip codes (Table  2). Among 3705 pregnan-
cies of women from high syphilis prevalent zip codes, 
2498 (67%) had testing in the first or second trimesters. 
Testing in the first or second trimesters increased among 
pregnancies of women from high risk zip codes from 
42.9% in 2014, 73.9% in 2015 to 81.8% in 2016. Overall, 
2874 (77.6%) pregnancies had prenatal syphilis testing 
performed at least thirty days before delivery (Fig. 1). The 
proportion of high-risk pregnancies that had prenatal 
syphilis testing anytime during pregnancy plus delivery 
increased from 79.6% in 2014, 92.5% in 2015 to 94.2% 
in 2016. The proportion of these pregnancies tested 
increased from 42.4% during the first trimester to 52% 

at the third trimester, however, 4, 11.6 and 12.7% were 
solely tested at first, second, and third trimesters respec-
tively without indication of testing in any other trimester.

Of the 41 women classified as having syphilis, only nine 
resided in high prevalence zip codes of which seven were 
tested at least 30 days before delivery. Two were tested 
only at the time of delivery. Seven of these cases were in 
2014, two in 2015, and none were reported in 2016. The 
testing that occurred only at delivery was only observed 
in 2014; subsequent years did not have syphilis testing 
occurring only at the time of delivery.

Associated risk factors
We examined some of the potential factors that could 
contribute to lack of prenatal syphilis testing, includ-
ing age, race, ethnicity, insurance, risk based on high 
syphilis prevalence zip codes, and delivery status. Bivari-
ate analysis showed that all factors were significantly 
associated with prenatal syphilis testing (P<0.0001). 

Table 1 Prenatal syphilis testing among pregnancies with live birth  deliveriesa by race, ethnicity, age, insurance and risk, Central 
Indiana, 2014–2016 (N=21,260)

a Mothers were counted twice or more if they had multiple pregnancies during the time period
b Syphilis “Cases” are those with positive serologic screening and confirmatory tests regardless of history, clinical signs or treatment and so do not reflect women with 
active syphilis during pregnancy

Total Pregnancies

Characteristics Total N (% of 
Pregnancies)

Syphilis Testing (% Tested/
Total)

Syphilis “Cases” 
b (% Positive/
Total)

Race
 White 11,052 (52.0%) 8,325 (75.33%) 13 (0.12%)

 Black 6,729 (31.7%) 6,088 (90.47%) 20 (0.30%)

 Other 2,028 (9.3%) 1,660 (81.85%) 6 (0.30%)

 Unknown not documented 1,451 (6.8%) 1,294 (89.18%) 2 (0.14%)

Ethnicity
 Hispanic 1,260 (5.9%) 1,162 (92.22%) 2 (0.16%)

 Non-Hispanic 12,244 (57.6%) 10,857 (88.67%) 29 (0.24%)

 Unknown, not reported, other 7,756 (36.5%) 5,348 (68.95%) 14 (0.18%)

Age group
 15-19 1,755 (8.3%) 1,514 (86.27%) 1 (0.06%)

 20-24 6,259 (28.4%) 5,285 (84.44%) 5 (0.08%)

 25-29 6,292 (29.6%) 5,078 (80.71%) 9 (0.14%)

 30-34 4,588 (21.6%) 3,621 (78.92%) 12 (0.26%)

 35-39 1,965 (9.2%) 1,556 (79.19%) 10 (0.51%)

 40-44 401 (2.0%) 313 (78.05%) 4 (1.00%)

Delivery status Preterm 2,093 (9.8%) 1,789 (85.45%) 9 (0.43%)

Full-term 19,167 (90.2) 15,578 (81.28%) 32 (0.17%)

Insurance Government 12,625 (59.4%) 11,040 (87.45%) 30 (0.24%)

Commercial 6,334 (29.8%) 4,506 (71.14%) 4 (0.06%)

Self-pay 1,197 (5.6%) 1,068 (89.22%) 5 (0.42%)

Other 1,104 (5.2%) 753 (68.21%) 2 (0.18%)
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When modeled using multiple logistic regression, which 
controls for other covariates, all factors except age 
(P=0.8832) remained significant predictors of syphi-

lis testing during pregnancy (Table  3). Mothers that 
live in high syphilis morbidity areas had an adjusted 
odds ratio of 1.384 (P<0.0001), indicating that these 
women are more likely to have prenatal syphilis testing 
when compared to those that reside in non-high-risk 
zip codes. Mothers who were Black, Other, and whose 

race were unknown, when compared to White moth-
ers had an adjusted odds ratio of 2.162 (P<0.0001), 1.197 
(P=0.0057), and 2.021 (P<0.0001) respectively. Similarly, 
mothers with pre-term deliveries were more likely to 
have prenatal syphilis testing than mothers with full-term 
deliveries (adjusted odds ratio of 1.195 (P=0.0089)). Indi-
viduals with government insurance such as Medicaid and 
Medicare or self-pay for their healthcare utilization were 
more likely to have prenatal syphilis testing compared 
to those with commercial insurance with the adjusted 
odds ratio of 1.848 (P<0.0001) and 1.722 (P<0.0001) 
respectively.

Discussion
Prenatal syphilis testing is an essential preventative meas-
ure to halt the transmission of maternal syphilis infec-
tion to the fetus, which can lead to congenital syphilis in 
infants and stillbirths [1]. In this study, providers tested 
82% of pregnancies that resulted in live births from 2014 
to 2016. Providers’ adherence increased over time from 
71.1% in 2014 to 86.6% in 2016.

Although women who were classified as high risk were 
screened more frequently, adherence to screening at 28 
weeks and delivery was poor. In agreement with previ-
ous studies, we found that those with government insur-
ance such as Medicaid and Medicare were tested more 
frequently than women with commercial insurance [25].

Providers’ adherence in this study was lower than 
previous studies [8–10] including one from Indianapo-
lis [13] (95-98.2%). These studies were published over 
15 years ago. Although there were differences in study 
populations, it is also possible that providers decreased 
testing practice after CDC’s efforts to eliminate syphilis 
beginning in 1999 [26].

Fig. 1 Count of maternal prenatal syphilis testing 30 days before delivery and any trimester plus delivery in the total population and high-risk 
sub-population from 2014-2016

Table 3 Results of the multiple logistic regression analyses by 
potential contributing factors

a  Ref. indicates the reference group used in the regression model

Adjusted odds 
ratio (P-value)

Characteristics
 Race
  White Ref.a

  Black 2.162 (<0.0001)

  Other 1.197 (<0.0057)

  Unknown not documented 2.021 (<0.0001)

 Delivery status
  Full-term Ref.

  Preterm 1.195 (0.0089)

 Insurance
  Commercial Ref.

  Government 1.848 (<0.0001)

  Self-pay 1.722 (<0.0001)

  Other 0.793 (<0.0017)

 High risk status
  No Ref.

  Yes 1.384 (<0.0001)
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We found that 19% of women were not tested for 
syphilis at any time during pregnancy. These are missed 
opportunities to detect and treat syphilis infections. A 
Louisiana study examining opportunities to prevent CS 
found that one-third of CS cases could have been pre-
vented if prenatal syphilis testing was done [27]. Another 
study found that over one-third of women who had a 
stillbirth were not screened for syphilis [17, 28]. Diag-
noses must be followed by timely treatment. However, 
Kidd et al. (2018) found that most infants with congeni-
tal syphilis were born to mothers who tested positive 
and were diagnosed with syphilis but not treated [29]. 
Our study was unable to assess treatment because treat-
ment data is incomplete in the INPC.

In addition, our study also indicates that 41 women had 
syphilis infection based on serology from 2014 to 2016. 
In Marion County, during this time, there were 365 cases 
of early syphilis, of which 24 were women, and 189 late 
latent syphilis cases, of which 66 were women [4]. In the 
state, a total of 23 congenital syphilis cases were reported 
during the study period [3, 30]. Specifically, in Marion 
County, a total of 5 CS cases were observed between 
2014 and 2016, with these cases occurring in 2016. 
Although we found five pregnancies with serologic diag-
nosis of syphilis less than thirty days before delivery, we 
cannot confirm that these are the same CS cases reported 
because our data were de-identified.

Contrary to Schrag et  al. (2003), we found that pro-
viders were more likely to test women at higher risk, as 
defined by zip code of residence, than the overall pop-
ulation [8]. The increase in testing observed within the 
high-risk population is consistent with the CDC prenatal 
testing guidance [24]. However, despite the recommen-
dation from the CDC and ACOG, only 27% of high-
risk women were tested at delivery, and 9% were tested 
only at delivery. Alarmingly, our study found that over 
7.3% of the women that tested positive for syphilis dur-
ing the study period were tested only at delivery. These 
data indicate that providers do not fully adhere to testing 
recommendations when attending to women that reside 
in areas with high rates of syphilis. This low compliance 
with the CDC and ACOG guidelines on high-risk prena-
tal syphilis testing suggests that more providers educa-
tion is needed.

Providers were more likely to test women with govern-
ment-issued insurance, had a preterm delivery, resided 
in high-risk zip codes, and self-identified as Black. Simi-
larly, Sheikh et  al. (2008), found socioeconomic factors 
such as maternal residence, lack of healthcare insurance, 
and incarceration to be associated with lack of prenatal 
syphilis testing [9]. We found that those with govern-
ment insurance such as Medicaid and Medicare were 
tested more frequently than women with commercial 

insurance, which is on par with the 85% testing rate 
among pregnant women found in a study using Mar-
ketScan data [25]. Government-funded health insurance 
afford women the opportunity to seek and receive care 
during pregnancy. Women who delivered preterm were 
also tested more often, possibly because of more fre-
quent follow-up appointments associated with preterm 
risk. We were, however, unable to assess the reasons for 
preterm birth.

There were several limitations in this study. First, 
syphilis testing may have taken place in a lab not covered 
by the INPC, in which case a woman would appear not 
to be tested [13]. Additionally, results are dependent on 
institutions entering data correctly. Another limitation 
of this study is that we could not ascertain the stages of 
the syphilis diagnosis. Thus, it is possible that cases were 
from a previous infection that occurred before preg-
nancy that might not represent active syphilis. Addi-
tionally, the definition of high risk for this study did not 
encompass the entire definition of high risk as outlined 
by the CDC which includes individuals with risky sex-
ual behavior, illicit drug use, STIs, or multiple sex part-
ners during pregnancy [5]. Thus, it is possible for some 
women that were not classified as high risk based on the 
definition used in this study (high morbidity zip codes) 
to, in fact, be high risk. Lastly, assigned Logical Obser-
vation Identifiers Names and Codes (LOINC) coding to 
some laboratory tests was unclear as to which syphilis 
test was performed. Although all LOINCs with positive 
results were examined manually, it is still possible that 
misclassification could have occurred.

Conclusions
Prenatal syphilis testing is crucial to reduce infant mor-
tality and morbidity. In comparison to earlier studies, 
providers’ adherence to prenatal syphilis screening is rel-
atively low. However, our study found an overall increase 
in testing over time which aligned with CDC’s call to 
action for providers to increase testing due to increase in 
congenital cases [31]. It is imperative to increase screen-
ing among high-risk populations, particularly at 28 weeks 
and at delivery. Future studies to examine treatment 
data and explore the proportion of pregnant women 
with syphilis that meet CDC’s high-risk definition is 
warranted.
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