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Background: Chlamydia trachomatis (CT) and Neisseria gonorrhoeae
(NG) case surveillance relies on reported positive laboratory results.
Changes in reported casesmay represent changes in testing practice or infection
prevalence. This study evaluated changes over time for CT and NG positivity
and testing rates of pregnant persons.
Methods: Prenatal testing results from persons aged 16 to 40 years tested
by a national reference clinical laboratory were analyzed for CT and NG
testing and positivity from 2010 to 2018 (n = 3,270,610).
Results: Testing rates increased among pregnant persons for CT (from
56.3% in 2010 to 64.1% in 2018, P < 0.001) and NG (from 55.6% to 63.2%,
P < 0.001). Higher CT testing rates were found in Black non-Hispanic (adjusted
odds ratio [AOR], 1.58; 95% confidence interval [CI], 1.57–1.60) and Hispanic
(AOR, 1.19; 95%CI, 1.18–1.20) persons. NG andCT testing rates were virtually
identical. Significant increasing trends inCTpositivitywere observed for each age
group studied (P < 0.001 for all): 16–19 (from 11.7% to 13.0%), 20–24 (from
6.4% to 6.7%), 25–30 (from 1.9% to 2.4%), and 31–40 years (from 0.76% to
0.92%). Black non-Hispanic persons had the highest positivity for CT (AOR,
2.52; 95% CI, 2.46–2.57) and NG (AOR, 5.42; 95% CI, 5.05–5.82).
Conclusions: Testing and adjusted positivity for both CTand NG among
pregnant persons increased from 2010 to 2018. Higher testing rates were
observed in Black non-Hispanic and Hispanic persons (even in persons
younger than 25 years), suggesting some testing decisions may have been
based on perceived risk, in contrast to many guidelines recommending
screening all pregnant persons younger than 25 years.

I n 2018, the Centers for Disease Control and Prevention (CDC)
reported that cases of Chlamydia trachomatis (CT) in the

United States increased to record levels (1,758,668; 539.9 cases
per 100,000 population).1 Reported cases of Neisseria gonorrhoeae
(NG) increased 89% from 2010 (309,341; 100.2 cases per 100,000
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population) to 2018 (583,405; 179.1 cases per 100,000 population),
rising to the highest level since 1991.1 Of particular concern, CTand
NG infections during pregnancy are associated with an increased
risk of many adverse perinatal outcomes including preterm deliv-
ery,2,3 preterm rupture of membranes,2–4 and low birth weight.3–5

Treatment of CT during pregnancy is the most effective option for
preventing postnatal complications and the infection being passed
from mother to child during delivery.6

Both the CDC and the US Preventive Services Task Force
recommend screening for CT and NG at the first prenatal visit
for all pregnant persons younger than 25 years and those 25 years
and older with risk factors.6–8 The American College of Obstetri-
cians and Gynecologists recommends screening all pregnant per-
sons for CT and those younger than 25 years for NG (and
persons living where gonorrhea is common).9

CT and NG case surveillance in the United States relies
heavily on reported positive laboratory results. Without negative
results, it is unclear if changes in reported cases represent changes
in testing practices or changes in prevalence among persons tested.
Trends in sentinel populations can help interpret trends in national
case report data. Pregnant persons have been used as a sentinel
population for HIV prevalence10 and hepatitis C virus infection.11

This study uses data from a large national reference clinical
laboratory to analyze trends in testing and positivity for CT/NG
from 2010 to 2018 during pregnancy.

MATERIALS AND METHODS

Study Population
Pregnant persons were identified by searching for patients

who had prenatal serum screening tests performed at Quest Diag-
nostics. Prenatal serum screening tests are used to categorize risk
for open neural tube defects, Down syndrome (trisomy 21), and
Edward's syndrome (trisomy 18). Deidentified laboratory prenatal
screening test results from persons aged 16 to 40 years, with a
company-wide unique patient identification number, from 2010
to 2018 were selected for potential inclusion. Only the first preg-
nancy for each patient was considered. Patients were included in
the study if they also had any type of laboratory testing performed
at Quest Diagnostics during the estimated third trimester of preg-
nancy to ensure continuity of laboratory services. The third trimes-
ter requirement could be the prenatal screening or any other
laboratory test. (Trimester was based on gestational age listed with
prenatal serum screening. When gestational age was not available,
a value of 117 days was assigned given this was both the mean and
median value for persons with available data.) Requiring continu-
ity of laboratory services into the third trimester (as determined by
receiving laboratory test requests of any kind during the third tri-
mester) helped to ensure patients were most likely receiving all
laboratory testing during their pregnancy from the same laboratory
and were not tested for CT/NG elsewhere. Although guidelines
recommend CT/NG testing at the first prenatal visit, many are
nsmitted Diseases • Volume 48, Number 12, December 2021
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C. trachomatis and N. gonorrhoeae in Pregnancy
tested later during pregnancy. Oral and rectal specimens were ex-
cluded because of small numbers and a lower risk of fetal
infection.

CT and NG Testing
CT/NG test results were included from cervical, vaginal, or

urine testing. Testing was performed using the Aptima Combo 2
CT/NG Assay (Hologic, Marlborough, MA) or CT/NG co-testing
using the BD ProbeTec as part of a Pap test/cervical examination
(Becton Dickinson, Franklin Lakes, NJ). All CT/NG test results
were included for analysis of testing proportions. Only results re-
ported as positive (values “positive” or “detected”) or negative
(values “negative” or “not detected”) were included in the analysis
of positivity. Urine specimens were included in the analysis but
grouped with the vaginal/cervical anatomic site specimen results
for analysis because of lack of differentiation of said specimens in
the data files.

Demographic Factors
Race/ethnicity data were provided by the ordering health

care provider at the time of the prenatal serum screening; however,
the fields are often left unfilled or are completed as “not given.”
Payer type analysis of Medicaid includes managed care Medicaid.
Medicare patients were not considered in the payer type analysis
because of the small number, but they were included in overall sta-
tistics. All other individuals with known payer type were grouped
into “private” insurance. Patients were classified by age group at
the time of testing for analysis: 16–19, 20–24, 25–30, and
31–40 years.

Statistical Analysis
Comparisons of CT/NG positivity and testing proportions

between 2010 and 2018, race/ethnicity groups during the whole
study period, and age groups during the whole study period were
analyzed using theχ2 test. Trends in CT/NG positivity and testing
proportions from 2010 to 2018 were analyzed using the
Cochran-Armitage test for trend. Multivariable models were per-
formed to assess demographically adjusted changes in testing
and positivity rates over time. Variables were selected for inclusion
in the model using a stepwise entry criterion of P < 0.05. All po-
tential variables met this criterion and are shown in the figures
depicting model results. Model fit was assessed using the area un-
der the curve from receiver operating characteristic curves. Data
analyses were performed using SAS Studio 3.6 on SAS 9.4
(SAS Institute Inc., Cary, NC). This Quest Diagnostics Health
Trends study was deemed exempt by the Western Institutional Re-
view Board (Puyallup, WA).
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RESULTS
There were 5,304,969 unique patients selected for potential

inclusion. Pregnant persons who did not have any diagnostic testing
performed at Quest Diagnostics in the third trimester were excluded
(n = 2,034,359), as were specimens that did not contain results from
the vaginal, cervical, or urine anatomic source (n = 239 oral/rectal
specimens). The population included in this study constituted
62% of patients selected for potential inclusion (n = 3,270,610).
There were 294 patients with only equivocal CT/NG testing results
that were excluded from CT/NG positivity analyses.

Demographic variables were largely similar between per-
sons included and excluded (Table 1). Race/ethnicity data were
available for a significantly higher proportion of included than ex-
cluded persons (55.0% vs. 42.0%, P < 0.001). Payer type data, ei-
ther Medicaid or private payer, was available for more included
Sexually Transmitted Diseases • Volume 48, Number 12, December 2021 933
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than excluded persons (97.3% vs. 90.4%, P < 0.001). A signifi-
cantly higher proportion of persons included had CT (60.4% vs.
28.3%, P < 0.001) and NG testing (59.6% vs. 27.9%, P < 0.001)
performed. Included and excluded persons had similar positivity
rates for CT (3.9% vs. 4.0%) and NG (0.40% vs. 0.49%).

Many demographic characteristics of persons included in
this study changed from 2010 to 2018 (Table 1). The mean mater-
nal age increased every year from 2010 (28.0 ± 5.8 years) to 2018
(28.9 ± 5.6 years), an overall increase of 0.9 years. The percent of
pregnant persons who were teenagers decreased by 35% (from 9.8%
in 2010 to 6.4% in 2018), whereas the percent whowere aged 31–40
years increased by 17% (from 32.4% in 2010 to 38.0% in 2018).
Among persons whose race/ethnicity was provided, the percent of
pregnancies from White non-Hispanic and Black non-Hispanic per-
sons declined over the study period, 14.4% and 13.5%, respectively.
The percent of pregnancies from Hispanic persons and those with
other ethnicities increased greatly, 23.9% and 57.6%, respectively.
The percent of Medicaid-covered persons increased from 2010
(28.6%) to 2013 (30.8%) but declined every year thereafter.

There was a significant increasing trend (P < 0.001) in CT
testing of pregnant persons during the study period from 2010
(56.3%) to 2018 (64.1%). Average CT testing proportions from
2010 to 2018 were higher in younger age groups: 72.3% for 16–
19 years, 66.3% for 20–24 years, 58.3% for 25–30 years, and
56.0% for 31–40 years. There was a significant increasing trend
in CT testing rates for each of these age groups from 2010 to
2018 (Fig. 1): 16–19 years (10%, from 69.4% to 76.4%;
P < 0.001), 20–24 years (9%, from 63.6% to 69.5%; P < 0.001),
25–30 years (16%, from 53.8% to 62.4%; P < 0.001), and 31–
40 years (22%, from 49.7% to 60.8%; P < 0.001). There was also
a significant increasing trend in CT testing rates from 2010 to
2018 for each race/ethnicity studied and in the group where race/
ethnicity data were unavailable (P < 0.001).

Therewas a significant increasing trend in CT positivity for
each age group studied (P < 0.001 for all): 16–19 years (from
11.7% to 13.0%), 20–24 years (from 6.4% to 6.7%), 25–30 years
(from 1.9% to 2.4%), and 31–40 years (from 0.76% to 0.92%).
When age was not accounted for, there were statistically
Figure 1. C. trachomatis testing trends in the United States by race/ethn
2010–2018, data from Quest Diagnostics. Bars represent 95% confidenc
expect “Other” race/ethnicity age 16 to 19 years.

934 Sexually Tra
significant decreasing CT positivity trends (P < 0.001) for Black
non-Hispanic (from 8.6% to 7.2%, a 16% decrease) and Hispanic
persons (from 5.3% to 4.7%, an 11% decrease). However, in
age-stratified analyses, no Black non-Hispanic nor Hispanic age
group demonstrated a statistically significant decline in CT posi-
tivity during the study period, indicating the overall decline in
these groups was due, in large part, to an increase in maternal
age. Stratified analyses also revealed the increasing trends in
age-adjusted CT positivity were driven primarily by increases in
White non-Hispanic persons, who demonstrated a larger relative
increase in CT positivity within each age group than all other
groups with race/ethnicity data available (Fig. 2).

NG testing rates overall and testing rates within individual
age and ethnicity stratifications were very similar to CT testing
rates (Fig. 3). Of pregnant persons tested for NG, 99.9% were also
tested for CT. Of pregnant persons tested for CT, 98.5% were also
tested for NG.

NG positivity increased for all age groups ≥20 years from
2010 to 2018, but only the 25- to 30-year age group demonstrated
a statistically significant increasing trend (from 0.17% to 0.24%, a
41% increase; P < 0.01). Unlike CT, analyses stratified by age
group and race/ethnicity combinations revealed only one signifi-
cant increasing trend in NG positivity from 2010 to 2018 in per-
sons with data available (Fig. 4): White non-Hispanic persons in
the 25- to 30-years age group (from 0.10% to 0.17%, a 70% in-
crease; P < 0.05). Black non-Hispanic persons had significantly
higher NG positivity rates than any other race/ethnicity group for
each age group studied (P < 0.001 for all), but also demonstrated
a significant declining trend in positivity (from 1.57% to 1.16%, a
26% decline; P < 0.001) during the study period in unadjusted
analysis. However, as with CT, age-stratified analyses revealed
no statistically significant decline in NG positivity for any age
group of Black non-Hispanic persons (Fig. 4).

Multivariable logistic regressionmodelswith CT testing as the
dependent variable revealed an increase in testing over time per yearly
increment (AOR, 1.05; 95% confidence interval [CI], 1.05–1.06).
Notable factors associated with an increased likelihood of CT testing
being performed included the 16- to 19-year age group, Black
icity and age group during pregnancy. Each line represents years
e limits. Cochran-Armitage test for trend P < 0.01 for all groups

nsmitted Diseases • Volume 48, Number 12, December 2021



Figure 2. C. trachomatis positivity trends in the United States by race/ethnicity and age group during pregnancy. Each line represents years
2010–2018, data from Quest Diagnostics. Bars represent 95% confidence limits. Cochran-Armitage test for trend: *P < 0.05; **P < 0.01;
***P < 0.001.

C. trachomatis and N. gonorrhoeae in Pregnancy
non-Hispanic race/ethnicity, and Medicaid patients. Pregnant persons
with race/ethnicity datamissing had a lower adjusted likelihood of CT
testing being performed. Factors associated with NG testing were vir-
tually identical (Fig. 5). There was a strong age-based relationship in
the CT positivitymodel (Fig. 6). Other notable factors associatedwith
CT positivity included Medicaid payment (AOR, 1.30; 95% CI,
1.29–1.33) and both Black non-Hispanic (AOR, 2.52; 95% CI,
2.46–2.57) and Hispanic (AOR, 1.68; 95% CI, 1.64–1.72) race/
ethnicity. The model also indicated an increase in CT positivity over
time (AOR, 1.02, 95% CI, 1.02–1.02). Factors associated with NG
positivity were largely similar to CT, although the association for
Black non-Hispanic persons was notably stronger (AOR, 5.42; 95%
Figure 3. N. gonorrhoeae testing trends in the United States by race/eth
2010–2018, data from Quest Diagnostics. Bars represent 95% confidenc
except “other” race/ethnicity with ages 16 to 19 years.

Sexually Transmitted Diseases • Volume 48, Number 12, Decembe
CI, 5.05–5.82). A small but statistically significant association with
study year was identified in the NG positivity model.
DISCUSSION
This study provides an assessment of CT and NG testing

and positivity rates in a large population of nearly 3.3 million preg-
nant persons in the United States over the 2010–2018 period. CT
testing rates rose from 56.3% in 2010 to 64.1% in 2018 (a 1.7%
relative annual increase). This annual increase closely compares
with an increase of 2.0% among commercial health maintenance
organization insurance members (43.1% in 2010 to 50.6% in
nicity and age group during pregnancy. Each line represents years
e limits. Cochran-Armitage test for trend P < 0.01 for all groups,

r 2021 935



Figure 4. N. gonorrhoeae positivity trends in the United States by race/ethnicity and age group during pregnancy. Each line represents years
2010–2018, data from Quest Diagnostics. Bars represent 95% confidence limits. Cochran-Armitage test for trend: *P < 0.05; **P < 0.01;
***P < 0.001.

Niles et al.
2018) and of 2.2% among commercial preferred provider organiza-
tion insurance members (40.0% in 2010 to 47.6% in 2018) included
in National Committee for Quality Assurance HEDIS measure of
testing sexually active 16- to 24-year-old females.12 Our data suggest
that changes in key demographic factors over time are impacting
changes in both testing and positivity. Contributing factors to the rise
in sexually transmitted infections (STIs) include drug use, stigma, un-
stable housing (contributes to decreased access to care), decreased
condom use, and reductions in state and local sexually transmitted
disease programs.13,14

The proportions of pregnancies from persons in the demo-
graphic groups with the highest testing and positivity rates (the
16- to 19-year age group, Black non-Hispanic persons [when
Figure 5. Multivariable models, associations with C. trachomatis and N. g
2010–2018. Reference groups: 1, age 31 to 40 years; 2,White non-Hispan
“year” is per yearly increment. Area under the curve, 0.62 for both mod

936 Sexually Tra
race/ethnicity data were available], and Medicaid patients) all
declined from 2010 to 2018 (35%, 14%, and 31%, respectively).
Multivariable models controlling for age, payer type, and race/
ethnicity indicated a 2% relative annual increase in CT positivity.
There was a small but statistically significant annual change in NG
positivity over time in the adjusted multivariable model, but White
non-Hispanic persons in the 25- to 30-years age group were the only
stratification of persons with available race/ethnicity data that
displayed a significant increasing trend over time. Themodels also in-
dicated a 5% relative annual increase in testing for both CT and NG,
but it is important to note that many pregnant persons who should be
tested according to existing guidelines remained untested. In persons
with race/ethnicity data available, higher CT and NG testing rates
onorrhoeae testing during pregnancy. Data from Quest Diagnostics,
ic; and 3, all non-Medicaid and unknownpayer types. The AOR for
els.
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Figure 6. Multivariablemodels, associations with C. trachomatis andN. gonorrhoeaepositivity during pregnancy. Data fromQuest Diagnostics,
2010–2018. Reference groups: 1, age 31 to 40 years; 2,White non-Hispanic; and 3, all non-Medicaid and unknownpayer types. The AOR for
“year” is per yearly increment.C. trachomatismodel (n = 1,975,556)with testing performed andpositive/negative results; area under the curve,
0.77. N. gonorrhoeaemodel (n = 1,948,056) with testing performed and positive/negative results; area under the curve, 0.79.

C. trachomatis and N. gonorrhoeae in Pregnancy
were found in Black non-Hispanic andHispanic persons (even in per-
sons younger than 25 years), suggesting that many testing decisions
were based on perceived risk, whereas many current guidelines rec-
ommend screening all pregnant persons younger than 25 years.6–9

An important limitation to this study is that race/ethnicity
data were only available for 55% of included pregnant persons.
The reasons for race/ethnicity not being completed on laboratory
requisitions are unclear. Geography is only a partial explanation,
as all states have provided at least some race/ethnicity data. It is
likely the differences are based on individual patients' or providers'
willingness to provide this information. Fortunately, race/ethnicity
data were available for more than 1.8 million pregnant persons.
White non-Hispanic persons younger than 25 years were less
likely to be tested than Black non-Hispanic persons, even though
the positivity rate for CT among the tested White non-Hispanic
population was more than 6.0%. Since 2010, positivity for CT
has increased more for the White non-Hispanic population than
for pregnant persons of other races. Previous research indicates a
higher prevalence of pelvic inflammatory disease among Black
non-Hispanic versusWhite non-Hispanic females without a previ-
ous STI diagnosis.15 Although reasons for racial disparity in pel-
vic inflammatory disease are numerous, this may suggest that
Black non-Hispanic females are more likely to have had an undi-
agnosed, asymptomatic STI or less likely to have received or re-
ported a diagnosis for a symptomatic infection. Still, in our
study, the Black non-Hispanic population was significantly more
likely than the White non-Hispanic population to test positive for
CT (AOR, 2.52) and NG (AOR, 5.42), although they experienced
a 26% decline in NG positivity and an 16% decline in CT positivity
from 2010 to 2018. However, no age group of Black non-Hispanic
persons demonstrated a statistically significant decline in CTor NG
positivity, indicating the overall declines were likely driven by in-
creasing maternal age. A recent study of pregnant persons from
Atlanta, Georgia (more than two-thirds of whom were Black
non-Hispanic) found rates of CT and NG testing (97% each) and
positivity (11% and 3%, respectively) that were even higher than
Sexually Transmitted Diseases • Volume 48, Number 12, Decembe
those found for the Black non-Hispanic population included in
this study.16

A major strength of this study is the analysis of testing and
positivity rates at a large scale from pregnant individuals residing
in all US states and the District of Columbia. The ability to analyze
both positive and negative laboratory results in what could be con-
sidered a sentinel population may help interpret trends in national
case report data. The rates of increase in CT positivity between
2010 and 2018 shown in this study are similar to, but lower than,
increases in CDC case rates for females. For pregnant persons
aged 20 to 24 years, a 5% increase was observed compared with
a 19% increase in CDC case rates in females. For pregnant persons
aged 25 to 30 years in this study, there was a 26% increase com-
pared with a 40% increase in case rates for females aged 25 to
29 years. For pregnant persons aged 31 to 40 years in this study,
there was a 21% increase compared with a 50% increase in case
rates for females aged 30 to 39 years.1,17 The increases in positiv-
ity rates for NG in pregnant persons 20 years and over during this
study, although only statistically significant in the 25- to 30-year
age group, were also comparable with, but lower than, CDC case
rate increases.1,17 Case report data and findings from this study
also indicate declining NG infection rates in females younger than
20 years, consistent with previous research.18 In light of these
findings, it is reasonable to conclude that observation of CT/NG
positivity from laboratory results in the pregnant population may
inform national surveillance efforts, but only to determine trends
in positivity, not overall rates.

A large proportion of potential patients (38%) were ex-
cluded because of a lack of any type of laboratory testing per-
formed at Quest Diagnostics during the third trimester. These
patients had lower demonstrated testing rates than included pa-
tients and could have biased the results accordingly; however,
many persons are tested for CT/NG at later stages of pregnancy.
The lack of any testing being performed during the third trimester
may indicate these women changed laboratory service providers
during pregnancy and were tested for CT/NG by another
r 2021 937
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laboratory provider (which was the reason for their exclusion).
The similarity in CT/NG positivity between persons included
and excluded suggests little to no bias in the positivity findings
as a result of exclusions; however, using laboratory data to assess
trends in positivity has some inherent limitations including indi-
vidual health care providers moving in or out of the database.
These limitations have been explored in depth previously.19 It is
also difficult to discernwhat impact implementation of the Afford-
able Care Act, specifically Medicaid expansion, may have had on
testing and positivity rates during the study period. Only the first
pregnancy per patient was selected for inclusion in the study,
resulting in excluding specimens from older persons at later stages
of the study. Thus, our finding of pregnant persons' age increasing
during the study period is likely an underestimate.

Testing and adjusted positivity rates for both CT and NG
among pregnant persons have increased from 2010 to 2018. The
Black non-Hispanic population had the highest risk for CT
(AOR, 2.52; 95% CI, 2.46–2.57) and NG (AOR, 5.42; 95% CI,
5.05–5.82) positivity but also demonstrated the largest declines
from 2010 to 2018 (16% and 26%, respectively), a decline driven
primarily by the increase inmaternal age. Higher testing rateswere
observed in Black non-Hispanic and Hispanic persons (even persons
younger than 25 years), suggesting some testing decisions may have
been based on perceived risk, in contrast to many current guidelines
recommending screening all pregnant persons younger than 25 years.
Despite the 5% relative annual increase in testing for both CTandNG
indicated in the adjusted models, many who should be tested accord-
ing to existing guidelines likely remained untested.
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