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Abstract

Background.—Chlamydia trachomatis causes pelvic inflammatory disease (PID) and tubal 

infertility. Plasmid gene protein 3 antibody (Pgp3Ab) detects prior chlamydial infections. We 

evaluated for an association of high chlamydial seropositivity with sequelae using a Pgp3Ab 

multiplex bead array (Pgp3AbMBA).

Methods.—We performed chlamydia Pgp3AbMBA on sera from women 18–39 years old 

participating in the 2013–2016 National Health and Nutrition Examination Survey (NHANES) 

with urine chlamydia nucleic acid amplification test results. High chlamydial seropositivity 

was defined as a median fluorescence intensity (MFI ≥ 50 000; low-positive was MFI > 551–

<50 000. Weighted US population high-positive, low-positive, and negative Pgp3Ab chlamydia 

seroprevalence and 95% confidence intervals (CI) were compared for women with chlamydial 

infection, self-reported PID, and infertility.

Results.—Of 2339 women aged 18–39 years, 1725 (73.7%) had sera, and 1425 were sexually 

experienced. Overall, 104 women had high positive Pgp3Ab (5.4% [95% CI 4.0–7.0] of US 

women); 407 had lowpositive Pgp3Ab (25.1% [95% CI 21.5–29.0]), and 914 had negative 
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Pgp3Ab (69.5% [95% CI 65.5–73.4]). Among women with high Pgp3Ab, infertility prevalence 

was 2.0 (95% CI 1.1–3.7) times higher than among Pgp3Ab-negative women (19.6% [95% CI 

10.5–31.7] versus 9.9% [95% CI 7.7–12.4]). For women with low Pgp3Ab, PID prevalence was 

7.9% (95% CI 4.6–12.6) compared to 2.3% (95% CI 1.4–3.6) in negative Pgp3Ab.

Conclusions.—High chlamydial Pgp3Ab seropositivity was associated with infertility although 

small sample size limited evaluation of an association of high seropositivity with PID. In infertile 

women, Pgp3Ab may be a marker of prior chlamydial infection.
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Prior to the coronavirus disease 2019 (COVID-19) pandemic, chlamydial infections had 

consistently been the most commonly reported infectious disease in the United States, with 

nearly 1.8 million cases reported to the Centers for Disease Control and Prevention (CDC) 

in 2018 [1]. About 30% of US women have serologic evidence of Chlamydia trachomatis 
infection [2]. The highest prevalence of chlamydial infection occurs in young women with 

4% of women 14–24 years old chlamydia positive by urine nucleic acid amplification test 

(NAAT) [1]. Following a cervical infection, C. trachomatis and other sexually transmitted 

infections can ascend in the female genital tract and cause reproductive sequelae, including 

pelvic inflammatory disease (PID), ectopic pregnancy, and tubal factor infertility (TFI). 

Approximately 10% of untreated chlamydial infections may progress to PID within a year 

[3], and PID may cause TFI about 11% of the time [4], although currently available 

diagnostic tests cannot identify women with lower tract disease at risk for progressing to 

sequelae. Chlamydia NAAT tests can measure acute cervical infection that may lead to 

sequelae; however, they cannot measure prior infections.

Unlike chlamydial NAATs, chlamydial serologic assays may be used to measure antibodies 

indicating prior chlamydial infection that may lead to PID and infertility [5]. Using a variety 

of chlamydial serologic assays, studies have evaluated the association between current and 

prior chlamydial infection and PID. Although some have found an increased risk of PID, 

other studies have not found a statistically significant association [6–9]. Estimates of the 

percentage of tubal factor infertility attributable to chlamydia using different serologic 

assays range from 10% to 50% [10–12]. Although chlamydia is known to cause PID and 

infertility, existing knowledge is incomplete about the proportions of PID and infertility 

caused by chlamydia, and which women with chlamydia are at elevated risk for upper 

genital tract sequelae primarily due to the poor sensitivity of existing commercially available 

chlamydial serologic assays [5].

Serological assays can detect antibodies against C. trachomatis plasmid gene protein 

3 (Pgp3) and may provide further insights on the association between Pgp3 antibody 

(Pgp3Ab) level and chlamydial sequelae. Detection of Pgp3Abs has shown good (92% at 6 

months or less post-chlamydial infection) sensitivity for chlamydia compared to NAAT tests 

[5]. Additionally, the Pgp3Ab multiplex bead array (Pgp3AbMBA) has shown similar [13], 

or greater [14] ability to detect prior chlamydial infection than the Pgp3 ELISA [2]. Pgp3 

may have a role in the inflammatory sequelae of chlamydia. Mice data suggest that Pgp3 
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may influence Chlamydia muridarum’s upper tract ascension with less upper genitourinary 

tract chlamydial infection when Pgp3 antigen is absent [15]. Immunization with Pgp3 also 

leads to lower C. trachomatis in mouse fallopian tubes [16].

Evidence suggests that higher chlamydia antibody levels are related to increased risk 

of developing TFI [17, 18]. An assay that could distinguish chlamydial sequelae from 

uncomplicated chlamydial infection could be used to identify women at risk for developing 

upper tract sequelae and expand the public health use of chlamydia serology [19]. We took 

advantage of the wide dynamic range of the multiplex bead array (MBA) assay and used 

sera from a nationally representative sample of women 18–39 years old to evaluate for 

associations between a high level of anti-chlamydial Pgp3Ab response, and the reproductive 

health sequelae of PID and infertility.

METHODS

Study Design/Population

We used data and sera from women 18–39 years old with available urine C. trachomatis 
NAAT results who participated in the 2013–2016 cycles of NHANES. NHANES is 

a nationally representative survey that has been conducted by the National Center for 

Health Statistics (NCHS) in the US resident, civilian, noninstitutionalized population since 

1971 [20, 21]. Participants in this survey have undergone a survey interview, physical 

examination, and were asked to consent to a blood draw and urine specimen collection. 

Women with unknown or unavailable laboratory results were excluded. We performed 

Pgp3AbMBA on the sera as outlined below.

Data Sources and Methods

Laboratory Methods—Prior to testing serum specimens with the Pgp3AbMBA, the 

positivity cutoff was determined using a receiver operator characteristic (ROC) curve 

based on a panel of 85 serum samples previously tested by enzyme-linked immunosorbent 

assay (ELISA), MBA, and lateral flow assay [13]. The overall positivity cutoff for the 

Pgp3AbMBA was set at a median fluorescence intensity (MFI) of >551. Beads were 

coupled to Pgp3 antigen as previously described [22]. All reagents, specimens, and plates 

were brought up to room temperature before testing. Serum was diluted 1:400 in Buffer 

B (1X phosphate buffered saline [PBS], 0.5% casein, 0.5% polyvinyl alcohol, 0.8% 

polyvinylpyrrolidone, 0.02% NaN3, 0.3% Tween 20 and 3 μg/mL of Escherichia coli 
cell extract) and 50 μL of the diluted serum was incubated with Pgp3-coupled beads 

(1250 per well) for 1.5 hours. Beads were then washed 3 times with PBST (1X PBS + 

0.05% Tween-20) and incubated with 50 ng biotinylated mouse anti-human immunoglobulin 

G (IgG) Fc (Southern Biotech, Birmingham, Alabama) and 20 ng biotinylated mouse 

anti-human IgG4 (Southern Biotech, Birmingham, Alabama) for 45 minutes. After this 

incubation, beads were again washed 3 times with PBST and incubated with 250 ng 

streptavidin phycoerythrin (SA-PE) for 30 minutes, washed 3 times with PBST and 

incubated in Buffer A (1X PBS, 0.5% bovine serum albumin [BSA], 0.05% Tween-20 

and 0.02% sodium azide) for 30 minutes, washed once more with PBST, and suspended in 
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100 μl 1X PBS [14]. Beads with antibodies from participant sera were read on the Luminex 

MAGPIX instrument with the background subtracted.

Variables and Definitions—Speculating that the strongest association would be found 

with the highest level of Pgp3Ab and (a) self-reported PID, and/or (b) self-reported 

infertility, we categorized the Pgp3Ab MFI values into three categories: MFI values of 

≥50 000 were classified as high-positive (high seropositivity) based on expert opinion, MFI 

values of >551 to 49 999 were classified as low-positive (low seropositivity), and values 

≤551 were considered seronegative. We also performed a secondary analysis that used an 

alternate definition for a high positivity based on selecting the median value between the 551 

cutoff and the highest positive value. With this alternate definition, high seropositivity at the 

median of the positive values was an MFI of 25 048 or higher, and low seropositivity was 

defined as an MFI value of 551 to <25 048.

We limited our study sample to women who reported ever having had any type of sex 

including vaginal, oral, or anal sex (sexually experienced). Women with a positive urine 

chlamydia NAAT at the time of the NHANES exam were classified as having current 

chlamydia; women who self-reported having been told of a chlamydia diagnosis in the 

12 month-period before the NHANES exam were classified as having recent chlamydia 

although this did not necessarily include women who had current chlamydia or a positive 

NAAT test at the time of the NHANES exam. PID was defined as a woman reporting ever 

having been treated for PID. Infertility was defined as a woman reporting an inability to get 

pregnant over a one-year period despite attempting to get pregnant.

Analytic Methods—Sample weights were used to generate US national estimates by 

multiplying each included participant by the frequency of US women represented by 

the included participant. Weighted seroprevalences of high-positive, low-positive, and 

negative results along with 95% confidence intervals (CIs) were calculated overall and 

by various characteristics by applying Clopper Pearson CIs. We also calculated weighted 

prevalence ratios for chlamydia sequelae. Median MFI with interquartile ranges (IQR) were 

calculated for each outcome category. Weighted prevalence or prevalence ratio estimates 

were suppressed where data presentation criteria were not met for the effective sample size, 

prevalence, or confidence intervals per NHANES guidance [23]. Statistical analyses for 

weighted data were conducted using SAS 9.4 per NHANES guidance [24].

Ethical and IRB Review

NHANES respondents provided consent for their specimens to be used in future research 

during the specimen collection process. Our study protocol was reviewed and approved by 

the National Center for Health Statistics Ethics Review Board and in accordance with the 

Helsinki Declaration.

RESULTS

In the 2013–2016 cycles of the NHANES survey, the initial survey response rate ranged 

from 61–79% among all 16–39 year old women who were approached for inclusion [25]. Of 

the 10 251 women of all ages with information participating in the survey there were 2339 
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women 18–39 years old. Among these 2339 women, 2195 (93.8%) had available chlamydia 

NAAT results. We limited our analysis to the 1425 (80.6%) women that had serology results 

among 1768 women with chlamydia NAAT results who reported sexual experience (Figure 

1). In comparing women with and without available Pgp3 serology results from our sample, 

women with serology results were older, differed in their racial/ethnic distribution (with a 

higher percentage of non-Hispanic Black women not having serology results), had higher 

income, more often reported a history of anal sex, and less often had recent chlamydia (data 

not shown).

High Seropositivity, Low Seropositivity, and Seronegativity

Among the 1425 sexually experienced women 18–39 years old, the weighted prevalence of 

high-positive Pgp3 MFI (high seropositivity) was 5.4% (95% CI 4.0–7.0), of low-positive 

Pgp3 MFI (low seropositivity) was 25.1% (95% CI 21.5–29.0), and of seronegative Pgp3 

was 69.5% (95% CI 65.5–73.4) (Table 1). Using our alternate definition of high-positive 

Pgp3 MFI, the prevalence of high-positive seropositivity was 13.9% (95% CI 11.3–16.8), 

whereas low-positive seropositivity was 16.6% (95% CI 13.8–19.7) (Table 2).

A total of 36 women had current chlamydia, 33 had recent chlamydia, 59 reported having 

ever been treated for PID, and 144 reported having had infertility among the 1425 women 

in the sample (Table 1). Among women with reported infertility, 64.2% (95% CI 53.3–74.1) 

were seronegative and 25.9% (95% CI 16.8–36.9) had low seropositivity. The prevalence 

estimate for high seropositivity among infertile women could not be reported based on 

NHANES guidance for reporting confidence intervals. The prevalence estimates for high 

seropositivity were also unstable for women with current chlamydia, recent chlamydia, and 

PID.

The prevalence of high seropositivity was higher for non-Hispanic black women compared 

to non-Hispanic white women, 17.2% (95% CI 11.7–24.0) versus 2.1% (95% CI .9–4.2); 

women with 5–9 lifetime sex partners, 7.2% (95% CI 4.6–10.6) or 10 or more partners, 

8.2% (95% CI 5.6–11.6) compared to 1–4 partners, 2.5% (95% CI 1.4–4.1); and women 

ever having sex with a woman, 10.5% (95% CI 6.8–15.3) versus never having sex with a 

woman, 4.4% (95% CI 3.0–6.1). The prevalence of high Pgp3Ab seropositivity was lower 

for women with income to poverty ratio ≥3 times the federal poverty level, 2.4% (95% CI 

.9–4.9) compared to women with income 1.5 times or less than the federal poverty level, 

9.8% (95% CI 7.1–13.1); and women college graduates at 1.3% (95% CI .3–3.7) compared 

to women not completing high school, 7.3% (95% CI 4.0–12.0). Women who were older 

at their first sexual experience also had lower high Pgp3Ab seropositivity prevalence, 0.5% 

(95% CI 0–2.5) for women 20 years and older, 1.2% (95% CI .3–3.3) for women 18–19 

years, and 5.8% (95% CI 4.0–8.0) for women 15–17 years, compared to 16.1% (95% CI 

11.1–22.3) for women younger than 15 years at first sex.

High Seropositivity, Chlamydia Status, and Sequelae of PID and Infertility

The prevalence of current chlamydia among women with high seropositivity, 10.7% (95% 

CI 5.4–18.6) was higher than the prevalence of current chlamydia among seronegative 

women, 0.4% (95% CI .1–1.3) (Table 3). Recent chlamydia prevalence was higher, 5.8% 
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(95% CI 3.7–8.5) versus 0.7% (95% CI .1–1.9) comparing women with low seropositivity 

to seronegative women; as was PID prevalence, 7.9% (95% CI 4.6–12.6) versus 2.3% 

(95% CI 1.4–3.6); and current chlamydia prevalence, 3.5% (95% CI 1.7–6.4) versus 0.4% 

(95% CI .1–1.3). Using our alternate definition for high seropositivity, comparing women 

with high seropositivity to those seronegative, we observed a greater prevalence of PID, 

8.0% (95% CI 4.0–14.2) versus 2.3% (95% CI 1.4–3.6); recent chlamydia, 7.9% (95% CI 

4.7–12.2) versus 0.7% (95% CI .1–1.9); and current chlamydia, 7.2% (95% CI 4.4–11.1) 

versus 0.4% (95% CI .1–1.3) (Table 4). The weighted prevalence of infertility did not 

statistically significantly vary by level of seropositivity based on our primary and alternate 

high-seropositive definitions.

Women with high positivity had a higher prevalence ratio (PR) of 2.0 (95% CI 1.1–3.7) for 

infertility comparing high seropositivity to seronegativity (Table 3). For women reporting 

PID or recent chlamydia, the sample size of women with these characteristics limited 

our ability to estimate the prevalence and PR of these characteristics comparing high 

seropositivity to seronegativity. Although we could not determine the weighted PR for 

current chlamydia with precision, the current chlamydia prevalence of 10.7% (95% CI 

5.4–18.6) for women with high seropositivity was approximately 25 times higher than the 

current chlamydia prevalence of 0.4% (95% CI .1–1.3) for seronegative women. Using our 

alternate definition of high seropositivity, the prevalence ratio for infertility for women with 

high seropositivity was no longer significant, PR 1.5 (95% CI .9–2.5) (Table 4). With our 

alternate definition, the PR of PID was significantly associated with low seropositivity, 2.9 

(95% CI 1.3–6.2).

Seropositivity Profiles

Overall, women with current chlamydia had a median MFI of 35 780 (IQR 7240–51 480); 

women with recent chlamydia had a median MFI of 31 152 (IQR 2444–49 465); women 

with PID had a median MFI of 2593 (IQR 37–27 156); and women with infertility had a 

median MFI of 43 (IQR 19–12 600) (Table 5).

DISCUSSION

In our evaluation of high-positive chlamydial Pgp3AbMBA MFI levels among a nationally 

representative sample of US women 18–39 years old, we found that the prevalence of 

infertility among women with high-positive Pgp3Ab results was twice the prevalence 

among women with negative Pgp3Ab results. PID prevalence also differed by seropositivity 

level, although our sample size limited an evaluation of an association of PID with 

high seropositivity. To our knowledge, our study is unique in evaluating quantitative 

Pgp3AbMBA levels in a nationally representative sample that includes women with 

infertility.

Two recent studies describe differing chlamydial Pgp3Ab levels in subfertile women 

compared to noninfertile women [17, 26]. Our finding of an association of infertility with 

high seropositivity is consistent with studies which have found an association of Pgp3Ab 

and other chlamydial serologic assays with infertility or TFI although this association 

has not been seen consistently [27] and is not completely understood [28]. Previous 
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studies found that non-Pgp3 chlamydial antibody levels were related to the degree of 

tubal damage and obstruction [29–31], suggesting the possibility that a higher degree of 

chlamydial immune response secondary to higher chlamydial bacterial burden resulted in 

more reproductive pathology.

Although we observed an association of infertility and high seropositivity, the magnitude 

of the association was small, and the average MFI value among women with infertility 

was lower than the median level for all other outcome categories except for those with 

no occurrence of any of the chlamydial outcomes. It is possible that we did not observe 

higher median Pgp3Ab levels among women with infertility and PID for a few reasons. 

First, TFI that follows from STIs is only about 25–35% of all reported infertility [32]. 

Also, because infertility was self-reported and not systematically evaluated, all women with 

infertility may not have been identified. Finally, although Pgp3Ab can persist for up to 12 

years [33], antibody levels may wane as early as weeks to months after an initial chlamydia 

infection [5] and have been documented to be lower 3–10 years after the initial infection 

[34]. Similarly for PID, not all PID is caused by chlamydia [35]; thus, we would not expect 

a high positive or even positive chlamydia serology in all women with PID or infertility. 

Additionally, PID, which can be subclinical a majority of the time, was based on participant 

self-report and potentially subject to recall bias and misclassification [36].

Although findings from mice studies suggest that Pgp3Abs are related to upper tract disease 

[15, 16], we found that high-positive Pgp3Abs were more strongly associated with current 

chlamydia, with higher median Pgp3Ab levels in women with current or recent chlamydia. 

Thus, Pgp3Ab may not be an ideal marker of chlamydial infection ascending to the upper 

genital tract and causing tubal damage. Rather, Pgp3Ab may better serve as a marker 

of previous chlamydial infection, as also suggested by Mazraani et al [26]. Unlike most 

chlamydial serologic assays, Pgp3 ELISA has shown good (92%) sensitivity compared to 

chlamydia NAAT [5] and fair (72–83%) sensitivity compared to self-report of chlamydial 

infection [33]. Similar to other studies, we observed higher chlamydial seropositivity in 

non-Hispanic black as compared to non-Hispanic white women, women with earlier onset 

of sexual activity, or women with a higher number of sexual partners [5, 37]. Because these 

characteristics also represent risk groups for chlamydial infection [38], very high Pgp3Ab 

serology levels in these risk-groups may again simply indicate a greater risk of having 

uncomplicated chlamydial infection or recurrent chlamydial infection.

The association between infertility and high Pgp3Ab seropositivity, and PID and low 

Pgp3Ab seropositivity should be taken in the context of our study design and other 

limitations beyond those already mentioned. Our study was a cross-sectional analysis in 

which the temporal relationships between chlamydia and PID or infertility could not be 

determined and did not adjust for confounders. Because women may not mount an antibody 

response to chlamydial infection [34], serologic tests may misclassify these women, muting 

our observed association. Additionally, differences in characteristics between women who 

did and did not have serum available limit the representativeness of our data.

Despite the limitations of our study design, we did observe an increased prevalence 

of infertility among women with high Pgp3Ab seropositivity. Better estimates of this 
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association and for women with PID might be obtained by using additional cycles of 

data to increase sample size or by conducting cohort studies to be sure that chlamydial 

infection precedes sequelae. A cohort study would also allow for better characterization of 

the kinetics of the Pgp3Ab response. Future studies should continue the search for serologic 

or other biomarkers that might predict upper genital tract chlamydial ascension to broaden 

our understanding of women most at risk for these reproductive sequelae of STIs.
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Figure 1. 
Women included in final sample of 1425 women aged 18–39 years with available chlamydia 

nucleic acid amplification test result, reported sexual experience, and available chlamydia 

serology result, National Health and Nutrition Examination Survey 2013–2016.

Anyalechi et al. Page 11

Clin Infect Dis. Author manuscript; available in PMC 2022 October 20.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Anyalechi et al. Page 12

Ta
b

le
 1

.

C
ha

ra
ct

er
is

tic
s 

of
 S

ex
ua

lly
 E

xp
er

ie
nc

ed
 W

om
en

 1
8–

39
 Y

ea
rs

 W
ith

 A
va

ila
bl

e 
C

hl
am

yd
ia

 tr
ac

ho
m

at
is

 S
er

ol
og

y 
D

at
a,

 b
y 

C
at

eg
or

y 
of

 S
er

ol
og

ic
al

 P
gp

3 

M
ul

tip
le

x 
B

ea
d 

A
rr

ay
 F

lu
or

es
ce

nc
e 

In
te

ns
ity

 R
es

ul
t (

N
eg

at
iv

e,
 L

ow
-p

os
iti

ve
 [

55
1–

49
 9

99
],

 a
nd

 H
ig

h-
po

si
tiv

e 
[≥

50
 0

00
])

, N
at

io
na

l H
ea

lth
 a

nd
 N

ut
ri

tio
n 

E
xa

m
in

at
io

n 
Su

rv
ey

 (
N

H
A

N
E

S)
, 2

01
3–

20
16

To
ta

l
N

eg
at

iv
e 

Sa
m

pl
e 

N
W

ei
gh

te
d 

N
eg

at
iv

e 
P

re
va

le
nc

e 
(9

5%
 C

I)
L

ow
-p

os
it

iv
e 

Sa
m

pl
e 

N
W

ei
gh

te
d 

L
ow

- 
po

si
ti

ve
 

P
re

va
le

nc
e 

(9
5%

 C
I)

H
ig

h-
 p

os
it

iv
e 

Sa
m

pl
e 

N
W

ei
gh

te
d 

H
ig

h-
 p

os
it

iv
e 

P
re

va
le

nc
e 

(9
5%

 C
I)

O
ve

ra
ll

14
25

91
4

69
.5

 (
65

.5
–7

3.
4)

40
7

25
.1

 (
21

.5
–2

9.
0)

10
4

5.
4 

(4
.0

–7
0)

A
ge

 g
ro

up
, y

ea
rs

 
18

–2
4

45
8

29
7

68
.6

 (
62

.8
–7

4.
0)

12
2

24
.8

 (
20

.1
–3

0.
0)

39
6.

6 
(4

.3
–9

.6
)

 
25

–3
1

45
2

29
9

71
.8

 (
65

.9
–7

73
)

12
0

23
.1

 (
18

.2
–2

8.
6)

33
5.

1 
(3

.1
–7

9)

 
32

–3
9

51
5

31
8

68
.1

 (
61

.4
–7

4.
2)

16
5

27
2 

(2
1.

3–
33

.8
)

32
4.

7 
(2

.5
–7

9)

R
ac

e/
et

hn
ic

ity

 
N

on
-H

is
pa

ni
c 

W
hi

te
50

6
37

8
77

3 
(7

2.
7–

81
.5

)
11

7
20

.5
 (

16
.1

–2
5.

5)
11

2.
1 

(.
9–

4.
2)

 
N

on
-H

is
pa

ni
c 

B
la

ck
25

9
79

29
.8

 (
22

.2
–3

8.
3)

13
5

53
.0

 (
44

.6
–6

1.
3)

45
17

2 
(1

1.
7–

24
.0

)

 
H

is
pa

ni
c

44
2

29
5

66
.5

 (
61

.9
–7

0.
9)

11
7

26
.8

 (
22

.7
–3

1.
2)

30
6.

7 
(4

.5
–9

.6
)

 
N

on
-H

is
pa

ni
c 

A
si

an
13

8
11

5
83

.1
 (

75
.8

–8
8.

9)
19

14
.0

 (
79

–2
2.

2)
4

a

 
O

th
er

/m
ul

tir
ac

ia
l

80
47

64
.4

 (
48

.7
–7

8.
1)

19
20

.8
 (

10
.8

–3
4.

4)
14

a

R
ec

en
t c

hl
am

yd
ia

 
N

o
13

90
90

7
70

.5
 (

66
.6

–7
4.

3)
38

3
24

.1
 (

20
.6

–2
79

)
10

0
5.

3 
(3

.9
–7

1)

 
Y

es
33

6
23

4
a

R
ec

en
t g

on
or

rh
ea

 
N

o
14

17
91

2
69

.6
 (

65
.6

–7
3.

5)
40

1
24

.9
 (

21
.3

–2
8.

8)
10

4
5.

4 
(4

.1
–7

1)

 
Y

es
6

1
5

0
a

R
ec

en
t s

ex
ua

lly
 tr

an
sm

itt
ed

 d
is

ea
se

 
N

o
11

93
79

9
72

.0
 (

67
7–

76
.0

)
31

1
22

.9
 (

19
.0

–2
71

)
83

5.
1 

(3
.6

–6
.9

)

 
Y

es
23

0
11

4
58

.9
 (

51
.4

–6
6.

0)
95

34
.4

 (
28

.3
–4

0.
9)

21
6.

7 
(3

.9
–1

0.
8)

PI
D

 
N

o
13

54
88

6
70

.8
 (

66
.8

–7
4.

5)
37

2
23

.9
 (

20
.4

–2
78

)
96

5.
3 

(3
.9

–6
.9

)

 
Y

es
59

22
32

5
a

In
fe

rt
ili

ty

Clin Infect Dis. Author manuscript; available in PMC 2022 October 20.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Anyalechi et al. Page 13

To
ta

l
N

eg
at

iv
e 

Sa
m

pl
e 

N
W

ei
gh

te
d 

N
eg

at
iv

e 
P

re
va

le
nc

e 
(9

5%
 C

I)
L

ow
-p

os
it

iv
e 

Sa
m

pl
e 

N
W

ei
gh

te
d 

L
ow

- 
po

si
ti

ve
 

P
re

va
le

nc
e 

(9
5%

 C
I)

H
ig

h-
 p

os
it

iv
e 

Sa
m

pl
e 

N
W

ei
gh

te
d 

H
ig

h-
 p

os
it

iv
e 

P
re

va
le

nc
e 

(9
5%

 C
I)

 
N

o
12

80
83

7
70

.1
 (

66
.0

–7
4.

0)
35

8
25

.0
 (

21
.5

–2
8.

8)
85

4.
9 

(3
.5

–6
.5

)

 
Y

es
14

4
76

64
.2

 (
53

.3
–7

4.
1)

49
25

.9
 (

16
.8

–3
6.

9)
19

a

C
ur

re
nt

 c
hl

am
yd

ia

 
N

eg
at

iv
e

13
89

90
9

70
.5

 (
66

.3
–7

4.
4)

38
9

24
.6

 (
21

.0
–2

8.
6)

91
4.

9 
(3

.6
–6

.5
)

 
Po

si
tiv

e
36

5
18

13
a

In
co

m
e 

to
 p

ov
er

ty
 r

at
io

 
<

1.
5

57
7

30
8

57
2 

(5
1.

3–
62

.9
)

20
6

33
.0

 (
27

8–
38

.6
)

63
9.

8 
(7

1–
13

.1
)

 
1.

5–
<

3
36

2
24

0
69

.6
 (

61
.1

–7
72

)
97

25
.7

 (
19

.6
–3

2.
7)

25
4.

7 
(2

.3
–8

.3
)

 
≥3

41
3

32
1

80
.8

 (
76

.2
–8

4.
9)

79
16

.9
 (

13
.1

–2
1.

2)
13

2.
4 

(.
9–

4.
9)

M
ar

ita
l s

ta
tu

s

 
N

ev
er

 m
ar

ri
ed

43
3

24
7

63
.9

 (
58

.9
–6

8.
6)

14
1

28
.3

 (
24

.1
–3

2.
8)

45
78

 (
5.

2–
11

.2
)

 
M

ar
ri

ed
/li

vi
ng

 w
ith

 
pa

rt
ne

r
72

1
50

1
74

.1
 (

68
.9

–7
8.

8)
18

4
22

.3
 (

17
5–

27
6)

36
3.

6 
(2

.3
–5

.5
)

 
D

iv
or

ce
d/

w
id

ow
ed

/
se

pa
ra

te
d

11
3

56
54

.5
 (

42
.9

–6
5.

8)
47

38
.2

 (
28

.2
–4

9.
1)

10
a

E
du

ca
tio

n

 
<

H
ig

h 
sc

ho
ol

19
0

10
0

53
.3

 (
45

.4
–6

1.
1)

74
39

.4
 (

31
.5

–4
78

)
16

73
 (

4.
0–

12
.0

)

 
H

ig
h 

sc
ho

ol
 g

ra
du

at
e/

ge
ne

ra
l e

du
ca

tio
n 

di
pl

om
a

24
0

13
3

59
.7

 (
50

.7
–6

8.
3)

86
34

.3
 (

26
.4

–4
3.

0)
21

5.
9 

(3
.3

–9
.7

)

 
So

m
e 

co
lle

ge
/a

ss
oc

ia
te

s 
de

gr
ee

49
8

29
9

66
.3

 (
61

.2
–7

1.
1)

15
3

26
.2

 (
21

.5
–3

1.
4)

46
75

 (
4.

7–
11

.1
)

 
≥C

ol
le

ge
 g

ra
dú

at
e

33
9

27
2

84
.0

 (
78

.0
–8

8.
9)

59
14

.7
 (

10
.4

–1
9.

9)
8

1.
3 

(.
3–

3.
7)

H
ea

lth
 in

su
ra

nc
e 

co
ve

ra
ge

 
N

o
34

5
20

5
60

.6
 (

53
.7

–6
72

)
10

8
31

.6
 (

25
.6

–3
8.

1)
32

78
 (

5.
1–

11
.3

)

 
Y

es
10

78
70

8
71

.7
 (

66
.7

–7
6.

4)
29

8
23

.5
 (

19
.1

–2
8.

3)
72

4.
8 

(3
.4

–6
.7

)

Pl
ac

e 
fo

r 
ro

ut
in

e 
he

al
th

ca
re

 
N

o
28

5
18

8
69

.4
 (

62
.3

–7
5.

8)
74

25
.4

 (
19

.4
–3

2.
2)

23
5.

2 
(3

.0
–8

.5
)

 
Y

es
11

40
72

6
69

.6
 (

65
.2

–7
3.

7)
33

3
25

.0
 (

21
.0

–2
9.

4)
81

5.
4 

(3
.9

–7
3)

Ty
pe

 o
f 

pl
ac

e 
fo

r 
ro

ut
in

e 
he

al
th

ca
re

 
H

as
 o

ff
ic

e-
ba

se
d 

pr
ov

id
er

10
70

69
5

70
.7

 (
66

.6
–7

4.
6)

30
2

24
.0

 (
20

.1
–2

8.
1)

73
5.

3 
(3

.8
–7

2)

 
H

os
pi

ta
l e

m
er

ge
nc

y 
ro

om
66

27
42

.0
 (

28
.0

–5
6.

9)
31

49
.2

 (
35

.1
–6

3.
3)

8
a

Clin Infect Dis. Author manuscript; available in PMC 2022 October 20.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Anyalechi et al. Page 14

To
ta

l
N

eg
at

iv
e 

Sa
m

pl
e 

N
W

ei
gh

te
d 

N
eg

at
iv

e 
P

re
va

le
nc

e 
(9

5%
 C

I)
L

ow
-p

os
it

iv
e 

Sa
m

pl
e 

N
W

ei
gh

te
d 

L
ow

- 
po

si
ti

ve
 

P
re

va
le

nc
e 

(9
5%

 C
I)

H
ig

h-
 p

os
it

iv
e 

Sa
m

pl
e 

N
W

ei
gh

te
d 

H
ig

h-
 p

os
it

iv
e 

P
re

va
le

nc
e 

(9
5%

 C
I)

H
IV

 s
ta

tu
s

 
N

eg
at

iv
e

14
22

91
3

69
.6

 (
65

.5
–7

3.
4)

40
5

25
.0

 (
21

.4
–2

8.
9)

10
4

5.
4 

(4
.1

–7
0)

 
Po

si
tiv

e
1

0
0

1
10

0
0

0

C
ur

re
nt

ly
 p

re
gn

an
t

 
N

o
11

68
75

4
70

.1
 (

65
.9

–7
4.

0)
33

5
25

.0
 (

21
.3

–2
8.

9)
79

5.
0 

(3
.6

–6
.6

)

 
Y

es
81

44
63

.2
 (

50
.0

–7
5.

0)
27

28
.1

 (
18

.1
–4

0.
0)

10
a

E
ve

r 
pr

eg
na

nt

 
N

o
38

2
30

2
82

.0
 (

76
.6

–8
6.

6)
64

15
.4

 (
11

.7
–1

9.
8)

16
2.

6 
(1

.1
–5

.3
)

 
Y

es
88

3
50

0
62

.8
 (

56
.9

–6
8.

4)
30

8
30

.6
 (

25
.4

–3
6.

2)
75

6.
6 

(4
.6

–9
.1

)

A
ge

 a
t f

ir
st

 s
ex

, y
ea

rs

 
<

15
23

5
97

48
.2

 (
40

.0
–5

6.
4)

92
35

.7
 (

27
2–

45
.0

)
46

16
.1

 (
11

.1
–2

2.
3)

 
15

–1
7

64
7

37
0

63
.0

 (
58

.0
–6

78
)

22
6

31
.2

 (
26

.7
–3

6.
0)

51
5.

8 
(4

.0
–8

.0
)

 
18

–1
9

29
7

22
8

80
.4

 (
73

.5
–8

6.
2)

64
18

.4
 (

12
.6

–2
5.

3)
5

1.
2 

(.
3–

3.
3)

 
≥2

0
24

6
21

9
91

.2
 (

85
.0

–9
5.

4)
25

8.
3 

(4
.3

–1
4.

1)
2

.5
 (

0–
2.

5)

L
if

et
im

e 
no

. o
f 

se
x 

pa
rt

ne
rs

 
1–

4
70

5
56

0
84

.8
 (

80
.4

–8
8.

5)
12

1
12

.7
 (

9.
1–

17
0)

24
2.

5 
(1

.4
–4

.1
)

 
5–

9
35

9
16

9
55

.7
 (

48
.2

–6
3.

0)
15

2
37

1 
(3

0.
3–

44
.3

)
38

72
 (

4.
6–

10
.6

)

 
≥1

0
36

0
18

5
57

4 
(5

0.
6–

64
.1

)
13

4
34

.3
 (

28
.5

–4
0.

5)
41

8.
2 

(5
.6

–1
1.

6)

N
ew

 r
ec

en
t s

ex
 p

ar
tn

er

 
N

o
10

59
69

0
70

.5
 (

65
.9

–7
4.

8)
30

0
24

.7
 (

20
.5

–2
9.

3)
69

4.
8 

(3
.3

–6
.7

)

 
Y

es
29

4
17

4
65

.1
 (

58
.4

–7
1.

5)
88

26
.8

 (
21

.8
–3

2.
2)

32
8.

1 
(4

.7
–1

2.
7)

Se
x 

w
ith

 a
 w

om
an

 
N

o
12

07
79

7
71

.6
 (

67
7–

75
.2

)
33

7
24

.0
 (

20
.4

–2
79

)
73

4.
4 

(3
.0

–6
.1

)

 
Y

es
21

8
11

7
58

.9
 (

50
.6

–6
6.

9)
70

30
.6

 (
24

.0
–3

78
)

31
10

.5
 (

6.
8–

15
.3

)

Se
xu

al
 id

en
tit

y

 
St

ra
ig

ht
12

26
78

3
69

.3
 (

65
.2

–7
3.

1)
35

6
25

.4
 (

21
.6

–2
9.

5)
87

5.
4 

(3
.9

–7
2)

 
L

es
bi

an
/G

ay
25

15
a

9
a

1
a

 
B

is
ex

ua
l

12
8

86
73

.8
 (

63
.5

–8
2.

4)
30

20
.8

 (
12

.7
–3

0.
9)

12
a

 
O

th
er

42
28

a
10

a
4

a

O
ra

l s
ex

Clin Infect Dis. Author manuscript; available in PMC 2022 October 20.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Anyalechi et al. Page 15

To
ta

l
N

eg
at

iv
e 

Sa
m

pl
e 

N
W

ei
gh

te
d 

N
eg

at
iv

e 
P

re
va

le
nc

e 
(9

5%
 C

I)
L

ow
-p

os
it

iv
e 

Sa
m

pl
e 

N
W

ei
gh

te
d 

L
ow

- 
po

si
ti

ve
 

P
re

va
le

nc
e 

(9
5%

 C
I)

H
ig

h-
 p

os
it

iv
e 

Sa
m

pl
e 

N
W

ei
gh

te
d 

H
ig

h-
 p

os
it

iv
e 

P
re

va
le

nc
e 

(9
5%

 C
I)

 
N

o
19

2
12

5
70

.7
 (

61
.3

–7
9.

0)
56

25
.2

 (
17

9–
33

.8
)

11
a

 
Y

es
12

32
78

8
69

.3
 (

65
.3

–7
3.

1)
35

1
25

.1
 (

21
.5

–2
9.

0)
93

5.
6 

(4
.1

–7
3)

A
na

l s
ex

 e
ve

r

 
N

o
81

6
54

4
73

.4
 (

68
.0

–7
8.

4)
21

8
22

.1
 (

17
7–

26
.9

)
54

4.
5 

(2
.9

–6
.7

)

 
Y

es
60

9
37

0
65

.0
 (

60
.2

–6
9.

7)
18

9
28

.6
 (

24
.2

–3
3.

2)
50

6.
4 

(4
.6

–8
.6

)

C
on

do
m

le
ss

 s
ex

 in
 la

st
 y

ea
r

 
N

ev
er

27
3

18
1

69
.8

 (
61

.9
–7

6.
9)

65
22

.5
 (

15
.8

–3
0.

3)
27

77
 (

4.
0–

13
.2

)

 
<

50
%

23
4

15
4

70
.1

 (
63

.6
–7

6.
1)

60
22

.4
 (

16
.9

–2
8.

6)
20

75
 (

3.
8–

13
.1

)

 
≥5

0%
 a

nd
 <

10
0%

25
2

15
0

65
.5

 (
58

.6
–7

1.
9)

85
29

.3
 (

22
.7

–3
6.

7)
17

5.
2 

(2
.8

–8
.7

)

 
A

lw
ay

s
56

1
35

7
70

.2
 (

64
.6

–7
5.

4)
16

6
25

.3
 (

20
.2

–3
0.

9)
38

4.
5 

(2
.9

–6
.5

)

E
ve

r 
ha

d 
ge

ni
to

ur
in

ar
y 

ca
nc

er

 
N

o
12

48
79

7
69

.7
 (

65
.3

–7
3.

8)
36

1
25

.0
 (

21
.4

–2
9.

0)
90

5.
3 

(3
.8

–7
1)

 
Y

es
19

7
a

11
a

1
a

A
bb

re
vi

at
io

ns
: C

I,
 c

on
fi

de
nc

e 
in

te
rv

al
; H

IV
, h

um
an

 im
m

un
od

ef
ic

ie
nc

y 
vi

ru
s;

 P
gp

3,
 p

la
sm

id
 g

en
e 

pr
ot

ei
n 

3;
 P

ID
, p

el
vi

c 
in

fl
am

m
at

or
y 

di
se

as
e.

a D
en

ot
es

 e
st

im
at

es
 w

ith
 w

id
e 

co
nf

id
en

ce
 in

te
rv

al
s 

pe
r 

N
H

A
N

E
S 

gu
id

an
ce

; t
hu

s,
 e

st
im

at
es

 a
re

 s
up

pr
es

se
d.

Clin Infect Dis. Author manuscript; available in PMC 2022 October 20.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Anyalechi et al. Page 16

Ta
b

le
 2

.

C
ha

ra
ct

er
is

tic
s 

of
 S

ex
ua

lly
 E

xp
er

ie
nc

ed
 W

om
en

 1
8–

39
 Y

ea
rs

 W
ith

 A
va

ila
bl

e 
C

hl
am

yd
ia

 tr
ac

ho
m

at
is

 S
er

ol
og

y 
D

at
a,

 b
y 

C
at

eg
or

y 
of

 S
er

ol
og

ic
al

 P
gp

3 

M
ul

tip
le

x 
B

ea
d 

A
rr

ay
 F

lu
or

es
ce

nc
e 

In
te

ns
ity

 R
es

ul
t (

N
eg

at
iv

e,
 L

ow
-p

os
iti

ve
 [

55
1-

m
ed

ia
n 

of
 P

os
iti

ve
 R

es
ul

ts
],

 a
nd

 H
ig

h-
po

si
tiv

e 
[G

re
at

er
 T

ha
n 

or
 E

qu
al

 

to
 th

e 
M

ed
ia

n 
Po

si
tiv

e 
R

es
ul

ts
])

, N
at

io
na

l H
ea

lth
 a

nd
 N

ut
ri

tio
n 

E
xa

m
in

at
io

n 
Su

rv
ey

 (
N

H
A

N
E

S)
, 2

01
3–

20
16

To
ta

l
N

eg
at

iv
e 

Sa
m

pl
e 

N
W

ei
gh

te
d 

N
eg

at
iv

e 
P

re
va

le
nc

e 
(9

5%
 C

I)
L

ow
- 

po
si

ti
ve

 
Sa

m
pl

e 
N

W
ei

gh
te

d 
L

ow
- 

po
si

ti
ve

 
P

re
va

le
nc

e 
(9

5%
 C

I)
H

ig
h-

 p
os

it
iv

e 
Sa

m
pl

e 
N

W
ei

gh
te

d 
H

ig
h-

 p
os

it
iv

e 
P

re
va

le
nc

e 
(9

5%
 C

I)

O
ve

ra
ll

14
25

91
4

69
.5

 (
65

.5
–7

3.
4)

25
5

16
.6

 (
13

.8
–1

9.
7)

25
6

13
.9

 (
11

.3
–1

6.
8)

A
ge

 g
ro

up
, y

ea
rs

 
18

–2
4

45
8

29
7

68
.6

 (
62

.8
–7

4.
0)

67
14

.4
 (

10
.7

–1
8.

9)
94

17
0 

(1
3.

4–
21

.2
)

 
25

–3
1

45
2

29
9

71
.8

 (
65

.9
–7

7.
3)

77
15

.9
 (

11
.6

–2
1.

2)
76

12
.2

 (
8.

7–
16

.5
)

 
32

–3
9

51
5

31
8

68
.1

 (
61

.4
–7

4.
2)

11
1

19
.0

 (
13

.4
–2

5.
7)

86
12

.9
 (

9.
6–

16
.9

)

R
ac

e/
et

hn
ic

ity

 
N

on
-H

is
pa

ni
c 

W
hi

te
50

6
37

8
77

3 
(7

2.
7–

81
.5

)
86

15
.3

 (
12

.1
–1

9.
0)

42
73

 (
5.

0–
10

.3
)

 
N

on
-H

is
pa

ni
c 

B
la

ck
25

9
79

29
.8

 (
22

.2
–3

8.
3)

66
25

.6
 (

17
6–

35
.0

)
11

4
44

.6
 (

36
.1

–5
3.

5)

 
H

is
pa

ni
c

44
2

29
5

66
.5

 (
61

.9
–7

0.
9)

81
19

.0
 (

14
.7

–2
3.

9)
66

14
.5

 (
11

.0
–1

8.
7)

 
N

on
-H

is
pa

ni
c 

A
si

an
13

8
11

5
83

.1
 (

75
.8

–8
8.

9)
12

9.
0 

(4
.5

–1
5.

6)
11

79
 (

4.
0–

13
.7

)

 
O

th
er

/m
ul

tir
ac

ia
l

80
47

64
.4

 (
48

.7
–7

8.
1)

10
a

23
26

.4
 (

14
.1

–4
2.

2)

R
ec

en
t c

hl
am

yd
ia

 
N

o
13

90
90

7
70

.5
 (

66
.6

–7
4.

3)
24

7
16

.4
 (

13
.6

–1
9.

5)
23

6
13

.1
 (

10
.6

–1
5.

9)

 
Y

es
33

6
a

7
a

20
a

R
ec

en
t g

on
or

rh
ea

 
N

o
14

17
91

2
69

.6
 (

65
.6

–7
3.

5)
25

3
16

.6
 (

13
.8

–1
9.

7)
25

2
13

.7
 (

11
.2

–1
6.

6)

 
Y

es
6

1
a

1
a

4
a

R
ec

en
t S

T
D

 
N

o
11

93
79

9
72

.0
 (

67
7–

76
.0

)
20

3
15

.6
 (

12
.7

–1
8.

9)
19

1
12

.4
 (

10
.2

–1
4.

9)

 
Y

es
23

0
11

4
58

.9
 (

51
.4

–6
6.

0)
51

20
.9

 (
15

.0
–2

78
)

65
20

.3
 (

14
.1

–2
77

)

PI
D

 
N

o
13

54
88

6
70

.8
 (

66
.8

–7
4.

5)
23

6
16

.0
 (

13
.4

–1
8.

9)
23

2
13

.2
 (

10
.6

–1
6.

2)

 
Y

es
59

22
a

16
28

.7
 (

14
.1

–4
75

)
21

a

In
fe

rt
ili

ty

 
N

o
12

80
83

7
70

.1
 (

66
.0

–7
4.

0)
22

6
16

.6
 (

13
.9

–1
9.

5)
21

7
13

.3
 (

10
.5

–1
6.

5)

 
Y

es
14

4
76

64
.2

 (
53

.3
–7

4.
1)

29
17

0 
(1

0.
1–

26
.0

)
39

18
.9

 (
11

.7
–2

8.
0)

Clin Infect Dis. Author manuscript; available in PMC 2022 October 20.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Anyalechi et al. Page 17

To
ta

l
N

eg
at

iv
e 

Sa
m

pl
e 

N
W

ei
gh

te
d 

N
eg

at
iv

e 
P

re
va

le
nc

e 
(9

5%
 C

I)
L

ow
- 

po
si

ti
ve

 
Sa

m
pl

e 
N

W
ei

gh
te

d 
L

ow
- 

po
si

ti
ve

 
P

re
va

le
nc

e 
(9

5%
 C

I)
H

ig
h-

 p
os

it
iv

e 
Sa

m
pl

e 
N

W
ei

gh
te

d 
H

ig
h-

 p
os

it
iv

e 
P

re
va

le
nc

e 
(9

5%
 C

I)

C
ur

re
nt

 c
hl

am
yd

ia

 
N

eg
at

iv
e

13
89

90
9

70
.5

 (
66

.3
–7

4.
4)

24
7

16
.5

 (
13

.6
–1

9.
7)

23
3

13
.1

 (
10

.5
–1

6.
0)

 
Po

si
tiv

e
36

5
a

8
a

23
a

In
co

m
e 

to
 p

ov
er

ty
 r

at
io

 
<

1.
5

57
7

30
8

57
2 

(5
1.

3–
62

.9
)

12
6

21
.5

 (
16

.8
–2

6.
9)

14
3

21
.3

 (
16

.7
–2

6.
5)

 
1.

5–
<

3
36

2
24

0
69

.6
 (

61
.1

–7
72

)
58

16
.4

 (
12

.0
–2

1.
7)

64
14

.0
 (

9.
4–

19
.6

)

 
≥3

41
3

32
1

80
.8

 (
76

.2
–8

4.
9)

57
12

.3
 (

9.
2–

6.
0)

35
6.

9 
(4

.1
–1

0.
8)

M
ar

ita
l s

ta
tu

s

 
N

ev
er

 m
ar

ri
ed

43
3

24
7

63
.9

 (
58

.9
–6

8.
6)

71
14

.6
 (

11
.4

–1
8.

3)
11

5
21

.5
 (

17
3–

26
.2

)

 
M

ar
ri

ed
/li

vi
ng

 w
ith

 
pa

rt
ne

r
72

1
50

1
74

.1
 (

68
.9

–7
8.

8)
13

2
16

.7
 (

13
.1

–2
0.

9)
88

9.
2 

(6
.5

–1
2.

5)

 
D

iv
or

ce
d/

w
id

ow
ed

/ 
se

pa
ra

te
d

11
3

56
54

.5
 (

42
.9

–6
5.

8)
31

27
1 

(1
8.

0–
37

9)
26

18
.4

 (
10

.0
–2

9.
7)

E
du

ca
tio

n

 
<

H
ig

h 
sc

ho
ol

19
0

10
0

53
.3

 (
45

.4
–6

1.
1)

55
30

.3
 (

23
.6

–3
76

)
35

16
.5

 (
10

.6
–2

3.
8)

 
H

ig
h 

sc
ho

ol
 g

ra
du

at
e/

ge
ne

ra
l e

du
ca

tio
n 

di
pl

om
a

24
0

13
3

59
.7

 (
50

.7
–6

8.
3)

45
19

.8
 (

13
.0

–2
8.

3)
62

20
.4

 (
14

.3
–2

77
)

 
So

m
e 

co
lle

ge
/a

ss
oc

ia
te

s 
de

gr
ee

49
8

29
9

66
.3

 (
61

.2
–7

1.
1)

97
17

8 
(1

4.
2–

21
.8

)
10

2
15

.9
 (

11
.8

–2
0.

8)

 
≥C

ol
le

ge
 g

ra
dú

at
e

33
9

27
2

84
.0

 (
78

.0
–8

8.
9)

37
9.

5 
(5

.7
–1

4.
5)

30
6.

5 
(4

.0
–1

0.
0)

H
ea

lth
 in

su
ra

nc
e 

co
ve

ra
ge

 
N

o
34

5
20

5
60

.6
 (

53
.7

–6
72

)
75

23
.3

 (
18

.0
–2

9.
4)

65
16

.0
 (

11
.6

–2
1.

3)

 
Y

es
10

78
70

8
71

.7
 (

66
.7

–7
6.

4)
17

9
14

.9
 (

11
.7

–1
8.

7)
19

1
13

.4
 (

10
.5

–1
6.

6)

Pl
ac

e 
fo

r 
ro

ut
in

e 
he

al
th

ca
re

 
N

o
28

5
18

8
69

.4
 (

62
.3

–7
5.

8)
45

16
.1

 (
10

.4
–2

3.
3)

52
14

.5
 (

10
.0

–2
0.

1)

 
Y

es
11

40
72

6
69

.6
 (

65
.2

–7
3.

7)
21

0
16

.7
(1

4.
0–

19
.8

)
20

4
13

.7
 (

11
.0

–1
6.

8)

Ty
pe

 o
f 

pl
ac

e 
fo

r 
ro

ut
in

e 
he

al
th

ca
re

 
H

as
 o

ff
ic

e-
ba

se
d 

pr
ov

id
er

10
70

69
5

70
.7

 (
66

.6
–7

4.
6)

19
2

16
.2

 (
13

.5
–1

9.
1)

18
3

13
.1

 (
10

.3
–1

6.
3)

 
H

os
pi

ta
l e

m
er

ge
nc

y 
ro

om
66

27
42

.0
 (

28
.0

–5
6.

9)
18

29
.9

 (
18

.6
–4

3.
3)

21
28

.2
 (

17
5–

41
.0

)

H
IV

 s
ta

tu
s

 
N

eg
at

iv
e

14
22

91
3

69
.6

 (
65

.5
–7

3.
4)

25
4

16
.6

 (
13

.9
–1

9.
6)

25
5

13
.8

 (
11

.2
–1

6.
7)

Clin Infect Dis. Author manuscript; available in PMC 2022 October 20.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Anyalechi et al. Page 18

To
ta

l
N

eg
at

iv
e 

Sa
m

pl
e 

N
W

ei
gh

te
d 

N
eg

at
iv

e 
P

re
va

le
nc

e 
(9

5%
 C

I)
L

ow
- 

po
si

ti
ve

 
Sa

m
pl

e 
N

W
ei

gh
te

d 
L

ow
- 

po
si

ti
ve

 
P

re
va

le
nc

e 
(9

5%
 C

I)
H

ig
h-

 p
os

it
iv

e 
Sa

m
pl

e 
N

W
ei

gh
te

d 
H

ig
h-

 p
os

it
iv

e 
P

re
va

le
nc

e 
(9

5%
 C

I)

 
Po

si
tiv

e
1

0
0

1
10

0.
0

0
0

C
ur

re
nt

ly
 p

re
gn

an
t

 
N

o
11

68
75

4
70

.1
 (

65
.9

–7
4.

0)
21

1
16

.7
 (

13
.8

–2
0.

0)
20

3
13

.2
 (

10
.6

–1
6.

2)

 
Y

es
81

44
63

.2
 (

50
.0

–7
5.

0)
18

17
6 

(9
.5

–2
8.

5)
19

19
.3

 (
9.

2–
33

.4
)

E
ve

r 
pr

eg
na

nt

 
N

o
38

2
30

2
82

.0
 (

76
.6

–8
6.

6)
40

10
.7

 (
72

–1
5.

1)
40

73
 (

4.
6–

10
.8

)

 
Y

es
88

3
50

0
62

.8
 (

56
.9

–6
8.

4)
19

4
20

.1
 (

16
.0

–2
4.

7)
18

9
17

1 
(1

3.
6–

21
.2

)

A
ge

 a
t f

ir
st

 s
ex

, y
ea

rs

 
<

15
23

5
97

48
.2

 (
40

.0
–5

6.
4)

57
22

.9
 (

15
.8

–3
1.

3)
81

28
.9

 (
21

.6
–3

72
)

 
15

–1
7

64
7

37
0

63
.0

 (
58

.0
–6

78
)

13
8

20
.4

 (
16

.9
–2

4.
3)

13
9

16
.5

 (
12

.8
–2

0.
8)

 
18

–1
9

29
7

22
8

80
.4

 (
73

.5
–8

6.
2)

41
12

.3
 (

78
–1

8.
2)

28
73

 (
4.

0–
12

.0
)

 
≥2

0
24

6
21

9
91

.2
 (

85
.0

–9
5.

4)
19

6.
5 

(3
.3

–1
1.

5)
8

2.
3 

(.
8–

5.
0)

L
if

et
im

e 
no

. o
f 

se
x 

pa
rt

ne
rs

 
1–

4
70

5
56

0
84

.8
 (

80
.4

–8
8.

5)
82

8.
7 

(5
.9

–1
2.

3)
63

6.
5 

(4
.8

–8
.7

)

 
5–

9
35

9
16

9
55

.7
 (

48
.2

–6
3.

0)
96

25
.1

 (
19

.5
–3

1.
3)

94
19

.2
 (

14
.6

–2
4.

5)

 
≥1

0
36

0
18

5
57

4 
(5

0.
6–

64
.1

)
77

21
.9

 (
16

.9
–2

76
)

98
20

.7
 (

15
.8

–2
6.

3)

N
ew

 r
ec

en
t s

ex
 p

ar
tn

er

 
N

o
10

59
69

0
70

.5
 (

65
.9

–7
4.

8)
19

1
16

.7
 (

13
.3

–2
0.

5)
17

8
12

.8
 (

10
.2

–1
5.

8)

 
Y

es
29

4
17

4
65

.1
 (

58
.4

–7
1.

5)
48

15
.6

 (
11

.6
–2

0.
2)

72
19

.3
 (

14
.0

–2
5.

6)

Se
x 

w
ith

 a
 w

om
an

 
N

o
12

07
79

7
71

.6
 (

67
7–

75
.2

)
21

2
15

.9
 (

13
.3

–1
8.

7)
19

8
12

.5
 (

10
.1

–1
5.

4)

 
Y

es
21

8
11

7
58

.9
 (

50
.6

–6
6.

9)
43

20
.5

 (
14

.1
–2

8.
1)

58
20

.6
 (

14
.8

–2
74

)

Se
xu

al
 id

en
tit

y

 
St

ra
ig

ht
12

26
78

3
69

.3
 (

65
.2

–7
3.

1)
22

2
16

.8
 (

13
.8

–2
0.

0)
22

1
14

.0
 (

11
.4

–1
6.

8)

 
L

es
bi

an
/G

ay
25

15
a

3
a

7
a

 
B

is
ex

ua
l

12
8

86
73

.8
 (

63
.5

–8
2.

4)
20

14
.1

 (
73

–2
3.

7)
22

12
.1

 (
6.

6–
19

.9
)

 
O

th
er

42
28

a
9

23
.9

 (
11

.4
–4

1.
0)

5
a

O
ra

l s
ex

 
N

o
19

2
12

5
70

.7
 (

61
.3

–7
9.

0)
36

16
.4

 (
11

.2
–2

2.
7)

31
12

.9
 (

8.
5–

18
.5

)

 
Y

es
12

32
78

8
69

.3
 (

65
.3

–7
3.

1)
21

9
16

.7
 (

13
.8

–1
9.

9)
22

5
14

.0
 (

11
.3

–1
70

)

A
na

l s
ex

 e
ve

r

Clin Infect Dis. Author manuscript; available in PMC 2022 October 20.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Anyalechi et al. Page 19

To
ta

l
N

eg
at

iv
e 

Sa
m

pl
e 

N
W

ei
gh

te
d 

N
eg

at
iv

e 
P

re
va

le
nc

e 
(9

5%
 C

I)
L

ow
- 

po
si

ti
ve

 
Sa

m
pl

e 
N

W
ei

gh
te

d 
L

ow
- 

po
si

ti
ve

 
P

re
va

le
nc

e 
(9

5%
 C

I)
H

ig
h-

 p
os

it
iv

e 
Sa

m
pl

e 
N

W
ei

gh
te

d 
H

ig
h-

 p
os

it
iv

e 
P

re
va

le
nc

e 
(9

5%
 C

I)

 
N

o
81

6
54

4
73

.4
 (

68
.0

–7
8.

4)
13

1
13

.7
 (

10
.2

–1
79

)
14

1
12

.9
 (

9.
8–

16
.5

)

 
Y

es
60

9
37

0
65

.0
 (

60
.2

–6
9.

7)
12

4
19

.9
 (

16
.4

–2
3.

8)
11

5
15

.0
 (

11
.6

–1
9.

0)

C
on

do
m

le
ss

 s
ex

 in
 la

st
 y

ea
r

 
N

e 
ve

r
27

3
18

1
69

.8
 (

61
.9

–7
6.

9)
42

16
.1

 (
9.

6–
24

.7
)

50
14

.1
 (

8.
6–

21
.3

)

 
<

50
%

23
4

15
4

70
.1

 (
63

.6
–7

6.
1)

34
12

.3
 (

78
–1

8.
1)

46
17

6 
(1

1.
3–

25
.6

)

 
≥5

0%
 a

nd
 <

10
0%

25
2

15
0

65
.5

 (
58

.6
–7

1.
9)

44
16

.3
 (

11
.5

–2
2.

3)
58

18
.2

 (
13

.4
–2

3.
8)

 
A

lw
ay

s
56

1
35

7
70

.2
 (

64
.6

–7
5.

4)
11

3
18

.0
 (

13
.8

–2
3.

0)
91

11
.7

 (
9.

1–
14

.8
)

E
ve

r 
ha

d 
ge

ni
to

ur
in

ar
y 

ca
nc

er

 
N

o
12

48
79

7
69

.7
 (

65
.3

–7
3.

8)
22

6
16

.5
 (

13
.7

–1
9.

7)
22

5
13

.8
 (

11
.0

–1
70

)

 
Y

es
19

7
a

8
a

4
a

A
bb

re
vi

at
io

ns
: C

I,
 c

on
fi

de
nc

e 
in

te
rv

al
; H

IV
, h

um
an

 im
m

un
od

ef
ic

ie
nc

y 
vi

ru
s;

 P
gp

3,
 p

la
sm

id
 g

en
e 

pr
ot

ei
n 

3;
 P

ID
, p

el
vi

c 
in

fl
am

m
at

or
y 

di
se

as
e;

 S
T

D
, s

ex
ua

lly
 tr

an
sm

itt
ed

 d
is

ea
se

.

a D
en

ot
es

 e
st

im
at

es
 w

ith
 w

id
e 

co
nf

id
en

ce
 in

te
rv

al
s 

pe
r 

N
H

A
N

E
S 

gu
id

an
ce

; t
hu

s,
 e

st
im

at
es

 a
re

 s
up

pr
es

se
d.

Clin Infect Dis. Author manuscript; available in PMC 2022 October 20.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Anyalechi et al. Page 20

Ta
b

le
 3

.

W
ei

gh
te

d 
Pr

ev
al

en
ce

 o
f 

Pe
lv

ic
 I

nf
la

m
m

at
or

y 
D

is
ea

se
 (

PI
D

),
 I

nf
er

til
ity

, a
nd

 C
hl

am
yd

ia
 A

m
on

g 
W

om
en

 W
ith

 N
eg

at
iv

e,
 L

ow
-p

os
iti

ve
 (

55
1–

49
 9

99
),

 a
nd

 

H
ig

h-
po

si
tiv

e 
(≥

50
 0

00
) 

Pg
p3

 M
ul

tip
le

x 
B

ea
d 

A
rr

ay
 M

ed
ia

n 
Fl

uo
re

sc
en

ce
 I

nt
en

si
ty

 R
es

ul
ts

 A
m

on
g 

Se
xu

al
ly

 E
xp

er
ie

nc
ed

 W
om

en
 1

8–
39

 y
ea

rs
, N

at
io

na
l 

H
ea

lth
 a

nd
 N

ut
ri

tio
n 

E
xa

m
in

at
io

n 
Su

rv
ey

 (
N

H
A

N
E

S)
, 2

01
3–

20
16

C
ha

ra
ct

er
is

ti
c

To
ta

l 
Sa

m
pl

e 
N

O
ve

ra
ll 

P
re

va
le

nc
e 

of
 

C
ha

ra
ct

er
is

ti
c

P
gp

3 
N

eg
at

iv
e 

Sa
m

pl
e 

N

P
re

va
le

nc
e 

of
 

L
is

te
d 

C
ha

ra
ct

er
is

ti
c 

A
m

on
g 

P
gp

3 
N

eg
at

iv
e 

(9
5%

 
C

I)

P
gp

3 
L

ow
-

po
si

ti
ve

 
Sa

m
pl

e 
N

P
re

va
le

nc
e 

of
 

L
is

te
d 

C
ha

ra
ct

er
is

ti
c 

A
m

on
g 

P
gp

3 
L

ow
-p

os
it

iv
e 

(9
5%

 C
I)

P
re

va
le

nc
e 

R
at

io
 

of
 L

is
te

d 
C

ha
ra

ct
er

is
ti

c 
C

om
pa

ri
ng

 L
ow

-
po

si
ti

ve
 t

o 
N

eg
at

iv
e 

P
gp

3 
(9

5%
 C

I)

P
gp

3 
H

ig
h-

po
si

ti
ve

 
Sa

m
pl

e 
N

P
re

va
le

nc
e 

of
 

L
is

te
d 

C
ha

ra
ct

er
is

ti
c 

A
m

on
g 

P
gp

3 
H

ig
h-

po
si

ti
ve

 
(9

5%
 C

I)

P
re

va
le

nc
e 

R
at

io
 

of
 L

is
te

d 
C

ha
ra

ct
er

is
ti

c 
C

om
pa

ri
ng

 
H

ig
h-

po
si

ti
ve

 t
o 

N
eg

at
iv

e 
P

gp
3 

(9
5%

 C
I)

PI
D

59
3.

8 
(2

.7
–5

.2
)

22
2.

3 
(1

.4
–3

.6
)

32
79

 (
4.

6–
12

.6
)

a
5

a
a

In
fe

rt
ili

ty
14

4
10

.7
 (

9.
0–

12
.5

)
76

9.
9 

(7
.7

–1
2.

4)
49

11
.0

 (
75

–1
5.

5)
1.

1 
(.

7–
1.

7)
19

19
.6

 (
10

.5
–3

1.
7)

2.
0 

(1
.1

–3
.7

)

R
ec

en
t 

ch
la

m
yd

ia
33

2.
1 

(1
.4

–3
.0

)
6

0.
7 

(.
1–

1.
9)

23
5.

8 
(3

.7
–8

.5
)

a
4

a
a

C
ur

re
nt

 
ch

la
m

yd
ia

36
1.

7 
(1

.1
–2

.6
)

5
0.

4 
(.

1–
1.

3)
18

3.
5 

(1
.7

–6
.4

)
a

13
10

.7
 (

5.
4–

18
.6

)
a

A
bb

re
vi

at
io

ns
: C

I,
 c

on
fi

de
nc

e 
in

te
rv

al
; P

gp
3,

 p
la

sm
id

 g
en

e 
pr

ot
ei

n 
3.

.

a D
en

ot
es

 e
st

im
at

es
 w

ith
 w

id
e 

co
nf

id
en

ce
 in

te
rv

al
s 

pe
r 

N
H

A
N

E
S 

gu
id

an
ce

; t
hu

s,
 e

st
im

at
es

 a
re

 s
up

pr
es

se
d.

Clin Infect Dis. Author manuscript; available in PMC 2022 October 20.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Anyalechi et al. Page 21

Ta
b

le
 4

.

W
ei

gh
te

d 
Pr

ev
al

en
ce

 o
f 

Pe
lv

ic
 I

nf
la

m
m

at
or

y 
D

is
ea

se
 (

PI
D

),
 I

nf
er

til
ity

, a
nd

 C
hl

am
yd

ia
 A

m
on

g 
W

om
en

 W
ith

 N
eg

at
iv

e,
 L

ow
-p

os
iti

ve
 (

55
1-

m
ed

ia
n 

of
 

Po
si

tiv
e 

R
es

ul
ts

),
 a

nd
 H

ig
h-

po
si

tiv
e 

(G
re

at
er

 T
ha

n 
or

 E
qu

al
 to

 th
e 

M
ed

ia
n 

of
 P

os
iti

ve
 R

es
ul

ts
) 

Pg
p3

 M
ul

tip
le

x 
B

ea
d 

A
rr

ay
 M

ed
ia

n 
Fl

uo
re

sc
en

ce
 I

nt
en

si
ty

 

R
es

ul
ts

 A
m

on
g 

Se
xu

al
ly

 E
xp

er
ie

nc
ed

 W
om

en
 1

8–
39

 Y
ea

rs
, N

at
io

na
l H

ea
lth

 a
nd

 N
ut

ri
tio

n 
E

xa
m

in
at

io
n 

Su
rv

ey
 (

N
H

A
N

E
S)

, 2
01

3–
20

16

C
ha

ra
ct

er
is

ti
c

To
ta

l 
Sa

m
pl

e 
N

O
ve

ra
ll 

P
re

va
le

nc
e 

of
 

C
ha

ra
ct

er
is

ti
c

P
gp

3 
N

eg
at

iv
e 

Sa
m

pl
e 

N

P
re

va
le

nc
e 

of
 

L
is

te
d 

C
ha

ra
ct

er
is

ti
c 

A
m

on
g 

P
gp

3 
N

eg
at

iv
e 

(9
5%

 
C

I)

P
gp

3 
L

ow
-

po
si

ti
ve

 
Sa

m
pl

e 
N

P
re

va
le

nc
e 

of
 

L
is

te
d 

C
ha

ra
ct

er
is

ti
c 

A
m

on
g 

P
gp

3 
L

ow
-p

os
it

iv
e 

(9
5%

 C
I)

P
re

va
le

nc
e 

R
at

io
 

of
 L

is
te

d 
C

ha
ra

ct
er

is
ti

c 
C

om
pa

ri
ng

 L
ow

-
po

si
ti

ve
 t

o 
N

eg
at

iv
e 

P
gp

3 
(9

5%
 C

I)

P
gp

3 
H

ig
h-

po
si

ti
ve

 
Sa

m
pl

e 
N

P
re

va
le

nc
e 

of
 

L
is

te
d 

C
ha

ra
ct

er
is

ti
c 

A
m

on
g 

P
gp

3 
H

ig
h-

po
si

ti
ve

 
(9

5%
 C

I)

P
re

va
le

nc
e 

R
at

io
 

of
 L

is
te

d 
C

ha
ra

ct
er

is
ti

c 
C

om
pa

ri
ng

 
H

ig
h-

po
si

ti
ve

 t
o 

N
eg

at
iv

e 
P

gp
3 

(9
5%

 C
I)

PI
D

59
3.

8 
(2

.7
–5

.2
)

22
2.

3 
(1

.4
–3

.6
)

16
a

2.
9 

(1
.3

–6
.2

)
21

8.
0 

(4
.0

–1
4.

2)
a

In
fe

rt
ili

ty
14

4
10

.7
 (

9.
0–

12
.5

)
76

9.
9 

(7
7–

12
.4

)
29

10
.9

 (
6.

7–
16

.4
)

1.
1 

(.
7–

1.
7)

39
14

.5
 (

9.
5–

20
.8

)
1.

5 
(.

9–
2.

5)

R
ec

en
t 

ch
la

m
yd

ia
33

2.
1 

(1
.4

–3
.0

)
6

0.
7 

(.
1–

1.
9)

7
a

a
20

79
 (

4.
7–

12
.2

)
a

C
ur

re
nt

 
ch

la
m

yd
ia

36
1.

7 
(1

.1
–2

.6
)

5
0.

4 
(.

1–
1.

3)
8

a
a

23
72

 (
4.

4–
11

.1
)

a

A
bb

re
vi

at
io

ns
: C

I,
 c

on
fi

de
nc

e 
in

te
rv

al
; P

gp
3,

 p
la

sm
id

 g
en

e 
pr

ot
ei

n 
3.

a D
en

ot
es

 e
st

im
at

es
 w

ith
 w

id
e 

co
nf

id
en

ce
 in

te
rv

al
s 

pe
r 

N
H

A
N

E
S;

 th
us

, e
st

im
at

es
 a

re
 s

up
pr

es
se

d.

Clin Infect Dis. Author manuscript; available in PMC 2022 October 20.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Anyalechi et al. Page 22

Ta
b

le
 5

.

W
ei

gh
te

d 
M

ed
ia

n 
an

d 
In

te
rq

ua
rt

ile
 R

an
ge

 (
IQ

R
) 

of
 P

gp
3 

M
ul

tip
le

x 
B

ea
d 

A
rr

ay
 C

hl
am

yd
ia

 M
ed

ia
n 

Fl
uo

re
sc

en
ce

 I
nt

en
si

ty
 f

or
 W

om
en

 1
8–

39
 Y

ea
rs

 W
ith

 

V
ar

io
us

 O
ut

co
m

es
, N

at
io

na
l H

ea
lth

 a
nd

 N
ut

ri
tio

n 
E

xa
m

in
at

io
n 

Su
rv

ey
, 2

01
3–

20
16

W
ei

gh
te

d 
M

ed
ia

n 
[I

Q
R

] 
P

gp
3 

M
ul

ti
pl

ex
 B

ea
d 

A
rr

ay
 M

ed
ia

n 
F

lu
or

es
ce

nc
e 

In
te

ns
it

y
C

hl
am

yd
ia

 P
os

it
iv

e
R

ec
en

t 
C

hl
am

yd
ia

 P
os

it
iv

e
P

ID
 P

os
it

iv
e

In
fe

rt
ili

ty
 P

os
it

iv
e

Sa
m

pl
e 

N

35
 7

80
 [

72
40

–5
1 

48
0]

Y
es

36

31
 1

52
 [

24
44

–4
9 

46
5]

Y
es

33

25
93

 [
37

–2
7 

15
6]

Y
es

59

43
 [

19
–1

2 
60

0]
Y

es
14

4

29
 [

18
–1

02
1]

N
o

N
o

N
o

N
o

11
66

A
bb

re
vi

at
io

ns
: P

gp
3,

 p
la

sm
id

 g
en

e 
pr

ot
ei

n 
3;

 P
ID

, p
el

vi
c 

in
fl

am
m

at
or

y 
di

se
as

e.

Clin Infect Dis. Author manuscript; available in PMC 2022 October 20.


	Abstract
	METHODS
	Study Design/Population
	Data Sources and Methods
	Laboratory Methods
	Variables and Definitions
	Analytic Methods

	Ethical and IRB Review

	RESULTS
	High Seropositivity, Low Seropositivity, and Seronegativity
	High Seropositivity, Chlamydia Status, and Sequelae of PID and
Infertility
	Seropositivity Profiles

	DISCUSSION
	References
	Figure 1.
	Table 1.
	Table 2.
	Table 3.
	Table 4.
	Table 5.

