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Background. Women with pelvic inflammatory disease (PID) often present with a spectrum of symptoms.
The characteristics of nongonococcal, nonchlamydial PID have not been well described. Our objective was to
examine the characteristics of Mycoplasma genitalium infection among women with clinically suspected PID.

Methods. We evaluated 722 women who were enrolled in the PID Evaluation and Clinical Health study.
Women with M. genitalium monoinfection were compared with women with Neisseria gonorrhoeae monoinfection
or Chlamydia trachomatis monoinfection.

Results. Compared with women with gonococcal PID, women with M. genitalium infection were less likely
to have elevated systemic inflammatory markers, including an erythrocyte sedimentation rate 115 mm/h (5 [22.7%]
of 22 patients vs. 45 [60.8%] of 74 patients; ), a white blood cell count 110,000 cells/mL (4 [28.6%] ofP p .002
14 patients vs. 42 [64.6%] of 65 patients; ), and an oral temperature �38.3�C (0 [0.0%] of 22 patientsP p .018
vs. 10 [13.9%] of 72 patients; ). In addition, they were less likely to present with mucopurulent cervicitisP p .085
(9 [47.4%] of 19 patients vs. 60 [83.3%] of 72 patients; ), elevated vaginal pH ( ), and high pelvicP p .001 P p .018
pain score ( ). In contrast, women with chlamydial PID had signs and symptoms that were similar toP p .014
those in women with M. genitalium infection.

Conclusions. Because symptoms might be mild, women with M. genitalium infection might not seek PID
treatment. Further studies are needed to assess the potential reproductive tract sequelae of M. genitalium infection
of the upper genital tract.

Pelvic inflammatory disease (PID), which is an inflam-

mation of the female upper genital tract that is caused

by the ascension of organisms from the lower genital

tract, affects ∼8% of reproductive-age women in the

United States at some time in their lives [1]. Serious

sequelae, including recurrent PID, tubal factor infer-

tility, ectopic pregnancy, and chronic pelvic pain, are

common sequelae of PID [2]. The sexually transmitted

pathogens Chlamydia trachomatis and Neisseria gon-

orrhoeae cause 30%–50% of PID cases [3–5]. Although
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the etiology of PID is unknown in the majority of cases,

it has been epidemiologically linked to bacterial vagi-

nosis [6].

Mycoplasma genitalium has been identified as a pos-

sible etiologic agent of nongonococcal, nonchlamydial

PID [7–9]. It has also been detected in cervical and

salpingeal samples obtained from women with lapa-

roscopically confirmed salpingitis [10] and in cervical

and endometrial specimens obtained from women with

endometritis [7]. Because M. genitalium is extremely

difficult to culture, epidemiologic studies that assess the

role of this organism in reproductive diseases among

women are dependent on the development and appli-

cation of PCR-based assays. Although little is known

about the clinical characteristics of M. genitalium PID,

evidence suggests that, as is the case in women with

chlamydia, lower genital tract infections tend to be

asymptomatic [11, 12].

At presentation, the characteristics of women with
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PID vary, and they may include pelvic pain, abnormal vaginal

discharge, bleeding, itching, and/or odor. Although the most

common symptom of PID is pelvic pain, many women with

PID may have mild pain or no pain, despite evidence of in-

fection and inflammation [13, 14]. The presence and severity

of PID symptoms vary by microbiologic etiology, with women

who have chlamydial PID being more likely than women who

have gonococcal PID to be asymptomatic [15–18].

The purpose of our study was to describe the clinical features

of women with lower and/or upper genital tract infection due

to M. genitalium in a population of women who presented with

clinically suspected PID. We hypothesized that clinical char-

acteristics, symptoms, and pelvic pain at presentation would

be less frequent and less severe among women with M. geni-

talium or C. trachomatis infection than they would be among

women with gonococcal PID.

PATIENTS, MATERIALS, AND METHODS

Study population. We used data from the baseline interview

of the PID Evaluation and Clinical Health (PEACH) study,

which is described in detail elsewhere [19]. In brief, the PEACH

study evaluated the effectiveness of inpatient versus outpatient

treatment of PID in preventing infertility. From March 1996

through February 1999, nonpregnant women 14–36 years of

age were recruited from emergency departments and outpatient

facilities (obstetrics and gynecology clinics, sexually transmitted

disease clinics, and private practices) from 7 primary sites (At-

lanta, GA; Birmingham, AL; Charleston, SC; Detroit, MI; Phil-

adelphia, PA; Pittsburgh, PA; and Providence, RI) and 6 sec-

ondary sites in the United States. Women were eligible to

participate if they had clinically suspected PID, as defined by

the following characteristics: (1) complaints of acute pain (!30

days in duration); (2) a clinical finding of pelvic tenderness;

and (3) evidence of lower genital tract inflammation. Women

were excluded from the study if they had severe disease that

required inpatient management; could not tolerate an outpa-

tient regimen because of vomiting; had an allergy to antibiotics;

experienced a delivery, abortion, or gynecologic surgical pro-

cedure within the previous 45 days; had a previous hysterec-

tomy, bilateral salpingectomy, or bilateral tubal ligation; had a

tuboovarian abscess documented by ultrasound or laparoscope;

and/or had appendicitis, hemorrhagic ovarian cyst, or another

condition requiring surgery documented by ultrasound or la-

paroscopy. Informed consent was obtained from eligible

women, and 831 participants were enrolled into the PEACH

study. Institutional review board approval was obtained for the

parent PEACH study, as well as for subsequent PCR testing of

stored specimens for M. genitalium. For this analysis, stored

cervical and endometrial specimens and M. genitalium PCR

assay results were available for a subset of 722 women. The

demographic, behavioral, and clinical characteristics of the 111

women who did not have M. genitalium PCR assays performed

did not differ significantly from those of the women who were

included in our analyses.

Data collection. Baseline data were collected by trained

research staff at each study center using standardized interview,

examination, and specimen collection techniques. Information

was collected on demographic characteristics; medical, gyne-

cologic, and sexual histories; presenting complaints; substance

use; current medications; and contraception. Cervical and vag-

inal swab samples, endometrial biopsy samples, and serum and

urine samples were obtained from the participants.

Detection of M. genitalium. Previously collected cervical

and endometrial samples that had been stored at �70�C were

tested for M. genitalium with use of the MgPa-IMW PCR assay

targeting the MgPa gene [20]. This assay has an analytical sen-

sitivity of 15 genomes [20] and a high clinical sensitivity and

specificity relative to transcription-mediated amplification, an-

other M. genitalium nucleic acid amplification assay [21]. For

all samples with positive test results, a second MgPa PCR assay

[20] was performed using another aliquot of the sample to rule

out PCR product contamination or cross contamination; all of

the samples with initial positive test results were verified to be

M. genitalium positive by this confirmatory test.

Detection of N. gonorrhoeae and C. trachomatis. Baseline

cervical and endometrial samples were assessed at a central

laboratory for N. gonorrhoeae by culture and for C. trachomatis

by PCR, as described elsewhere [4].

Clinical characteristics. The following baseline signs and

symptoms were evaluated as potential characteristics of M. gen-

italium infection: elevated oral temperature (�38.3�C), elevated

WBC count (110,000 cells/mL), elevated erythrocyte sedimen-

tation rate (115 mm/h), elevated C-reactive protein level (�5

mg/dL), bilateral adnexal tenderness, mucopurulent cervicitis,

and bacterial vaginosis (BV), defined using Gram stain [22]

and Amsel’s criteria [23]. Mucopurulent cervicitis was defined

as the presence of a grossly yellow or green exudate observed

on a swab specimen obtained from the cervix. Symptoms at

presentation that were evaluated as potential characteristics of

M. genitalium infection included the following: nausea or vom-

iting, nonmenstrual vaginal bleeding or spotting, more-pro-

longed or heavier menstrual bleeding than usual, vaginal bleed-

ing during or after sex, abnormal vaginal discharge, increased

frequency of urination, and overall self-rated pelvic pain. A

pelvic pain score was calculated as the mean of scores for pain

at worst, on average, and within the previous 24 h, measured

on a Likert scale and multiplied by 10 (range, 0–100).

Statistical methods. The x2 test, Fisher’s exact test, and

analysis of variance were used to evaluate baseline character-

istics and symptoms at presentation. Women with M. genital-

ium identified in the cervix and/or endometrium who had test

results that were negative for both N. gonorrhoeae and C. tra-
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chomatis were compared with women who had test results that

were positive only for N. gonorrhoeae in the cervix and/or en-

dometrium and with women who had test results that were

positive only for C. trachomatis in the cervix and/or endo-

metrium. Women who had test results that were positive only

for N. gonorrhoeae were also compared with women with M.

genitalium and N. gonorrhoeae coinfection. Similarly, women

with test results that were positive only for C. trachomatis were

compared with women with M. genitalium and C. trachomatis

coinfection. We also examined the differences between women

with gonococcal PID and women with chlamydial PID. All data

were analyzed using SAS, version 9.1 (SAS). P values !.05 were

considered to be statistically significant.

RESULTS

Compared with women with gonococcal PID, women with M.

genitalium infection were generally less likely to have elevated

systemic inflammatory markers, including erythrocyte sedi-

mentation rates 115 mm/h (5 [22.7%] of 22 patients vs. 45

[60.8%] of 74 patients; ), WBC counts 110,000 cells/P p .002

mL (4 [28.6%] of 14 patients vs. 42 [64.6%] of 65 patients;

), and oral temperatures �38.3�C (0 [0.0%] of 22P p .018

patients vs. 10 [13.9%] of 72 patients; ) (table 1).P p .085

Women with M. genitalium infection were also significantly less

likely to present with mucopurulent cervicitis (9 [47.4%] of 19

patients vs. 60 [83.3%] of 72 patients; ). In addition,P p .001

they had significantly lower mean composite pain scores at

baseline ( ). The clinical characteristics of women withP p .014

test results positive for only N. gonorrhoeae did not differ from

those of women with test results positive for N. gonorrhoeae

and M. genitalium. After adjustment for BV status (normal or

intermediate vs. BV flora), all results remained the same (data

not shown).

In contrast with women with N. gonorrhoeae infection,

women who had test results that were positive only for M.

genitalium had clinical features that were similar to those of

women who had test results that were positive only for C.

trachomatis. The clinical characteristics of women who had test

results that were positive only for C. trachomatis did not differ

from those of women who had test results that were positive

for both C. trachomatis and M. genitalium (table 2). The results

remained the same after adjustment for BV (data not shown).

Compared with women with gonococcal PID, women with

PID due to C. trachomatis were generally less symptomatic and

less likely to have elevated systemic inflammatory markers, in-

cluding elevated oral temperature (0 [0%] of 45 patients vs. 10

[13.9%] of 72 patients; ) or elevated WBC count (9P p .013

[22.5%] of 40 patients vs. 42 [64.6%] of 65 patients; ).P ! .001

They were less likely to present with cervicitis (22 [52.4%] of

42 patients vs. 60 [83.3%] of 72 patients; ) or bilateralP ! .001

adnexal tenderness (35 [77.8%] of 45 patients vs. 61 [82.4%]

of 74 patients; ) and had statistically significantly lowerP p .049

mean composite pain scores ( ).P p .020

DISCUSSION

To our knowledge, this is the first study to compare the clinical

characteristics of women with clinically suspected PID who had

genital tract infection due to M. genitalium, N. gonorrhoeae,

and/or C. trachomatis. Our study suggests that, as in chlamydial

PID, upper genital tract infection due to M. genitalium is less

symptomatic than gonococcal PID. However, it should be noted

that all women in the PEACH study had clinically suspected

PID; therefore, they all presented with some signs or symptoms.

Because the inclusion criteria minimized the selection of

asymptomatic patients, differences in the clinical characteristics

between women with and women without M. genitalium in-

fection may be minimized. It would be important to repeat

these analyses in a population that includes women with symp-

tomatic PID and women with subclinical or “silent” PID.

Mucopurulent cervicitis and numerous systemic markers of

inflammation, including an elevated oral temperature, elevated

WBC count, and elevated erythrocyte sedimentation rate, were

more prevalent in women with N. gonorrhoeae infection than

in women with only M. genitalium infection. In addition, pelvic

pain scores were higher among women with N. gonorrhoeae

infection. Women with only N. gonorrhoeae infection had clin-

ical features that were similar to those of women with test

results that were positive for both N. gonorrhoeae and M. gen-

italium. This suggests that, in patients with coinfection, the

clinical signs and symptoms of N. gonorrhoeae infection

dominate.

The clinical features of women who present with upper gen-

ital tract M. genitalium infection have not been extensively

examined. In a study involving 115 women with histologically

confirmed endometritis, 100% of women with M. genitalium

infection reported mild abdominal pain, compared with 68%

of women without M. genitalium infection ( ) [24]. TheP p .06

association of M. genitalium with diseases of the lower genital

tract in women has not been consistently reported, which pos-

sibly reflects differences in the population studied and criteria

used to assess signs and symptoms at this site. Although some

studies have shown an association between M. genitalium and

cervicitis [9, 25–27], several PCR studies have failed to find a

strong association between symptoms and M. genitalium lower

genital tract infection [11, 28, 29]. Tosh et al. [11] conducted

a study involving 383 adolescent females who attended a pri-

mary care clinic, and they found that women with M. geni-

talium identified in the lower genital tract were no more symp-

tomatic than were uninfected women. In a group of women

with test results that were negative for both C. trachomatis and

N. gonorrhoeae, those who had test results that were positive

for M. genitalium were not more likely to have signs (i.e., pres-
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Table 1. Clinical characteristics of women with Mycoplasma genitalium monoinfection, Neisseria gonorrhoeae
monoinfection, or M. genitalium and N. gonorrhoeae coinfection.

Variable

M. genitalium
monoinfection

(n p 22)

N. gonorrhoeae
monoinfection

(n p 74) P a

M. genitalium and
N. gonorrhoeae

coinfection
(n p 16) P b

Sign or symptom at presentation
Nausea and/or vomiting 10 (45.5) 30 (40.5) .682 8 (50.0) .487
Nonmenstrual vaginal bleeding 9 (40.9) 28 (37.8) .795 3 (18.8) .245
Heavier than usual menstrual bleeding 10 (45.5) 26 (35.1) .380 5 (31.3) .767
Bleeding during or after sex 4 (18.2) 6 (8.1) .230 2 (12.5) .629
Abnormal vaginal discharge 14 (63.6) 50 (67.6) .731 8 (50.0) .183
Increased frequency of urination 11 (50.0) 31 (41.9) .501 10 (62.5) .170

Marker of inflammation
Temperature �38.3�C 0 (0.0) 10/72 (13.9) .085 1 (6.67) .681
WBC count 110,000 cells/mL 4/14 (28.6) 42/65 (64.6) .018 5/12 (41.7) .134
Erythrocyte sedimentation rate 115 mm/h 5 (22.7) 45 (60.8) .002 8 (50.0) .426
C-reactive protein level 15 mg/dL 1 (4.5) 9 (12.2) .305 2 (12.5) .970
Bilateral adnexal tenderness 17 (77.3) 61 (82.4) .586 15 (93.8) .257

Mucopurulent cervicitis 9 (47.4) 60/72 (83.3) .001 9/16 (56.3) .017
Bacterial vaginosis

Confirmed by Gram stainc 13 (59.1) 50/65 (76.9) .106 11/13 (84.6) .540
Confirmed by Amsel’s criteria 7 (38.9) 16/38 (42.1) .819 4/9 (44.4) 1.999

Pelvic pain,d mean composite pain score � SD 58.0 � 21.9 72.3 � 23.9 .014 75.2 � 20.7 .658

NOTE. Data are no. (%) of patients, unless otherwise indicated. All patients had test results that were negative for Chlamydia trachomatis.
a Comparison with the M. genitalium monoinfection group.
b Comparison with the N. gonorrhoeae monoinfection group.
c Normal or intermediate vs. bacterial vaginosis flora.
d Mean composite pain score was calculated as the mean of the current pelvic pain score, the average pelvic pain score, and the worst

pelvic pain .score � 10

ence of vaginal erythema, vulvar erythema, or vaginal discharge;

) or symptoms (i.e., vaginal itching, vaginal burning,P p .33

and dyspareunia; ) than were women with test resultsP p .35

that were negative for M. genitalium [11]. Manhart et al. [29]

also found that lower genital tract M. genitalium infection was

not associated with symptoms. PCR was used to test urine

samples obtained from 1714 women who were enrolled in a

population-based study, and M. genitalium infections were not

associated with symptoms, because none of the participants

who had test results that were positive for M. genitalium re-

ported experiencing symptoms of vaginal discharge. Con-

versely, vaginal discharge was more common among women

with lower genital tract M. genitalium infection than it was

among women without M. genitalium infection in a study in-

volving 390 minority women with an active sexually transmitted

infection who attended a public health clinic [30]. The results

were similar after controlling for coinfection with other sexually

transmitted diseases. However, vaginal discharge was the only

genitourinary sign or symptom that was statistically signifi-

cantly different between women with positive test results and

women who were not infected. Casin et al. [28] found no

association between the identification of M. genitalium in the

lower genital tract and urinary symptoms (OR, 1.34; 95% CI,

0.72–2.50) or pelvic pain (OR, 0.93; 95% CI, 0.50–1.73) among

women attending a sexually transmitted disease clinic. These

PCR studies indicate that M. genitalium does not produce

stronger symptoms in women with lower genital tract infec-

tions, compared with symptoms in women without M. geni-

talium infection. The limited symptoms induced by M. geni-

talium infection are similar to those seen in C. trachomatis

infection [31].

Our study is unique, in that we compared the clinical char-

acteristics of lower and/or upper genital tract M. genitalium

infection with infections caused by other known bacterial sex-

ually transmitted diseases. In our study, although women with

M. genitalium infection tended to be less symptomatic than

women with gonococcal PID, their symptoms were similar to

those of women with chlamydial PID. There were no statisti-

cally significant differences between women with M. genitalium

infection and women with C. trachomatis infection with respect

to demographic or clinical characteristics. Although no other

study has, to our knowledge, compared the clinical character-

istics of women with clinically suspected PID, our results are

similar to those of a study [25] conducted among 465 women

either attending a sexually transmitted disease clinic or enrolled

in a cervical cancer screening program in Sweden that com-
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Table 2. Clinical characteristics of women with Mycoplasma genitalium monoinfection, Chlamydia trachomatis
monoinfection, or M. genitalium and C. trachomatis coinfection.

Variable

M. genitalium
monoinfection

(n p 22)

C. trachomatis
monoinfection

(n p 45) P a

M. genitalium and
C. trachomatis

coinfection
(n p 9) P b

Sign or symptom at presentation
Nausea and/or vomiting 10 (45.5) 21 (46.7) .926 4 (44.4) 1.999
Nonmenstrual vaginal bleeding 9 (40.9) 26 (57.8) .194 4 (44.4) .489
Heavier than usual menstrual bleeding 10 (45.5) 17 (37.8) .547 1 (11.1) .244
Bleeding during or after sex 4 (18.2) 12 (26.7) .444 1 (11.1) .428
Abnormal vaginal discharge 14 (63.6) 32 (71.1) .536 7 (77.8) .684
Increased frequency of urination 11 (50.0) 21 (46.7) .798 5 (55.6) .626

Marker of inflammation
Temperature �38.3�C 0 (0.0) 0 (0.0) … 1/7 (14.3) .137
WBC count 110,000 cells/mL 4/14 (28.6) 9/40 (22.5) .722 2 (22.2) .986
Erythrocyte sedimentation rate 115 mm/h 5 (22.7) 19 (42.2) .118 6 (66.7) .179
C-reactive protein level 15 mg/dL 1 (4.5) 6 (13.3) .269 3 (33.3) .161
Bilateral adnexal tenderness 17 (77.3) 35 (77.8) .963 7 (77.8) 1.999

Mucopurulent cervicitis 9/19 (47.4) 22/42 (52.4) .717 6 (66.7) .434
Bacterial vaginosis

Confirmed by Gram stainc 13 (59.1) 28/43 (65.1) .634 4/8 (50.0) .450
Confirmed by Amsel’s criteria 7/18 (38.9) 15/32 (46.9) .585 2/6 (33.3) .672

Pelvic pain,d mean composite pain score � SD 58.0 � 21.9 61.8 � 22.9 .517 64.4 � 26.8 .764

NOTE. Data are no. (%) of patients, unless otherwise indicated. All patients had test results that were negative for Neisseria gonorrhoeae.
a Comparison with the M. genitalium monoinfection group.
b Comparison with the C. trachomatis monoinfection group.
c Normal or intermediate vs. bacterial vaginosis flora.
d Mean composite pain score was calculated as the mean of the current pelvic pain score, the average pelvic pain score, and the worst

pelvic pain .score � 10

pared the symptoms of C. trachomatis infection with those of

M. genitalium infection of the lower genital tract. In that study

[25], no statistically significant differences between women with

test results positive for C. trachomatis and those with test results

positive for M. genitalium in the lower genital tract were re-

ported with respect to the presence of symptoms (32% vs. 23%;

relative risk, 1.4; 95% CI, 0.6–3.4) or signs (71% vs. 50%;

relative risk, 1.4; 95% CI, 0.9–2.3).

Although women with M. genitalium infection present with

fewer clinical signs and symptoms than do women with N.

gonorrhoeae infection, there is evidence from animal and hu-

man studies that supports a pathogenic role of M. genitalium

in female upper genital tract infection. M. genitalium has been

found to induce salpingitis in experiments involving monkeys

[32], and it adheres to human fallopian tube epithelial cells in

organ culture, resulting in damage to the ciliated cells [33].

This bacterium can adhere to human spermatozoa, potentially

allowing it to be carried to the female upper genital tract on

motile sperm [34].

M. genitalium PID may lead to subsequent reproductive mor-

bidity, including infertility, recurrent PID, and pelvic pain. In

a previous analysis of the PEACH data, Haggerty et al. [35]

found that rates of short-term treatment failure (defined as

persistent endometritis and pelvic pain after treatment with

cefoxitin and doxycycline; found in 41% of patients), infertility

(22%), recurrent PID (31%), and chronic pelvic pain (42%)

were high among women with test results positive for endo-

metrial M. genitalium at baseline. These results were similar to

those in a subset of women with test results that were negative

for N. gonorrhoeae and C. trachomatis. Although the association

between M. genitalium and these sequelae did not reach sta-

tistical significance, the findings were similar to those previously

reported by analyses of the PEACH data, which showed that

chlamydial and gonococcal upper genital tract infection was

not associated with subsequent morbidity [36]. This could be

explained by the fact that women in the comparison groups

who did not have test results positive for M. genitalium, C.

trachomatis, or N. gonorrhoeae did have signs and symptoms

of PID; thus, all women in the PEACH study were at high risk

of sequelae, because they had clinically suspected PID.

Infertility after infection with M. genitalium could result from

inflammation and scarring of the fallopian tubes because of

frequent PID treatment failure, given that 44% of women with

test results positive for M. genitalium at baseline had positive

test results obtained again 30 days after completion of treatment

[35]. A relationship between M. genitalium and tubal factor
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infertility has also been identified in serological studies [37].

Specifically, M. genitalium antibodies were identified more fre-

quently among women with tubal factor infertility than among

women without tubal factor infertility (22% vs. 6%) [37]. In

another serological study, 17% of women with tubal factor

infertility had antibodies to M. genitalium, compared with only

4% of women with healthy fallopian tubes [38].

The ability to test for concomitant infections due to C. tra-

chomatis, N. gonorrhoeae, and BV was a strength of our study.

However, the unavailability of data on other pathogens may

limit the interpretation of our findings. It may be possible that

specific BV-associated bacteria, anaerobes, and other myco-

plasmal bacteria confounded our analysis. However, adjustment

for these bacteria was not possible in our current analysis,

because only a subset of women in the PEACH study were

tested for these bacteria.

In this study, we compared clinical characteristics and signs

and symptoms at presentation by microbial etiology among a

population of women with clinically suspected PID. As our

study suggests, women with M. genitalium infection may have

less symptomatic PID, which, if left untreated, can lead to

serious reproductive morbidity, including tubal factor infertil-

ity, ectopic pregnancy, chronic pelvic pain, and recurrent PID

[39]. Because the etiology of up to 70% of PID cases is un-

known, and because M. genitalium has frequently been found

in women with PID, detection of the pathogen may help to

reduce the burden of untreated PID. However, because clinical

symptoms may be mild, and because PID is typically diagnosed

through clinical suspicion, women with M. genitalium infection

might not seek PID treatment, and cases of M. genitalium PID

might go undiagnosed. Additional studies are needed to de-

termine a diagnostic approach for M. genitalium PID and to

assess the potential reproductive tract sequelae of M. genitalium

upper genital tract infection.
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