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Pelvic inflammatory disease (PID) is a clinical syndrome that has been associated with a wide range of potential causal pathogens. Three

broad groups of organisms have been isolated from the genital tract of people with PID: sexually transmitted organisms such as Neisseria

gonorrhoeae, Chlamydia trachomatis, Mycoplasma genitalium, and Trichomonas vaginalis; bacterial vaginosis (BV)-associated species and
genera such as Atopobium vaginae, Sneathia, and Megasphaera; and genera and species usually associated with the gastrointestinal or
respiratory tracts such as Bacteroides, Escherichia coli, Streptococcus, or Haemophilus influenza. Although PID is often considered to be
synonymous with gonorrhea or chlamydia, these pathogens are found in only one quarter to one third of people with PID, suggesting that
broader screening and diagnostic and treatment strategies need to be considered to reduce the burden of PID and its associated sequelae.
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Pelvic inflammatory disease (PID) is a clinical syndrome as-
sociated with adverse reproductive health sequelae such as
infertility, ectopic pregnancy, and chronic pelvic pain. Pelvic in-
flammatory disease is a clinical diagnosis, based on symptoms
of pelvic or lower abdominal pain and signs of tenderness of ei-
ther the cervix, adnexa, or uterus on exam [1]. The diagnosis of
PID is syndromic, made in sexually active people with a uterus
and cervix who have no other identifiable etiology. Pelvic in-
flammatory disease is a syndrome and, as such, heterogenous
in its presentation, severity, and etiology. The goal of broadly
inclusive diagnostic criteria is to ensure identification of all po-
tential cases, so that they can be provided antibiotic treatment
to reduce the sequelae of PID. Based on self-report of PID diag-
nosis, the Centers for Disease Control and Prevention estimates
a lifetime prevalence of 4.4% or 2.5 million people in the United
States [2]. Although diagnostic criteria have become increas-
ingly more sensitive and less specific, over the past 2 decades
the overall incidence of clinically diagnosed acute PID has de-
creased [3], as outlined further in this Supplement [4].
Contemporary reports of the prevalence of PID sequelae
range from 3% to 7% for infertility and ectopic pregnancies in a
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military population [3] to 36% for chronic pelvic pain in the PID
Evaluation and Clinical Health (PEACH) trial [5]. Current di-
agnostic and treatment guidelines focus on clinical presentation
and symptom resolution, which is useful for clinicians but po-
tentially obscures subgroups of people who are at higher risk for
sequelae and/or might benefit from alternative treatments. The
clinical diagnostic criteria do not grade the severity of disease,
do not require evaluation of adnexa versus endometrium, nor do
they require identification of the causal agent(s), all of which con-
tribute to the heterogeneity of the syndrome. It is unclear whether
evaluating the presence of upper tract disease or the etiology of
infection is relevant for choosing treatment or predicting out-
comes; there are few clear predictors of who has a greater likeli-
hood of developing long-term complications from PID [6].

In the PEACH trial, chronic pelvic pain occurred in ap-
proximately 32% of participants, infertility in approximately
18%, and ectopic pregnancy in <1%, which is higher than re-
ported rates of 6-20/1000 women in epidemiologic studies
[7]. Sequelae were more common in participants who had re-
current episodes of PID, or repeat sexually transmitted infec-
tions (STIs), and in those who still had persistent symptoms 5
or 30 days after treatment [5, 6, 8]. Detection of several bac-
terial vaginosis (BV)-associated bacterial species or chlamydia
in the cervix or endometrium by polymerase chain reaction
(PCR) was also associated with an increased risk for infertility,
although gonorrhea was not [9]. Trichomoniasis was associ-
ated with an increased risk for sequelae that did not reach sta-
tistical significance [10]. However, as mentioned earlier, many
infertile people who have intra-abdominal adhesions and tubal
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occlusion do not report any history of PID, suggesting that sub-
clinical disease may be a significant source of adverse outcomes
[11].

In studies among people presenting with clinical PID, en-
dometritis (>5 neutrophils/400x field + >1 plasma cell/120x
field) is confirmed by endometrial biopsy in as few as 54% and
as many as 70% [12-15]; and salpingitis evaluated by diagnostic
laparoscopy is confirmed in 20%-89% [12, 15-20]. If endome-
tritis is used as the gold standard, one study estimates the sen-
sitivity of clinical criteria in symptomatic people at only 36%
[21]. However, tubal scarring and other evidence of upper gen-
ital tract (UGT) infection and inflammation is also present in
people who do not report a clinical history of PID, suggesting
that symptomatic cases are only one part of the total burden
of disease. Subclinical PID is defined as the presence of endo-
metritis in the absence of clinical signs and symptoms of PID
[22]. People with subclinical PID have similar demographic
characteristics as those with acute PID, the diagnosis is also
associated with detection of Chlamydia trachomatis, Neisseria
gonorrhoeae, or BV [23], and is linked to adverse outcomes such
as infertility [24]. These data suggest that even the broad, non-
specific clinical criteria for the diagnosis of PID do not capture
all people at risk for sequelae.

Thus, there is a gap between people identified by the clin-
ical diagnostic algorithm and the entire population at risk for
adverse outcomes from PID. Examining the etiology of PID
may allow better screening, testing, and evaluation algorithms
to bridge that gap between clinically diagnosed, symptomatic
cases and the full spectrum of disease. There are 3 general
groups of pathogens associated with PID, which are not mu-
tually exclusive: (1) sexually transmitted organisms (Neisseria
gonorrhoeae, Chlamydia trachomatis, Mycoplasma genitalium,
Trichomonas vaginalis), (2) BV-associated bacteria (eg, BVAB3,
Prevotella bivia, Atopobium vaginae, Leptotrichia/Sneathia spp),
and (3) gastrointestinal (GI) or respiratory bacteria (eg, an-
aerobes, facultative and aerobic bacteria such as Haemophilus
influenzae, Escherichia coli, Bacteroides). The proportion of par-
ticipants with each of these types of pathogens detected differs
depending on the era in which studies were performed, how
PID was defined in each study, and the sensitivity and type of
testing performed (Table 1). However, detection of an organism
does not necessarily mean that it is the causal agent of PID. In
addition, co-occurrence of organisms from multiple groups
may create a synergy that worsens the clinical course. For ex-
ample, aerobic bacteria can act to create tissue necrosis and
anaerobic conditions leading to the growth of anaerobes and
development of a tubo-ovarian abscess [25]. A more nuanced
understanding of how different pathogens and communities
of pathogens contribute to PID, the severity of disease, and the
risk for sequelae will help guide treatment recommendations,
population-level prevention strategies, and future studies to im-
prove care for people with PID.

NEISSERIA GONORRHOEAE AND CHLAMYDIA
TRACHOMATIS

In early studies from the 1950s describing PID, the only de-
fined causes were tuberculosis (3%) and N gonorrhoeae (1%)
[26]. By 1980, 33% of cases were ascribed to N gonorrhoeae [27].
However, many of these studies were conducted before the ad-
vent of molecular testing, and they may not have identified C
trachomatis simply because of poor sensitivity of the immuno-
fluorescent, culture, or antigen-based assays used (Figure 1). In
studies in which PID is diagnosed based on clinical presenta-
tion, N gonorrhoeae and/or C trachomatis are identified in the
cervix or UGT in approximately one quarter to one third of par-
ticipants (Table 1). When the population is restricted to people
with clinical PID who also have acute histologically confirmed
endometritis, a slightly higher proportion are found to have N
gonorrhoeae and/or C trachomatis. However, more than half of
participants with clinical PID and endometritis do not have ei-
ther pathogen detected even using highly sensitive nucleic acid
amplification tests (NAATS). The strictest definition of PID
requires confirmation of visible salpingitis, tubal dilation, or
purulent exudate at laparoscopy [1]. Overall, a slightly higher
proportion of people who meet this strict definition have 1 of
these 2 sexually transmitted pathogens (Table 1), but this is still
fewer than half in most studies. Thus, although many consider
PID as being universally associated with these 2 STTs, this does
not reflect the published data.

MYCOPLASMA GENITALIUM

Although M genitalium is an accepted cause of male urethritis
[28], its relationship with female reproductive tract disease syn-
dromes is less clear. Mycoplasma genitalium can ascend to the
fallopian tube [29], and experimental infection of fallopian tube
tissue results in abnormal morphology and loss of cilia, which
suggests biological plausibility. Animal studies demonstrate
varying rates of ascent and inflammatory damage [30-32].
In humans, one meta-analysis of 10 studies (3 of which were
prospective) found a statistically significant 2-fold increase
in the risk of PID associated with M genitalium (odds ratio
[OR] = 2.1; 95% confidence interval [CI], 1.31-3.49) [33].

ooled

This l;elationship was stronger in the subset of studies that ad-
justed for other organisms known to cause PID (OR | , = 2.5;
95% CI, 1.03-6.26) and in the subset of studies that used NAATs
to detect M genitalium (OR_, - = 2.7, 95% CI, 1.60-4.66). In
contrast, a second meta-analysis restricted to 2 studies with a
prospective design reported a nonsignificant pooled risk ratio
of 1.7 (95% CI, .92-3.28) for M genitalium and PID [34].

The prevalence of M genitalium and C trachomatis in people
with PID is similar (6%-33% for M genitalium; 7%-39% for C
trachomatis). In a direct comparison of chlamydial PID to M
genitalium-associated PID, participants reported similar rates
of abdominal pain, dyspareunia, intermenstrual bleeding, and
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Table 1. Detection of Microbes in Cervix or Upper Genital Tract in Women With PID According to Various Definitions
Proportion

PID Definition Organism Cervix UGT References (listed in Supplemental Material)
Clinical

Neisseria gonorrhoeae 2%-80% 9%-25% [1-14]

Chlamydia trachomatis (Cx) 10%-38% 10%—-28% [1,8,5,79, 12, 13]

C trachomatis (NAAT) 16%-36% 10%-20% [2,4,6, 8, 14]

Mycoplasma genitalium 13%-15% - [8, 15]

Anaerobes® -

Aerobes/facultative® -

BV-associated (Cx)° -
Clinical + Endometritis

N gonorrhoeae (Cx) 32%-44%

N gonorrhoeae (NAAT) 15%

C trachomatis (Cx) 23%-52%

C trachomatis (NAAT) 6%
M genitalium 12%
Anaerobes® -

Aerobes/facultative® -

BV-associated (Cx)° -

BV-associated (NAAT) ¢ -
Clinical + Salpingitis

N gonorrhoeae (Cx) 13%-74%

N gonorrhoeae (NAAT) 15%

C trachomatis (non-NAAT) 5%-72%
C trachomatis (NAAT) 6%-45%
M genitalium (NAAT) 6%-9%
Anaerobes® 29%
Aerobes/facultative® 10%

19%—-64%
13%-94%

[2,8,79, 1,13, 16]
[2,8,79, 11,13, 16]

BV-associated (NAAT)® =

30%-60% [2,3]
13%-34% [2,3,717]
10% [18]
18%-39% [3,717]
7%—-26% [2, 18]
8%-12% [18, 19]
32%-50% [2,3,7]
22%-50% [2,3,7]
30%-64% [2,3]
4% [20]
3%-59% [7,9,17 21-28]
4%-13% [29, 30]
11%-50% [7.9, 17, 21-24, 26-28, 31]
6%-41% [25, 29, 30]
4%-5% [25, 29]
2%-57% [7,9, 21, 22, 24, 26, 27]
5%-50% 17,9, 21, 22, 24, 26, 27]
60% [30]

Abbreviations: BV, bacterial vaginosis; Cx, cultivation; NAAT, nucleic acid amplification test; PID, pelvic inflammatory disease; UGT, upper genital tract (ie, endometrium, tubal exudate, or

peritoneal fluid).

“Includes anaerobic Gram-negative rods (Porphyromonas, Prevotella) and anaerobic Gram-positive cocci (peptostreptococcus).

®Includes Escherichia coli, Streptococcus, Staphylococcus, Enterococcus, and diphtheroids.
‘Includes Gardnerella vaginalis and Atopobium vaginae.

9Includes G vaginalis, A vaginae, and Sneathia spp.

cervical/adnexal tenderness, but those with M genitalium were
significantly less likely to report postcoital bleeding and more
likely to have lower abdominal tenderness noted on exam than
people with chlamydial PID [35]. Taken together, this suggests
that M genitalium may result in a less severe syndrome than does
C trachomatis. However, both M genitalium and C trachomatis
have a milder clinical presentation than N gonorrhoeae [36].
Recent data from a randomized trial of PID treatment com-
paring a regimen with versus without metronidazole reported
that M genitalium was less frequently detected in the cervix and
endometrium 1 month after treatment among those who re-
ceived metronidazole, even though this antimicrobial agent has
no activity against M genitalium [37]. This surprising finding
suggests that there may be some synergy between M genitalium
and vaginal dysbiosis. If so, the acquisition of M genitalium and
subsequent invasion of and persistence in the upper tract may
rely at least in part on the presence of BV-associated microbiota.
Further investigation into interactions between M genitalium

and vaginal microbiota will be needed before the independent
contribution of M genitalium to PID can be determined.

TRICHOMONAS VAGINALIS

Trichomonas vaginalis can cause lesions, vaginitis, and acute in-
flammatory disease of the genital mucosa, but it is not a widely
accepted cause of PID. Although there are only rare reports of
isolation of T vaginalis in UGT specimens [38], endometrial in-
flammatory changes elicited by C trachomatis, N gonorrhoeae,
and T vaginalis infections appear indistinguishable, suggesting
an underappreciated contribution by T vaginalis in UGT
inflammatory processes [39]. In the PEACH trial, partici-
pants with vaginal detection of T vaginalis had a higher odds
(OR = 1.9; 95% CI, 1.0-3.3) of having endometritis, even after
adjusting for the presence of N gonorrhoeae, C trachomatis, M
genitalium, and BV [10]. Among African people with human
immunodeficiency virus, detection of vaginal T vaginalis was
association with an approximately 2-fold increase in risk for
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Proportion of people with pelvic inflammatory disease with Neisseria gonorrhoeae or Chlamydia trachomatis detected in the lower (vagina/cervix) vs upper (en-

dometrium, tubes, cul-de-sac) genital tract in studies published between 1970 and 2020. References for studies included here are in Table 1 and Supplemental References.
DFA, direct fluorescence antibody; NAAT, nucleic acid amplification test; UGT, upper genital tract.

concurrent PID [40]. This association has not consistently been
seen for subclinical PID [22, 41]. There are no prospective data
evaluating PID or endometritis incidence in people with tricho-
moniasis, and this research gap must be addressed to determine
the role of T vaginalis in PID.

BACTERIAL VAGINOSIS-ASSOCIATED
BACTERIAL SPECIES

Bacterial vaginosis, characterized as a shift from a Lactobacillus-
predominant vaginal microbiota to one with high concen-
trations of a diverse collection of facultative and anaerobic
species [14], has been associated with PID. Bacterial vaginosis-
associated organisms such as anaerobic Gram-negative rods
have been isolated by culture methods from the UGT in people
with endometritis and salpingitis, suggesting the potential for
their involvement in the pathogenesis of PID (Table 1). People
with acute endometritis are less likely to have endometrial de-
tection of hydrogen peroxide producing Lactobacillus spp and
more likely to have black-pigmented Gram-negative rods and
anaerobic Gram-positive cocci, independent of detection of C
trachomatis and N gonorrhoeae [13]. Among 545 participants
with clinically suspected PID, those with the BV-associated
genera and species Sneathia, A vaginae, and BVABI detected
in the cervix or endometrium by PCR were significantly more
likely to have histologically confirmed endometritis [9]. Kenyan
people with salpingitis were more likely to have BV-associated
species detected by PCR in tubal samples compared with con-
trol people without salpingitis [42].

Bacterial vaginosis diagnosed using Nugent’s criteria [43]
is associated with clinical and subclinical PID [13, 22, 44,
45]. Diagnosis of BV by Amsel criteria or Nugent score was

associated with an increased risk for incident PID in a longi-
tudinal study of 2958 participants [46]. In another longitudinal
study, a cluster of cultured BV-associated organisms was also
associated with a 2-fold increased risk of incident PID [47].
A nested case-control study of 17 patients who developed PID
versus 17 controls who did not develop PID demonstrated that
cases were significantly more likely to have the BV-associated
organisms A vaginae, Sneathia, BVAB-TM7, Megasphaera,
Eggerthella-like bacterium, and Mobiluncus detected in vaginal
samples by quantitative PCR (qPCR), with similar trends for
Gardnerella vaginalis, BVAB1, BVAB2, Mageeibacillus indolicus,
Prevotella timonensis, and Prevotella amnii [48]. Cases also had
higher mean 16S ribosomal ribonucleic acid (rRNA) gene
copies/mL compared with controls for A vaginae, Megasphaera,
Eggerthella-like bacterium, and P timonensis. These data sug-
gest that a broad range of BV-associated bacteria may increase
a person’s risk of PID.

Because the majority of people with clinically diagnosed
PID have neither N gonorrhoeae nor C trachomatis, some
investigators have evaluated whether the presence of BV or
BV-associated organisms may indicate higher risk of endo-
metritis. In a secondary analysis of a randomized trial of
outpatient PID treatment, selected BV-associated bacteria
were evaluated by qPCR in vaginal samples from 169 par-
ticipants. Several BV-associated species (including 3 spe-
cies of Prevotella, A vaginae, G vaginalis, and Megasphaera
phylotype 1)
histologically confirmed endometritis, whereas Lactobacillus

were cross-sectionally associated with
species (Lactobacillus crispatus, Lactobacillus jensenii) were
less frequent and at lower abundance among those with en-
dometritis [49]. A combination of microbes including C
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trachomatis and certain BV-associated pathogens may better
predict histologic endometritis than detection of individual
organisms alone.

OROPHARYNGEAL, RESPIRATORY, AND
GASTROINTESTINAL SPECIES

In many cases, PID is polymicrobial, with organisms from
the oropharyngeal (OP), GI, and respiratory tracts identi-
fied in the endometrium, tubes, and peritoneum (Table 1).
In Kenyan patients with laparoscopically confirmed acute
salpingitis, tubal specimens contained 16s rRNA deoxyri-
bonucleic acid from 3 to 10 unique phylotypes, including
organisms normally found in the OP and GI tracts, as well
as those associated with BV [42]. In multiple studies of par-
ticipants with laparoscopically confirmed salpingitis, an-
aerobic organisms (Bacteroides spp, Fusobacterium spp) or
facultative and aerobic organisms (E coli, Streptococcus spp,
Staphylococcus spp, H influenzae) from the GI or OP tracts
have been detected using cultivation methods from the tubes
or peritoneum (Table 1).

It is challenging to determine whether these organisms play
a causal role in the initiation of PID, or whether the altera-
tion in the UGT environment due to infection with one of the
previously discussed pathogens allows for their opportunistic
growth. In cross-sectional studies comparing people with clin-
ical PID with and without acute endometritis, diphtheroids,
anaerobic Gram-negative rods, and anaerobic Gram-positive
cocci were more often found in endometrial cultures of parti-
cipants with confirmed endometritis versus those without [13,
14]. These organisms may, at least, be a marker of more signifi-
cant upper tract disease.

HOW UNDERSTANDING ETIOLOGY INFORMS CARE
OF PEOPLE WITH PELVIC INFLAMMATORY DISEASE
AND PREVENTION OF DISEASE

There are many gaps in our understanding of the pathophys-
iology of PID and its devastating sequelae. Do differences in
the etiology of PID translate into different risk of adverse out-
comes? Would a more precise identification of etiologic mi-
crobes lead to personalized and more successful treatment and
lower risk of sequelae? Does the presence of upper tract infec-
tion and presence of endometritis or salpingitis predict a higher
risk for sequelae? There are few data to answer these questions.
Larger high-quality epidemiological studies that follow parti-
cipants longitudinally would help to identify microbial risk
factors for PID and to evaluate the relative contribution of M
genitalium, T vaginalis, the BV-associated bacteria, and other
pathogens to incident PID.

The data we have reviewed suggest a significant role for
pathogens other than C trachomatis and N gonorrhoeae in
the etiology of PID. Thus, it is not surprising that the re-
cent Anaerobes and Clearance of Endometritis (ACE) trial

comparing an antibiotic regimen with versus without metro-
nidazole demonstrated higher clearance of endometrial anaer-
obes and greater reduction in tenderness on exam in the arm
treated with metronidazole [37]. As we have outlined, PID is
rarely due to just C trachomatis or N gonorrhoeae, and our treat-
ment choices should reflect that.

CONCLUSIONS

In future studies of PID, a more consistent protocol for
evaluating lower and UGT microbes, as well as inflammation,
would allow a more standardized comparison between popula-
tions and clinical phenotypes. Identifying biomarkers for upper
tract infection and inflammation would allow noninvasive eval-
uation of people for endometritis and/or salpingitis, which in
turn would facilitate more standardized and widespread eval-
uation for PID and a better understanding of the prevalence,
etiology, treatment, and prevention of this disorder. Finally,
long-term follow-up to assess the relationship among types of
pathogens, degree of upper tract involvement, and the risk of
sequelae is necessary. Understanding all of these factors will help
guide prevention efforts—we cannot design interventions when
we do not understand what exactly we are trying to prevent.
In an age when we discuss genetic sequencing to “personalize”
medicine, the syndromic management of PID and incomplete
understanding of pathogenesis presents a stark example of how
womens health is undervalued and underresearched.

Supplementary Data

Supplementary materials are available at The Journal of Infectious
Diseases online. Consisting of data provided by the authors to
benefit the reader, the posted materials are not copyedited and
are the sole responsibility of the authors, so questions or com-
ments should be addressed to the corresponding author.
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