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Pelvic inflammatory disease (PID) is an inflammatory pro-
cess elicited by the migration of pathogenic microorganisms
from the lower to upper genital tract. Although PID is known
to increase the risk of tubal factor infertility, many other
aspects of this disease remain less well defined. For example,
while PID is often caused by Chlamydia trachomatis or
Neisseria gonorrhoeae infection, frequently, neither of these
bacterial pathogens is isolated from the upper genital tract
of women with PID. This etiologic ambiguity also creates
uncertainty regarding the decision to include antibiotics
effective against genital mycoplasmas and anaerobic vaginal
flora in PID treatment. Moreover, since clinical signs and
laboratory measurements do not precisely identify all PID
cases, and as the accuracy with which imaging modalities
identify upper genital tract inflammation is not firmly
established, PID remains a diagnostic challenge. It is clear,
however, that better understanding of disease pathogenesis,
diagnosis, and treatment is needed to improve the care
provided women with PID, and this issue of Infectious
Diseases in Obstetrics and Gynecology was constructed to
deliver specific focus on these topics.

Three papers in this issue examine the role of C. tra-
chomatis in PID pathogenesis. The first examines findings
from C. trachomatis infection control programs that have
altered our understanding of the host immune response to
chlamydial infection, and considers implications of these
findings for prophylactic vaccine development. The second
paper concisely reviews how non-human primate models of
chlamydia infection have improved our understanding of

PID pathogenesis, while the third explores a possible associa-
tion between C. trachomatis-specific humoral immunity and
genital tract inflammation. The fourth PID pathogenesis-
focused paper is a case report that reminds readers of the link
between Actinomyces israelii and this disease among women
using intrauterine devices, while the fifth reviews evidence
supporting Mycoplasma genitalium as a cause of PID.

The five remaining papers in this issue address PID diag-
nosis and treatment. The first diagnosis-related paper defines
a practical approach for the identification of women with
PID, while the second tests an algorithm for PID case iden-
tification in epidemiological research using administrative
diagnostic codes rather than the more unwieldy medical
record review. The third describes an investigation among a
cohort of women with high prevalence of HIV-1 that found
that the conventional markers of histologic endometritis
(i.e., neutrophils and plasma cells) are, at least in this pop-
ulation, unreliable surrogate markers for laparoscopically
confirmed salpingitis. The fourth paper reviewed existing
literature regarding serologic diagnosis of C. trachomatis
infection in order to construct an algorithm for chlamydial
serologic antibody testing in clinical work-up of the infertile
couple. We close this issue with a comprehensive review
of the antimicrobial therapies currently available for PID
treatment.

Thomas L. Cherpes
Peter A. Rice

Richard L. Sweet
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Mycoplasma genitalium is a sexually transmitted pathogen that is increasingly identified among women with pelvic inflammatory
disease (PID). Although Chlamydia trachomatis and Neisseria gonorrhoeae frequently cause PID, up to 70% of cases have an
unidentified etiology. This paper summarizes evidence linking M. genitalium to PID and its long-term reproductive sequelae.
Several PCR studies have demonstrated that M. genitalium is associated with PID, independent of gonococcal and chlamydial
infection. Most have been cross-sectional, although one prospective investigation suggested that M. genitalium was associated with
over a thirteenfold risk of endometritis. Further, a nested case-control posttermination study demonstrated a sixfold increased
risk of PID among M. genitalium positive patients. Whether or not M. genitalium upper genital tract infection results in long-
term reproductive morbidity is unclear, although tubal factor infertility patients have been found to have elevated M. genitalium
antibodies. Several lines of evidence suggest that M. genitalium is likely resistant to many frequently used PID treatment regimens.
Correspondingly, M. genitalium has been associated with treatment failure following cefoxitin and doxycycline treatment for
clinically suspected PID. Collectively, strong evidence suggests that M. genitalium is associated with PID. Further study of M.
genitalium upper genital tract infection diagnosis, treatment and long-term sequelae is warranted.

1. Introduction

Mycoplasma genitalium is a genital tract microorganism [1,
2] identified in approximately 15 to 20% of young women
seen in some adolescent health centers, sexually transmitted
infection clinics, and emergency departments in the United
States [3–6]. Concordance of M. genitalium infection [1, 2, 7,
8] as well as M. genitalium sequence type [9] among sexual
partners suggests that this bacteria is sexually transmitted. In
some populations studied, infection with M. genitalium is as
common as Chlamydia trachomatis among high risk sexually
active women [3, 10] and women with clinically suspected
pelvic inflammatory disease (PID) [4]. As C. trachomatis
is the most common reportable bacterial infection in the
United States [11], M. genitalium is thus a relatively common
infection. M. genitalium has been associated with cervicitis
[2, 12–15] and may play a role in PID, the infection and
inflammation of a woman’s upper genital tract [16].

PID is frequent among women of childbearing age,
diagnosed in approximately 8% of US women and 15%
of Swedish women in their lifetime, with over one million
U.S. women treated annually [17–22]. Major reproductive
and gynecologic morbidities result from PID, including
infertility, ectopic pregnancy, chronic pelvic pain, and
recurrent PID [23]. Although PID has a polymicrobial
etiology, with C. trachomatis and/or N. gonorrhoeae isolated
from approximately one-third to one half of cases [5,
24–27], many PID cases have an unidentified etiology.
Although bacterial vaginosis-associated and mycoplasmal
organisms have been associated with PID [4–6, 13, 25,
27–32], independent of gonococcal and chlamydial infec-
tion [4, 28], less is known about the etiology, treatment,
and sequelae of nongonococcal, nonchlamydial PID. This
paper reviews recent evidence for the role of M. genital-
ium in PID and subsequent reproductive and gynecologic
outcomes.



2 Infectious Diseases in Obstetrics and Gynecology

2. Mycoplasma genitalium Lower Genital
Tract Infection

M. genitalium was first identified in the early 1980s
among men with nongonococcal urethritis [33]. Because the
microbe is extremely difficult to culture, only with poly-
merase chain reaction (PCR) technology has research into
the pathogenicity of M. genitalium progressed. Numerous
studies have confirmed the role of M. genitalium in acute
and chronic drug-resistant nongonococcal urethritis [34–
36]. In women, M. genitalium has been positively associ-
ated with cervical inflammation and clinically diagnosed
cervicitis, although variable case definitions of cervicitis are
responsible for some discrepancies in this literature [12].
As C. trachomatis is a common cause of cervicitis and thus
may confound this series of studies, some have excluded
patients testing positive for C. trachomatis or have adjusted
for it in multivariate analyses. The vast majority of these
have demonstrated an independent, significant association
between M. genitalium and cervicitis [12].

3. Mycoplasma genitalium and PID

PID typically occurs as microorganisms ascend from the
lower genital tract and through the cervical os, infecting
the uterus, fallopian tubes, and ovaries. Thus, cervicitis is
a common antecedent of PID. Because M. genitalium is
associated with cervicitis [2, 13–15], it is reasonable that it
also causes nongonococcal, nonchlamydial PID. Indeed, this
organism induces salpingitis in monkeys [37, 38], has been
found to ascend from the lower to the upper genital tract in a
mouse model [39], causes morphologic changes in ciliated
fallopian tube cells in vitro [40], and has been detected
in fallopian tube tissue in a woman with salpingitis [41].
Further, M. genitalium has been shown to adhere to human
spermatozoa, and therefore may potentially be carried by
motile sperm to the female upper genital tract [42].

M. genitalium is detected by PCR frequently among
women with PID, with rates ranging from 13% to 16%
[4, 6, 43]. Several epidemiologic studies have associated M.
genitalium with clinically suspected PID, endometritis, and
adnexitis (see Table 1) [4, 6, 13, 32, 41, 43, 45]. In particular,
a handful of studies have examined the relationship between
M. genitalium identified by PCR and either histologically
confirmed endometritis or salpingitis among a population
of women with clinically suspected PID [4, 6]. In a study
of 115 women presenting to a sexually transmitted disease
clinic in Nairobi, Kenya, women with histologically con-
firmed endometritis were significantly more likely to have
M. genitalium identified by PCR from the cervix and/or
endometrium (16% versus 2%, P = 0.02) [6]. After
excluding women with gonococcal or chlamydial infection,
this study demonstrated an independent association between
M. genitalium and PID [6]. Similarly, in the PEACH study,
Haggerty et al. reported that 15% (88) of 586 women with
clinically suspected PID tested positive for M. genitalium in
the cervix and/or endometrium by PCR. These women were
more than twice as likely to have histologically confirmed

endometritis at baseline (OR 2.6, 95% CI 1.5–4.6) as
compared to women without M. genitalium identified at
either site, and this relationship remained significant after
adjustment for age, race, and gonococcal and chlamydial
infection (adjusted OR 2.0, 95% CI 1.0–4.2) [4].

A weakness of the above investigations and a problem
which challenges many PID studies are the lack of a true
comparison group without signs and symptoms of PID.
That is, the control groups were comprised of women with
clinically suspected PID who did not have histologically
confirmed endometritis. In an attempt to overcome this
limitation, a few studies have been conducted with control
groups comprised of women without clinically suspected
PID. In a study of 53 patients with PID and 80 asymptomatic
pregnant women recruited from an obstetrics and gynecol-
ogy clinic, Uno et al. demonstrated a higher prevalence of
M. genitalium detected by PCR among the women with PID
as compared to controls (6% versus 0%) [13]. In another
study of 45 patients with clinically suspected PID and 37
control women undergoing tubal ligation, M. genitalium was
detected by PCR in 13% of cases versus 0% of controls [43].
These studies collectively demonstrate a higher prevalence
of M. genitalium among PID patients as compared to
external controls, but are limited by the lack of upper genital
tract sampling. One study of 194 patients with clinically
suspected PID and 246 asymptomatic pregnant women
being screened for rubella compared the seroprevalence of
M. genitalium using a lipid-associated membrane protein-
enzyme immunoassay (LAMP-EIA) [44]. Before and after
adjustment for chlamydial antibodies, M. genitalium was
not associated with PID (OR 1.0, 95% CI 0.6–1.7). The
null association may be explained by the use of a serologic
marker of M. genitalium, which measures both acute and
past exposure. Thus, it may be that only current or recent
M. genitalium infection is associated with current PID.

The cross-sectional nature of most M. genitalium and
PID studies has made it difficult to determine whether or
not the relationship is causal. However, there are a handful
of prospective studies which allow for temporal assessment.
Within the PEACH cohort, Haggerty et al. demonstrated that
the relationship between M. genitalium and endometritis
was independent and causal, since among women without
concurrent N. gonorrhoeae and/or C. trachomatis, a positive
endometrial PCR test for M. genitalium was associated with
over a thirteenfold risk of incident endometritis, assessed
histologically 30 days following a baseline evaluation of M.
genitalium (adjusted RR 13.4, 2.4–75.2) [4]. Similarly, in
a nested case-control study of 2079 women presenting for
pregnancy termination at Malmo University Hospital, M.
genitalium was significantly associated with postabortal PID
(OR 6.3, 95% CI 1.6–25.2) [45]. Lastly, a study of 2378
sexually active female students participating in a chlamydia
screening trial in London reported a positive, nonsignificant
association between M. genitalium and subsequent PID (RR
2.4, 95% CI 0.7–7.5) [46]. There are several reasons why this
study’s findings are different from those by Haggerty and
Bjartling. First, despite the large sample size, the study was
underpowered to detect a prospective association between
M. genitalium and PID. Second, PID was assessed largely by
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Table 1: Studies evaluating the relationship between M. genitalium and pelvic inflammatory disease.

Citation
Sample size,
population, setting

Study design
Methods:
M. genitalium test
PID diagnosis

Findings Validity

Uno et al. [13]

200 patients aged 19
to 49 years visiting
the OB Gyn
department of
Kizawa Memorial
Hospital and
Hayasaki Ladies
Clinic.

Cross-
sectional

M. genitalium: PCR
of endocervical
specimens.
PID: clinical criteria.

5.7% of PID patients
versus 0% of pregnant
controls tested positive
for M. genitalium
(P-value or OR not
reported, one patient
co-infected with C.
trachomatis).

Strengths: Control group
of patients without signs
and symptoms of PID.

Limitations: No
laparoscopic or histologic
confirmation of PID.
Although C. trachomatis
was assessed, sample size
too small to determine
independent effect of M.
genitalium

Cohen et al.
[6]

115 patients
presenting with
pelvic pain ≤ 14
days presenting to a
sexually transmitted
diseases clinic,
Nairobi, Kenya
between 2000–2003.

Cross-
sectional

M. genitalium: PCR
of cervical and
endometrial
samples.
PID: histologically
confirmed
endometritis.

M. genitalium detected
in 16% of patients with
endometritis versus 2%
of patients without
endometritis
(P = 0.03).
M. genitalium
identified in the
endometrium was
associated with
endometritis after
excluding women with
gonococcal or
chlamydial infection
(P = 0.03, percentages
not presented in the
paper).

Strengths: PID defined
histologically.
Adjustment for C.
trachomatis and N.
gonorrhoeae allows for
independent association
between M. genitalium
and PID to be examined.

Limitations: No control
group of women without
clinically suspected PID.
Cross-sectional design
does not allow for a
temporal association to
be proven

Simms et al.
[43]

45 patients with a
clinical diagnosis of
PID (ages 16–43)
and 37 patients
undergoing tubal
ligation (ages
21–45).

Case-control
study

M. genitalium: PCR
of endocervical
swabs.
PID: clinical criteria.

M. genitalium detected
in 13% of patients
versus 0% of controls.

Strengths: Control group
of patients without signs
and symptoms of PID
(although not confirmed
histologically or
laparoscopically.

Limitations: No upper
genital tract specimens
collected.
PID was not confirmed
laparoscopically or
histologically.
No adjustment for
confounders.
Cross-sectional design
does not allow for a
temporal association to
be proven.

Cohen et al.
[41]

123 women aged
18–40 with
laparoscopically
confirmed PID
treated at Kenyatta
National Hospital,
2000–2003.

Cross-
sectional
study

M. genitalium: PCR
of cervical,
endometrial, and
fallopian tube
samples.
PID:
laparoscopically
diagnosed
salpingitis, graded as
mild, moderate, or
severe.

M. genitalium detected
in the fallopian tube of
one patient.
6% of women with
mild, 11% of women
with moderate, and 6%
of women with severe
salpingitis tested
positive for M.
genitalium in one or
more site.

Strengths: PID verified by
laparoscopy.

Limitations: No control
group of women without
PID.
Cross-sectional design
does not allow for a
temporal association to
be proven.
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Table 1: Continued.

Citation
Sample size,
population, setting

Study design
Methods:
M. genitalium test
PID diagnosis

Findings Validity

Jurstrand et al.
[44]

194 inpatients with
PID aged 15–50 and
83 inpatients with
ectopic pregnancy
(EP) aged 18–42
treated in the
OBGyn department
of Örebo University
Hospital, Örebo,
Sweden, 1984–1986.
246 healthy
pregnant women
being screened for
rubella were
matched to ectopic
pregnancy cases by
age.

Case control
study

M. genitalium:
antibodies assessed
using a
lipid-associated
membrane
protein-enzyme
immunoassay
(LAMP-EIA).
PID: clinical criteria.

M. genitalium and PID:
Crude OR 1.3
(0.7–2.2).
Adjusted OR 1.0
(0.6–1.7)
M. genitalium & EP:
Crude OR 1.3
(0.7–2.5).
Adjusted OR 1.0
(0.5–2.0).
(Adjusted for age and
C. trachomatis
antibodies.)

Strengths: LAMP-EIA
covers antigenic variation
of different genotypes of
M. genitalium with no
cross-reactivity with
other Mycoplasma
species.

Limitations: PID not
laparoscopically or
histologically confirmed.
Limited adjustment for
confounders.
Unable to determine
timing of M. genitalium
infection in relation to
the acute PID episode.

Haggerty et al.
[4]

682 women with
clinically suspected
PID aged 14–37
years recruited from
ER, OB/Gyn, STD
clinics, and private
practice from 13
U.S. urban clinical
sites, 1996–1999.

Prospective

M. genitalium: PCR
of cervical and
endometrial
samples.
PID: histologically
confirmed
endometritis
assessed at baseline
and at a 30-day
follow-up clinic
visit.

Baseline comparison of
M. genitalium
(endometrium) and
endometritis:
Adjusted OR 3.0
(1.5–6.1).
Prospective evaluation
of baseline M.
genitalium and incident
endometritis (30-days
follow-up visit):
Adjusted RR 13.4
(2.4–75.2).
(Adjusted for age, race,
C. trachomatis, and N.
gonorrhoeae.)

Strengths: Large sample
size.
Histologic confirmation
of PID.
Prospective analysis of
baseline M. genitalium
infection and incident
endometritis at the 30
day follow-up visit
supports a temporal
association.
Adjustment for C.
trachomatis and N.
gonorrhoeae allows for
independent association
between M. genitalium
and PID to be examined.

Limitations: No control
group of women without
clinically suspected PID

Bjartling et al.
[45]

2079 women aged
15–40 presenting for
termination of
pregnancy at Malmö
University Hospital,
Sweden, 2003–2007.

Prospective

M. genitalium: PCR
of urine, vaginal,
and cervical
samples.
PID: clinical criteria.

M. genitalium &
posttermination PID:
Adjusted OR 6.3
(1.6–25.2).
(Adjusted for age and
C. trachomatis.)

Strengths: Prospective
design allows for
temporal inference.
Adjustment for C.
trachomatis allows for
independent association
between M. genitalium
and PID to be examined.

Limitations:
Generalizability limited
to post-abortal PID.
No upper genital tract
specimens tested.
PID not confirmed
laparoscopically or
histologically.
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Table 1: Continued.

Citation
Sample size,
population, setting

Study design
Methods:
M. genitalium test
PID diagnosis

Findings Validity

Oakeshott et al.
[46]

2378 sexually active
female students
(mean age 21 years)
participating in a
chlamydia screening
trial, London,
2004–2006.

Prospective

M. genitalium: PCR
of self-collected
vaginal swabs.
PID: Self-reported
PID and PID
symptoms, and
medical
records/clinical
diagnosis for a
subset of women not
completing
follow-up
questionnaire,
assessed over 12
months.

M. genitalium & PID:
RR 2.4 (0.7–7.5).

Strengths. Large sample
size.
Prospective design allows
a temporal relationship
to be explored.

Limitations: PID
diagnosis based on
self-report and limited
medical record/clinical
diagnosis; no
laparoscopic or histologic
confirmation.
Asymptomatic PID not
captured.
Despite large sample, the
study was underpowered
to detect a prospective
association between M.
genitalium and PID.
Selection bias may have
caused an underestimate
of M. genitalium.

self-report and thus may suffer from misclassification bias.
Further, asymptomatic PID could not be captured in this
study. Additional prospective studies with active surveillance
of PID using biologic markers are needed to fully understand
the relationship between M. genitalium and PID.

4. Does M. genitalium Infection Result in
Long-Term Reproductive Morbidity?

PID may result in long-term reproductive sequelae, includ-
ing infertility, ectopic pregnancy, and chronic pelvic pain.
Evidence for this comes from the Lund, Sweden cohort
study (1960–1984) in which among 2,501 women with clini-
cally suspected PID, salpingitis verified by laparoscopy was
associated with infertility, ectopic pregnancy, recurrent PID,
and chronic pelvic pain [23, 47]. Additionally, a number of
retrospective case-control studies have shown that women
with tubal occlusion are more likely to bear chlamydial
or gonococcal antibodies, providing human evidence for
causal links between chlamydial PID, gonococcal PID, and
infertility [48–52].

Whether or not M. genitalium upper genital tract infec-
tion can result in reproductive or gynecologic sequelae is
unclear. Like C. trachomatis, M. genitalium is often asymp-
tomatic [1], increasing the likelihood for “silent” PID and
its sequelae. Also parallel to studies of C. trachomatis, M.
genitalium antibodies have been identified more frequently
(22% versus 6%) among 132 women with tubal factor
infertility compared to 176 women nontubal factor infertility
[53]. In a subsequent serologic investigation of M. genitalium
and tubal factor infertility by the same investigator, 212

couples attending fertility clinics were examined and a strong
antibody response against M. genitalium or C. trachomatis,
but no sign of current or chronic infection, was found in
women with TFI, indicating that previous infections caused
by these microorganisms may have resulted in permanent
damage and occlusion of the fallopian tubes [54]. In another
study of 51 infertility patients and 23 healthy, fertile women,
M. genitalium was identified in the cervical canal by PCR
among 20% of cases versus 4% of controls (P = 0.16) [55].
In subgroup analyses, M. genitalium was found in 29% (7 of
24) women with idiopathic infertility, and the comparison
to controls was of borderline statistical significance (P =
0.05). Although these relationships were not statistically
significant, they suggest that current infection with M.
genitalium and/or permanent damage to the reproductive
tract caused by chronic infection with M. genitalium may
impair fertility. One study has examined the relationship
between M. genitalium and reproductive morbidity among
a population of women with PID. In an analysis of 586
women from the PEACH study presenting with signs and
symptoms of PID, Haggerty et al. reported that rates of
sequelae, including chronic pelvic pain (42%), infertility
(22%), and recurrent PID (31%), were high among women
testing positive for active endometrial M. genitalium by PCR
at baseline [4]. Although differences in rates of sequelae were
not significantly different between women testing positive
or negative for M. genitalium, there was a trend toward in-
creased chronic pelvic pain, infertility, and recurrent PID and
decreased pregnancy and live birth following M. genitalium
infection. The rate of subsequent infertility among women
with active endometrial M. genitalium was approximately
twice as high as the rate reported from a study utilizing the
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2002 National Survey of Family Growth data [17], suggesting
that preservation of fertility may be suboptimal for women
with M. genitalium upper genital tract infection.

Data examining M. genitalium and other reproductive
consequences are sparse. One serologic case-control study
of 82 ectopic pregnancy cases and 246 healthy pregnancy
control women found no statistically significant association
between ectopic pregnancy and M. genitalium antibod-
ies [44]. Nonsignificant trends suggesting an association
between M. genitalium and ectopic pregnancy were found
among a subgroup of women aged 18–30 (OR 2.0, P =
0.133) and among women testing negative for C. trachomatis
antibodies (OR 2.3, P = 0.161) [44]. It may be possible
that reduced power in these subset analyses limited the
ability to detect statistically significant associations. Further
large prospective studies utilizing both serology and PCR
are needed to better understand the potential reproductive
sequelae of M. genitalium infection.

5. Symptoms of M. genitalium and
Implications for Delayed Treatment

Although some studies have linked M. genitalium to patho-
logic vaginal discharge [56] and urethritis [57], several have
reported that both M. genitalium [7, 58, 59] and C. trachoma-
tis [60] are comparatively less symptomatic than gonococcal
infection [60]. Harboring an asymptomatic infection may
increase the likelihood for delayed care and development
of sequelae. In a study of 516 sexual dyads, although M.
genitalium was associated with urethral discharge in men,
no symptoms were diagnostic of infection in women [8].
In addition, M. genitalium was found to be common in
asymptomatic patients attending an STD clinic in the United
Kingdom [61].

Symptoms of PID vary by microbial pathogen. For ex-
ample, chlamydial salpingitis tends to exhibit more mild
symptoms than gonococcal PID, despite the fact that both
pathogens cause tubal damage [60]. Short et al. found that,
compared to women with gonococcal PID, those with M.
genitalium-associated PID were less likely to have elevated
markers of inflammation, cervicitis, elevated vaginal pH, and
a high pelvic pain score [58]. However, signs and symptoms
of PID were similar between women with C. trachomatis and
M. genitalium [58]. This may indicate that, among women
with PID, those infected with N. gonorrhoeae present with
more overt and severe symptoms, leading to earlier treatment
than women with C. trachomatis or M. genitalium [60].
Long time to treatment is a major concern, as a case-control
study nested within a landmark Scandinavian study found
that delaying care for 3 or more days significantly increased
the risk of impaired fertility among 443 women with PID
[62]. In a more recent study of 298 women with histo-
logically confirmed endometritis, those with C. trachomatis
monoinfection and M. genitalium monoinfection reported
waiting the longest time between onset of symptoms and
care seeking (12.3 and 10.9 days), while the shortest times
were among women with N. gonorrhoeae monoinfection (4.6
days) and coinfection with two or more pathogens (5.6 days)

[63]. Delayed treatment of PID for 14 days or more was
not significantly associated with reproductive morbidity in
this study. However, rates of infertility, recurrent PID, and
chronic pelvic pain were high in this cohort (17%, 20%, and
36%). Collectively, these studies may suggest that women
with M. genitalium-associated PID may have low levels of
chronic inflammation that can lead to reproductive damage
before treatment.

6. Treatment of Upper Genital Tract
M. genitalium Infection

If women with M. genitalium upper genital tract infection
do seek care, they will likely be treated with one of the
currently recommended CDC treatment regimens for PID
including (1) ofloxacin, (2) levofloxacin, (3) ceftriaxone
plus doxycycline, or (4) cefoxitin and probenecid plus
doxycycline; all with optional metronidazole for full coverage
against anaerobes and BV [64]. However, some of these
regimens are ineffective for the treatment of M. genitalium.
In the PEACH study, Haggerty et al reported that persistence
of M. genitalium was very high among women treated with
cefoxitin and doxycycline for PID, with 44% of women with
baseline endometrial PCR-positive specimens testing posi-
tive again 30 days following treatment [4]. In contrast, only
2% to 4% of women in the PEACH study had persistent or
recurrent gonococcal or chlamydial cervicitis when retested
at 30 days [24]. Women with M. genitalium identified in the
endometrium by PCR at study enrollment were four times
as likely to experience persistent endometritis and over four
times as likely to experience treatment failure, defined as the
presence of both endometritis and pelvic pain 30 days follow-
ing treatment for PID (adjusted RR 4.6, 95% CI 1.1–20.1)
[4]. Further, M. genitalium strains resistant to tetracycline
have been isolated [65], and M. genitalium is associated with
persistent nongonococcal urethritis among men treated with
tetracyclines [35, 59, 66–68] and levofloxacin [69, 70] for
nongonococcal urethritis. Thus, even if women with active
M. genitalium upper genital tract infection seek treatment,
antibiotic resistance among M. genitalium strains may lead
to persistent or recurrent infection, resulting in chronic
inflammation and infection.

7. Conclusion

PID is a common disease among American women that
results in frequent, serious reproductive morbidity. Most
women with PID are treated with antibiotics directed toward
N. gonorrhoeae and/or C. trachomatis, despite the fact that
these bacterial pathogens account for only a third to a half
of PID cases. Although M. genitalium has recently been
recognized as a cause of nongonococcal, nonchlamydial
PID, little is known about the long-term prognosis of M.
genitalium upper genital tract infection.

Given the scarcity of information regarding the long-
term prognosis of women infected with M. genitalium, the
lack of routine testing for M. genitalium in clinical practice,
and the resistance of M. genitalium to a number of PID
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treatment regimens, additional research on the relationships
between M. genitalium, PID, and long-term reproductive
sequelae is critically needed in order to shape screening
and treatment guidelines. The high rate of treatment failure
among women with clinically suspected PID testing positive
for M. genitalium emphasizes a need for PID antibiotic
regimens targeted toward M. genitalium, with the ultimate
goal to prevent reproductive and gynecologic morbidity. M.
genitalium has demonstrated susceptibility to macrolides,
with azithromycin being the most active, and variable resis-
tance to fluroquinolones, including ciprofloxacin [36, 71].
However, it should be noted that M. genitalium azithromycin
resistance has recently been reported [72, 73]. A newer
quinolone, moxiflocacin, has recently been shown to exhibit
a high degree of activity against M. genitalium [74], and
this antibiotic has also been shown to be effective for the
treatment of PID [75]. Although these promising therapies
warrant further study for the treatment of PID, no highly
sensitive test is widely used to diagnose M. genitalium in
clinical practice. Nucleic acid amplification tests (NAATs)
have been developed and tested [76], and they may be
useful for the clinical detection of M. genitalium among
PID patients. Endocervical swabs collected from patients
with clinically suspected PID are already often tested for
gonococcal and chlamydial infection, and thus a NAAT for
M. genitalium could efficiently be added to this diagnostic
screening. M. genitalium screening among patients with
clinically suspected PID would allow clinicians to select
treatment regimens specific for mycoplasmal PID. Addition-
ally, commercially available testing is also critical for the
identification and treatment of uncomplicated lower genital
tract M. genitalium infection, in order to prevent subsequent
PID and potential sequelae.
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Pelvic inflammatory disease (PID), one of the most common infections in nonpregnant women of reproductive age, remains
an important public health problem. It is associated with major long-term sequelae, including tubal factor infertility, ectopic
pregnancy, and chronic pelvic pain. In addition, treatment of acute PID and its complications incurs substantial health care
costs. Prevention of these long-term sequelae is dependent upon development of treatment strategies based on knowledge of
the microbiologic etiology of acute PID. It is well accepted that acute PID is a polymicrobic infection. The sexually transmitted
organisms, Neisseria gonorrhoeae and Chlamydia trachomatis, are present in many cases, and microorganisms comprising the
endogenous vaginal and cervical flora are frequently associated with PID. This includes anaerobic and facultative bacteria, similar
to those associated with bacterial vaginosis. Genital tract mycoplasmas, most importantly Mycoplasma genitalium, have recently
also been implicated as a cause of acute PID. As a consequence, treatment regimens for acute PID should provide broad spectrum
coverage that is effective against these microorganisms.

1. Introduction

Pelvic inflammatory disease (PID) is a spectrum of upper
genital tract infections that includes endometritis, salpingitis,
tuboovarian abscess, and/or pelvic peritonitis [1]. Typically,
acute PID is caused by ascending spread of microorganisms
from the vagina and/or endocervix to the endometrium,
fallopian tubes, and/or adjacent structures [1–3]. Acute salp-
ingitis is the most important component of the PID spec-
trum because of its impact on future fertility [3].

PID is one of the most frequent and important infections
that occur among nonpregnant women of reproductive age
and remains a major public health problem [4–8]. Among
women, it is the most significant complication of sexually
transmitted diseases/infections. Unfortunately, women who
acquire acute PID are at risk for long-term sequelae including
tubal factor infertility, ectopic pregnancy, chronic pelvic
pain, and recurrent PID [9–13]. In addition, the estimated
annual health care cost for PID and its complications in the
United States is over $2 billion [7].

Currently, an estimated 770,000 cases of acute PID are
diagnosed annually in the United States. A recent analysis
by the Centers for Disease Control and Prevention (CDC)

of trends in the incidence of PID demonstrated that from
1985 to 2001 rates of both hospitalized and ambulatory
cases of acute PID declined (68% and 47%, resp.) [6]. This
good news is mitigated by two factors. Recently, subclinical
PID has been recognized as an important entity which is
common among women with lower genital tract infections,
especially Chlamydia trachomatis, Neisseria gonorrhoeae, and
bacterial vaginosis (BV) [14, 15]. Subclinical PID is as likely
as clinically recognized acute PID and is responsible for a
greater proportion of PID-related sequelae than clinically
recognized disease [16]. Secondly, is concern that the con-
tinued increases in C. trachomatis infections reported by the
CDC in the United States will be associated with an increase
in both clinical and subclinical PID.

Over the past 25 years, important advances have occurred
in understanding the etiology, pathogenesis, and treatment
of acute PID. As a result, major paradigm shifts have
occurred in our approach to the treatment of acute PID.
In the past PID was believed to be a monoetiologic infec-
tion, primarily caused by Neisseria gonorrhoeae. Today, the
polymicrobic etiology of PID is well established and has led
to utilization of broad spectrum antimicrobial regimens for
treatment of acute PID [1, 2, 17, 18].
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2. Etiology of PID

Prevention of the significant long-term complications asso-
ciated with PID requires development of effective treatment
strategies. Such treatment regimens are dependent upon
an understanding of the microbiologic etiology of acute
PID. However, elucidation of the etiology of PID has
been hindered by several factors. Firstly, most studies have
utilized specimens obtained from the lower genital tract
(primarily cervix) and not the upper genital tract (endome-
trial cavity, fallopian tubes) which is the actual site of
infection. Secondly, most investigations primarily focused on
the sexually transmitted pathogens N. gonorrhoeae and/or
C. trachomati,s and few studies have assessed the role of
non-STD pathogens, especially anaerobic bacteria. Thirdly,
even fewer investigations have addressed the putative role of
Mycoplasma genitalium in the etiology of PID.

PID results from the intracannicular ascending spread
of microorganisms from the cervix and/or vagina into the
upper genital tract. Prior to the mid-1970s, PID was be-
lieved to be a monoetiologic infection due primarily to N.
gonorrhoeae. Based initially upon culdocentesis studies of
peritoneal fluid (Figure 1) and subsequently studies utiliz-
ing laparoscopy and/or endometrial aspirations to obtain
specimens from the upper genital tract (Table 1) came
the recognition that the etiology of acute PID is polymi-
crobic with a wide variety of microorganisms involved
[1, 2, 19–41]. Included among these are N. gonorrhoeae,
C. trachomatis, genital tract mycoplasmas (particularly M.
genitalium), anaerobic and aerobic bacteria which comprise
the endogenous vaginal flora (e.g., Prevotella species, black-
pigmented Gram-negative anaerobic rods, Peptostreptococci
sp., Gardnerella vaginalis, Escherichia coli, Haemophilus
influenzae, and aerobic streptococci).

Investigations by our group conducted in the 1980s
that utilized laparoscopy and/or endometrial aspirations to
obtain upper genital tract specimens demonstrated that
approximately two-thirds of acute PID cases were associated
with N. gonorrhoeae and/or C. trachomatis (Figure 2). In
nearly one-third only anaerobic and aerobic bacteria are
recovered. In addition, half of the women with N. gonor-
rhoeae and/or C. trachomatis had concomitant anaerobic
and/or aerobic bacteria recovered. More recently, in the
Pelvic Inflammatory Disease Evaluation and Clinical Health
(PEACH) study, the largest treatment trial of mild to
moderate acute PID in the US, N. gonorrhoeae and C.
trachomatis were recovered in less than one-third of patients
[42].

Many of the nongonococcal, nonchlamydial microor-
ganisms recovered from the upper genital tract in acute
PID are similar to those associated with bacterial vaginosis
(BV), a complex perturbation of the vaginal flora leading
to loss of hydrogen peroxide producing lactobacillus and
overgrowth of G. vaginalis, Prevotella sp. (especially P.
bivius, P. disiens, and P. capillosus), Mobiluncus sp., black-
pigmented anaerobic Gram-negative rods, alpha-hemolytic
streptococci, and mycoplasmas [43]. Multiple investigations
have demonstrated an association between BV and acute PID
[31, 35, 43–51]. In addition, use of a broad-range 16SrDNA

polymerase chain reaction to identify uncultivable bacteria
has identified bacterial 16S sequences of anaerobic bacteria
associated with BV in the fallopian tube of women with
laparoscopically confirmed acute PID [52].

Although M. genitalium was identified in the early 1980s
as a cause of nongonococcal urethritis in men, its role in
genital tract infections in women remained unclear, due in
large part to difficulty in culturing this organism. With the
advent of polymerase chain reaction (PCR) technology, M.
genitalium has been associated with cervicitis [53, 54] and
has been demonstrated as an etiologic agent in nongonococ-
cal nonchlamydial PID [36–39]. Haggerty et al. detected M.
genitalium in 15% of women in the PEACH study [40], a
rate similar to that seen in UK women (13%) [37] and west
African women (16%) [36]. These rates of M. genitalium are
similar to those seen for C. trachomatis and N. gonorrhoeae
in the PEACH study of urban women in the United States.
A recent analysis from the PEACH study noted that rates
of short-term failure (persistent endometritis and pelvic
pain), infertility, recurrent PID, and chronic pelvic pain
were high among women with endometrial M. genitalium at
baseline [40]. Subsequently, it has been demonstrated that
women with M. genitalium infection (similar to those with
chlamydial infection) present with fewer clinical signs and
symptoms of acute PID than those with gonococcal infection
[41]. A pathogenic role of M. genitalium in PID is further
supported by studies demonstrating that M. genitalium
induces salpingitis in experimental monkey studies [55] and
adheres to human fallopian tube epithelial cells, in organ
culture, causing damage to ciliated cells [56].

Recent attention has focused on subclinical PID. This
term was initially applied to women with documented tubal
factor infertility associated with evidence of chronic inflam-
matory residua characteristic of PID who denied a history of
being diagnosed or treated for acute PID [15]. Preliminary
work by our group has suggested that the microorganisms
(e.g., N. gonorrhoeae, C. trachomatis, and bacterial vaginosis)
associated with subclinical PID are the same putative agents
recovered from women with clinically apparent acute PID
[14].

3. Treatment Concepts

The therapeutic goals for treatment of acute PID include
both short-term outcomes such as clinical cure and micro-
biologic cure and preventions of long-term sequelae such
as infertility, ectopic pregnancy, recurrent infection, and
chronic pelvic pain. Although the incidence rates of PID
have declined, no reduction in the adverse reproductive
outcomes associated with PID (infertility, ectopic pregnancy,
and chronic pelvic pain) has been demonstrated [17].

While some antibiotic regimens have been successful in
producing initial clinical and microbiologic cure with short-
term followup, only a few studies have determined the effi-
cacy of these treatment regimens for eliminating endometrial
or fallopian tube infection. In addition, few studies have
attempted to assess the incidence of long-term sequelae (e.g.,
tubal factor infertility, ectopic pregnancy and chronic pelvic
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Table 1: Recovery of microorganisms from the upper genital tract of women with acute PID.

Study Number of patients Chlamydia trachomatis Neisseria gonorrhoeae
Anaerobic and aerobic

bacteria

Sweet [26–29] 380 68 (18%) 172 (45%) 267 (70%)

Wasserheit [30] 23 11 (44%) 8 (35%) 11 (45%)

Heinonen [31] 25 10 (40%) 4 (16%) 17 (68%)

Paavonen [32] 35 12 (34%) 4 (11%) 24 (69%)

Brunham [33] 50 21 (42%) 8 (16%) 10 (20%)

Soper [34] 84a 1 (1.2%) 32 (38%) 12 (13%)

51b 6 (7.4%) 49 (98%) 16 (32%)Hillier [35]

85a 3 (4%) 16 (19%) 43 (50%)

178b 23 (13%) 44 (25%) 168 (94%)

278c 27 (9.9%) 37 (13.4%) 170 (61%)

Haggerty [36] 45c,d 12 (26.5%) 15 (33.3%) e

Total 1234 194 (15.7%) 389 (31.5%) 770 (62%)
a
Fallopian tube, cul-de-sac.

bEndometrial cavity.
cClinically diagnosed acute PID.
dHistologic endometritis.
eNot available as total: anaerobic Gram-negative rods 31.7%; anaerobic Gram-positive cocci 22%; Gardnerella vaginalis 30.5%.
Reprinted with permission. Sweet [3].
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Figure 1: Microbiologic Etiology of Acute PID as determined by Culdocentesis, (based on references [20–25]).

pain) following treatment with these antibiotic regimens
[1, 10, 11, 42].

In the preantibiotic era most cases of acute PID managed
by conservative supportive care resolved spontaneously with
studies demonstrating that approximately 85% of patients
with acute PID improved clinically without the need for sur-
gical intervention. The other 15% had prolonged or progres-
sive symptoms requiring surgical intervention. In addition,
there was approximately a 1% mortality rate. The introduc-
tion of antibiotics into clinical practice led to improvement
in the prognosis for acute PID, and mortality was nearly
eliminated. Studies assessing fertility rates following acute
PID showed a general improvement in fertility with the mean
pregnancy rate increasing from 27.9% (range 24%–43%)
in the preantibiotic era to 73.1% (range 24%–81%) in the

post-antibiotic era [57]. While this finding is satisfying, these
results are still far from adequate.

As reviewed above, PID is a polymicrobial infection.
According to the CDC, PID treatment regimens must pro-
vide broad spectrum coverage of likely pathogens [1]. Sub-
stantial evidence supports the role of N. gonorrhoeae, C.
trachomatis, anaerobic bacteria, and facultative bacteria in
the pathogenesis of acute PID [1–5, 9]. Not only are N.
gonorrhoeae and C. trachomatis frequently recovered from
the upper genital tract in women with PID, excellent data
demonstrates the role these pathogens play in producing
tubal damage and in the development of the adverse sequelae
of PID (e.g., infertility, ectopic pregnancy) [57–60]. Thus,
antimicrobial regimens for the treatment of acute PID
must be effective against these STD organisms. While some
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Figure 2: Microbiology of acute PID.

antimicrobial regimens that do not provide adequate cover-
age against N. gonorrhoeae and/or C. trachomatis have been
shown to have excellent clinical cure rates, microbiologic
cure rates are less impressive (or lacking), and long-term
outcome data are not available [17, 18, 61–64]. The CDC
in its 2010 treatment recommendations [1] notes that all
regimens used to treat acute PID should provide adequate
coverage against N. gonorrhoeae and C. trachomatis, as they
are both commonly present and have the propensity to
produce tubal damage directly (N. gonorrhoeae) or indirectly
via the host immune response (C. trachomatis).

The putative role of nongonococcal nonchlamydial bac-
teria, especially anaerobes and more recently M. genitalium,
in the pathogenesis of acute PID and whether antimicrobial
regimens for treatment of PID should provide coverage
against these microorganisms is more controversial. Some
propose that anaerobic coverage is only required in patients
with severe PID [2], especially those with tuboovarian ab-
scesses. Others suggest that anaerobic coverage should be
provided to all women with acute PID [1]. Clearly anaerobic
bacteria have been demonstrated in the upper genital tract
of women with acute PID with anaerobic bacteria recovered
from the upper genital tract in 13% to 78% of women with
PID [28–35]. In addition, anaerobes (e.g., Bacteroides fragilis)
have caused tubal damage in vitro studies [1].

Bacterial vaginosis (BV) has been noted to be frequently
present in women presenting with acute PID [1, 43, 51]. In
the PEACH study, two-thirds of the women had concomitant
BV [45]. Moreover, in the PEACH study women with
acute endometritis on endometrial biopsy were commonly
infected with BV-associated microorganisms in their upper
genital tract (G. vaginalis 30.5%, anaerobic Gram-negative
rods 31.7%, and anaerobic Gram-positive cocci 22%) [45].
Multiple previous studies [31, 43–49] support the findings
of the PEACH study conclusions that BV is associated
with acute PID. In addition, the Gyn Infectious Follow-
through (GIFT) study, a longitudinal study of women
with BV, demonstrated that the presence of BV-related

microorganisms significantly increased the risk for acquiring
PID [65].

The PEACH Study authors concluded that BV-associated
organisms are very commonly present in women with mild-
to-moderately severe PID and suggested that treatment reg-
imens for all women with PID include antimicrobial agents
effective against anaerobes associated with BV. In a similar
vein, the CDC notes that until treatment regimens that
do not adequately cover these BV-associated anaerobes have
been demonstrated in clinical trial to prevent the long-term
sequelae of PID as efficaciously as regimens which provide
effective coverage for these microbes, use of regimens with
antianaerobic activity should be considered.

Limited data suggest that failure to cover anaerobes in
women with acute PID may predispose them to devel-
opment of long-term sequelae. In the 1970s when single
agent monotherapy was the standard for treatment of PID,
Chow et al. noted that tuboovarian abscesses developed
in PID patients being treated solely with tetracycline [19].
Subsequently, our group reported that anaerobic bacteria
persisted in the endometrial cavities of women with PID
treated with ciprofloxacin despite apparent clinical cure [62].
This finding is analogous to the finding by our group that
failure to include an antimicrobial agent effective against C.
trachomatis resulted in persistent chlamydial infection in the
endometrial cavity [61]. In a proof of concept study, Eckert
and coworkers demonstrated that women at high risk for
PID but without a clinical diagnosis of PID improved with
antimicrobial regimens that provided anaerobic coverage
as measured by clinical improvement and resolution of
histologic endometritis [66].

Neither the 2010 CDC sexually transmitted disease treat-
ment guidelines [1] nor the 2007 European guideline for
management of pelvic inflammatory disease [2] strongly
advocate for anaerobic coverage in the treatment of acute
PID. However, because of the substantial evidence that
anaerobes are commonly recovered from women with mild-
to-moderate and severe PID, and that failure to eradicate
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anaerobes from the upper genital tract may lead to tubal
damage, it seems prudent to do so. Firstly, as noted above,
until those regimens that do not provide adequate anaerobic
coverage have been shown to prevent adverse sequelae as
well as those that do, it seems advisable to provide anaerobic
coverage. A second strong reason for providing anaerobic
coverage is the frequent (up to 70%) occurrence of BV in
women with PID [50]. Thirdly, anaerobes are widely recog-
nized as important pathogens in severe PID [67]. Severe PID,
as determined by laparoscopy, not clinically, is an important
determinant of future infertility [10, 68]. Thus, unless severe
tubal disease has been excluded at laparoscopy, coverage for
anaerobes may have important implications for the future
reproductive health of these women.

On the other hand, reservation regarding the need for
anaerobic coverage for acute PID has been raised. The
PEACH trial [42] compared inpatient with outpatient
treatment regimens in which patients were randomized to
intravenous cefoxitin and doxycycline for a minimum of
48 hours (followed by oral doxycycline for a total of 14
days) or to a single dose of cefoxitin plus 2 weeks of oral
doxycycline. In the ambulatory arm, the single dose of
cefoxitin probably had little impact on anaerobic bacteria,
whereas in the hospitalized arm patients received 48 hours
of anaerobic therapy. No superiority was noted for either
antimicrobial regimen, calling into question the need for
anaerobic therapy in women with mild-to-moderate PID. In
a recent editorial, Eschenbach also questioned a putative role
for anaerobes in the pathogenesis of mild-to-moderate acute
PID and suggested that although anaerobes may be present
in the fallopian tubes, their role in the infectious process is
not entirely clear [69].

However, concern remains about the importance of
anaerobes in the pathogenesis and treatment of acute PID.
Failing to provide anaerobic coverage in PID treatment reg-
imen is problematic because there is limited data in support
of the efficacy of such an approach. Hopefully, additional
studies will address this issue and provide further insight into
the role of anaerobes in PID.

Although recent reviews of PID treatment trials have
noted that most antibiotic regimens, with the exception of
the doxycycline and metronidazole regimen, result in fairly
similar excellent clinical and microbiologic (primarily cer-
vical N. gonorrhoeae and C. trachomatis) cure rates [17,
18, 63, 64], the search continues for treatment regimen(s)
that optimize prevention of infertility, ectopic pregnancy,
chronic pelvic pain, and recurrent infection. Three major
determinants for preservation of post-PID fertility have been
identified [3, 69]. These are (1) short duration of symptoms
(<72 hours) prior to institution of therapy; (2) repetitive
episodes of PID; (3) nongonococcal PID [16, 70, 71].

Duration of symptoms is the major determinant of
subsequent infertility. Early diagnosis and treatment are
crucial for preserving fertility and the effectiveness of an-
tibiotic therapy is dependent upon the interval from the
onset of symptoms to the initiation of treatment. In an
updated analysis of the Lund, Sweden cohort of women with
laparoscopically confirmed PID, Hillis and colleagues [71]
demonstrated that women treated with≥3 days of symptoms

had a significantly greater infertility rate compared to those
<3 days from symptom onset (19.7% versus 8.3%).

In their cohort of laparoscopically confirmed cases of
PID, Westrom and colleagues reported that reinfection was
an important predictor of subsequent tubal factor infertility
[10]. In the most recent update of this cohort with 1,309 PID
cases and 451 control patients who attempted to conceive,
noted that the rate of infertility is directly proportional
to both the number of episodes and severity of tubal
inflammation seen at laparoscopy [11]. Each episode roughly
doubles the rate of infertility; with one, two, or three or more
episodes of PID infertility rates were 8.0%, 19.5%, and 40%,
respectively. Among women with a single episode of PID,
future fertility was associated with the severity of PID (at
laparoscopy) ranging from 0.6% with mild disease to 6.2%
and 21.4% for moderate and severe PID, respectively.

Studies based on the Swedish cohort [16, 70] have
also demonstrated that women with chlamydial PID and
nongonococcal nonchlamydial PID fared more poorly after
treatment than those with gonococcal PID. Most likely for
chlamydial PID, it is the delayed commencement of treat-
ment associated with mild slow onset of symptoms. Non-
gonococcal nonchlamydial PID is more often associated with
severe PID which is associated with a worse prognosis for
future fertility.

4. Antimicrobial Treatment Regimens

Despite the controversy regarding the role of anaerobic bac-
teria and M. genitalium in the pathogenesis of acute PID, the
polymicrobic nature of PID is widely acknowledged [1, 2]. As
a consequence, PID is treated with antibiotics which provide
coverage against a broad spectrum of potential pathogens. In
2010 the Center for Disease Control and Prevention updated
their Guidelines for treatment of acute PID (Tables 2 and
3). According to the CDC 2010 guidelines, PID treatment
regimens must provide empiric, broad spectrum coverage
of likely pathogens [1]. These guidelines recommend that
all treatment regimens should be effective against N. gonor-
rhoeae and C. trachomatis even in the presence of negative
endocervical screening for these organisms. Although the
CDC notes that the need to eradicate anaerobes from women
with PID has not been definitively determined, as reviewed
above, they suggest that until regimens without adequate
coverage for anaerobes have been shown to prevent long-
term sequelae as successfully as those that include anaerobic
coverage, coverage of anaerobes should be considered in the
treatment of acute PID.

As noted by the CDC [1] multiple randomized clinical
treatment trials have demonstrated efficacy of both par-
enteral and oral regimens. In Table 4, the short-term clinical
and microbiologic efficacy of oral and parenteral treatments
regimens for PID are summarized. After excluding the
metronidazole-doxycycline regimen (clinical and microbio-
logic cure rates 75% and 71%, resp.), the pooled clinical cure
rates ranged from 88% to 99%, and the pooled microbiologic
cure rates ranged from 89% to 100%. It is important that
empiric treatment be initiated as soon as a presumptive
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Table 2: Parenteral treatment recommendations for acute pelvic
inflammatory diseasea.

Recommended regimen A

Cefotetan 2 g IV every 12 hours

Or

Cefoxitin 2 g IV every 6 hours

Plus

Doxycycline 100 mg orally or IV every 12 hours

Recommended regimen B

Clindamycin 900 mg IV every 8 hours

Plus

Gentamicin loading dose IV or IM (2 mg/Kg body weight)

followed by a maintenance dose (1–5 mg/Kg body weight)

every 8 hours.

A single daily dosing (3–5 mg/Kg) can be substituted

Alternative parenteral regimen

Ampicillin/sulbactam 3 g IV every 6 hours

Plus

Doxycycline 100 mg orally or IV every 12 hours
a
CDC Sexually Transmitted Diseases Treatment Guidelines 2010 MMWR

2010 : 59 (no.-RR12): [63–67].

Table 3: Oral treatment recommendations for acute pelvic inflam-
matory diseasea.

Recommended regimens

(1) Ceftriaxone 250 mg IM in a single dose

Plus

Doxycycline 100 mg orally twice a day for 10–14 days

With or without

Metronidazole 500 mg orally twice a day for 10–14 days

(2) Cefoxitin 2 g IM in a single dose and Probenecid 1 g orally

administered concomitantly as a single dose

Plus

Doxycycline 100 mg orally twice a day for 10–14 days

With or without

Metronidazole 500 mg orally twice a day for 10–14 days

(3) Other parenteral third generation cephalosporins

(e.g., ceftizoxime or cefotaxime) in a single dose

Plus

Doxycycline 100 mg orally twice a day for 10–14 days

With or without

Metronidazole 500 mg orally twice a day for 10–14 days
a
CDC Sexually Transmitted Diseases Treatment Guidelines 2010 MMWR

2010 : 59 (no.-RR12).

diagnosis of acute PID is made because prevention of long-
term sequelae is determined to a large extent by early ad-
ministration (<72 hours) of appropriate antimicrobial ther-
apy [1]. In addition, selection of a treatment regimen
should consider availability, cost, patient acceptance, and
antimicrobial acceptability [1, 72].

Because parenteral antibiotics do not necessarily require
hospitalization, antibiotic regimens for the treatment of
acute PID are categorized as follows:

(1) regimens requiring more than a single parenteral
dose as initial therapy are “parenteral” and

(2) regimens that are primarily oral with or without an
initial single parenteral dose are considered “oral.”

4.1. Parenteral Treatment. As noted in Table 4, several par-
enteral antimicrobial regimens have excellent short-term
clinical and microbiological efficacy. Most of the literature
supports the combination of (1) cefoxitin or cefotetan plus
doxycycline and (2) clindamycin plus gentamicin. These two
regimens remain the parenteral regimens recommended by
the CDC for the treatment of PID. However, cefotetan is not
currently marketed in the United States.

According to the CDC, there is limited data available sup-
porting a role of other second or third generation parenteral
cephalosporins (e.g., ceftizoxime, cefotaxime, or ceftriaxone)
as effective therapy for acute PID and/or replacements for
cefotetan or cefoxitin [1]. Moreover, these antimicrobial
agents are less active against anaerobic bacteria than cefoxitin
or cefotetan.

Intravenous infusion of doxycycline frequently causes
pain and, thus, doxycycline should be administered orally
whenever possible. Fortunately, oral and intravenous admin-
istration of doxycycline provide similar bioavailability [1].

With parenteral regimen A, parenteral therapy can be
discontinued 24 hours after clinical improvement occurs [1].
However, oral doxycycline (100 mg twice a day) should be
continued to complete a 14-day course of therapy. In cases
involving tuboovarian abscess, either clindamycin (450 mg
orally four times a day) or metronidazole (500 mg orally
every 6 hours) should be used for continued therapy in order
to provide more effective coverage against anaerobic bacteria.

There is concern over the increasing resistance of anaer-
obes, especially the Bacteroides fragilis group, to clindamycin
[73, 74]. However, based on multiple clinical studies and
extensive successful results with clindamycin containing
regimens, clindamycin remains as a component in one of
the recommended parenteral treatment regimens in both the
CDC [1] and European [2] guidelines for treatment of PID.

Single dose gentamicin has not been evaluated for the
treatment of acute PID. However, it is efficacious in the
treatment of other pelvic and abdominal infections and is
an option in parenteral regimen B. With this regimen, par-
enteral therapy may be discontinued 24 hours after clinical
therapy. While the CDC suggests that either doxycycline
100 mg orally twice a day or clindamycin 450 mg orally
four times a day to complete a total of 14 days of therapy
may be used [1], in the author’s opinion clindamycin oral
therapy is preferred because of its better anaerobic coverage.
In the presence of severe PID, especially tuboovarian abscess,
clindamycin continued therapy is recommended by the CDC
[1].
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Table 4: Clinical and microbiologic cure rates for pelvic inflammatory disease treatment regimens.

Clinical cure Microbiologic cure

Regimen
Number of

studies
Number of

patients
Percent

Number of
studies

Number of
patients

Percent

Parenteral

Clindamycin/aminoglycoside 11 470 92 8 143 97

Cefoxitin/doxycycline 9 836 95 7 581 96

Cefotetan/doxycycline 3 174 94 2 71 100

Ciprofloxacin 4 90 94 4 72 96

Ofloxacin 2 86 99 2 50 98

Sulbactam-ampicillin/doxycycline 1 37 95 1 33 100

Metronidazole/doxycycline 2 36 75 1 7 71

Azithromycin 1 30 100 1 30 100

Azithromycin/metronidazole 1 30 97 1 30 97

Oral

Ceftriaxone/probenecid/doxycycline 1 64 95 1 8 100

Cefoxitin/probenecid/doxycycline 3 212 90 3 71 93

Cefoxitin/doxycycline 4 634 94 4 493 95

Amoxicillin-clavulanic acid 2 35 100 2 35+ 100

Ciprofloxacin/clindamycin 1 67 97 1 10 90

Ofloxacin 2 165 95 2 42+ 100

Levofloxacin 1 41 85 1 9 89

Reprinted with permission from Walker and Sweet [64].

As noted by Walker and Wiesenfeld [17], there has
been renewed interest in alternative agents, particularly am-
picillin-sulbactam for anaerobic coverage. Unlike clinda-
mycin, this agent has not been associated with selective
pressure for microbial resistance. In addition, ampicillin-
sulbactam is effective for N. gonorrhoeae. To provide ade-
quate coverage for C. trachomatis, concomitant adminis-
tration of doxycycline is recommended. Following clinical
improvement, oral therapy with doxycycline 100 mg twice
a day to complete 14 days of therapy should be continued.
With severe disease, especially TOA, metronidazole 500 mg
orally four times daily should be commenced as well.

While not included in the CDC 2010 recommended or
alternative regimens for the treatment of PID, several factors
have led clinicians to use azithromycin for the treatment
of acute PID. These include widespread use in treating
chlamydial infection, enhanced compliance due to its long
half-life, and studies demonstrating the anti-inflammatory
effects of macrolide antibiotics including azithromycin which
appear to enhance host defense mechanisms and restrict local
inflammation [17, 18, 75, 76]. A randomized clinical trial
in the United Kingdom among 300 women with laparo-
scopically confirmed PID demonstrated excellent short-term
clinical care rates with azithromycin monotherapy for one
week (500 mg IV daily for one or two days followed by
250 mg for 5-6 days) or in combination with a 12 day course
of metronidazole [77]. The microbiologic cure rates were
also excellent (>95%) for N. gonorrhoeae, C. trachomatis,
M. hominis, and anaerobes with these regimens. However,
there was a large dropout rate with only one-third of the

patients completing the study per protocol which, as noted
by Haggerty and Ness [18] reduced the validity and general-
izability of the microbiological cure evaluation. In addition,
the anaerobic bacteria were only recovered from 27 (9%) of
the patients, a rate substantially lower than noted in other
studies.

The 2007 European guideline for the management of
pelvic inflammatory disease contains similar recommenda-
tions [2].

As alternative regimens, the European guideline suggests
i.v. ofloxacin 400 mg twice daily plus i.v. metronidazole
500 mg three times daily for 14 days or i.v. ciprofloxacin
200 mg twice daily plus i.v. (or oral) doxycycline 100 mg
twice daily plus i.v. metronidazole 500 mg three times daily
[2]. Because anaerobes are probably of relatively greater
importance in patients with severe PID and some studies
have demonstrated good clinical response without the use
of metronidazole, the European guideline suggests that
metronidazole may be discontinued in those patients with
mild or moderate PID who are unable to tolerate it [2].
They further note that ofloxacin and moxifloxacin should be
avoided in patients who are at high risk of gonococcal PID
due to increasing quinolone resistance by N. gonorrhoeae.

4.2. Oral Treatment. Over the past 20 years, a new paradigm
has emerged with a dramatic shift from hospital-based
parenteral antibiotic regimens to oral ambulatory-based
regimens [6, 7]. Initially, this shift was largely driven by the
emergence of managed care and other economic factors
without the benefit of clinical studies demonstrating that oral
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therapy was as effective as parenteral regimens, especially for
prevention of long-term sequelae.

The PEACH study has provided evidence supporting the
use of oral regimens on an ambulatory basis for the treatment
of mild and moderately severe acute PID [42, 78]. PEACH,
the largest randomized clinical treatment trial of acute
PID in the United States, compared inpatient parenteral
therapy (intravenous cefoxitin and oral or intravenous
doxycycline during ≥48-hour hospitalization followed by
oral doxycycline to complete a 14 day course) with outpatient
oral therapy (a single intramuscular dose of cefoxitin with
doxycycline administration orally for 14-days). Of most
significance, PEACH not only assessed short-term but also
long-term outcomes for over 800 patients (398 inpatient
and 410 outpatient) with mild-to-moderately severe PID.
The short-term clinical cure rates at 30 days were excellent
in both groups, with roughly 3% of women in each group
requiring additional treatment. At a mean followup of 35
months, the pregnancy rates were 42.0% and 41.7% with the
outpatient and inpatient regimens, respectively. Long-term
outcomes including infertility, ectopic pregnancy, recurrent
PID, and chronic pelvic pain were also similar in both
groups. However, as emphasized by Haggerty and Ness,
despite high rates of clinical cure and eradication of N.
gonorrhoeae and C. trachomatis, the rates of infertility (17%),
recurrent PID (14%), and chronic pelvic pain (37%) were
disappointingly high [18].

While data from the PEACH study suggests that neither
the route nor site of treatment administration affects short-
term or long-term outcomes among women with mild-to-
moderately severe acute PID [42, 78], higher rates of post
treatment histologic endometritis were present among the
women in the outpatient oral group. However, the clinical
significance of this finding is not clear. In previous studies we
have shown that ongoing subclinical PID (as defined by his-
tologic acute endometritis) is frequently present in women
with untreated lower genital tract infections [14], and that
persistent endometrial infection with C. trachomatis [26] and
anaerobes [22] may lead to subsequent tubal damage and
increased infertility among women with inadequately treated
acute PID. Similarly, among women enrolled in the PEACH
study, 23 out of 56 (41%) with M. genitalium identified in
either the cervix and/or endometrium at baseline had M.
genitalium persistently identified 30 days following treatment
(inadequate to treat this organism) [40]. Moreover, women
with persistent endometrial M. genitalium were 4.5 times
more likely to experience short-term treatment failure (i.e.,
histologic endometritis and persistent pelvic pain at the 30-
day follow-up visit).

As noted by the CDC [1], outpatient oral therapy can
be considered for treatment of women with mild-to-mod-
erately severe acute PID. The oral regimens listed in Table 3
provide coverage against the major etiologic agents of
acute PID. Which of the cephalosporins is the optimum
selection is unclear [1]. On the one hand cefoxitin has
better anaerobic coverage, while ceftriaxone has better cov-
erage against N. gonorrhoeae. The dose of ceftriaxone was
increased to 250 mg IM in the 2010 CDC guidelines [1].

The extent of efficacy against anaerobic bacteria with a
single dose of cefoxitin is questionable. However, in the
PEACH study single dose cefoxitin was effective in obtaining
clinical response [42, 78]. The CDC [1] and Walker and
Wiesenfeld [17] have noted that theoretical limitations in
coverage of anaerobes by recommended cephalosporins may
require addition of metronidazole to the oral treatment rec-
ommendations. Addition of metronidazole to the oral reg-
imens is the author’s preferred approach. In addition, met-
ronidazole will effectively treat bacterial vaginosis, which
as noted above is frequently associated with PID. There is
no published data on the use of oral cephalosporins for
treatment of acute PID [1].

Information regarding alternative oral (outpatient) reg-
imens is quite limited. Several alternative regimens have
been the subject of at least one clinical trial and contain
broad spectrum coverage [1]. These include (1) amox-
icillin/clavulanic acid and doxycycline [79] and (2) Azith-
romycin monotherapy [77] or a combination of ceftriaxone
250 mg IM single dose with azithromycin 1 gram orally
once a week for two weeks [80]. If one of these alternative
regimens is selected, the CDC suggests the addition of
metronidazole should be considered to cover anaerobic
bacteria which are suspected as etiologic agents in PID and
to effectively treat concomitant BV [1].

With the emergence of quinolone-resistant N. gonor-
rhoeae, regimens that include a quinolone agent are no longer
recommended by the CDC for treatment of acute PID [1].
They note that in situations where single dose parenteral
cephalosporin is not feasible, use of fluoroquinolones (lev-
ofloxacin 500 mg orally once a day or ofloxacin 400 mg orally
twice a day for 14 days) with or without metronidazole
(500 mg twice daily for 14 days) can be considered if
community prevalence and individual risk for gonorrhea are
low [1]. If this approach is selected, the CDC stresses that
diagnostic tests for N. gonorrhoeae must be performed prior
to initiating treatment [1]. Culture is the preferred test. If
N. gonorrhoeae is detected, treatment should be based on
the results of antimicrobial susceptibility. With quinolone-
resistant N. gonorrhoeae or if susceptibility cannot be assessed
(e.g., nucleic acid amplification test) use of a parenteral
cephalosporin is recommended [1]. If use of a cephalosporin
is not feasible, azithromycin 2 grams as a single dose can be
added to a quinolone-based PID treatment regimen [1].

Patients treated with an oral regimen should demon-
strate substantial clinical improvement within three days
following initiation of treatment [1]. Clinical improvement
is determined by defervescence, reduction in direct or
rebound abdominal tenderness, and/or reduction in uterine,
adnexal, and cervical motion tenderness. When patients fail
to improve within this window, hospitalization is usually
required for additional diagnostic tests (e.g., rule out TOA),
parenteral antibiotic therapy, and/or surgical intervention
[1].

4.3. Hospitalization for Treatment of Acute PID. While in
the past, and to a lesser extent today, some clinicians have
recommended that all patients with PID be hospitalized for
parenteral antibiotics and bed rest, the PEACH study clearly
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Table 5: Suggested criteria for hospitalization for treatment of acute
PIDa.

(i) Surgical emergencies (e.g, appendicitis) cannot be ruled out

(ii) Patient is pregnant

(iii) Patient does not respond clinically to oral antimicrobial

therapy

(iv) Patient unable to follow or tolerate outpatient oral regimen

(v) Patient has severe illness, nausea, vomiting, or high fever

(vi) Patient has a tuboovarian abscess
a
CDC Sexually Transmitted Diseases Treatment Guidelines 2010 MMWR

2010 : 59 (no.-RR12).

demonstrated that in women with mild-to-moderately
severe PID, outpatient oral therapy results in similar short-
and long-term clinical outcomes as inpatient therapy [42].
As a result, the CDC notes that a decision regarding the need
for hospitalization should be based on the judgment of the
health-care provider and whether the patient meets any of
the CDC suggested criteria for hospitalizations (Table 5). The
European guideline concurs with these recommendations
[2].

Limited studies have demonstrated that pregnant women
with PID have high rates of fetal wastage and preterm
delivery, supporting the appropriateness of hospitalization
[81, 82]. Similarly, ample data supports hospitalization of
women with TOAs in order to maximize antimicrobial
dosing and close monitoring for early recognition of severe
sepsis or of leaking/rupture of the abscess.

Several previous criteria for hospitalization have been
removed from the current suggestions. The absence of data
to support benefit from hospitalization for adolescent girls
with PID led the CDC to not list adolescence among the
criteria for hospitalization and to suggest that a decision
to hospitalize adolescents with PID should be based on the
same criteria used for older women [1]. In fact, subanalysis
of the outcome data of the PEACH study stratified by
age demonstrated that fertility outcomes of the adolescents
were similar in the inpatient and outpatient treatment arms
[78]. However, some clinicians continue to advocate that
all adolescents and never pregnant young women should be
hospitalized for treatment [83]. They argue that adolescence
is a proxy for poor compliance, high-risk sexual activity,
delayed care, and high antimicrobial failure rates.

Whereas the presence of HIV infection or immunosup-
pression has previously been an indicator for hospitalization
and parenteral therapy, currently it is recommended that
HIV-positive women with acute PID can be treated similarly
to HIV-negative women. Although HIV-infected women
who develop PID may have more severe clinical presentations
and are more likely to have TOAs [84–86], there is no evi-
dence to suggest that immunocompromised women benefit
from hospitalization or parenteral therapy for uncompli-
cated PID [17, 87, 88].

4.4. Management of PID Associated with Intrauterine Contra-
ceptive Device (IUD). With the renewed interest in the IUD
as a contraceptive choice for young women, PID will be seen

in women using IUDs. As noted by Walker and Wiesenfeld,
there does not exist any data to indicate that selection of
treatment regimens should be influenced by the presence
of an IUD [17]. In the past, clinicians generally removed
IUDs to optimize the treatment of PID. This was primarily
based on concerns that as a foreign body, removal of the
IUD enhanced clinical response. Only a few studies have
addressed this issue and the results are conflicting. In a small
randomized study of 46 women in Sweden, Soderberg, and
Lindgren [89] reported no differences in response to treat-
ment whether the IUD was removed or left in place. On the
other hand, Altunyurt and colleagues, in a randomized trial
from Turkey, noted that clinical improvement (e.g., absence
of pelvic pain, vaginal discharge, and pelvic tenderness) was
more common in the group whose IUDs were removed [90].
If the provider elects to leave the IUD in place while PID is
being treated, close clinical followup is important.

4.5. Management of Sex Partners. According to the CDC,
male sex partners of women diagnosed with acute PID
should be examined and treated if they had sexual contact
with the patient during the preceding 60 days. If the last
episode of sexual intercourse was > 60 days prior to onset
of symptoms, the last sexual partner should be treated
[1]. Women diagnosed with acute PID should refrain from
sexual intercourse until treatment is completed and they and
their partner(s) are asymptomatic. Sex partners of women
with PID should be treated empirically with regimens
effective against N. gonorrhoeae and C. trachomatis [1]. In
those settings where only women are treated, arrangements
should be undertaken to either provide care or appropriate
referral for male sex partners [1]. Expedited partner treat-
ment or enhanced patient referral are acceptable alternative
approaches for the treatment of male partners of women who
have PID with chlamydial or gonococcal infection [1].

5. Conclusion

Treatment strategies for women with acute PID should
be based on the polymicrobial nature of this infection.
The microorganisms recovered from the upper genital tract
of women with acute PID include N. gonorrhoeae, C.
trachomatis, and anaerobic and aerobic bacteria common
to the endogenous vaginal flora and genital mycoplasmas,
especially M. genitalium. Several antibiotic regimens are
available which meet these requirements. Several parenteral
antimicrobial regimens have been shown to provide very
good short-term clinical and microbiological efficacy; these
include clindamycin plus gentamicin, cefoxitin plus doxycy-
cline, and cefotetan plus doxycycline.

Oral therapy for acute PID is currently the most com-
monly used approach, in response to both economic issues
and the evidence from the PEACH study demonstrating
that both short-term and long-term outcomes were similar
for the oral and parenteral regimens. Due to the increased
quinolone resistance of N. gonorrhoeae, choices of oral
regimens are more limited. Ceftriaxone or cefoxitin demon-
strated excellent short-term clinical and microbiological
results. The addition of oral metronidazole to this regimen
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is suggested by some experts including this author to provide
improved anaerobic coverage and at least to treat BV which
is present in up to 70% of women with acute PID.

Currently regimens recommended by the CDC for the
treatment of acute PID provide suboptimal antimicrobial
activity against M. genitalium [40]. Mycoplasma lack a
cell wall and thus are resistant to beta-lactam antibiotics
(e.g., cefoxitin, cefotetan, ceftriaxone). Increased tetracycline
resistance among M. genitalium has been reported [91].
In addition, M. genitalium is associated with persistent
nongonococcal urethritis treated with tetracyclines [92].
Variable resistance to fluoroquinolones has been reported
[93]. Recently, a newer fluoroquinolone, moxifloxacin, has
demonstrated excellent activity against M. genitalium [91,
93]. This agent is one of the outpatient regimens recom-
mended in the European guidelines [2]. While M. genitalium
has demonstrated susceptibility to macrolides, azithromycin
resistance has recently been reported [94].
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Chlamydia trachomatis control efforts that enhance detection and treatment of infected women may paradoxically increase
susceptibility of the population to infection. Conversely, these surveillance programs lower incidences of adverse sequelae elicited
by genital tract infection (e.g., pelvic inflammatory disease and ectopic pregnancy), suggesting enhanced identification and
eradication of C. trachomatis simultaneously reduces pathogen-induced upper genital tract damage and abrogates formation of
protective immune responses. In this paper, we detail findings from C. trachomatis infection control programs that increase our
understanding of chlamydial immunoepidemiology and discuss their implications for prophylactic vaccine design.

1. Introduction

An estimated 90 million individuals sexually acquire
Chlamydia trachomatis infection each year (including 45 mil-
lion in Asia, 15 million in Africa, and 4 million in the United
States [1]), and in all these geographic regions the highest
prevalences of chlamydial genital tract infection are found
among adolescents and young adults [2]. Although C. tra-
chomatis is a common cause of male nongonococcal urethri-
tis [3], female genital tract infections represent more signif-
icant threats to reproductive health. Morbidities associated
with C. trachomatis genital tract infections in women include
pelvic inflammatory disease (PID) and its sequelae of chronic
pelvic pain, ectopic pregnancy, and tubal infertility [4].

2. Shortcomings and Benefits of
Infection Control Programs

During the past 25 years, many areas in Europe and North
America implemented infection control programs to reduce
sexual transmission of C. trachomatis [5]. These programs
typically relied upon widespread screening and prompt treat-
ment of asymptomatic individuals as a conduit for decreased

population infectivity [6–8]. Applying these principles, one
regional United States program reduced C. trachomatis
prevalence 60% among young women during the first 9 years
of its existence [9]. However, similar screening and treatment
of young women in this region during the succeeding 7 years
was associated with a 46% increase in chlamydial positivity
[10]. This scenario was repeated in British Columbia—after
introduction of a C. trachomatis infection control program
case rates fell from 216 to 104 cases per 100 000 individuals
but then steadily climbed to 193 cases per 100 000 individuals
[11]. In fact, nearly all countries implementing large-scale
chlamydial control programs have reported increased case
report numbers despite ongoing control efforts [12–14],
suggesting expanded earlier treatment may enhance popula-
tion susceptibility to C. trachomatis infection. Although the
higher prevalences of C. trachomatis seen in areas with active
surveillance may have been sequelae to increased screening of
higher risk women or increased use of more sensitive diag-
nostic tests, at least in 1 such surveillance program higher
prevalence appeared to reflect actual increases in chlamydial
positivity [15]. Providing stronger support for the supposi-
tion that C. trachomatis infection control programs increase
population susceptibility to infection, British Columbia saw
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reinfection rates rise from 9.7 to 53.2 cases per 100,000 indi-
viduals in the midst of widespread control efforts [11, 15].

Concurrent with higher incidences of reinfection, how-
ever, C. trachomatis control programs have reduced geni-
tal tract complications elicited by infection. For example,
concomitant with steady increases in C. trachomatis case
numbers, health officials in San Francisco County, Calif,
observed dramatic decreases in PID and ectopic pregnancy
cases [16]. Earlier diagnosis and treatment of genital tract
chlamydial infections was also associated with sharp reduc-
tions in ectopic pregnancy rates in Norway and Sweden
[17, 18]. Despite the substantially increased rates of C.
trachomatis infection documented in British Columbia [11],
surveillance data demonstrated robust decreases in annual
case numbers and rates of PID, ectopic pregnancy, and tubal
factor infertility [19]. Taken together, these data imply that
enhanced detection and earlier treatment of infected women
achieved upon implementation of C. trachomatis infection
control programs may have been responsible for reduced
incidences of the adverse outcomes associated with ascension
of this pathogen into the upper genital tract. These data
further imply that persistent C. trachomatis infection, not
simply acquisition or reinfection, may be the scenario most
likely responsible for development of PID, ectopic pregnancy,
and tubal factor infertility.

3. C. trachomatis Control Programs and
the Arrested Immunity Hypothesis

Seminal investigations performed in British Columbia
allowed Brunham et al. to first posit that C. trachomatis infec-
tion control programs increase population susceptibility to
reinfection [11]. Their “altered immunity” hypothesis states
that development of protective immune responses against C.
trachomatis is abrogated by earlier detection and treatment
of infected individuals and further argues this interrupted
development of protective immunity increases the likeli-
hood of reinfection. Evidence supporting this proposed
linkage between expanded earlier treatment and increased
population susceptibility to infection has been provided by
both experimental and clinical investigations. Compared to
untreated mice, humoral immune responses were impaired
in the vaginas of mice administered doxycycline within the
first 10 days of primary intravaginal chlamydial infection.
Moreover, these same antibiotic-treated mice were also less
protected from chlamydial reinfection [20]. Taken together,
these data suggest that accelerated eradication of chlamydia
from the genital tract that was mediated by doxycycline
therapy may have hampered the development of protective
immune responses.

The durability of C. trachomatis infection among many
women not receiving antichlamydial antibiotics implies pro-
tracted courses of infection may be needed for development
of sterilizing immunity, while providing further support for
the validity of the altered immunity hypothesis. For example,
an annual clearance rate of 45% among asymptomatic
Dutch women not receiving antimicrobial therapy suggested
sterilizing immunity is often not achieved during the first

year of a chlamydial genital tract infection [21]. A similar
rate of clearance was seen in Colombia where 54% (44/82)
of women not receiving antichlamydial antibiotics cleared
asymptomatic genital tract infection during the first year
after initial diagnosis; however C. trachomatis infection
persisted in only 6% of this cohort after 4 years of followup
[22]. These results indicate the development of sterilizing
immunity against genital tract chlamydial infection is most
often measured in months or years, while long-term presence
of the organism in the absence of overt inflammatory symp-
toms highlights the highly successful parasitic relationship C.
trachomatis has achieved with its human hosts. In addition to
these natural history studies, clinical data in support of the
altered immune hypothesis was generated upon completion
of a C. trachomatis seroprevalence study enrolling 8 000
pregnant Finnish women. During the same period of time
in this country in which dramatic increases in the frequency
of genital tract chlamydial infection were observed [23], this
study reported a 51% decrease in the prevalence of positive
serum IgG antibody titers against C. trachomatis major outer
membrane protein (MOMP) among women less than 23
years of age and a 65% decrease in positive titers among 23–
28-year-old women [24]. These findings may indicate that in
some women chlamydial MOMP-specific humoral responses
are transitory or, conversely, that humoral responses against
C. trachomatis are slow to develop and that earlier identifi-
cation and treatment of infection impeded the development
of humoral immunity. Although more speculative, it is also
possible that decreasing seroprevalence of C. trachomatis in
Finland contributed to increased population susceptibility
to reinfection. This latter clinical scenario is consistent with
experimental data demonstrating that chlamydial-specific
antibodies were integral for protection of female mice from
genital tract reinfection [25]. Further clinical investigation,
however, will be needed to determine the strength of the
associations between enhanced detection and treatment,
impaired humoral immune responses, and increases in
susceptibility to C. trachomatis genital tract reinfection.

4. Implications for C. trachomatis
Vaccine Development

Widespread C. trachomatis infection control programs
reduce incidences of PID and its adverse sequelae [19, 26],
but are associated with increased population susceptibility
to infection. These seemingly contradictory observations
interestingly help illuminate the immunoepidemiology of
C. trachomatis infection. Although some conclusions that
we draw from these epidemiological investigations remain
conjectural, increased population susceptibility to chlamy-
dial infection seen concomitantly with decreases in genital
tract complications of infection indicates the following: (1)
this obligate intracellular pathogen is weakly antigenic; (2)
the organism requires persistent infection to elicit upper
genital tract damage; (3) primary infection is associated with
host immune responses that are suboptimal for immediate
pathogen clearance but unlikely to damage vital upper
genital tract architecture and/or this organism employs
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immunoevasion strategies that promote establishment of
asymptomatic but persistent infection.

Consistent with the notion of low antigenicity, C.
trachomatis infections of the female genital tract often
remain asymptomatic. Cell walls of C. trachomatis, like other
Gram-negative bacteria, contain lipopolysaccharide (LPS),
a molecule that stimulates multiple responses in infected
tissue including increased secretion of pro-inflammatory
cytokines, macrophage activation, and increased expression
of endothelial leukocyte adhesion molecules. Ex vivo assays
show that LPS is primarily responsible for the increased
production of tumor necrosis factor (TNF) elicited by C.
trachomatis elementary bodies, even though chlamydia LPS
is 100-fold less potent for the production of this key pro-
inflammatory cytokine than the LPS isolated from Neisseria
species [27]. Therefore, epidemiological data suggesting that
the presence of persistent genital tract infection promotes
chlamydial disease expression is consistent with this ability
of C. trachomatis to elicit less robust inflammatory responses
[28]. In other words, pelvic inflammatory disease, fallopian
tube scarring, and tubal infertility may more frequently
result from the presence of chronic, albeit mild inflamma-
tion. Although persistent infection may be responsible for
increased chlamydial disease expression, the specific immune
responses that evoke this upper genital tract damage remain
unknown. Mouse and nonhuman primate studies suggest
IFN-γ-producing CD4+ T cells are needed for clearance of
chlamydial infections, and the generation of appropriate type
1 immunity is often considered to be an integral component
of any vaccine conferring protection against chlamydial
disease expression [29]. On the other hand, increased IFN-
γ production, in conjunction with other type 1 responses,
may promote immunopathological responses and increase
the likelihood of fallopian tube scarring and tubal factor
infertility. Since genital tract C. trachomatis infections in
nature are weakly antigenic, it is at least a theoretical concern
that chlamydial vaccines that confer protection via genera-
tion of robust, more durable memory T cell responses could
also elicit immunopathological damage if repetitive bouts of
inflammation were elicited upon subsequent exposures to
the organism.

C. trachomatis is known to have evolved exclusively as a
human pathogen and fact which may explain why infection
usually occurs in the absence of overt inflammation. Strate-
gies developed by this intracellular pathogen to avoid host
detection or clearance include replication within membrane-
bound inclusions [30], suppression of class I and II major
histocompatibility complex molecule expression by infected
cells [31], and its ability to capture indole to escape IFN-
γ-mediated tryptophan starvation [32]. A high-frequency
asymptomatic C. trachomatis infection, on the other hand,
may be the consequence of host responses that evolved to
minimize collateral damage to delicate upper genital tract
structures. In support of this hypothesis, we recently saw
that C. trachomatis genital tract infection was associated with
increased numbers of endometrial CD4+ T cells, B cells, and
plasma cells [33], suggesting there is a predilection for C.
trachomatis infection to polarize endometrial inflammation
toward type 2 immunity. Although type 1 immune responses
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Figure 1: Schema summarizing outcomes associated with Chlamy-
dia trachomatis genital tract infection control programs. These
outcomes include increased number of chlamydial cases, increased
rates of chlamydial reinfection, decreased detection of chlamydial-
specific serum antibodies, and decreased rates of pelvic inflam-
matory disease, ectopic pregnancy, and tubal factor infertility.
Although no causality between these observed outcomes has been
established, chlamydial vaccine development will require better
delineation of the linkage between enhanced early treatment and
diminished antichlamydial humoral immunity, increased suscep-
tibility to infection, and lower incidences of adverse reproductive
tract sequelae.

are capable of clearing C. trachomatis, type 2 responses
may have been selected as a safer alternative to more
damaging type 1 responses in the upper genital tract [34].
Whether type 2 endometrial inflammation is associated
with enhanced or impaired chlamydial clearance or higher
or lower chances of immunopathological tissue damage
remains unknown, but resolution of these uncertainties is
essential for proper vaccine development. The reported link-
age between enhanced early detection, decreased chlamydia-
specific antibody prevalence, and increased chlamydial rein-
fection rates does not establish causality between impaired
humoral immune responses and increased susceptibility to
infection, but does provide the impetus for more complete
understanding of the immune responses that may impact
chlamydial vaccine efficacy.

In conclusion, this brief paper summarized the findings
from C. trachomatis infection control programs that alter our
understanding of the immunoepidemiology of chlamydial
genital tract infection (Figure 1). Although observations
from these programs suggest increased duration of infection
is a risk factor for the development of PID, understanding
of the specific host genetic variations and immune responses
that promote genital tract damage awaits further investi-
gation. Additional work is also needed to better inform
chlamydial vaccine development, as more comprehensive
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understanding of the immune responses that protect against
C. trachomatis acquisition and reinfection and prevent or
elicit PID development must be achieved before clinical
vaccination trials can be safely initiated.
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ICD-9 codes are conventionally used to identify pelvic inflammatory disease (PID) from administrative data for surveillance
purposes. This approach may include non-PID cases. To refine PID case identification among women with ICD-9 codes suggestive
of PID, a case-finding algorithm was developed using additional variables. Potential PID cases were identified among women aged
15–44 years at Group Health (GH) and Kaiser Permanente Colorado (KPCO) and verified by medical record review. A classification
and regression tree analysis was used to develop the algorithm at GH; validation occurred at KPCO. The positive predictive value
(PPV) for using ICD-9 codes alone to identify clinical PID cases was 79%. The algorithm identified PID appropriate treatment
and age 15–25 years as predictors. Algorithm sensitivity (GH = 96.4%; KPCO = 90.3%) and PPV (GH = 86.9%; KPCO = 84.5%)
were high, but specificity was poor (GH = 45.9%; KPCO = 37.0%). In GH, the algorithm offered a practical alternative to medical
record review to further improve PID case identification.

1. Introduction

An estimated 770,000 cases of pelvic inflammatory disease
(PID) are diagnosed annually in the United States [1]. PID
comprises infection and inflammation of the uterus, fallop-
ian tubes, ovaries, and other adjacent tissue and has multiple
infectious etiologies, many of which have been demonstrated
to be sexually transmitted, including Chlamydia trachomatis
[2]. C. trachomatis has been isolated in approximately one-
quarter of patients with a symptomatic PID diagnosis [3].

PID of any etiology may lead to further adverse out-
comes, including tubal-factor infertility, ectopic pregnancy,
and chronic pelvic pain [2]; about 10%–20% of PID cases
are associated with infertility and ectopic pregnancy [3].
The specific contribution of chlamydia and other infec-
tions associated with PID (e.g., Neisseria gonorrhoeae and
Mycoplasma genitalium) to each of these adverse outcomes

is unknown [4, 5]. However, among infertile couples using
assisted reproductive therapy, 10–20% are diagnosed with
tubal infertility [6, 7]. In an effort to prevent PID and sub-
sequent infertility, chlamydia screening is recommended for
all sexually active women aged <25 years [8, 9]. Prior studies
have suggested that screening can reduce the risk of PID de-
velopment by up to 50% [10, 11].

While monitoring trends in PID is a critical compo-
nent to quantifying the public health burden of PID and
evaluating the impact of chlamydia prevention efforts, PID
surveillance is challenging. In the absence of a laboratory-
based case definition, PID is diagnosed on the basis of
clinical signs and symptoms [12]. The Centers for Disease
Control and Prevention (CDC) recommends empiric treat-
ment for PID when young women have lower abdominal
pain with no other clear cause, accompanied by either
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uterine or adnexal or cervical motion tenderness [8]. Thus,
the clinical diagnosis lacks specificity. The “gold standard”
for diagnosing tubal infection is laparoscopy, an invasive
procedure that is rarely performed in clinical practice [13].
To identify PID cases for research and surveillance purposes,
medical record review provides the best method of verifying
a clinical diagnosis of PID. In lieu of medical record reviews,
ICD-9 codes have been used to identify PID cases from
administrative data. A clinical diagnosis of PID may be
represented by several ICD-9 codes. The most commonly
referenced ICD-9 code, 614.9 (female pelvic inflammatory
disease not otherwise specified) has a positive predictive
value (PPV) of only 18.1% for the PID surveillance case
definition, a substantially stricter definition than the clinical
definition used for empiric treatment [14]. When coupled
with a positive chlamydia test, the PPV increases to 56%;
however, laboratory test results are frequently unavailable in
the administrative datasets used to examine PID rates and
trends. Information is lacking on the PPV of the multiple
ICD-9 codes currently in use for surveillance of acute PID.

Potential PID cases identified from administrative data
using ICD-9 codes include some women without PID. To
further refine identification of clinically diagnosed PID in
the subset of women with an ICD-9 code suggestive of PID,
medical record review is preferable but is costly. Applying a
PID case-finding algorithm based on additional administra-
tive data to potential PID cases identified from ICD-9 codes
may be more practical and allow for more accurate burden
and trend ascertainment for PID surveillance activities. The
purpose of this analysis was twofold: (1) to determine the
PPV of using ICD-9 codes alone to identify PID and (2) to
develop a PID case-finding algorithm using administrative
data elements to easily identify PID cases among women with
PID-related ICD-9 diagnostic codes.

2. Materials and Methods

Data from two mixed model healthcare organizations, Group
Health Cooperative (GH, Seattle, Wash, USA) and Kaiser
Permanente Colorado (KPCO, Denver, CO), were used
in this analysis. In 2006, approximately 125,000 women
between the ages of 15 and 44 years were enrolled in GH,
and about 116,000 women of the same ages were enrolled
in KPCO. Both organizations maintain extensive automated
administrative and clinical data including enrollment infor-
mation, demographics, health care utilization, diagnoses,
procedures, laboratory tests, and pharmacy records on each
enrollee.

2.1. Data Collection. A set of 14 ICD-9 codes used in
other epidemiologic evaluations of PID was used to identify
women with potential PID cases in the GH administrative
database (Table 1) [1, 15]. Only codes for PID not identified
as chronic were considered, since these cases may be more
likely to represent PID cases associated with infectious causes
such as chlamydia that could be prevented by screening
efforts. PID diagnoses that occurred within 60 days of each
other were considered the same PID episode. Using GH data
from 2003 to 2007, there were 2,764 total potential PID

Table 1: ICD-9 codes commonly utilized to identify possible acute
pelvic inflammatory disease (PID) and code distribution among
potential PID cases sampled from Group Health Cooperative.

ICD-9 Code and Description
Number of

potential cases
with code∗ (%)

098.10-Acute GC upper GU tract, site
unspecified

098.16-Acute GC endometritis

098.17-Acute GC salpingitis 5 (1.3)

098.19-Acute GC upper GU tract, other site

098.86-Acute GC peritonitis

099.56-Acute CT peritonitis 0 (0.0)

614.0-Acute salpingo-oophoritis

614.5-Acute or unspecified pelvic peritonitis 8 (2.0)

614.8-Other specified inflammatory disease,
female pelvic organs

614.2-Salpingitis/oophoritis, not acute or
chronic

22 (5.6)

614.3-Acute parametritis/PID 53 (13.5)

614.9-Unspecified inflammatory disease, female
pelvic organs

252 (64.1)

615.0-Inflammatory disease of uterus, except
cervix

15 (3.8)

615.9-Unspecified inflammatory disease of
uterus

80 (20.4)

GC: gonorrhea, GU: genitourinary, CT: chlamydia.
∗A single potential PID case may include multiple ICD-9 codes. 393 total
potential PID cases were identified, and a total of 435 ICD-9 codes were used.

cases among women aged 15 to 44 years. During this time
period, PID rates declined slightly from 568 cases/100,000
person-years to 473/100,000; these data have been described
in another publication [16]. From the 2,764 total potential
cases, a sample of 393 potential cases was randomly selected
for medical record review to determine if the clinical
diagnosis was PID. If a woman had multiple PID diagnoses
from 2003 to 2007, only the first PID episode was included in
the sample. The distribution of ICD-9 codes associated with
the 393 potential cases is shown in Table 1; multiple ICD-9
codes could have been selected for the visit associated with
each potential PID case.

Determination of the actual PID case status (i.e., clinical
diagnosis) was made by reviewing electronic medical records
using a structured chart review instrument. Potential PID
cases were confirmed as being clinician-diagnosed cases or
not based on explicit clinician documentation of PID used in
the context of diagnosis during the visit (e.g., “PID,” “pelvic
inflammatory disease,” “pelvic infection,” “salpingitis,” etc.);
PID documentation used for patient evaluation (e.g., “rule-
out PID”) was not considered. The determination of clinical
PID status was made regardless of the clinical signs or
symptoms indicated to support such a diagnosis. Cases
where the clinical status was uncertain were further reviewed
by a study team member (DS).
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Table 2: Results from medical record reviews to assess PID cases status at Group Health Cooperative (GH) and Kaiser Permanente Colorado
(KPCO).

PID diagnosis based on medical record review (%)
Total

PID Not PID Uncertain No information

GH development dataset 275 (70.0) 74 (18.8) 6 (1.5) 38 (9.7) 393

KPCO validation dataset 349 (69.8) 92 (18.4) 5 (1.0) 54 (10.8) 500

PID: pelvic inflammatory disease.

In addition to ICD-9 diagnosis codes for PID shown in
Table 1, other variables potentially associated with PID were
extracted from the GH administrative data to be evaluated
as potential predictors in the development of the PID case-
finding algorithm. These included age at diagnosis, treatment
for PID, inpatient admission, whether chlamydia testing was
conducted, and other diagnoses occurring 7 days prior to
the first PID diagnosis through 7 days after the last PID
diagnosis in an episode. These other possible diagnoses
were defined by ICD-9 codes and included appendicitis,
ovarian cysts, ectopic pregnancy, pyelonephritis, pancreatitis,
leiomyoma, and endometriosis. Treatment appropriate for
PID was defined as levofloxacin (500 mg orally once per day
for 14 days) or ofloxacin (400 mg orally twice per day for
14 days) based on 2006 recommended PID treatment [12];
other possible antimicrobial regimens for PID treatment
were also included.

Administrative and medical record data from KPCO
were used as an external validation dataset to evaluate the
performance of the PID case-finding algorithm in another
setting. In the KPCO administrative data from 2003 to 2008,
2,685 potential PID cases among women aged 15 to 44
years were identified using the same ICD-9 codes (Table 1).
Of these, 500 were randomly selected for medical record
review to determine the clinical PID case status. The same
structured chart review instrument that was used in the GH
development dataset was used for the medical record review
at KPCO. All study procedures received human subjects
review and approval at each institution (GH and KPCO).

2.2. Statistical Analysis. A classification and regression tree
(CART) analysis was performed to develop a PID case-
finding algorithm using the GH dataset. CART has previ-
ously been used to improve ectopic pregnancy case finding
and to identify diabetes cases [17, 18]. The algorithm
goal in this analysis was to identify additional widely-
available variables from administrative data that would aid in
predicting clinical PID cases as defined by the medical record
review. CART is a nonparametric, binary recursive parti-
tioning method that builds a decision tree or a classification
algorithm by splitting data into two groups at each branch
(or “node”) [19]. Important predictors are hierarchically
identified, and potential cases are classified as PID cases
or not at each node. In this analysis, potential predictors
considered included ICD-9 codes (Table 1), age at diagnosis,
whether treatment appropriate for PID was given, inpatient
admission, whether chlamydia testing was conducted, and
other concurrent diagnoses (described above). This process
is repeated multiple times until the optimal tree is built.

At each branch, data are optimally split to maximize the
differentiation of observations based on the dependent var-
iable; in this case, the dependent variable was a confirmed
clinical PID diagnosis (yes/no) from medical record review.

The PID case-finding algorithm developed using GH
data was then applied to the KPCO data. Algorithm per-
formance was assessed by comparing the PID case status
predicted by the algorithm to the PID case status determined
by medical record review in each sample dataset (GH and
KPCO). Summary statistics evaluating the performance of
the algorithm were calculated in the sample population of
women with ICD-9 codes related to PID; the medical record
review results were assumed to be the truth. Sensitivity was
defined as the proportion of PID cases correctly classified by
ICD-9 code and confirmed by medical record review as PID
cases that were identified as PID by the algorithm. Specificity
was the proportion of PID cases identified by ICD-9 code
but determined to not be PID that were correctly classified as
not PID by the algorithm. Negative predictive value (NPV)
was calculated as the proportion of potential cases classified
by the algorithm as not PID that were identified by ICD-
9 code and found not to be PID by medical record review.
Positive predictive value (PPV) was defined as the proportion
of algorithm-classified PID cases that were confirmed to
be PID by medical record review. The PPV of selecting
PID cases using ICD-9 codes alone was also calculated. The
overall misclassification proportion was calculated as the
proportion of potential PID cases incorrectly classified by
the algorithm when compared to the medical record review
findings. The 95% confidence intervals (CIs) based on the
binomial distribution were calculated for all performance
measures.

Analyses were conducted using SAS version 9.1.2 (SAS
Institute Inc., Cary, NC), R (R Foundation for Statistical
Computing, Vienna, Austria), and OpenEpi [20, 21]. The
CART analysis was performed using “rpart” in the R package.

3. Results

Among the sample of 393 potential PID cases identified at
GH using ICD-9 codes alone, 275 (70.0%) were confirmed to
be clinical PID based on medical record review; 74 (18.8%)
were not PID; 6 (1.5%) were of uncertain case status; 38
(9.7%) had no information available regarding the visit
where the PID ICD-9 code was recorded (Table 2). Of the
sample of 500 potential KPCO PID cases, 349 (69.8%) were
confirmed to be PID, 92 (18.4%) were not PID, 5 (1.0%) were
uncertain, and 54 (10.8%) had no information available on
the visit.
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Age at diagnosis

Received PID treatment

No

PID

N = 278
89.6% (N = 249) correctly classified

as PID by algorithm

Not PID
N = 44

77.3% (N = 34)

correctly classified as

not PID by algorithm

PID
N = 27

59.3% (N = 16)

correctly classified as

PID by algorithm

Yes

26–44
years years

349∗ potential PID cases

15–25

Figure 1: Case-finding algorithm developed using automated administrative data from Group Health Cooperative to refine identification
of PID among a sample of women with ICD-9 codes suggestive of PID. PID: pelvic inflammatory disease. ∗Of 393 potential PID cases with
ICD-9 codes associated with PID, 44 were not included due to uncertainty of PID case status after medical record review.

Of the 14 ICD-9 codes used to identify potential PID
cases from GH, 614.9 was the most common, associated with
64.1% of the 393 potential cases (Table 1). The majority of
visits where a potential PID case was identified had only one
ICD-9 selected (92.4%), 5.9% had two codes, and 1.8% had
three or more. In GH, 68.0% of the 275 confirmed PID cases
had an ICD-9 code of 614.9. Of the 500 potential PID cases at
KPCO, 50.4% were coded with the 614.9 ICD-9 code; 48.4%
of the 441 confirmed PID cases had the 614.9 code recorded.

When using ICD-9 codes alone to identify PID cases at
GH, the PPV was 78.8% (95% CI: 74.1–83.0%). The results
were similar for KPCO, where the PPV for using ICD-9 codes
was 79.1% (95% CI: 75.0–82.8).

The PID case-finding algorithm is shown in Figure 1. Of
the 393 potential PID cases at GH, the 44 with uncertain
case status or no information available were excluded.
Thus, 349 potential PID cases were used to develop the
algorithm. Two predictors of clinical PID were identified
by the algorithm. The strongest predictor identified was the
presence of treatment appropriate for PID. The algorithm
classified 278 potential cases with documented treatment
in administrative data as PID cases, of which 249 (89.6%)
were confirmed as clinically diagnosed PID. Among those
women with no PID treatment recorded, younger age was
found to be the most important predictor. Specifically, young
women between 15–25 years of age who had not received
PID treatment were classified by the algorithm as PID cases.
Among 27 such women, 16 (59.3%) were confirmed PID
cases. Among 44 women who had no PID treatment and were
aged 26–44 years, 34 (77.3%) were correctly classified by the

algorithm as not having PID. No specific ICD-9 code was a
stronger predictor than PID treatment and age.

The summary statistics of the algorithm performance
using GH and KPCO sample data are shown in Table 3. At
GH, algorithm sensitivity was 96.4% (95% CI: 93.4–98.2%),
specificity was 45.9% (95% CI: 34.3–57.9%), NPV was 77.3%
(95% CI: 62.2–88.5%), and PPV was 86.9% (95% CI: 82.9–
90.5%). Using the algorithm, 14.3% of potential PID cases in
the sample population of women with ICD-9 codes related
to PID were misclassified. When applied to the validation
dataset from KPCO, algorithm sensitivity was 90.3% (95%
CI: 86.7%–93.2%), specificity was 37.0% (95% CI: 27.1%–
47.7%), NPV was 50.0% (95% CI: 37.6%–62.4%), and PPV
was 84.5% (95% CI: 80.4–88.0); 20.9% of the potential cases
were misclassified.

The distribution of the two predictors included in the
algorithm was similar for PID treatment between GH and
KPCO potential PID cases, but different for age at PID
diagnosis. In GH, 90.6% (249/275) of confirmed PID cases
had documented treatment appropriate for PID, compared
to 39.2% (29/74) of cases found not to be PID. Likewise,
in KPCO, 84.0% (293/349) of confirmed PID cases had
documented appropriate antimicrobial treatment, compared
to 38.0% (35/92) of non-PID cases. When examining age
at diagnosis in GH, 49.1% (135/275) of confirmed PID
cases were <26 years, compared to 28.4% (21/74) of cases
confirmed by medical record review to not be PID. However,
in KPCO women aged <26 years accounted for 38.1%
(133/349) of confirmed PID cases and 41.3% (38/92) of cases
that were not PID.
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Table 3: Performance statistics for PID case identification using an algorithm applied to sample administrative data from women with an
ICD-9 code∗ related to PID.

(a) Accuracy of PID case-finding algorithm: GH development dataset.

New algorithm classification
Total

Not PID PID

Chart-confirmed
Diagnosis

Not PID 34 40 74

PID 10 265 275

Total 44 305 349

(b) Accuracy of PID case-finding algorithm: KPCO validation dataset.

New algorithm classification
Total

Not PID PID

Chart-confirmed
Diagnosis

Not PID 34 58 92

PID 34 315 349

Total 68 373 441

(c)

Performance Statistics (95% CI) GH development dataset KPCO validation dataset

PID case identification using
ICD-9 codes∗ alone

PPV 78.8% (74.1–83.0%) 79.1% (75.0–82.8%)

PID case identification using
algorithm

Sensitivity 96.4% (93.4–98.2%) 90.3% (86.7–93.2%)

Specificity 45.9% (34.3–57.9%) 37.0% (27.1–47.7%)

PPV 86.9% (82.6–90.5%) 84.5% (80.4–88.0%)

NPV 77.3% (62.2–88.5%) 50.0% (37.6–62.4%)

Proportion of potential cases
misclassified

14.3% (10.8–18.5%) 20.9% (17.2–25.0%)

∗
ICD-9 codes shown in Table 1. Only potential cases with complete chart-review information are included.

GH: Group Health, KPCO: Kaiser Permanente Colorado, PID: pelvic inflammatory disease, CI: confidence interval, PPV: positive predictive value, NPV:
negative predictive value.

4. Discussion

One of the primary goals in STD prevention is to reduce the
burden of STD-associated infertility. Monitoring trends in
PID, an intermediate adverse outcome between STD acqui-
sition and the development of infertility, may help identify
progress in STD prevention. However, surveillance of PID,
which often relies on case identification from administrative
data sources, has been historically difficult.

To identify clinical diagnoses of PID from medical
records data for surveillance and research purposes, admin-
istrators and researchers have traditionally relied solely on
ICD-9 diagnostic codes. In this study, using a standard set
of ICD-9 codes to identify potential PID cases, a simple
approach, the PPV relative to medical record review, was
fairly high, about 79% at both sites. However, use of ICD-
9 codes has limitations, including a lack of specificity [14],
nonstandard application (especially when multiple codes
may be used to designate a condition), and varying usage
across individuals and healthcare sites in selecting which
ICD-9 codes to use.

The algorithm developed in this analysis incorporated
additional automated data elements as a practical alternative
to medical record review to improve PID case finding
among the subset of women with PID-related ICD-9 codes.
Algorithm sensitivity (GH = 96.4%; KPCO = 90.3%) and
PPV (GH = 86.9%; KPCO = 84.5%) were high at both sites,
but higher at the site where the algorithm was developed
(GH). However, specificity and NPV were low at both sites,
although, again, performance was better at the algorithm
development site. In GH, the proportion of potential PID
cases misclassified by the algorithm was 14.3%; at KPCO, the
proportion of cases that were misclassified using algorithm
was 20.9%. Thus, the algorithm developed using GH data did
not appear to perform as well in this second site. However,
when using ICD-9 codes alone to identify potential PID
cases, the PPV was 79%; the PPV increased to 85% in KPCO
and 87% in GH when the algorithm was applied. Given
the challenges in case identification and PID surveillance,
small improvements such as the availability of a case-finding
algorithm offer opportunities to move beyond the practice
of identifying PID cases based only on ICD-9 codes. As this
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study indicates, the extent of such value may be specific to
the population under evaluation.

Currently, due to widespread data limitations, public
health professionals must rely primarily on ecologic com-
parisons of STD incidence trends, PID diagnosis trends, and
concurrent sexually transmitted disease (STD) prevention
activities to evaluate programmatic impact. As data sys-
tems improve, ascertainment of STD-specific PID diagnoses
may be possible with better automated linkages between
laboratory data, clinical data, and inclusion of additional
administrative data. The expanded use of electronic medical
records will likely offer opportunities to further enhance
surveillance of STD-associated PID. The identification of
possible methods to improve PID case finding will be a
contributing factor.

This analysis has several limitations. Due to budget and
time constraints, only a limited number of medical record
abstractions were possible and thus, the algorithm developed
may not be robust. A larger sample may have resulted in
a different algorithm. A random sample of potential PID
cases based on ICD-9 diagnostic codes was selected in both
sites, and the data used to develop and validate the algorithm
should be generally representative of the entire population
of potential PID cases with an associated ICD-9 code in GH
and KPCO during the study period. In this analysis, potential
PID cases were identified using ICD-9 codes; ICD-9 codes
may not be applied consistently across healthcare settings.
No information on the population with PID not identified
by ICD-9 codes (false negatives) was available; therefore,
the sensitivity, specificity, and negative predictive value of
using ICD-9 codes alone to identify clinically diagnosed
PID cases could not be determined. Lastly, the algorithm
performance statistics did not include women whose clin-
ical PID status was missing or unable to be determined;
fortunately, this finding occurred in a fairly low proportion
of potential cases. While the algorithm would classify these
cases as PID or not, the performance of the algorithm
could not be assessed without medical record review
information.

Strengths of this analysis include an evaluation of the
group of ICD-9 codes currently in use to identify PID in
administrative data. This study is one of the first to examine
how these codes perform relative to clinical PID case detec-
tion as defined by medical record review. The utilization of
CART methodology represents another strength. This strat-
egy allowed for a comprehensive evaluation of additional
available automated predictors of clinically diagnosed PID
cases and all possible value splits of those predictors without
the necessity of making assumptions about underlying var-
iable distributions (a nonparametric approach). Interpreta-
tion of the CART findings is straightforward and was eas-
ily applied to another external setting (KPCO) after initial
algorithm development to allow for an assessment of algo-
rithm robustness.

5. Conclusions

Monitoring PID is important in assessing STD prevention
and control efforts, particularly prevention of chlamydia and

gonorrhea. The approaches utilized in this analysis may help
improve PID surveillance efforts. While the challenge of
diagnosing PID remains, results in the two study settings
show that the PPV of using ICD-9 codes alone to predict a
clinical PID diagnosis was quite high. At GH, the PID case-
finding algorithm also offers a practical alternative to further
refine PID case identification among the group of women
with ICD-9 codes suggestive of PID. Further exploration
of case-findings predictors in a larger sample may result
in a more robust and generalizable algorithm. Research on
additional novel approaches to identify clinical PID cases
from administrative data should continue.
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Chlamydia trachomatis polymorphic membrane proteins (Pmps) may increase genital tract inflammation and play a role in
virulence. Antibody levels for PmpA, PmpD, and PmpI, measured in densitometric units, were assessed among a pilot sample
of 40 C. trachomatis-infected women with mild-to-moderate clinical PID. Women who expressed antibodies to PmpA were less
likely to achieve pregnancy (40.0% versus 85.7%; P = 0.042) and less likely to have a live birth (0.0% versus 80.0%; P = 0.005)
compared to women who did not express antibody to PmpA. Women who expressed antibodies to PmpI were more likely to have
upper genital tract infection (61.5% versus 20.0%; P = 0.026). However, seropositivity to PmpI and PmpD did not modify the
risk of reproductive sequelae or inflammation. Seropositivity to chlamydial PmpA may represent a biomarker of increased risk of
sequelae secondary to infection with C. trachomatis.

1. Introduction

Chlamydia trachomatis is the most common bacterial sexu-
ally transmitted infection in the United States [1]. In women,
C. trachomatis can ascend from the endocervix to the upper
genital tract and cause pelvic inflammatory disease (PID)
and serious reproductive morbidity including infertility
and ectopic pregnancy [2]. However, rates of progression
vary and 80% or more of women with chlamydia do not
develop PID [1]. Some women clear chlamydial infection
without tissue damage, while in some cases C. trachomatis
induces a chronic low-grade infection [3]. This may lead
to persistent inflammation of the upper genital tract caus-
ing long-term reproductive sequelae. The pathogenesis of
C. trachomatis disease is not well-understood, and pathogen-
specific virulence factors that may contribute to variability in
the course and outcome of infection have not been identified.

Nine surface-exposed C. trachomatis polymorphic mem-
brane proteins (Pmps) are encoded via a multigene family
yielding PmpA to PmpI [4]. Pmps represent 13.6% of the
coding capacity of the C. trachomatis genome [4], suggesting
they have a critical role in biology and virulence [5, 6].
However, the role of Pmps in chlamydial virulence is not well
understood. PmpD is a species-common, pan-neutralizing
antigen hypothesized to hold potential as a vaccine candidate
[6]. Thus, the development of high titers of antibody to
PmpD might protect from infection or disease. On the other
hand, Chlamydia pneumoniae Pmps have been shown to
induce proinflammatory mediators in infected host cells,
demonstrating the potential for these proteins to play a direct
role in pathogenesis [7, 8]. All nine Pmps are expressed on
the surface of chlamydial elementary bodies (EB) and C.
trachomatis-infected patients can produce antibodies to each
Pmp subtype [9]. However, antibody profiles vary among
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C. trachomatis-infected patients [5]. In addition, compara-
tive genomics has revealed genetic variation and rearrange-
ments among pmp gene families in different strains and
isolates [5, 9]. This suggests that immune pressure leads
to antigenic variation in these surface-exposed proteins [5,
9], a further indication that these proteins have a role in
chlamydial virulence.

Pmps may be involved in virulence, but very little is
known about their role in the development of PID and
adverse reproductive sequelae. Tan et al. examined variation
in Pmp-specific antibody responses in four distinct patient
populations, demonstrating that women with PID had
significantly higher reactivity to PmpB and PmpI compared
to adolescent females with lower genital tract infection [5].
These data may reflect a role for these specific Pmps in
inflammation, or simply that women with PID had sustained
increased exposure due to repeated or chronic infection.

In a separate study, Tan et al. found that Pmps exhibit
on/off switching in vitro which enables independent expres-
sion of each Pmp [9]. PmpA, PmpD, and PmpI had very
low “off” frequencies of 0.5–1%, suggesting that expression
of these Pmps provides an in vitro phenotypic advantage
[9]. This may or may not translate into enhanced in vivo
virulence. The high “on” frequencies of PmpD and PmpI
correlate with the fact that anti-PmpD and -PmpI antibodies
are commonly detected in C. trachomatis-infected patients.
However, despite the high “on” frequency of PmpA, anti-
PmpA antibodies are relatively rare. Further research from
this group found that Pmp transcriptional units are dif-
ferentially expressed during chlamydial development [10].
In addition, Pmp expression was altered under penicillin-
induced stress, except for the expression of PmpA, PmpD,
and PmpI, which remained steady [10]. Taken together, these
data suggest an importance for PmpA, PmpD, and PmpI in
chlamydial pathogenesis. However, the role of these Pmps
in chlamydial PID has never been examined in humans.
In order to examine the role of PmpA, PmpD, and PmpI
in chlamydial pathogenesis, we conducted a pilot study to
determine if antibody responses specific for these Pmps were
associated with parameters of inflammation or sequelae in a
group of women with documented C. trachomatis PID.

2. Methods

This study utilized data from the PID evaluation and clinical
health (PEACH) study. This was the first randomized clinical
trial to compare inpatient and outpatient treatment in
preventing long-term complications among 831 women with
mild-to-moderate PID. The methods of subject recruitment,
data collection, and followup have been reported elsewhere
[11]. Briefly, between March 1996 and February 1999,
women aged 14–37 years were recruited from emergency
departments, obstetrics and gynecology clinics, sexually
transmitted disease clinics, and private practices at 7 primary
and 6 secondary sites throughout the eastern, southern, and
central regions of the United States. Women who had sus-
pected PID and gave informed consent were eligible for the
PEACH study. Women were enrolled on the basis of clinically
generalizable criteria for suspected PID. Eligibility included

a history of pelvic discomfort for less than 30 days, findings
of pelvic organ tenderness (uterine or adnexal) on bimanual
examination, and leukorrhea and/or mucopurulent cervicitis
and/or untreated but documented gonococcal or chlamydial
cervicitis. The University of Pittsburgh Institutional Review
Board approved the study.

A total of 2941 women were screened for study entry, of
those 346 (11.8%) did not meet the clinical inclusion criteria
for randomization. Women were additionally excluded if
they were pregnant (n=141, 4.8%); had taken antimicrobials
within the past 7 days (n= 248, 8.4%); had a history of hys-
terectomy or bilateral salpingectomy (n = 248, 8.4%); had an
abortion, delivery, or gynecologic surgery within the past 14
days (n=51, 1.7%); had a suspected tubo-ovarian abscess or
other condition requiring surgery (n = 191, 6.5%); had an
allergy to the study medications (n=163, 5.5%); were home-
less (n = 29, 1%); or had vomiting after a trial of antiemetic
treatment (n = 11, 0.4%). A total of 831 were enrolled and
were contacted at least once after randomization. Our
analysis included a pilot sample of 40 C. trachomatis-positive
women, whose serum samples were previously analyzed for
Pmp antibodies [5]. All sera were collected at baseline.

Women were randomized to either inpatient treatment
of intravenous cefoxitin every 6 hours and doxycycline orally
twice a day for 14 days; or outpatient treatment consisting
of a single intramuscular injection of cefoxitin and oral
doxycycline twice a day for 14 days. Because the treatment
modality was not associated with reproductive morbidities in
the PEACH study [12], we do not include them as a covariate
in this analysis. Participants were followed-up with in-person
visits at 5 and 30 days after treatment. At the 30-day followup,
the gynecological exam was repeated. Telephone followups
were conducted by the study nurses every 3 months during
the first year after enrollment and then every 4 months until
June 2004. At that point, information was obtained by self-
report for 69.1% of the cohort, with a mean followup of 84
months.

A pelvic examination and interview were conducted at
the baseline visit. The interview collected information on
reason for visit, brief pain history, demographics, history
of PID/sexually transmitted diseases, sexual and contra-
ceptive history, reproductive decisions, douching history,
pregnancy history, medical and gynecological history, and
lifestyle habits. Followup interviews collected self-reported
information on pelvic pain, pregnancy and births, signs and
symptoms of PID, STDs, contraceptive use, pattern of sexual
intercourse, and health care utilization.

Gynecological examinations were performed at baseline
and 5 and 30 days after treatment. Endometrial biopsy
and cervical swab specimens were obtained for histolog-
ical examination including chlamydial polymerase chain
reaction (PCR) and gonococcal culture. All cultures and
PCR were performed at a central reference laboratory.
For the patients with endometrial biopsies, two reference
pathologists separately evaluated at least one section stained
with hematoxylin and eosin and at least one stained with
methyl green pyronin. A disagreement about the presence
or absence of neutrophils and plasma cells was settled by
both pathologists reading the slides together and coming
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to an agreement. Histological endometritis was based on
a modification of the criteria proposed by Kiviat et al.
[13]. Endometritis was defined as the presence of at least
five neutrophils in the endometrial surface epithelium in
the absence of menstrual endometrium and/or at least two
plasma cells in the endometrial stroma. This definition has
been found to be the best predictor of upper genital tract
infection plus salpingitis, with a sensitivity of 92% and
specificity of 87% [13].

Reproductive outcomes were assessed over a mean of
84 months. Measures of fertility included infertility, live
birth, and pregnancy. Other reproductive outcomes included
recurrent PID and chronic pelvic pain. Infertility was
determined among women reporting no birth control or
methods considered being unreliable, including withdrawal,
rhythm method, vasectomy, or using the following methods
rarely or occasionally:diaphragm, condoms, spermicidal
foam/cream/jelly/suppositories, or cervical cap. Infertility
was defined by lack of conception despite unprotected inter-
course during 12 or more months of followup. Self-reported
pregnancy was determined by a positive urine/blood test or
physician’s diagnosis among all women in the cohort. Live
birth was determined among all women in the cohort by
self-report during followup. Recurrent PID was self-reported
and verified whenever medical records were available (45%
of cohort). Women were considered to have recurrent PID
if they experienced a subsequent episode of PID more than
30 days after the index illness. Chronic pelvic pain was
defined by two or more consecutive reports of pelvic pain
during telephone followup interviews administered through
32 months [14]. This translates to approximately 6 months or
greater duration of pain [14]. Data from at least 2 followup
visits were required to determine chronic pelvic pain.

Pmp antibody levels were previously measured among a
subset of 40 C. trachomatis-positive women who had stored
serum samples available. Pmp antibody levels were measured
in densitometric units. These methods have been described
elsewhere [5]. Briefly, purified EBs or partially purified rPmp
polypeptides (rPmpD-FL and rPmpI-N) were subjected to
sodium dodecylsulfate-polyacrylamide gel electrophoresis
(SDS-PAGE). Amounts of rPmps were standardized by
immunoblot analysis with anti-His tag antibody (1 : 1,500;
GE Healthcare). Blots were visualized using Molecular
Dynamics Typhoon 9400 imager (Amersham Biosciences,
NJ). Antibody reactivity against the highest molecular-mass
band in each lane was analyzed using Image Quant 5.2 image
analysis software (Molecular Dynamics Sunnyvale, Calif).
Serum response against each rPmp was quantified by the
volume of the band. Data were normalized against His-tag-
specific antibody reactivity.

Since PmpA, PmpD, and PmpI are uniquely expressed
and may play a role in chlamydial pathogenesis [9, 10], we
chose to only include these Pmps in our analyses. Our objec-
tive was to determine if markers of inflammation or sequelae
differed between women who displayed antibody reactivity
to PmpA, PmpD, or PmpI and those who did not. Both
continuous and binary variables were used. Differences in
baseline characteristics were compared between groups using
Chi-square or Fisher’s exact tests and t-test for the normally

distributed continuous variables. Chi-square or Fisher’s exact
tests were also used to compare differences in the frequency
of inflammatory markers (elevated white blood cell count
(WBC), temperature, elevated C-reactive protein (CRP),
bilateral adnexal tenderness, cervicitis, endometritis, upper
genital tract infection (UGTI), erythrocyte sedimentation
rate (ESR)), and reproductive outcomes (infertility, preg-
nancy, live birth, chronic pelvic pain, and recurrent PID)
between groups. We also examined these relationships using
a continuous variable for Pmp antibody response. As the
distributions of PmpA, PmpD, and PmpI were skewed,
nonparametric tests were used.

We also sought to determine if high levels of Pmp anti-
body expression were associated with inflammation or
sequelae. After running sensitivity analyses, antibody reac-
tivity groups for PmpD and PmpI were defined using median
cut-points (high reactivity: PmpD ≥ 0.41; PmpI ≥ 0.89 and
low reactivity: PmpD < 0.41; PmpI < 0.89). Due to the small
number of women who expressed antibodies to PmpA, we
were unable to examine levels of antibody expression (n = 5).
Logistic regression was used to calculate odds ratios (OR)
and 95% confidence intervals (CI). Cox regression was used
to calculate hazard ratios and 95% CI for time-to-pregnancy
and time-to-recurrent PID. Models were adjusted for age
and race. Additionally, time to pregnancy was adjusted for
history of infertility, which was self-reported at baseline. If
any model had less than 5 in any cell, it was excluded from
regression analysis. All analyses were completed using SAS
V9.2 (Cary, NC).

3. Results

Overall, women in this cohort tended to be less than 25
years of age (85.0%), African American (77.5%), single
(86.8%), and having at least a high school education (60.0%).
At baseline, the majority of women reported abnormal
vaginal discharge (62.5%), had bilateral adnexal tenderness
(80.0%) and mucopurulent cervicitis (65.7%), and had
chlamydia isolated from the cervix only (58.3%). Women
who expressed antibody to PmpI were more likely to smoke
compared to women who did not express PmpI antibody
(56.7% versus 20.0%; P = 0.0411) (Table 1). There were
no other significant differences in important baseline charac-
teristics between women who expressed antibody to PmpA,
PmpD, or PmpI and women who did not.

Results show that compared to women who did not
express antibody to PmpA, rates of elevated WBC (40.0%
versus 23.5%), increased CRP (66.7% versus 46.2%),
increased ESR (40.0% versus 31.4%), endometritis (100%
versus 60.7%), and UGTI (75.0% versus 46.8%) were
higher among women who expressed antibody to PmpA
(Table 2). However, these differences did not reach statistical
significance. Similarly, there were no significant differences in
the frequency of infertility, recurrent PID, or chronic pelvic
pain between groups. However, only 40% of women with
antibody reactivity to PmpA achieved pregnancy compared
to 85.7% of women who did not express antibody reactivity
to PmpA (P = 0.042). In addition, none of the women
with antibody reactivity to PmpA had a live birth, while
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Table 1: Baseline characteristics of women by Pmp antibody expression.

Characteristics
PmpA PmpD PmpI

No
n = 35

Yes
n = 5

P value
No

n = 10
Yes

n = 30
P value

No
n = 10

Yes
n = 30

P value

Demographics

Age

<25 years 30 (85.7) 4 (80.0) 0.7378 8 (80.0) 26 (86.7) 0.3213 8 (80.0) 26 (86.7) 0.3213

Race/ethnicity African American 27 (77.1) 4 (80.0) 0.8862 8 (80.0) 26 (76.7) 0.3350 8 (80.0) 23 (76.7) 0.3350

Married 4 (12.1) 1 (20.0) 0.6272 1 (10.0) 4 (14.3) 0.4079 1 (10.0) 4 (14.3) 0.4079

Uninsured 11 (33.3) 3 (60.0) 0.0876 6 (60.0) 18 (64.3) 0.2850 6 (60.0) 18 (64.3) 0.2850

Education less than high school 14 (40.0) 2 (40.0) 1.000 2 (20.0) 14 (87.5) 0.1091 2 (20.0) 14 (46.7) 0.1091

Clinical

Neisseria gonorrhoeae 8 (25.8) 2 (50.0) 0.3134 3 (37.5) 7 (25.9) 0.2709 2 (22.2) 8(30.8) 0.3064

Mycoplasma genitalium 3 (12.5) 1 (25.0) 0.3954 1 (25.0) 3 (12.5) 0.3954 1 (16.7) 3 (13.6) 0.4513

Bacterial vaginosis 21 (67.7) 1 (20.0) 0.0584 5 (55.6) 17 (62.9) 0.2800 5 (55.6) 17 (63.0) 0.2800

History of PID 10 (28.6) 1 (20.0) 0.3970 4 (40.0) 7 (23.3) 0.1849 3 (30.0) 8 (26.7) 0.3038

History of chlamydia 15 (45.5) 3 (60.0) 0.3089 4 (44.4) 14 (48.3) 0.7183 5 (55.6) 13 (44.8) 0.4272
aPelvic pain (mean score ± SD) 65 ± 22 75 ± 15 0.3605 69 ± 14 66 ± 23 0.7387 65 ± 16 67 ± 17 0.7810
bDays of pain(mean score ± SD) 8 ± 7 5 ± 2 0.3238 6 ± 6 9 ± 7 0.3637 7 ± 7 8 ± 7 0.7569

Behavior

Current smoker 15 (42.9) 4 (80.0) 0.1237 4 (40.0) 5 (50.0) 0.2481 2 (20.0) 17 (56.7) 0.0411

Drug use 12 (34.3) 2 (40.0) 0.3596 4 (40.0) 10 (33.3) 0.2719 4 (40.0) 10 (33.3) 0.2719
a
( mean of current pelvic pain score, average pelvic pain score and worst pelvic pain score)× 10; bSelf-reported time to treatment following onset of symptoms.

80% of women without antibody reactivity to PmpA had
a live birth (P = 0.005). When examined as a continuous
variable the results did not differ. Expression of anti-PmpA
antibody was significantly increased in women who did not
achieve pregnancy (P = 0.0192) or did not achieve a live
birth (P = 0.0043).

There were no significant differences in inflammatory
markers or reproductive sequelae between women who
displayed antibody reactivity to PmpD and women who did
not (Table 3). Results did not change when an antibody
response to PmpD was considered as a continuous variable.
Results were similar for PmpI (Table 4). However, women
expressing antibody to PmpI were more likely to have
UGTI compared to women who did not express antibody
to PmpI (61.5% versus 20.0%; P = 0.026). Women who
expressed antibody to PmpI were slightly more likely to
have endometritis (72.7% versus 50.0%) although this did
not reach statistical significance (P = 0.2096). When PmpI
antibody response was examined as a continuous variable,
the mean expression did not significantly differ between
those with UGTI and those without UGTI (P = 0.276).

When levels of antibody expression for PmpD and PmpI
were examined, there were no significant differences in the
frequency of inflammatory markers or reproductive sequelae
between high and low antibody reactivity groups. Although
nonsignificant, women with high PmpD reactivity were
slightly more likely to have an elevated WBC count (33.3%
versus 16.7%), elevated ESR (42.9% versus 21.1%), elevated
CRP (62.5% versus 37.5%), mucopurulent cervicitis (77.8%

versus 52.9%), and endometritis (75.0% versus 56.3%)
compared to women with low PmpD reactivity. Women
with high PmpI reactivity were slightly more likely to
have elevated CRP (55.6% versus 42.9%), bilateral adnexal
tenderness (85.0% versus 75.0%), mucopurulent cervicitis
(72.2% versus 58.8%), endometritis (71.4% versus 61.1%),
and UGTI (58.8% versus 42.1%) compared to women with
low PmpI reactivity although this did not reach statistical
significance. Logistic regression also revealed no significant
associations.

Similarly, a nonsignificant decrease in pregnancy rates
(adjusted hazard ratio (AHR) 0.7, 95% CI 0.3–1.6) and
increase in recurrent PID were observed for women with
high PmpD antibody reactivity (AHR 1.3, 95% CI 0.2–8.3)
(Table 5). In contrast, high PmpI antibody reactivity had
minimal effects on sequelae. However, after adjustments,
women with high PmpI antibody reactivity showed a
nonsignificant trend towards decreased live births (AOR 0.6,
95% CI 0.1–4.0).

4. Discussion

Among women with mild-to-moderate chlamydial PID,
those who expressed antibody to PmpA were less likely
to achieve pregnancy and less likely to report a live birth.
The overall effects of seropositivity for PmpD and PmpI
on inflammation and reproductive sequelae were minimal.
However, women who expressed PmpI antibody were more
likely to have UGTI. Trends towards elevated baseline genital
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Table 2: Frequency of baseline inflammatory markers and reproductive sequelae by PmpA antibody expression.

Inflammation and sequelae
PmpA

No
n = 35

Yes
n = 5

P value

Inflammation
aElevated temperature (>100.4◦F) 0 (0.0) 1 (25.0) 0.1111
aElevated WBC count (>10,000 mm3) 8 (23.5) 2 (40.0) 0.2856

Erythrocyte sedimentation rate (>15 mm/hr) 11 (31.4) 2 (40.0) 0.7019
aC-reactive protein (>5 mg/dL) 6 (46.2) 2 (66.7) 0.5218

Bilateral adnexal tenderness 28 (80.0) 4 (80.0) 1.000
aMucopurulent cervicitis 20 (66.7) 3 (60.0) 0.7712

Upper genital tract infection 15 (46.7) 3 (75.0) 0.2494
aEndometritis 17 (60.7) 4 (100.0) 0.1664

Reproductive sequelae

Infertility 5 (14.3) 0 (0.0) 0.3663
bLive birth 20 (80.0) 0 (0.0) 0.0053

Pregnancy 30 (85.7) 1 (40.0) 0.0422
bChronic pelvic pain 13 (38.2) 0 (0.0) 0.1142
bRecurrent PID 6 (17.7) 0 (0.0) 0.4122

a
WBC data was available for 39 patients, CRP data was available for 16 patients, mucopurulent cervicitis data was available for 35 patients, UGTI data was

available for 36 patients, and endometritis data was available for 32 patients; blive birth data was available for 29 patients; chronic pelvic pain and recurrent
PID data were available for 39 patients.

Table 3: Frequency of baseline inflammatory markers and reproductive sequelae by PmpD antibody expression.

Inflammation and sequelae
PmpD

No
n = 10

Yes
n = 30

P value

Inflammation
aElevated temperature (>100.4◦F) 0 (0.0) 1 (3.7) 0.7500
aElevated WBC count (>10,000 mm3) 2 (20.0) 8 (27.6) 0.3038

Erythrocyte sedimentation rate (>15 mm/hr) 3 (30.0) 10 (33.3) 0.2996
aC-reactive protein (>5 mg/dL) 2 (40.0) 6 (54.6) 0.3590

Bilateral adnexal tenderness 7 (70.0) 25 (83.3) 0.2224
aMucopurulent cervicitis 4 (50.0) 19 (70.4) 0.1862

Upper genital tract infection 4 (50.0) 17 (70.8) 0.1878
aEndometritis 3 (33.3) 15 (55.6) 0.1609

Reproductive sequelae

Infertility 1 (10.0) 4 (13.3) 0.4165
bLive birth 7 (77.8) 13 (65.0) 0.2787

Pregnancy 8 (80.0) 24 (80.0) 1.000
bChronic pelvic pain 4 (44.4) 9 (30.0) 0.2219
bRecurrent PID 2 (22.2) 4 (13.3) 0.3024

a
WBC data was available for 39 patients, CRP data was available for 16 patients, mucopurulent cervicitis data was available for 35 patients, UGTI data was

available for 36 patients, and endometritis data was available for 32 patients; b live birth data was available for 29 patients; chronic pelvic pain and recurrent
PID data were available for 39 patients.

tract and systemic inflammation, increased reproductive
morbidity, and decreased pregnancy rates were observed
among women with high PmpD antibody reactivity. Simi-
larly, women with high PmpI antibody reactivity displayed
trends towards elevated baseline inflammation. However,
these results were nonsignificant.

The progression to PID following lower genital
C. trachomatis infection varies. Among high-risk groups,
2–4.5% of women with untreated chlamydial infection
will develop PID within 2 weeks, and 19% with treated
chlamydial infection will develop PID within 3 years
[1, 15–18]. Chlamydial virulence proteins may explain
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Table 4: Frequency of baseline inflammatory markers and reproductive sequelae by PmpI antibody expression.

Inflammation and sequelae
PmpI

No
n = 10

Yes
n = 30

P value

Inflammation
aElevated temperature (>100.4◦F) 0 (0.0) 1 (3.7) 0.7500
aElevated WBC count (>10,000 mm3) 2 (20.0) 8 (27.6) 0.3038

Erythrocyte sedimentation rate (>15 mm/hr) 3 (30.0) 10 (33.3) 0.2996
aC-reactive protein (>5 mg/dL) 2 (66.7) 6 (46.2) 0.4000

Bilateral adnexal tenderness 6 (60.0) 26 (86.7) 0.0748
aMucopurulent cervicitis 5 (62.5) 18 (66.7) 0.3145

Upper genital tract infection 2 (20.0) 16 (61.5) 0.0263
aEndometritis 5 (50.0) 16 (72.7) 0.1457

Reproductive sequelae

Infertility 1 (10.0) 4 (13.3) 0.4165
bLive birth 6 (75.0) 14 (66.7) 0.3251

Pregnancy 8 (80.0) 24 (80.0) 1.000
bChronic pelvic pain 2 (20.0) 11 (37.9) 0.2996
bRecurrent PID 3 (30.0) 3 (10.3) 0.1344

a
WBC data was available for 39 patients, CRP data was available for 16 patients, mucopurulent cervicitis data was available for 35 patients, UGTI data was

available for 36 patients, and endometritis data was available for 32 patients; b live birth data was available for 29 patients; chronic pelvic pain and recurrent
PID data were available for 39 patients.

Table 5: Effect of Pmp antibody reactivity on time-to-pregnancy and time-to-recurrent PID.

Subgroup
Pregnancy Recurrent PID

Crude HR (95% CI) aAdjusted HR (95% CI) Crude HR (95% CI) aAdjusted HR (95% CI)
bHigh PmpD (n = 28) 0.7 (0.3–1.3) 0.7 (0.3–1.6) 0.9 (0.2–4.7) 1.3 (0.2–8.3)
cHigh PmpI (n = 23) 1.3 (0.7–2.7) 1.4 (0.7–3.0) 0.6 (0.1–3.0) 0.7 (0.1–5.3)

a
Models were adjusted for age, race, and models predicting infertility, pregnancy, and live birth were additionally adjusted for infertility self-reported at

baseline; bPmpD antibody reactivity is based on a median cut-point; low reactivity <0.41, high reactivity ≥0.41; cPmpI antibody reactivity is based on a
median cut-point; low reactivity <0.89, high reactivity ≥0.89.

differences in PID progression. As PmpA, PmpD, and PmpI
have relatively low “off” frequencies (0.5–1%) [9], they
should be present for antigenic processing and presentation
allowing for antibody induction in the majority of infected
individuals. In fact, PmpD and PmpI antibodies were
frequent in our cohort. However, the prevalence of PmpA-
expressing inclusions in in vitro-grown C. trachomatis does
not correlate with the the low frequency of PmpA antibodies
detected in our cohort of women with clinical PID and in
other populations of C. trachomatis-infected patients [5].
The reason for this discrepancy is not entirely clear. Tan et al.
suggest that Pmp expression in in vitro-grown C. trachomatis
differs from C. trachomatis in the human genital tract [9].
Chlamydiae processing and secretion of Pmp fragments may
also differ, possibly resulting in varied antibody expression.
It is also possible that PmpA may have poor immunogenicity
or that PmpA antibodies were generated at low levels not
recognized by the initial SDS-PAGE analysis. Still, PmpA,
PmpD, and PmpI are the most conserved Pmps of C.
trachomatis, and their expression is unaltered in response to
stress [10]. This may suggest that PmpA, PmpD, and PmpI

are important for chlamydial survival and may play a role in
chlamydial pathogenesis [9, 10].

Not all women with PID go on to develop reproductive
morbidity. Studies have found a link between tubal occlusion
and chlamydial antibodies [1, 19], as well as chlamydial
infection and post-PID infertility [1, 20]. Inflammation
caused by chlamydial infection may play a role in the
development of infertility, through damage to the cilia lining
of the Fallopian tubes, Fallopian tube blockage or closure,
or adhesion formation among pelvic organs [2]. Our data
indicate that women who express PmpA antibody were less
likely to achieve pregnancy and less likely to have a live
birth. Pregnancy and live birth can be used as markers
of fertility. These variables are easier to define compared
to infertility which requires classification of contraception
than can be hampered by changing variables over time,
concurrent use of more than 1 method of contraception,
missing data, and compliance. Therefore, our results may
suggest that PmpA plays a role in upper genital tract
pathology. Although rates of inflammatory markers were
increased among women who express PmpA antibody, no
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statistically significant differences were found between the
groups. These null findings could be a result of our limited
power. Due to the low frequency of PmpA in our cohort, we
were also unable to examine levels of antibody titer.

Data suggest that PmpD acts as an adhesion molecule
and stimulates proinflammatory cytokines through the
nuclear factor-κB pathway [7, 8]. Since PmpD may stim-
ulate host cell inflammatory responses, it is possible that
increased antibody to PmpD reflects increased exposure to
these potentially pathogenic ligands. We did find increased
inflammation and reproductive sequelae among women
with high antibody titers to PmpD. However, these results
were nonsignificant. Overall, expression of PmpD antibody
appeared to have minimal effects on inflammation and
reproductive sequelae in this study. Crane et al. reported that
anti-PmpD antibodies result in neutralization of chlamydial
elementary bodies and reduced infectivity in vitro [6]. In
our in vivo study, we found no evidence for protection from
disease in women with high seropositivity to PmpD. How-
ever, it should be noted that as our study used recombinant
denatured material for the measurement of seroreactivity,
in vivo antibody reactivity to native PmpD present on
chlamydial elementary bodies may not be fully reflected.

Tan et al. found that the PEACH PID population had
significantly higher levels of PmpI antibodies compared to
adolescent females with lower genital tract infection (P <
0.0001) [5]. This could suggest that high titers to PmpI
could be associated with chlamydial progression to the
upper genital tract [10]. We did find that women with
antibody reactivity to PmpI were more likely to have UGTI.
Endometritis was also more frequent in this group although
results were nonsignificant. When we examined PmpI as a
continuous variable, we did not find a significant difference
in PmpI antibody expression between women with UGTI
and women without UGTI. Therefore, this finding may have
been due to chance. Women from the PEACH cohort are
older and have likely been exposed to C. trachomatis more
often than adolescents. Screening studies have found that
older women have less infection but increased chlamydial
antibodies compared to adolescents [3]. Therefore, high
antibody reactivity to Pmps could represent a measure of
cumulative chlamydial exposure, indicating that women with
more infections suffer greater sequelae. In fact, a study
among 443 PEACH participants found that PID recurrence
was higher (HR 2.48, 95% CI 1.00–6.27), and pregnancy
rates were significantly lower (HR 0.47, 95% CI 0.28–
0.79) among women whose antibody titers to chlamydia EB
were in the highest tertile [21]. However, we were unable
to find any significant associations between high antibody
reactivity to PmpI or PmpD and reproductive sequelae.
Further, we found no significant associations with markers
of inflammation.

There could be several reasons for our mostly null
findings. All women in our cohort had clinically suspected
PID. Therefore, we were unable to compare women with
chlamydial PID to women with uncomplicated C. tra-
chomatis infection. Future studies should compare these
groups to determine the role of Pmps in C. trachomatis
progression. In addition, our sample size limited our power

to detect significant associations. We must also consider
other factors that may play a role in chlamydial pathogenesis.
It is possible that host susceptibility may explain why some
women with chlamydia experience sequelae and others do
not. In fact, chlamydia is suggested to be a disease of
immunopathology [3]. Therefore, genetic variations in host
immune receptors may cause unfavorable inflammation and
explain the variability in outcomes. Chlamydial load may
also play a role in the course and outcome of infection.
We did find a borderline association with cervicitis among
women with high PmpD reactivity using logistic regression,
and chlamydial cervicitis has been associated with a higher
chlamydial load [22].

To our knowledge, this is the first study to examine
the role of Pmp antibody response in inflammation and
post-PID sequelae. Data were obtained from a prospective
randomized clinical trial with comprehensive demographic,
clinical, and obstetric measurements. Further, our findings
are generalizable to patients treated for clinically suspected
PID. However, as some patients with clinically suspected
PID might actually have ovarian cysts, pelvic adhesions, or
endometriosis [23], some women in our study may not
have had true upper genital tract infection. We attempted
to minimize some of this misclassification by excluding
women reporting greater than 30 days of pain at the time
of enrollment. We recognize that reproductive outcomes
were based on self-reported data and that misclassification
bias is possible. Our analysis of Pmp seropositivity is
semiquantitative and cannot generate actual titers. However,
it is still sufficient for comparative rough estimates of Pmp-
subtype-specific titers. In addition, antibody expression may
differ depending on the time course of the infection. We
are unable to confirm when women first became infected
with C. trachomatis. All women were recruited when they
presented for care for symptoms. We do know that time to
treatment does differ among women with PID [24]. Time
to treatment did not significantly differ between any of our
groups. Serovars for C. trachomatis were not determined
in the PEACH study. However, PmpA, PmpD, and PmpI
are the most conserved Pmps of C. trachomatis, and it
is possible that their functions are also conserved across
serovars [9, 10]. As this pilot study is limited by power, larger
studies should continue to explore the role of Pmps in the
course and outcome of C. trachomatis infection. Specifically,
the correlation between PmpA antibody reactivity and
reproductive sequelae needs to be confirmed.

Variability in the progression of chlamydial infection may
be due to varied expression of chlamydial Pmps that are
reflected by the serum anti-Pmp antibody response. Our
data suggest that women who express PmpA antibody had
decreased pregnancy rates and decreased live births. Rates of
inflammatory markers were increased among women with
PmpA antibody although these results were nonsignificant.
In contrast, a positive antibody response to PmpD or PmpI
appeared to relate minimally to reproductive sequelae and
inflammation. Results were the same when high antibody
reactivity to both PmpD and PmpI was explored. These
results suggest a possible role for PmpA, but not for PmpD
or PmpI, in upper genital tract pathology.
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Genital infections with Chlamydia trachomatis (C. trachomatis) continue to be a worldwide epidemic. Immune response to
chlamydia is important to both clearance of the disease and disease pathogenesis. Interindividual responses and current chlamydial
control programs will have enormous effects on this disease and its control strategies. Humoral immune response to C. trachomatis
occurs in humans and persistent antibody levels appear to be most directly correlated with more severe and longstanding disease
and with reinfection. There is a close correlation between the presence of antichlamydial antibodies in females and tubal factor
infertility; the closest associations have been found for antibodies against chlamydial heat shock proteins. The latter antibodies have
also been shown to be useful among infertile patients with prior ectopic pregnancy, and their presence has been correlated with
poor IVF outcomes, including early pregnancy loss. We review the existing literature on chlamydial antibody testing in infertile
patients and present an algorithm for such testing in the infertile couple.

1. Introduction

Chlamydia trachomatis (C. trachomatis) infection is one of
the most prevalent sexually transmitted diseases in the world.
There were 409.2 cases per 100,000 population reported
in the United States in 2009 [1]. C. trachomatis is a
common cause of urethritis, epididymitis, prostatitis, cer-
vicitis, pelvic inflammatory disease, ectopic pregnancy, and
tubal factor infertility (TFI). As many as 80% of cases are
asymptomatic, particularly among females. This leads to
continued transmission of the infection to sexual partners
and the opportunity for chronic infection.

Pelvic inflammatory disease (PID), an ascending infec-
tion from the cervix to the peritoneal cavity, is diagnosed
in more than 800,000 women annually in the United States
[2]. The most widely accepted microbial etiologies of PID
are Neisseria gonorrhoeae and C. trachomatis [2–4]; still,
other pathogens have been implicated and the final disease is
almost certainly polymicrobial. While C. trachomatis infec-
tion may be a causative factor in up to 40% of cases of PID
[5], fairly few women with C. trachomatis in the lower genital

tract will progress to frank PID. The occurrence of symp-
tomatic PID after untreated C. trachomatis infections may
vary by population and time of followup but ranges between
less than 2 and 9.5% [6, 7]. Most infected women will
spontaneously clear their infections, although such clearance
may take well over a year after infection [6, 8]. Women who
do not clear their infections may suffer ascending infection
and expansion into the full PID syndrome.

Once inflammation occurs in the fallopian tube, epithe-
lial degeneration and deciliation of cells occur along the tube
[2] (Figure 1 [9]). Edema in the fallopian tube exacerbates
the intraluminal agglutination that occurs with endosalp-
ingitis and leads to clubbing of the fimbriae and partial
or complete tubal obstruction. Peritonitis caused by C. tra-
chomatis can cause fibrinous exudates on the serosal surface
of the uterus, fallopian tubes, and ovaries that fuses those
structures to themselves and to surrounding bowel and
omentum [2]. These adhesions are frequently associated with
chronic pelvic pain. Each subsequent episode of PID doubles
the risk for tubal factor infertility. Tubal pathology accounts
for approximately 14% of subfertility [10]. Most women with
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Figure 1: The effects of C. trachomatis infection on human fallopian tubal morphology. Human fallopian tubes in organ culture were left
uninfected (a and b) or were infected with C. trachomatis serovar D (c and d). Ultrastructural analysis of the intratubal architecture uses
scanning electron microscopy. Uninfected tubes are densely ciliated and contain intact secretory cells. The mucosal surface of C. trachomatis-
infected tubes show remarkable deciliation and cellular disruption ([9], and reproduced with permission).

tubal occlusion have no known history of sexually trans-
mitted infections. Evaluation of tubal infertility may include
serologic studies, hysterosalpingography, and laparoscopy.
Intrauterine dye infusion during laparoscopy is the gold
standard for assessing tubal occlusion, endometriosis, or
pelvic adhesions in infertility patients. Laparoscopy, however,
is a costly invasive test that has risk for complications.
Hysterosalpingogram (HSG), a less costly and less compli-
cated imaging modality, has a sensitivity of 65–96% and
specificity of 73–83% for detecting tubal pathology [10–12].
This paper aims to evaluate the serologic tests available for
C. trachomatis and their associations with TFI.

2. Pathogenesis of Disease

C. trachomatis is an obligate intracellular bacterium that
produces a wide variety of clinical pathologies. Serovars D
through K are pathologic to mucosal epithelial cells of the
urogenital tract [13]. Erythema, edema, and mucopurulent
discharge can be seen on physical exam during acute infec-
tion [14]. Urethritis, epididymitis, prostatitis, cervicitis, and

pelvic inflammatory disease can develop following infection.
With chronic infection, cellular changes including fibrosis
and mononuclear cell infiltration lead to increased risk for
ectopic pregnancy and TFI [14]. Both persistent infection
and re-infection with C. trachomatis may be associated with
worsening long-term sequelae, although the former appears
to be the most consequential [15]. The ability of C. trachoma-
tis to transform repeatedly from the resting form (elemen-
tary body; EB) to the replicative form (reticulate body; RB)
enhances survival of the organism in the reproductive tract
[16] (Figure 2 [17]). The EB of C. trachomatis attaches to
the epithelial cell surface and incorporates into phagosomes
that migrate to the distal region of the Golgi complex
[13]. Lysosome fusion is prevented, and chlamydial infection
averts immediate destruction. The EB then differentiates into
the noninfectious but replicative reticulate body (RB) which
further divides by binary fission [13]. Although C. trachoma-
tis can partially evade immune detection [18–24] making
infections fairly asymptomatic in many women, the infec-
tious particles can be recognized by the host, with subsequent
activation of host interferon (IFN-) γ and proinflammatory
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Figure 2: The life cycle of genital serovars of C. trachomatis. The chlamydial growth cycle involves transformation between distinct forms:
the elementary body (EB) and the reticulate body (RB). The highly infectious EB attaches to nonciliated columnar or cuboidal epithelial
cells and induces ingestion by the host cell. EB are metabolically inactive and represent the extracellular C. trachomatis growth form. Once
ingested into a phagosome, fusion of the phagosome with the host lysosome is prevented, a highly unusual occurrence that ensures EB
survival. The EB reorganizes within the phagosome into a metabolically active RB. RBs are noninfectious but can replicate and do so by
binary fission. Several stimuli, including antibiotic and IFNγ exposure, can drive chlamydia into a persistent state, which lasts in vitro until
removal of the exogenous stressor. If persistence is avoided, or if infection is reactivated from persistence, the RB will ultimately reorganize
back into EB, which will be released from the host cell to infect surrounding epithelial cells (reproduced with permission [17]).

cytokine secretion [25, 26]. In response to interferon expo-
sure in vitro, RB can enter a persistent and noninflammatory
state [26, 27]. Persistence can also be driven by nonsterilizing
antibiotic exposure in vitro [14, 25–27]. Although there
remains no direct in vivo evidence for persistence in humans,
clinical scenarios suggest that persistent infection may re-
main undetected for many years and reactivation may occur
much later in life. Reactivation may sometimes occur in
women with prior infections who are now no longer sexually
active or in women who have had their fallopian tubes
electively obstructed and no longer have a patent route from
lower to upper genital tract [14, 25, 28]. In the persistent
state, chlamydial heat shock protein 60 (CHSP60) genes are
upregulated and released [13, 29, 30]. In humans, elevated
antibody responses to CHSP60 have been strongly associated
with PID, ectopic pregnancy, scarring trachoma, and tubal
infertility [13, 25, 29, 30]. Long-term exposure to CHSP60
may lead to a loss of tolerance to cross-reactive endogenous
human antigens and generation of immune responses to
conserved amino acid sequences that are also expressed in
homologous human hsp60 [13, 25, 29, 30]. This immunity
can lead to immune responses against human hsp60 in the
early embryo and potentially link C. trachomatis infections
to spontaneous pregnancy loss (see the following).

It remains unclear why some women clear their infec-
tions, while others endure long-lasting, ascending, and pos-
sibly persistent infections. The human cytokine IFN-γ may
play a central role in this enigma. IFN-γ secretion by infected
cells and by those cells brought in to control infection is
central to infection clearance [6, 31]. IFN-γ is also involved in
the tissue damage associated with C. trachomatis infections

[6, 31]. Finally, in vitro models use low to moderate level
IFN-γ exposure to drive C. trachomatis persistence with reac-
tivation of the developmental cycle occurring after removal
of the exogenous IFN [27]. The level of immune response to
C. trachomatis may be affected by many factors. A large initial
inoculation of infectious organisms may tip the balance
toward exuberant responses that may clear the infection
but be associated with more extensive damage. Genetic
differences among infected subjects may alter response to
infection. Several investigators have now reported on the
effects of single nucleotide polymorphisms (SNPs) in inflam-
matory mediators, including cytokines, on the susceptibility
to C. trachomatis infection and on the severity of tubal
damage incurred during such infections [32, 33]. The level of
oxygen within the fallopian tubes of C. trachomatis infected
women may alter the balance of IFN-mediated clearance
versus damage [34]. Reinfection may drive adverse infection
sequelae among women who have already developed amnes-
tic responses to C. trachomatis. Although some women spon-
taneously lose antibody responses to chlamydial antigens
[35], antichlamydial IgG antibodies frequently persist for
prolonged periods of time, even among women who have
been treated with antibiotics [36, 37].

2.1. C. trachomatis Antibodies and TFI. Several immunologic
techniques have been employed to study the relationship
between the results of C. trachomatis serologic testing and the
severity of C. trachomatis-associated pathologies, including
TFI (summarized in Table 1). The most commonly studied
antibodies include those directed against chlamydial IgG and
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Table 1: Role of antichlamydial antibody testing in male and female fertility.

Method Sens. (%) Specif. (%) PPV (%) NPV (%) Utility in females Utility in males

CT IgG [22] ELISA 72.7 77.7 — — Presence indicates previous
or persistent C. trachomatis
infection; associated with
tubal damage; increased
titers associated with more
severe tubal damage;
sens./specif. may be
increased with the addition
of HSG or laparoscopy

—

CT IgG [33] ELISA 43.2 86.5 63.3 73.8 —

CT IgG [6] MIF 74 93 94.8 69.8 —

CT IgG [5] EIA 45 83 — — —

CT IgG [23]
Titer > 1 : 256

WIF 69 85 78 78

—

CT HSP60 [33] ELISA 59.1 77.9 59.1 77.9
Reflects chronic
C. trachomatis infection;
predicts TFI

—

CT HSP60 [7]
GST
ELISA

56 95 — —
Higher titers related to
increased severity of tubal
damage

—

+ClpP Ab [7]
GST
ELISA

69 — 92 79
Improve sens./specif. in Ab
based diagnosis of TFI

—

CT IgA [28, 29] MIF/EIA — — — — —

Reduces chances of
achieving pregnancy;
reduced motility of
spermatozoa, increased
number of dead
spermatozoa

+CT IgG [28, 29] MIF/EIA — — — — —

Further reduce pregnancy
rates, decrease sperm
concentration, decrease
number of progressive
spermatozoa

CT HSP60 [29] ELISA — — — — —
Reduce spermatozoa
motility

ELISA: enzyme-linked immunosorbent assay, EIA: enzyme immunoassay, WIF: whole-cell inclusion immunofluorescence assay, GST ELISA: glutathione S-
transferase ELISA, MIF: microimmunofluorescence, Ab: antibody; Sens.: sensitivity, Specif.: specificity, PPV: positive predictive value, NPV: negative predictive
value; TFI: tubal factor infertility; HSG: hysterosalpingogram.

CHSP60. The results of each of these investigations must
be interpreted with caution, as the methodologies used to
detect antibodies vary in their utility and the populations
studied may vary in their genetic predisposition to immune
responsivity and antibody production and persistence. Still
the results appear to trend similarly. Elevated antichlamydial
antibody levels can be found in >70% of women with tubal
occlusion [12]. Malik et al. [38] evaluated IgG antibodies to
C. trachomatis using enzyme-linked immunosorbent assays
(ELISAs) and found that 63.6% of those with positive IgG
serologies had tubal occlusion on HSG. This results in a
sensitivity of 72.7% and specificity of 44.4% for tubal
occlusion [38]. Perquin et al. [10] evaluated the presence of
antichlamydial IgG antibodies using species-specific enzyme
immunoassay (EIA) and compared these levels to findings of
HSG and at laparoscopy. The sensitivity and specificity for
IgG antibodies using EIA in predicting tubal pathology were
found to be 45% and 83%, respectively [10]. Akande et al.
[39] evaluated antichlamydial IgG antibodies using single-
antigen inclusion tests and indirect immunofluorescence
(whole-cell inclusion immunofluorescence; WIF). Antibody

titers were found to be significantly higher among infertile
women who had previously conceived compared to those
with primary infertility [39]. This seemingly contradictory
finding may be related to increased risk factors for sexually
transmitted infections, including increased numbers of sex-
ual partners, in those with secondary infertility, or with
higher prevalence of other causes of infertility (e.g., anovu-
lation or endometriosis) in those with primary infertility.
Titers were significantly higher among those with a history
of PID and those with documented tubal pathology. A linear
relationship was observed between antibody titer level and
the likelihood of tubal damage. Patients with the highest
titers (>1 : 4096) had a 100% rate of tubal damage, and 73.1%
of those had severe tubal damage [39]. Negative antibody
testing did not preclude the diagnosis of tubal damage.
den Hartog et al. [40] evaluated subfertile women with
chlamydial antibody testing (CAT) involving antichlamydial
Ig ELISA and high-sensitivity C-reactive protein (hsCRP)
ELISA and compared the results to tubal evaluations using
HSG. Seropositivity for IgG antibodies reflects previous
C. trachomatis infection, while the presence of hsCRP reflects
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persistence of the infection. They found that the addition of
HSG was of limited value in predicting tubal pathology in
women who were CAT positive or CAT and hsCRP positive.

Rodgers et al. [12] reported that TFI patients had higher
titer levels of antichlamydial antibodies than either women
in infertile control couples without TFI or in fertile control
couples [12]. They also found that antibodies against ClpP
were significantly higher in the TFI group compared to
controls. ClpP is a proteolytic subunit of the ATP-dependent
Clp protease complex that is part of a highly conserved serine
protease family in eukaryotes and bacteria [12]. Chlamydial
ClpP displays a 45% amino acid sequence identity with its
homolog in humans. It is hypothesized that human anti-
chlamydial ClpP antibodies can recognize cross-reactive
epitopes and attack human ClpP in tissues [12].

Heat shock proteins (HSPs) are stress response proteins
found in humans, animals, and bacteria. Expression of HSPs
increases with temperature changes, ischemia, or hypoxia
[12, 29, 30]. They have also been implicated in cell trans-
formation and the development of metastatic potential and
multidrug resistance [41]. HSPs contain amino acid regions
that are highly conserved among the organisms that express
them. Antibodies to CHSP60 have been linked to TFI
in numerous studies [12, 25, 29, 30, 41]. CHSP60 stim-
ulates inflammatory responses, including activation of
macrophages and epithelial cells to secrete the inflamma-
tory cytokines, IFN-γ and tumor necrosis factor-α (TNF-
α), as well as other proinflammatory mediators [12, 41].
Stimulation of endothelial cells, smooth muscle cells, and
macrophages leads to the production of adhesion factors
and proinflammatory cytokines by activation of nuclear
factor-κB (NF-κB) [41]. Jakus et al. [42] reported on the
presence of anti-CHSP60 IgG antibodies in the follicular
fluid of patients who had previously undergone IVF. Anti-
CHSP60 antibodies were detected in 74.1% of women with
implantation failure; 47.9% of those with 1–3 implantations
per IVF cycle were anti-CHSP60 positive. Among women
with documented tubal occlusion, 69.5% were antibody
positive, while only 49.7% of women with other causes
of infertility had anti-CHSP60 antibodies [42]. In another
study, the presence of anti-HSP60 antibodies predicted TFI
with a sensitivity of 56% but a specificity of 95%. Inclusion
of anti-ClpP antibody testing increased the sensitivity to
69% [12]. The negative predictive value of ClpP and HSP60
for TFI was 79% and positive predictive value 92% [43].
Keltz et al. [11] assessed the sensitivity and specificity of
HSG alone and HSG combined with CAT to detect tubal
occlusion when compared to laparoscopy. HSG alone had
sensitivity of 78% and specificity of 82%, while CAT alone
had excellent positive predictive value of 94.8% but a poor
negative predictive value of 69.8% due to its low sensitivity
of 74%. This sensitivity increased to 97.3% when CAT results
were combined with those of HSG. Laparoscopy, however,
found pelvic pathologies other than tubal occlusion in 33–
68% of patients with a normal HSG [11].

El Hakim et al. [44] evaluated 408 women with doc-
umented tubal damage on laparoscopy and compared the
severity of damage with antibody titer levels using WIF. Sim-
ilar to the results of the Keltz study [11], the severity of tubal

damage was found to correlate significantly with increasing
serum antibody levels [11, 44]. Bipolar and distal tubal
occlusion were found to have the highest antibody titers [44].

Van Tetering et al. [45] evaluated 711 women with known
anovulation and compared their antichlamydial antibody
titers using ELISA with tubal pathology diagnosed using
either HSG or laparoscopy. CAT screening yielded a sensitiv-
ity and specificity for tubal damage of 20% and 89%, respec-
tively. However, the prevalence of CAT positivity was <5%,
suggesting limited value for CAT screening in infertile
women with known etiologic factors, particularly anovula-
tion [45].

2.2. C. trachomatis Antibodies and Male Factor Infertility.
While women can develop PID after C. trachomatis infec-
tions, men can develop urethritis, epididymitis, orchitis, and
proctitis. Epididymitis can lead to canalicular system damage
and obstructive azoospermia, although such severe post-
chlamydial outcomes are uncommon. C. trachomatis infec-
tions more commonly result in the generation of antisperm
antibodies and changes in semen quality that diminish rather
than prevent male fertility. Detection of anti-C. trachomatis
IgA and IgG antibodies, but not anti-HSP60 IgG antibodies,
in male serum has been associated with poor semen char-
acteristics and pregnancy rates regardless of female partner
antibody status [46, 47] (summarized in Table 1). In one
investigation, the presence of serum antichlamydial IgA,
alone or in combination with IgG, correlates with reduced
concentration and progressive motility of spermatozoa, an
increase in the number of dead spermatozoa, poor sperm
morphology, and a higher prevalence of leukocytospermia
[46]. Men with IgG alone or IgA alone decrease their chance
of achieving pregnancy by a third; men with both serum
antibodies decrease their chances by almost two-thirds [46].
Interestingly, these reductions were completely surmounted
through the use of in vitro fertilization (IVF). Not all investi-
gators have replicated these findings. Eggert-Kruse et al. [48]
examined male serum and seminal plasma from subfertile
couples for antichlamydial IgA, IgG, and IgM antibodies
using chlamydial lipopolysaccharide- (LPS-) directed ELISA.
Although the presence of IgA antibodies in seminal fluid was
associated with antibody detection in the serum of the female
partners, the findings did not correlate with reduced sperm
count or motility or subsequent fertilizing capacity [48].

2.3. C. trachomatis Antibodies and Pregnancy Outcomes.
Antibodies to C. trachomatis and CHSP60 are strongly
associated with TFI. Individuals with known TFI commonly
undergo in vitro fertilization to overcome their tubal pathol-
ogy, but they may still be at risk for adverse obstetric out-
comes such as spontaneous abortion or biochemical preg-
nancy [13]. Among 174 women with normal fallopian tubes
at laparoscopy who were followed for 3 years, the presence
of antichlamydial antibodies using immunoflourescence
(38.5%) was not predictive of obstetric outcomes [49]. The
risk appears to be higher in the presence of antibodies specific
to CHSP60. Human hsp60 is expressed during early embryo
development and normally does not trigger an immune
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response [13, 42]. Heat shock proteins of various species con-
tain a highly conserved region of amino acids. Sensitization
to this conserved region in CHSP60 can result in reactivation
of previously tolerized HSP60-specific lymphocytes. This
may, in turn, compromise fetal or maternal cell viability
via the direct activity of anti-HSP60 antibodies and/or the
accompanying proinflammatory response. In 1999, Witkin
[50] reported that women with cervical antichlamydial and
anti-CHSP60 IgA antibodies were less likely to have a live
birth after in vitro fertilization than their counterparts who
did not have these antibodies. Patients undergoing IVF do
not require patent or normal fallopian tubes. The rate of
very early pregnancy loss was 3 times greater among those
women who were anti-CHSP60 positive. Further, incubation
of embryos in media containing human sera positive for anti-
human HSP60 antibodies inhibited embryo development
[50]. Supporting these results, Jakus et al. [42] studied 253
IVF patients and demonstrated lower implantation rates
among women with follicular fluid anti-CHSP60 antibodies
when compared with antibody negative controls. No differ-
ences were detected in the number of oocytes collected or the
percentage that fertilized.

Among women less than 35 years of age with a his-
tory of ectopic pregnancy treated with salpingectomy, the
presence of serum anti-CHSP60 antibodies predicted lower
spontaneous conception rates and decreased term delivery
rates [51]. The same study reported that circulating IgG
antibodies to a conserved epitope of CHSP60 (amino
acids 260–271) were associated with decreased spontaneous
fertility, repeated ectopic pregnancy, and adverse subsequent
pregnancy outcome, suggesting that damage to the remain-
ing tube may have occurred prior to the salpingectomy
[51]. Women without antibodies to CHSP60 260–271 were
five times more likely to have documented intrauterine
conceptions and term deliveries when compared to those
with positive serologies [51]. Women with positive serologies
might therefore consider IVF after a first ectopic pregnancy
to improve conception and pregnancy outcomes.

2.4. Use of Chlamydial Antibody Screening in Couples
with Infertility. Despite several continuing controversies, the
existing data on the relationship between antichlamydial
antibodies and tubal factor infertility make consideration
of algorithms for screening possible (Figure 3). Chlamydial
antibody screening is inexpensive when compared to other
methods of tubal evaluation (HSG) but offers similar or
improved sensitivity and specificity. HSG is more likely to
be associated with adverse sequelae among women with
chlamydial antibodies [40].

In our proposed algorithm, couples presenting with
infertility would be screened first with careful histories
and physical exams. If the female partner has a history
of ectopic pregnancy, testing for anti-CHSP60 antibodies
could be performed. Those with positive antibodies may be
counseled to consider progression towards IVF to optimize
their chance for a live birth. Couples without such a history

would undergo documentation of ovulatory function and
semen analysis. If the female was anovulatory, but the semen
analysis was normal, the woman could consider ovulation
induction and timed intercourse for 3-4 cycles prior to
further interventions. If the woman was anovulatory or had
normal ovulatory function, but the semen analysis revealed
severe abnormalities, IVF would be recommended. If the
semen analysis revealed persistent mild to moderate abnor-
malities, referral to an urologist could be considered and 3-4
cycles of timed intrauterine insemination undertaken prior
to further evaluation. This would be combined with ovula-
tion induction in anovulatory women. Couples with normal
ovulation and normal semen parameters would be offered
antichlamydial antibody testing (CAT). The significant body
of literature linking CAT to TFI using anti- chlamydial major
outer membrane proteins (MOMPs) antibodies warrants
preliminary screening with standard CAT. Despite reports
that CAT antibody levels can be associated with severity of
tubal disease, the wide variations in antibody levels among
affected patients reduce our enthusiasm for using antibody
titer levels in management decisions at this time [44]. If
CAT using MOMP is positive, laparoscopy would be recom-
mended; if negative, testing for antibodies against CHSP60
(and possibly chlamydial Clp protease; ClpP) would be per-
formed. Those positive for antichlamydial antibodies would
proceed directly to laparoscopy for diagnosis and treatment.
If normal fallopian tubes were found at laparoscopy, the cou-
ple could be treated using standard protocols for unexplained
infertility [49]. Those negative for antibodies could also be
treated for unexplained infertility.

This suggested algorithm may be improved as additional
antibody targets on chlamydia are identified and may need to
be modified in light of current worldwide efforts to control
the chlamydia epidemic [6, 52, 53]. Accompanying these
control efforts are decreases in postinfection sequelae but
continued increases in infection prevalence. It is possible
that early identification and treatment of C. trachomatis
infections is interrupting not only the destructive immune
response to the pathogen but the protective response as well,
a phenomenon that has been called “the arrested immunity
hypothesis” [54]. Partner treatment may therefore be an
important part of control paradigms as reinfection may
become increasingly common. Does this arrested immunity
result in reduced levels of protective IFN-γ that may promote
persistence in some individuals? Arrested immunity might
hinder antibody responses and make persistence of anti-
bodies less common among previously infected but treated
women. This may have little effect on screening programs if
these women also avoid persistent infections. We do not
presently have a definitive answer to these questions. Antibi-
otics such as penicillin and sulfonamides have been demon-
strated to drive the development of chlamydial persistence in
vitro [55]. Incomplete antibiotic therapy in areas that do not
have availability of single-dose regimens might be predicted
to promote persistence in vivo. Continued surveillance of
chlamydial antibody screening programs for infertile couples
will be key to monitoring the effects of control programs on
the utility of screening.
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Figure 3: A proposed algorithm for use of chlamydial antibody screening in infertile couples.

3. Conclusion

C. trachomatis is one of the most prevalent sexually trans-
mitted infections in the United States and worldwide. Long-
term sequelae of C. trachomatis infection include pelvic
inflammatory disease, tubal factor infertility, and risk of
ectopic pregnancy. Antibody testing for both antichlamydial
IgG and anti-CHSP60 has been found to be associated with
TFI. Increasingly high titers of antichlamydial IgG and anti-
CHSP60 antibodies have been correlated with increasing
severity of tubal damage when evaluated using HSG or
laparoscopy. While sensitivity and specificity for CAT are
comparable to that of HSG alone, CAT is less cost prohibitive
and has less risks than either HSG or laparoscopy. CAT
may be a valuable screening test prior to laparoscopy in
infertility patients. Chlamydial antibodies have also been
associated with male factor infertility, including reductions
in sperm motility and total sperm counts. Chlamydial HSP60
antibodies have also been shown cross-react with human
HSP60. This may lead to immune destruction of the early
embryo and pregnancy wastage among women previously
infected with C. trachomatis. Chlamydia antibody testing is
a low-risk screening modality with sensitivity and specificity
comparable to HSG and should be considered in the initial
infertility evaluation. Limitations of CAT include (1) an
inability to identify women with noninfectious causes of
TFI, such as endometriosis, previous pelvic surgeries, or
peritonitis, requiring these women to proceed with HSG or
laparoscopy; (2) the possibility of declining antibody titers
over time; (3) the ability to detect high titers among some
women with normal appearing fallopian tubes; (4) the prob-
ability that additional antibody targets will be defined that

improve screening sensitivity and specificity; (5) the un-
known effects of chlamydial control programs on the utility
of antibody testing among infertile couples.
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Study Objective. To identify sensitive and specific histological criteria for endometritis in women with laparoscopically-confirmed
acute salpingitis. Methods. Women, age 18–40 years of age presenting with complaints of lower abdominal pain ≤2 weeks and
no antibiotics use in past two weeks, were enrolled. They underwent clinical examination, screening for HIV; other sexually
transmitted infections plus endometrial biopsy sampling for histopathology. Diagnostic laparoscopy confirmed the diagnosis of
acute salpingitis. Controls were women undergoing tubal ligation and HIV-1 infected women asymptomatic for genital tract
infection. Results. Of 125 women with laparoscopically-confirmed salpingitis, 38% were HIV-1 seropositive. Nineteen HIV-1
negative controls were recruited. For the diagnosis of endometritis,≥1 plasma cells (PC) and≥3 polymorphonuclear lymphocytes
(PMN) per HPF in the endometrium had a sensitivity of 74% for HIV-1-seropositive, 63% for HIV-1-seronegative women with a
specificity of 75% and positive predictive value of 85% regardless of HIV-1-infection for predicting moderate to severe salpingitis.
For HIV-1-seronegative women with mild salpingitis, ≥1 PC and≥3 PMN had a sensitivity of 16% and a PPV of 57%. Conclusion.
Endometrial histology, did not perform well as a surrogate marker for moderate to severe salpingitis, and failed as a surrogate
marker for mild salpingitis.

1. Introduction

In Africa, pelvic inflammatory disease (PID) and its sequelae
are a predominant cause of gynecologic morbidity [1, 2].
These include tubal factor infertility, ectopic pregnancy,
chronic pelvic pain, and recurrent pelvic infections [3, 4].

HIV-1 seroprevalence in women with PID is consistently
2–7 times greater than measured in matched populations
without PID [5–7]; both infections are most commonly

acquired through unprotected sexual activity. Prompt diag-
nosis and treatment of women with upper genital tract
infections is important in reducing morbidity, but it is
complicated by lack of a sensitive and specific clinical and
laboratory diagnostic test. Laparoscopy is the gold standard
for the diagnosis of salpingitis, but is not practical for routine
clinical practice.

Endometrial histopathology is often used as a surrogate
for upper genital tract infection. Kiviat et al. [8] evaluated
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women with clinical PID; evidence of endometritis as
defined by ≥1 plasma cell (PC) and ≥5 polymorphonuclear
lymphocytes (PMN) per high-powered field (hpf) was 92%
sensitive and 87% specific compared with visual findings
of salpingitis determined by laparoscopy [8]. Using the
same diagnostic criteria in a study of acute salpingitis in
Kenya, plasma cell endometritis as defined by≥1 PC/hpf was
identified in 49% of women with salpingitis: this increased
with disease severity and HIV-infection [7]. Studies on HIV-
1-infected women have found an increased prevalence of
plasma cell endometritis [9] even in the absence of clinical
disease [10, 11].

Thus, we conducted this analysis to determine the opti-
mum endometrial histopathological criteria for predicting
salpingitis in a population with a high HIV-1 seroprevalence.
We anticipate that these data will help to plan future clinical
trials, increase the understanding of the pathogenesis of
upper genital tract infection among HIV-1 infected women,
and in certain circumstances provide a tool to confirm the
clinical diagnosis of PID.

2. Materials and Methods

Study procedures have been previously detailed [12]. Briefly,
between April 2000 and July 2002, women aged 18–40 admit-
ted to Kenyatta National Hospital (KNH) acute gynecology
ward with a complaint of lower abdominal/pelvic pain for
2 weeks or less plus one or more of the following signs or
symptoms: temperature ≥ 38◦C, dysuria, and complaint of
abnormal vaginal discharge were eligible for enrollment.

After induction of anesthesia, an endometrial biopsy was
obtained with a Pipelle suction curette (Unimar, Inc., Wilton,
Conn). At laparoscopy, samples from peritoneal fluid, tubal
ostia, and pyosalpinx/tubo-ovarian abscess (TOA) were
obtained for N. gonorrhoeae and C. trachomatis PCR. Using
the Jacobson and Westrom criteria [13], the severity of acute
salpingitis was graded as (1) mild (tubal erythema or edema,
mobile tubes, and with or without spontaneous exudate),
(2) moderate (marked tubal erythema and edema, limited
tubal mobility, questionable or no tubal patency, and gross
exudate), and (3) severe (pyosalpinx or TOA).

We enrolled two sets of controls. The first group included
HIV-1-seronegative women presenting to the KNH family
planning clinic. Women desiring permanent sterilization
underwent laparoscopic tubal ligation preceded by an
endometrial biopsy obtained using a Pipelle suction curette.
HIV-1-seropositive controls were enrolled from an HIV
care and treatment clinic at the Center for Respiratory
Disease Research at the Kenya Medical Research Institute.
Subjects had no clinical evidence of PID. Enrollment and
study procedures of the HIV-1-seropositive control group
are detailed elsewhere [14]. After informed consent was
obtained, an endometrial pipelle biopsy was obtained in the
research clinic.

2.1. Laboratory Methods. Samples from the cervix, endo-
metrium, fallopian tube, and abscess were examined by PCR
(Roche Molecular Diagnostics, Pleasanton, Calif, USA) for

N. gonorrhoeae and C. trachomatis. Endometrial specimens
were fixed in 10% buffered formalin, processed, and stained
with hematoxylin, eosin, and methyl green pyronin. PMNs in
glands and PCs in stroma were counted per high-power field.
One pathologist (NK) who was blinded to the patients’ diag-
nosis read the slides. Serum was tested for HIV antibodies by
ELISA (Detect HIV, BioChem ImmunoSystems, Montreal,
Canada) with positive results confirmed by a second ELISA
(Recombigen, Cambridge Biotech, Ireland).

2.2. Data Analysis. Data were analyzed using SPSS for
Windows 10.0 (SPSS Inc., Chicago, USA). Univariate anal-
yses used chi-square and Fisher’s exact tests for categorical
data and Student’s t-test for continuous variables. Logistic
regression was done for multivariate analysis.

3. Results

3.1. Description of Study Population. One hundred and sixty
women were enrolled with clinical PID, 140 (88%) had
laparoscopically confirmed salpingitis, 125 (89%) of whom
had an endometrial biopsy specimen: 56 (45%) had mild,
31 (25%) had moderate, and 38 (30%) had severe disease
based on laparoscopic criteria. Nineteen women had other
diagnoses at laparoscopy including appendicular abscess
(n = 2), endometriosis (n = 1), ovarian cyst (n =
12), frozen pelvis (n = 1), pelvic tuberculosis (n = 1),
cancer of the sigmoid volvulus with abscess (n = 1), and
ovarian torsion (n = 1). Asymptomatic women (n = 20)
desiring permanent sterilization underwent laparoscopic
tubal ligation and served as HIV-1-negative controls. A single
control subject had a sticky exudate emanating from the
Fallopian tubes and was excluded from the analysis leaving 19
HIV-1-seronegative controls. Forty-five asymptomatic HIV-
1-seropositive controls were enrolled from an HIV care
clinic; one woman had C. trachomatis detected.

Forty-eight (38%) of the women with salpingitis were
HIV-seropositive. Women with salpingitis were younger,
less likely to be married, and less likely to have ever used
contraception (Table 1). As expected, none of the HIV-1-
seronegative controls had signs or symptoms consistent with
PID, and none were infected with N. gonorrhoeae or C.
trachomatis. However, T. vaginalis was detected in a similar
proportion of salpingitis cases (23%) and HIV-seronegative
controls (21%) (Table 1).

3.2. Factors Associated with Evaluable and Unevaluable
Endometrial Histopathology. Of the 125 women with salpin-
gitis, endometrial biopsies from 107 (86%) were evaluated
histological. Overall, 77 (72%) were adequate for histological
diagnosis. Inadequate biopsies corresponded to endometrial
specimens demonstrating sloughing, frank pus, and lack
of tissue. In general, more severe disease as demonstrated
by higher clinical severity score (CSS) (15.5 versus 13,
P < .03) and severity of salpingitis based on laparoscopic
findings (P-trend < .04) was associated with unevaluable
endometrial biopsy results (Table 2). Similarly, history of
depomedroxyprogesterone acetate (DMPA) was associated
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Table 1: Comparison of demographic, clinical history and signs, and laboratory findings for women laparoscopically diagnosed with
salpingitis and women undergoing tubal ligation (controls).

Variables
Salpingitis HIV −/ve Controls

P value
N = 125 N = 19

Demographics and clinical history

Age mean years (SD) 27.8 (5.5) 34.3 (4.1) 0.001

Education mean years (SD) 8.7 (2.9) 8.2 (2.5) 0.5

Marital status:

Single 31 (25%) 0 Ref.

Married 70 (56%) 17 (90%) 0.008

Divorced/separated 20 (16%) 2 (10%) 0.12

Ever use of contraceptives:

Oral contraceptives 55 (44%) 16 (84%) 0.001

DMPA 40 (32%) 15 (80%) 0.001

IUD 19 (15%) 8 (42%) 0.005

Condoms 48 (39%) 3 (16%) 0.04

Clinical findings

Clinical severity score (CSS), median, (mode), range 14 (8) 32 0 (0) 5 0.00

Laboratory findings

HIV-1 48 (38%) 0 0.001

Gonorrhea and/or chlamydia 23 (18.4) 0 0.04

Trichomonas vaginalis 23 (19%) 4 (21%) 0.8

Adequate endometrial biopsy 77 (72%) 12 (63%) 0.4

with an increased likelihood of obtaining an unevaluable
biopsy (P = .02). HIV-infected women were more likely
to have an unevaluable endometrial biopsy (57% versus
36%, P < .05) than HIV-uninfected women. Although
not significant, participants with an inadequate endometrial
histological specimen had a higher prevalence of gonorrhea
compared to those with an adequate biopsy (23% versus
12% P < 0.23) (Table 2).

In multivariate analysis, after controlling for factors
found significant in univariate analysis, the use of DMPA
at any time (adjusted OR = 3.1, 95% CI 1.1–8.5), HIV-1
infection for women with mild (AOR = 4.6, 95% CI 1.1–18.3)
but not moderate salpingitis (AOR = 0.89, CI 0.15–5.3), or
severe salpingitis (AOR = 2.63, CI 0.68–10.2) was associated
with an increased odds of an unevaluable endometrial
biopsy. In addition, 12 (63%) of 19 specimens from HIV-1-
seronegative subjects were evaluable for histopathology.

3.3. Distribution of PMN and PC in the Endometrial Biopsy:
Effect of HIV-1 Serostatus and Disease Severity. We reviewed
the distribution of PMN and PC by HIV-1 serostatus and
severity of salpingitis. Women with severe salpingitis regard-
less of HIV-1 serostatus had the highest frequency of PMN
and PC per high-power field. Only two patients with HIV-
1 infection and salpingitis did not have PMN found in the
endometrium. Although PMN density did not increase with
severity of salpingitis among women with HIV-1 infection
(P-trend = .49), this association was significant for HIV-1-
uninfected women with salpingitis (P-trend = .05). In con-
trast, the frequency of PCs increased with severity of salpin-
gitis among those with HIV-1 infection (P-trend = .04), but

not among HIV-1 uninfected (P-trend = .14). Furthermore,
HIV-1 infection was associated with a higher frequency of
PCs/hpf (P-trend < .001), and presence of lymphoid follicles
(P < .04). Only 2 (6%) of 34 HIV-1-infected women
with salpingitis did not have any plasma cells present in
the endometrium versus 23 (41%) of 56 HIV-1-uninfected
women with salpingitis.

3.4. Comparison of Endometrial Histopathology Findings and
Salpingitis. We next set out to determine the sensitivity,
specificity, and positive predictive value of four histopatho-
logic criteria for diagnosis of endometritis in comparison
to the laparoscopic diagnosis of salpingitis. The four rules
evaluated included: (a) ≥3 PMN and ≥1 PC per high-
power field, (b) ≥1 PMN and ≥1 PC per high-power field,
(c) ≥1 PMN per high-power field, and (d) ≥1 PC per
high-power field. Women with moderate and severe disease
were grouped together and compared to women with mild
salpingitis and to the two control groups. Table 3 outlines
the comparison between the laparoscopic diagnosis for mild
and moderate/severe salpingitis and the four histological
rules stratified by HIV-1 serostatus. Because the diagnosis
of the moderate and severe disease requires more objective
evidence of tubal inflammation (e.g., pus from tubes, pyos-
alpinx, abscess, and fresh adhesions) than mild disease, we
chose to gauge the sensitivity of each histological rule using
laparoscopic evidence of moderate/severe salpingitis as the
“gold standard.” Rule “a”, although less sensitive than rules
“b” through ”d” for women with moderate/severe salpingitis
(HIV-seropositive = 74% versus 63%; HIV-seronegative;
93% versus 75%), was the most specific, demonstrating
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Table 2: Comparison of demographic, clinical history and signs, and laboratory findings for women laparoscopically diagnosed with
salpingitis, with and without an endometrial biopsy adequate for histological evaluation.

Variables
Adequate biopsy Inadequate biopsy

P value
N = 77 (72%) N = 30 (28%)

Demographics and history

Age mean (SD) 27.8 (5.5) 27.9 (6.1) 0.9

Infertility ≥ 1 year 26 (39%) 3 (13%) 0.02

Ever use of contraceptive:

None 56 (51%) 23 (77%) Ref

Oral contraceptives 36 (47%) 13 (43%) 0.75

DMPA 18 (23%) 14 (47%) 0.02

Intrauterine device 13 (17%) 3 (10%) 0.37

Symptoms

Abnormal menstruation 16 (21%) 6 (21%) 1.0

Clinical examination findings

Clinical severity score, median (mode) range

Total clinical severity score 13 (8) 28 15.5 (4) 30 0.03

Laparoscopic salpingitis severity

Mild 32 (42%) 15 (50%)

Moderate 26 (36%) 3 (10%)

Severe 19 (25%) 12 (40%) 0.04

Pelvic Abscess 13 (17%) 9 (30%) 0.15

Laboratory Findings

HIV-1 27 (36%) 17 (57%) 0.05

CD4 count < 200/µL 8 (11%) 7 (23.3%) 0.09

White cell count 9.7 (6.04) 10.3 (5.5) 0.63

Lymphocytes (blood) % 26.9 (13.4) 19.1 (7.8) 0.001

Gonorrhea and/or chlamydia 11 (14%) 8 (27%) 0.13

Gonorrhea 9 (12%) 7 (23%) 0.23

Chlamydia 3 (4%) 1 (3%) 0.9

Trichomonas vaginalis 14 (19%) 6 (21%) 0.8

Bacterial vaginosis (Gram’s stain) 30 (45%) 16 (62%) 0.2

endometritis in 25% and 7% of HIV-1-seronegative and
HIV-1-seropositive controls, respectively, in comparison to
58%–67% and 38%–62% for rules “b” through “d”. Among
the 19 women enrolled with a clinical diagnosis of PID, but
who did not have salpingitis on laparoscopy, rule “a” had the
least false positive, while rule “d”, at least one plasma cell,
scored the highest false-positive rate.

4. Discussion

This study had three key findings: (1) ≥3 PMN and ≥1 PC
per hpf as a histologic criteria for the diagnosis of moderate
to severe salpingitis, while performing better than the other
criteria, appears to have limited utility even more so for cases
of mild salpingitis; (2) endometrial specimens were often
unevaluable for histopathology, and unevaluable specimens
were more likely in subjects with severe salpingitis and HIV-
infection, and thus may affect the utility of endometrial
histopathology to confirm the clinical diagnosis of PID
in similar settings; (3) The PMN response increased with

disease severity for HIV-1 seronegative but not HIV-1
seropositive women with salpingitis.

Since Kiviat et al. published their paper, [8] histologic
endometritis has been used as a surrogate marker for
salpingitis, especially in the study of mild to moderate PID.
Even though the criteria for histologic endometritis had
never been validated in HIV-1-infected populations, several
studies of PID were conducted in high HIV-1 seroprevalence
settings [6, 7, 9, 12, 14]. The results of this study did not
validate the Kiviat et al. 1990, criteria for ≥5 PMNs and ≥1
PC for the diagnosis of PID. In the Kiviat et al. cohort, N.
gonorrhoeae and/or C. trachomatis was found in 49% of the
patient population; in comparison, the cohort in our study
had a high HIV-1 prevalence and a combined gonorrhea
and/or chlamydia prevalence of 18% (Table 1).

Similar to another report, only 72% of endometrial biop-
sies in our study were evaluable [1]. The increased frequency
of unevaluable endometrial biopsies in women with severe
salpingitis, likely due to increased endometrial sloughing and
presence of pus, and HIV-1 infection further limits the utility
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Table 3: Presence and density of polymorphonuclear leucocytes (PMN) and plasma cells (PC) on histopathology of endometrial biopsies in
women with mild, moderate, and severe salpingitis at laparoscopy and controls in HIV-seropositive and -seronegative women.

Rules representing cell/hpf

Mild salpingitis Moderate/severe Salpingitis Controls without salpingitis

N = 32 N = 50 N = 62

HIV +/ve HIV −/ve HIV +/ve HIV −/ve HIV +/ve HIV −/ve

(N = 7) (N = 25) (N = 23) (N = 27) (N = 45) (N = 12)

≥3 PMN and ≥1 PC 4 (57%) 4 (16%) 17 (74%) 17 (63%) 3 (7%) 3 (25%)

≥1 PMN and ≥1 PC 7 (100%) 8 (32%) 19 (83%) 20 (74%) 17 (38%) 7 (58%)

≥1 PMN 7 (100%) 17 (68%) 21 (91%) 21 (78%) 32 (71%) 8 (67%)

≥1 PC 7 (100%) 9 (36%) 21 (91%) 21 (78%) 28 (62%) 8 (67%)

of endometrial histopathology as a diagnostic tool for studies
of PID in similar populations.

The low sensitivity of histologic endometritis for mild
salpingitis amongst women symptomatic for PID was unex-
pected. Studies of endometritis in populations of asymp-
tomatic women have consistently demonstrated a relatively
high prevalence of endometritis [10, 15, 16] which led
authors to describe endometritis as an intermediate infection
to PID. Eckert et al. studied HIV-1-infected women pre-
senting to a family planning clinic and found endometritis
in 38% of participants [10]. This is a higher prevalence
than what we found in HIV-1-negative women (16%)
and a lower prevalence than what we found in HIV-1-
seropositive women (57%) with mild salpingitis using less
stringent criteria for endometritis. Furthermore, a prior
laparoscopic study demonstrated salpingitis in the absence
of endometritis [7]. An alternative explanation may result
from the subjectivity of the laparoscopic criteria for mild
salpingitis that leads to misclassification of cases [13].

The distribution of PMNs and PCs in the endometrium
of women with salpingitis was affected by HIV-1 serostatus
and disease severity. PMNs are only found in the healthy
endometrium during menses [17], and form part of the
endometrial immune response, they are also the first line
immune defense against bacterial infections. The increased
density of PMN with severe disease in HIV-1-uninfected but
not in HIV-1-infected women with salpingitis is not well
understood. Consistent with other studies [7, 9, 10, 14],
we found increased PC endometritis with HIV-1 infection.
This could represent HIV-1 infection in the genital tract
[18]; chronic plasma cell endometritis [11, 14]; or the
presence of opportunistic infections. Cherpes et al. reported
an association between HSV-2 seropositivity and plasma
cell endometritis [19]; notably HSV-2 is extremely prevalent
among HIV-1-infected persons (KAIS 2007 [20]. Contrary
to these findings, Eckert et al. [10] evaluated 20 endometrial
biopsy samples from women with asymptomatic histologic
endometritis and failed to detect herpes simplex virus by
PCR, and cytomegalovirus was detected equally in women
with and without histological endometritis. Mycoplasma
genitalium is another potential cause of endometritis [21].

One limitation of this study is that HIV-1-infected
controls did not undergo laparoscopic evaluation. Therefore,
unlikely we cannot firmly exclude subclinical salpingitis
from this population as we can for the HIV-1-seronegative

controls. Furthermore, we did not attempt to detect sus-
pected etiologies of endometritis such as bacteria other than
N. gonorrhoeae and C. trachomatis including M. genitalium
[14] and potential etiologies such as cytomegalovirus and
herpes simplex virus infection. Such data might help to
elucidate the reason for the different findings among HIV-1-
seropositive and HIV-1-seronegative women with salpingitis
in regards to endometrial histopathology.

This study raises some important questions regarding
PID and its sequelae. With increased access to highly active
antiretroviral therapy (HAART), HIV-1-infected women are
living longer. Population data from Uganda [22] plus others
[23] have demonstrated reduced fertility in HIV-1-infected
women regardless of disease stage. It is plausible that PC
endometritis may lead to reduced fertility. Further research
is required to determine if women using HAART return
to normal fertility or not. Lastly, although endometrial
histopathology serves as a reasonable surrogate for salpingitis
in HIV-1-uninfected populations, its utility in populations
with a high HIV-1 seroprevalence appears to be limited.
Discovery of a sensitive and specific biomarker or set of
biomarkers for salpingitis could facilitate further research on
PID and its sequelae in such settings.
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Abdominal-pelvic actinomycosis is often mistaken for other conditions, presenting a preoperative diagnostic challenge. In a 46-
year-old female, computed tomography showed an abdominal-pelvic retroperitoneal mass extending from the lower pole of the
right kidney to the lower pelvis. The patient had a 3-year history of intrauterine device. The mass appeared to involve the ascending
colon, cecum, distal ileum, right Fallopian tube and ovary, and ureter anteriorly and the psoas muscle posteriorly. The resection of
retroperitoneal mass, distal ileum appendicectomy, right hemicolectomy, and right salpingo-oophorectomy was performed. The
postoperative period was uneventful. Penicillin therapy was given for six months without any complication. The retroperitoneal
mass measured 4.5 × 3.5 × 3 cm, surrounded adjacent organs and histologically showed inflammatory granulomatous tissue,
agglomeration of filaments, and sulfur granules of Actinomyces, with positive reaction with periodic acid Schiff. Right tubo-ovarian
abscess was present. Abdominalpelvic actinomycosis should always be considered in patients with a pelvic mass especially in ones
using intrauterine device.

1. Introduction

In developed countries, actinomycosis is a relatively rare dis-
ease that is mainly caused by Actinomyces israelii. Actinomyces
israelii is an anaerobic, gram-positive organism that is nor-
mally present in oral cavity, throughout the gastrointestinal
tract, female genital tract, and the bronchus. Actinomycosis
occurs most frequently in the cervical facial (50%–65%),
abdominal (20%), and thoracic (15%) regions. The overall
incidence of registered cases of actinomycosis is decreasing.
Abdominalpelvic actinomycosis, however, are increasing in
frequency and is associated with abdominal surgery (such
as appendectomy), bowel perforation, or trauma [1]. In
addition, the presence of a long-standing intrauterine device
(IUD) is a reported risk factor in young women [2]. The
abdomen is the most frequent site for actinomycosis and
when an abdominal tumor presents as the clinical symptom,
the local lesion needs to be differentiated from abdominal
tumors of other etiologies, malignancy in particular.

In the majority of cases, the indolent clinical course
together with the malignant like tumour appearance at im-
aging investigations make a delay in diagnosis the rule

rather than the exception. Preoperative diagnosis is usually
difficult with the majority of cases being diagnosed after the
histological and bacteriological examination of the resected
specimen. The present paper discusses the case of an abdom-
inalpelvic actinomycosis mimicking a malignant retroperi-
toneal tumour in a young insulin-dependent diabetic Italian
woman with 3-year history of IUD.

2. Case Presentation

A 46-year-old female was referred to our unit following a
computed tomography (CT) scan which demonstrated an
abdominalpelvic retroperitoneal mass. The patient had came
to emergency department complaining of a three-day history
of a lump on the right lower limb preceded by fever and
continuous right lower abdominal pain irradiated to the
back for the previous 3 weeks. Past medical history was
unremarkable except for insulin-dependent diabetes mellitus
since 11 years of age. The patient had a 3-year history of
IUD which had recently been removed. Physical examination
demonstrated mild oedema of the right leg, with no abdomi-
nal abnormal findings. Doppler ultrasonography of the lower
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Figure 1: Computed tomography (CT) scan of the abdomen
showed the mass occupying the retroperitoneal space and infiltrat-
ing the ascending colon.

Figure 2: Computed tomography (CT) scan showed the mass occu-
pying the extraperitoneal space infiltrating the psoas muscle poste-
riorly and the pelvis anteriorly.

limbs was carried out and ruled deep venous thrombosis
and superficial thrombophlebitis. The patient was discharged
and she was investigated as an outpatient. Biochemical and
haematological investigations demonstrated a raised CRP
and ESR, normal white blood count, mild macrocytic ane-
mia (Hb 7.9 g/dL, MCV 100 fL), and thrombocytosis (PLT
626.000/uL). The CT scan showed a retroperitoneal mass
with abscess areas and necrosis extending from the lower pole
of the right kidney to the lower pelvis. The mass appeared
to involve the ascending colon, cecum, distal ileum, right
Fallopian tube and ovary, and ureter anteriorly and the psoas
muscle posteriorly (Figures 1 and 2). Right ureteric dilatation
was evident. A colonoscopy was carried out to investigate
the possibility of inflammatory bowel disease or a colonic
perforated cancer. The endoscopic examination was normal
except for the presence of nonspecific mucosal inflammation
of the distal ileum. A US-guided fine needle aspiration biopsy
of the mass was hence performed. The cytological specimen
showed inflammatory cells, with no evidence of malignant
cells. Tuberculous and nontuberculous mycobacterium DNA
was also negative.

The patient was hence referred to surgery division in the
suspect of malignant retroperitoneal mass.

Figure 3: The retroperitoneal mass consisted of chronic suppura-
tive granolomatous inflammation, H&E 20x.

A right ureteric stent was placed and an explorative
laparotomy was preformed. The intraoperative findings were
compatible with a neoplastic mass originating from the
retroperitoneum. Debulking of retroperitoneal, appendicec-
tomy right hemicolectomy extended to the distal ileum, and
right salpingo-oophorectomy were performed. The postop-
erative period was uneventful and the patient was discharged
in postoperative day 9.

Penicillin therapy was given for six months without any
complication. She is well and has gained weight after one
year.

The retroperitoneal mass measured 4.5× 3.5× 3 cm, sur-
rounded adjacent organs and histologically showed inflam-
matory granulomatous tissue composed by granulocytes,
fibroblasts, xanthomatous cells, and agglomeration of fil-
aments and sulfur granules of Actinomyces, with positive
reaction with periodic acid-Schiff and Grocott’s dye. Abscess
formation, necrosis were found (Figures 3, 4, 5 and 6).
Similar inflammatory granulomatous process was present in
the serosa of terminal ileum, appendix, cecum, ascending
colon with extension to corresponding mesentery. Regional
22 lymph nodes were free of disease. Right tubo-ovarian
abscess was present. The mucosa of all organs examined
did not show actinomycosis but only congestion and slight
aspecific inflammation.

3. Discussion

Actinomyces israelii as other bacteria of the Actinomyces spe-
cies are saprophytes in the oral cavity, gastrointestinal, and
female genital tract. The destruction of the muscular barrier
by trauma, that is, endoscopic manipulation, operations,
immunosuppression, and chronic inflammatory disease, is
recognized as predisposing factors for penetration of Acti-
nomyces bacteria [3]. Several forms of immunosuppression,
such as leukemia, lymphoma, renal insufficiency, renal trans-
plant, and diabetes, have been demonstrated to facilitate this
process [4]. It is accepted that the risk of pelvic actinomycosis
resulting from IUD use is very low. Only about 92 reported
cases exist in the published English language literature,
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Figure 4: The inflammation was composed by fibroblasts, xan-
thomatous cells, and neutrophilic granulocytes, H&E 20x.

Figure 5: Colonies of Actinomyces species were detected with sur-
rounding inflammatory infiltration, H&E 40x.

despite 30 million patient-year of IUD use [5]. About 80% of
cases of pelvic actinomycosis have been reported in women
using an IUD. Actinomyces israelii infects 1.65% to 11.6% of
IUD users, and infection is more common in women who
have had an IUD use in situ longer than four years [6].

Our patient had a 3-year history of IUD which had
recently been removed. The IUD may be considered the
initial trigger of abdominalpelvic actinomycosis. Ileocecal
region and appendix itself are the most frequently involved
regions. Recognized causes of infection are appendicitis,
diverticulitis, inflammatory bowel disease, and previous
open and laparoscopic surgery. Endoscopic procedures have
been also described as rare potential causes. No previous
surgery or history of inflammatory diseases of the abdomen
were reported by our patient.

Clinical symptoms are usually not specific and include
a wide range of clinical presentation. Acute abdomen can
be observed when complications such as perforation or fis-
tulization occur; more frequently, as in our case, abdominal
pain is present.

Preoperative diagnosis of pelvic abdominal actinomy-
cosis can be difficult because of the insidious nature of
the infection. Biochemical and haematological investigations

Figure 6: Colonies of Actinomyces species were founded in abscess
areas, H&E 40x.

are almost not specific. Usually, diagnosis with fine-needle
aspiration cytology is in impossible pre-operatively. In
fact the filaments and sulfur granules of Actinomyces are
surrounded by extensive inflammatory tissue that is the
sample site of fine-needle aspiration cytology. In our case
these procedures were conclusive of inflammatory lesion.

Preoperative radiologic diagnosis is rarely performed.
Ha et al. [7] analyzed the CT findings of ten patients with
abdominal actinomycosis. The aggressive nature of invasion
and infiltration of contiguous tissues and organs, such as
the large intestine, greater omentum, or abdominal wall, was
remarkable and comparable to that seen in acute necrotizing
pancreatitis. Lee et al. [8] have examined CT scans in 18
patients with pathologically proved abdominalpelvic actino-
mycosis involving the gastrointestinal tract. Eight patients
had a history of using IUDs. The sigmoid colon was most
commonly involved (50%). All patients showed concentric
(n = 15) or eccentric (n = 3) bowel wall thickening,
with a mean thickness of 1.2 cm and a mean length of
8.3 cm. The thickened bowel enhanced homogeneously
in nine patients and heterogeneously in the other nine.
Inflammatory infiltration was mostly diffuse and severe. In
17 patients, a peritoneal or pelvic mass (mean maximum
diameter, 3.2 cm) was seen adjacent to the involved bowel
and appeared to be heterogeneously enhanced in most cases;
infiltration into the abdominal wall was seen in four patients.

Actinomycosis should be included in the differential
diagnosis when CT scans show bowel wall thickening and
regional pelvic or peritoneal mass with extensive infiltration,
especially in patients with abdominal pain, fever, leukocyto-
sis, or long-term use of intrauterine contraceptive devices.

Neoplasms and other inflammatory diseases, especially
tuberculosis or Crohn’s disease, may be confused with acti-
nomycosis. In actinomycosis, solid masses with focal low-
attenuation areas were more frequently found than cystic
masses with thickened walls. In conclusion, imaging inves-
tigations (US, CT, and MRI) confirm the presence of a
mass with collections but they are not able to distinguish
between actinomycosis and malignancy, Crohn’s disease,
diverticulitis, appendicitis, pelvic peritonitis, or tubercolosis
[9].
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The infiltrative mass with unusual aggressiveness is the
one of important radiological findings.

In our case the CT scan showed an infiltrative mass
with unusual aggressiveness. The lymph node enlargement,
ascites and involvement of the whole peritoneal cavity were
absent. These findings could be supported by the diagnosis
of Actinomycosis in our case.

Similarly to our case, in the great majority of cases,
diagnosis is reached by histopathological examination of the
specimen obtained by surgical exploration and resection.
Histopathologic examination of the infected tissue should
include a search for characteristic, but not pathognomonic,
appearances of sulphur granules. The granules measure
0.4–4 mm and stain Gram-positive with a mycelium-like
structure [10]. The differential diagnosis of sulphur granules,
however, includes nocardiosis, streptomycosis, chromomy-
cosis, eumycetoma, and botryomycosis [11]. Actinomyces
granules regularly show a positive reaction with periodic acid
Schiff and Grocott’s dye, but the Kossa reaction is negative.
Pseudoactinomyces granules formed by Nocardia and Strep-
tomyces spp. show the opposite reactions [12]. Because of
the size of the bacterium, it usually does not spread via the
lymphatic system; therefore, regional lymphadenopathy is
uncommon or develops late [13]. In our case the intense
proliferation of fibroblasts and xanthomatous cells may
be considered the cause of sizes of retroperitoneal mass
simulating malignancy. The necrosis and abscess areas have
progressively increased the inflammatory mass with com-
pression and infiltration of adjacent organs. The histological
examination showed regional lymph nodes free of disease.

4. Conclusions

The primary diagnosis of abdominalpelvic actinomycosis is
difficult. The clinical picture has changed in the last ten
years. Women with IUDs are especially at risk. All organs and
anatomic structures of the abdomen can be involved. Even
with extensive infection, combined operative and antibiotic
therapy allows cure in most cases.
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Pelvic inflammatory disease (PID) is a global health concern that is associated with significant morbidity and is a major cause of
infertility. Throughout history animals have been used for anatomical studies and later as models of human disease. In particular,
nonhuman primates (NHPs) have permitted investigations of human disease in a biologically, physiologically, and anatomically
similar system. The use of NHPs as human PID models has led to a greater understanding of the primary microorganisms that
cause disease (e.g., Chlamydia trachomatis and Neisseria gonorroheae), the pathogenesis of infection and its complications, and the
treatment of people with PID. This paper explores historical and contemporary aspects of NHP modeling of chlamydial PID, with
an emphasis on advantages and limitations of this approach and future directions for this research.

1. Introduction

The Center for Disease Control and Prevention approximates
that 750,000 women in the United States contract pelvic
inflammatory disease (PID) each year and 10% of these cases
result in infertility [1]. It is the ascent of bacterial organisms
to the upper reproductive tract that causes PID. The majority
of PID cases are due to sexually transmitted infections
with Chlamydia trachomatis and Neisseria gonorroheae. C.
trachomatis is a common cause of PID in women and
is usually an asymptomatic infection, which allows the
organism to remain undetected as it ascends into the upper
reproductive tract [2]. High rates of infertility and morbidity
resulting from PID are a global concern [3].

Nonhuman primates (NHPs) have a long history of use
in biomedical research. In the first century A.D., Barbary
apes (Macaca sylvan) were likely the first primates used
in research [4]. These apes were used as replacements for
human cadavers in anatomical studies. In the late 19th

century, recognition of the similarities between humans and
NHPs promoted the usefulness of these animals in research
[5, 6]. In the last hundred years the primate has become
a common research subject in many United States based
laboratories. As this interest evolved, more primate species
were used in biomedical research. Originally, primates were
used strictly as anatomical models, but this evolved to
include studies of disease pathogenesis and the testing of
novel medical technologies. The similarities between the
anatomy and physiology of NHPs and humans have made
such modeling successful [7–9]. The specific utilization of
NHPs in reproductive studies has occurred more recently
and continues to expand.

In 1950, Te Linde and Scott noted the effectiveness of
using NHPs (rhesus monkey) in the study of endometriosis
[10]. The anatomical and physiologic similarities of NHPs
permitted the modeling of diseases that would otherwise
be impossible, or unethical, in humans. Because no single
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species of NHP entirely reproduces the pathophysiology of
human disease, various NHPs (marmoset, macaque, grivet,
and baboon) have been used. NHP models of sexually trans-
mitted infections have permitted a better understanding of
disease pathogenesis, the effectiveness of different treatment
modalities and have accelerated renewed research interests
in prevention strategies, including topical microbicide and
vaccine development. NHP models of PID, particularly
C. trachomatis-associated PID, have been used for over
five decades. C. trachomatis has been used to successfully
infect a variety of NHPs: chimpanzees, marmosets, grivets,
macaques, and baboons [11–15]. Primates provide an attrac-
tive model for PID because, unlike other animal models
(sheep, guinea pigs, pigs, and mice), NHP reproductive tracts
are of a similar shape and size to those of women [16].
What is more, contemporary NHP PID models employ the
use of human serovars of C. trachomatis to induce PID, as
they are naturally susceptible to infection of the lower and
upper genital tract after challenge. When smaller animal
models are used nonhuman strains, exogenous pretreatment
with hormones as well as use of PID-inducing pathogens
often need to be employed because human-derived bacterial
strains may not cause a similar disease in the particular
animal [17, 18]. This paper presents the current status
of NHP models for the study of experimentally induced
chlamydial PID.

2. The Rationale for NHP Use in
Biomedical Research

In theory, the best model for human disease is the human;
however ethical and practical concerns prohibit many fun-
damental studies. Thus, NHPs serve a unique niche in
biomedical research. The evolutionary closeness that the
NHPs share with Homo sapiens helps ensure biologically
similar models with both predictive and discriminative
abilities unavailable in other animal models [19]. Though
research performed in rodents, and other small animals has
several advantages: lower cost, ease of handling, and the
ability to genetically alter them (e.g., knockout mice), the
results are not always translatable to human disease.

The use of NHPs in PID models has been able to
successfully fulfill Koch’s postulates to prove that Chlamydia
causes PID [12, 14, 20, 21]. NHP models allow for detailed
observations of disease progression, that is, the pathogenesis
of infection, to be studied in vivo. Likewise, one can
effectively examine host immune and physiological responses
independently from studying microbial pathogenesis [22].
While these advantages are shared with other animals, a
unique advantage of NHPs is their relatively long life span
that permits animals to be reused in subsequent independent
studies during their lifetime. In addition, many NHPs
continue their menstrual cycle while in captivity, supporting
their use as reproductive health models. Differences both
subtle and great have led to the creation of PID models
among different species (Table 1).

Though NHPs have numerous advantages they are not
without limitations. Using NHPs is costly, requires adequate

facilities, veterinarian staff support, expertise, and technical
staff to care for the animals. And, due to the increasing debate
regarding vivisection, adequate security is imperative.

3. Early NHP Studies of
Chlamydia Pathogenesis

Thygeson, an ophthalmologist, studied ocular chlamydial
infections and reported that maternal-to-infant transmission
induced chlamydial cervicitis (Table 2) [11]. Using material
collected from the eye of an infant with inclusion blenn-
orrhea the cervix of two baboons were directly inoculated.
One animal developed a marked cervicitis with purulent
material in the cervical canal at 12 days postinoculation [11].
Thesecond animal had no response after the first inoculation.
With a repeated inoculation this animal developed mild
cervicitis but without a purulent discharge. Interestingly,
Thygeson and his colleagues were unable to demonstrate
the detection of inclusion bodies after inoculation in either
animal.

Alexander and colleagues used the Taiwan monkey in a
similar fashion, inoculating the cervix of pregnant monkeys
with TRIC (Table 2) [31]. Like Thygeson, they reported mild
erythema of the lower genital tract and were unable to detect
inclusion bodies after inoculation. These early studies were
not designed to model PID and had limited results; but they
provided important foundation for later use of NHPs in PID
modeling.

4. Early NHP Models of Lower Genital Tract
Chlamydia Infection

Johnson et al. used the marmoset to show that an acute
inflammatory response reaction occurred with a vaginal
inoculation of C. trachomatis (Table 2) [20]. This response
lasted 10–42 days. Acute cervicitis was characterized by
erythema, occasional edema, and the presence of purulent
cervical mucus [35]. A neutrophil-rich leukocyte response
was shown, and chlamydial inclusions were demonstrated
in the epithelium. The lower genital tract response was
characterized using histology and colposcopy. Interestingly,
animals with repeated infection, with either homologous
or heterologous chlamydial strains, had decreased inflam-
matory responses, shorter durations of infection and those
that had previous inoculations were able to eliminate the
infection within one week [34].

Nearly all animals in their study developed either an
IgM or IgG antibody response. Despite the number of
reinfections, the highest IgM titer was 1:16 where the IgG
response tended to increase with subsequent inoculations
suggesting that the animals had developed an adaptive
immune response. The focus of this group’s work was study-
ing the lower genital tract, but one case of acute endometritis
and salpingitis was observed histologically upon autopsy.
However, the authors did not have microbiologic studies of
the upper tract prior to autopsy and were unable to identify
intracytoplasmic chlamydial inclusions in epithelial cells.
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Table 1: List of NHP used in reproductive health research.

Animal Species
Average Life
span (years)

Average size
(cm)

Average weight
(kg)

Menstrual
length

(days)∗
Advantages/disadvantages

Olive baboon Papio anubis 25–30
M: 70
F: 60

M: 24
F: 14.7

30–35 [23]

Advantages: anatomical and physiological
closeness to humans, large size (facilitates
procedures), straight cervix, readily avail-
able, non-threatened, can visually mon-
itor cycle stage with greatest precision
Disadvantages: large size and strength,
large housing requirements

African
Green
Monkey
(Vervet,
Grivet)
[24, 25]

Chlorocebus aethiops
(formerly

Cercopithecus
aethiops)

11–13
(captive)

M: 49
F: 42.6

M: 5.5
F: 4.1

30–32 [26]

Advantages: anatomical and physiological
closeness to humans, manageable
size, readily available, non-threatened
Disadvantages: tortuous Cervix, cannot
visually monitor cycle stage

Common
marmoset

Callithrix jacchus 12 (wild)
M: 18.8
F: 18.5

.350–.450∗

[27]
22–28

Advantages: anatomical and physiological
closeness to humans, manageable
size, readily available, non-threatened
Disadvantages: no menstruation (has
estrus cycle) [4], small size (precludes
certain procedures); ovulation pattern
slightly different from humans (twinning
is the normal state), cannot visually
monitor cycle stage

Macaques

Pigtailed Macaca nemestrina 26
M: 49.5–56.4
F: 46.7–56.4

M: 6.2–14.5
F: 4.7–10.9

30–40 [28] Advantages: anatomy of reproductive
tract tissues and physiology of menstrual
cycle similar to humans, size (facilitates
most procedures), non-threatened, can
visually monitor cycle stage to some
degree
Disadvantages: limited availability, some
species are seasonal breeders (rhesus,
possibly Formosan rock macaque),
tortuous cervix, aggressive temperament
(rhesus), zoonotic disease risk

Formosan
rock
macaque
(Taiwan
monkey)

Macaca cyclopis NA 40–55∗ 4–8∗ 24–31

Rhesus Macaca mulatta 25
M: 53.2
F: 46.9

M: 7.7
F: 5.34

28

Cynomolgus Macaca fascicularis 31
M: 41–65
F: 39–50

M: 4.7–8.3
F: 2.5–5.7

28–32
[29, 30]

NA: not available. ∗Differences between males and females were not noted.

5. Development of PID in NHPs

Concomitant with Johnson et al.’s work in marmosets,
Moller et al. did similar work in grivet monkeys (Table 2)
[46]. By directly inoculating the fallopian tubes and the
endometrial cavity, grivet monkeys developed acute self-
limited salpingitis. The histological findings in the tubal
tissues post-inoculation (infiltration of the subepithelial and
mucosal epithelium, abundant lymphocytes, and polymor-
phonuclear (PMN) leukocytes, and exudate in the tubal
lumen with small clusters of desquamated epithelium)
mirrored what is considered to be the hallmark signs of
acute salpingitis in women [32]. Moller also showed that
there was an activated immune response associated with
inoculation with C. trachomatis. The antibody response was
that of a primary infection with an IgM to IgG antibody
seroconversion [32]. Additionally, in the animal that was
infected in the endometrial cavity they documented ascent
of the C. trachomatis to the fallopian tubes.

A later study by this same group found that direct
cervical inoculation with C. trachomatis resulted in acute
salpingitis [12]. These findings confirmed Johnson’s results
in the marmoset. They, too, satisfied Koch’s postulates and
reisolated the organism. Again, the cervical infection with
C. trachomatis resulted in “classic” histological findings for
acute salpingitis as noted in humans, and like the previous
trial, the serological conversion seen post cervical inoculation
was an IgM to IgG seroconversion.

6. Current NHP Models of PID

Using direct tubal inoculation, Patton and colleagues
demonstrated a histopathologically similar acute salpingitis
in the pigtailed macaque to that noted by Moller et al. in the
grivet monkey (Table 2) [36, 37]. In the pigtailed macaques
and grivet monkeys a single inoculation of C. trachomatis
resulted in self-limited tubal inflammation without evidence
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Table 2: Historical NHP PID models and the pathological features found with each subsequent trial.

Researcher, Year Animal
Chlamydial
inoculum

Site of inoculation Pathologic features

Thygeson and
Mengert 1936
[11]

Baboon

Material from
infant with
inclusion

blennorrhea

cervix Cervicitis, purulent cervical discharge

Alexander et al.,
1967 [31]

Taiwan monkey TRIC cervix Mild erythema of the lower genital tract

Ripa et al., 1979
[32]

Grivet Ct, 2× 105 IFU/mL fallopian tube

Histological changes in the upper genital tract, swollen red-
dened tubes, abundant lymphocytes in the tubal epithelium,
clusters of desquamated cells, adhesions between mucosal
folds

Johnson et al.,
1980 [20]

Marmoset Ct, 5× 105 IFU/mL vagina
Acute inflammatory reaction of the lower genital tract,
PMNs, intracytoplasmic chlamydial inclusions

Moller et al.,
1980 [33]

Grivet Ct, 2× 105 IFU/mL cervix

Reddened and swollen tubes, exudate from ostia, histo-
logical changes in the upper genital tract, lumen of tube
diminished and tubal epithelium atrophic and flattened,
demonstrated vertical spread of organism

Johnson et al.,
1981 [34]

Marmoset
Ct, 4.2–

8.8× 105 IFU/mL
vagina

Demonstrated that reinfection with either homologous or
heterologous strain could result in infection however the
shorter duration between inoculations resulted in marked
immunity and decreased duration of infection

Johnson et al.,
1985 [35]

Marmoset Ct, 5× 105 IFU/mL vagina
Cervical erythema with occasional edema, cloudy, or puru-
lent mucus, PMNs identified, endometritis, and salpingitis

Patton et al.,
1983, 1984
[36, 37]

Pigtailed macaque Ct, 6× 106 IFU/mL fallopian tube
Acute salpingitis with marked edema and swelling, floccu-
lent exudate, PMNs, isolation of Ct from cervix and tubes

Patton et al.,
1987 [38]

Cynomolgus
rhesus

Ct, 7× 106 IFU/mL

Subcutaneous
pocket model with

fallopian tube
implants

Marked erythema, edema, and swelling, widespread inflam-
mation with lymphocytic cells and PMNs, and plasma cells
had infiltrated the stroma, infection duration shorter than
that seen in intact model with direct tubal inoculation

Patton et al.,
1987 [14]

Pigtailed macaque
Ct,

2–4× 108 IFU/mL
fallopian tube

Chronic salpingitis with extensive tubal scarring, distal tubal
obstruction, and peritubal adhesions

Patton et al.,
1990 [39]

Pigtailed macaque Ct, 1× 106 IFU/mL cervix Acute and chronic salpingitis, peritubal adhesions

Wolner-
Hanssen et al.,
1991 [40]

Pigtailed macaque Ct, 1× 106 IFU/mL cervix
Demonstrated that repeated cervical inoculation resulted
protective immunity though there was no relationship
between the antibody titer and reinfection

Patton et al.,
1994 [41]

Pigtailed macaque Ct, 5× 103 IFU/mL

Subcutaneous
pocket model with

fallopian tube
implants

Demonstrated a delayed hypersensitivity in response to
inoculation with Ct in both previously infected pockets and
noninfected pockets

Van Voorhis et
al., 1997 [42]

Pigtailed macaque Ct, 1× 105 IFU/mL

Subcutaneous
pocket model with

fallopian tube
implants, cervix

and fallopian tubes

Suggests that a Th1-like cytokine response is seen with
repeated infection with Ct

Patton et al.,
2005 [43]

Pigtailed macaque Ct, 1× 105 IFU/mL cervix
Demonstrated the azithromycin treatment in Ct infection
ameliorated the immune response to Ct infection

Patton et al.,
2008, 2009
[44, 45]

Pigtailed macaque Ct, 5× 105 IFU/mL
vaginal fornix,

rectum
Demonstrated the ability of NHP PID model for evaluating
the safety and efficacy of topical microbicides

Bell et al., 2010
[21]

Olive baboon Ct, 1× 107 IFU/mL cervix Acute and chronic salpingitis, peritubal adhesions

Ct: Chlamydia trachomatis.
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of tubal scarring. This inflammatory period peaked at day 14
and resolved by days 28–35. However, with repeated inocula-
tions a chronic salpingitis with extensive tubal scarring, distal
tubal obstruction, and peritubal adhesions was induced [14].

This picture of chronic salpingitis after repeated infec-
tions led Patton and colleagues to develop a subcutaneous
pocket model in cynomolgus, rhesus and pigtailed monkeys
so that the tubal response to infection could be easily moni-
tored [38]. The histopathology again showed a progression of
the inflammation of the mucosal and muscular layers as well
as a transition from lymphocytic cells, PMNs, and plasma
cells. Like previous studies this model showed a short-
lived infection that was microbiologically, immunologically,
and histopathologically similar to studies in intact monkeys
where inoculation had occurred directly to the fallopian
tube [36]. An important advantage of the pocket model
is that separate anatomic tubal sites are established and
can be individually manipulated per study design. However,
duration of infection was shorter. Though this model was
successful in studying the kinetics of acute and chronic
chlamydial infection in tubal tissues, the use of the intact
NHP reproductive tract is essential to investigate (scarring
and fibrosis) pathogenesis of Chlamydia-induced PID.

Recognizing that the intact NHP model provided a more
analogous model of human disease Patton and colleagues
investigated how infection ascends from the lower into the
upper reproductive tract. Repeated weekly (×five weeks)
cervical inoculations in four pig-tailed macaques caused
peritubal adhesions in all four monkeys. In contrast, in
a separate study, after primary cervical inoculation, seven
animals were rechallenged at the cervix only after the cervix
had become culturally negative for two consecutive weeks;
none developed adhesions [39].

With this new model of upper tract infection Patton et al.
had a system that could be used to evaluate cellular immunity
associated with chlamydial infections and chronic immune
responses to infection that are associated with the tubal
damage. Additionally, in another study it was demonstrated
with repeated inoculations (after cessation of infection)
animals had a shorter duration of infection [40]. With
this protective immune response there was no correlation
between the antibody titers (IgG) at the time of reinoculation
and the success of reinoculation. Attempting to further
define the immune response associated with chlamydial
infection Patton et al. used their subcutaneous pocket model
to better understand this association [41]. They showed
the same histological changes in the tubal tissues as seen
in their previous work; however, after resolution with
primary infection several pockets were tested by injection
of rhsp60 (recombinant heat-shock protein 60) or sham
injection. Those pockets that were injected with rhsp60
showed a marked increase in inflammation at 24 hours
and an even greater response at 48 hours. After 48 hours
the cellular infiltrate consisted primarily of mononuclear
lymphocytes that permeated the submucosal tissues, which
is consistent with a delayed hypersensitivity response [41].
Later, again using the subcutaneous pocket model as well as
cervical/tubal inoculations mRNAs for IFN-γ, IL-2, IL-6, IL-
10, but not IL-4, were isolated from salpingeal tissues [42].

IFN-γ and IL-2 are made by TH1 CD4 T cells, whereas TH2
cells make IL-4. IL-6 and IL-10 are made by both TH1 and
TH2 cells. These results suggested that TH1-like cytokines
are made by repeated infection with C. trachomatis [42].

Recently, Patton et al. have used their model of PID to
evaluate different antibiotic treatments for chlamydial infec-
tions [43]. In this study different treatment options (doxy-
cycline, azithromycin) were tested versus placebo (untreated
infection). As expected, animals that were in the placebo arm
developed PID. However, in the two treatment arms there
were differences. Those animals treated with doxycycline
developed inflammatory cell profiles similar to those of
the untreated animals. In contrast the azithromycin-treated
animals had significantly reduced levels of inflammatory
infiltrates. Azithromycin treatment ameliorated the immune
response and was highly effective in eradicating C. trachoma-
tis from the lower and upper reproductive tract tissues [43].

As a vaccine for C. trachomatis has been not yet
been developed, recent studies have focused on novel ways
to prevent infection. Female-controlled products, such as
microbicides, provide a critical opportunity to prevent
sexually transmitted infections. In 1999, Patton et al. were
awarded a Sexually transmitted Disease Prevention-Primate
Contract designed to comparatively assess the safety of
topical microbicide products to cervical and vaginal tissues
after repeated exposure and to evaluate their efficacy in
preventing cervical chlamydial infection. Over 28 products
have been evaluated (gels, films, capsules, etc.) for efficacy,
safety and 9 for prevention of C. trachomatis infection
[44]. Four of the candidate products tested were associated
with tissue abnormalities that included epithelial friability,
abrasion, and disruption [44]. These results demonstrated
early warnings of products with potentially deleterious
cervicovaginal effects, which lead to reformulation of several
products [44]. In the rectal safety and efficacy studies,
12 products have been evaluated for safety and one was
additionally tested for efficacy against rectal chlamydial
infection. Two products had an unacceptable safety profile,
and no protection was observed in prevention of acquisition
of rectal chlamydial infection [45].

Until recently, the baboon had not been used in PID
models. It is probable that the size, strength, temperament,
and space required to use these animals have limited their
use. However, next to the great apes (chimpanzee, gorilla,
orangutan), the baboon is the animal most similar to
humans in reproductive anatomy, physiology, and biochem-
istry, including hormonal fluctuations and cycling [47].
Another benefit of the baboon is that they have a straight
(rectilinear) cervical canal, not tortuous like the chimpanzee
and macaque, which permits transcervical procedures (i.e.,
endometrial sampling, intrauterine contraception place-
ment) in a manner that mirrors practice in women [8].
Given this similarity to humans, the baboon has been used
in vaccine trials for C. trachomatis [48]. As mentioned above
one of the earliest trials to use C. trachomatis in baboons
was in the 1930s by Thygeson and Mengert, [11]. Those
trials showed that the baboon could become infected with
C. trachomatis and develop cervicitis. Furthermore, work
by Digiacomo and colleagues showed that the genital tract
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of male baboons could be infected and continue to shed
chlamydial organisms for approximately 3 months after
initial inoculation [49].

Based on the studies previously conducted in the baboon,
as well as the Patton model of PID in the macaque, Bell
et al. recently developed a new model of PID in baboons
(Table 2) [21]. This work was conducted in wild-caught olive
baboons, and C. trachomatiswas used as the infectious agent.
Bell et al. showed that the baboon was highly susceptible to
C. trachomatis. Moreover, that with even a single inoculation,
the organism ascended to the upper reproductive tract, as
both Johnson and Moller had shown in their models [21].
Bacteria caused changes consistent with infection in the
upper reproductive tract. Like women with C. trachomatis
infections, the animals in this trial developed varying degrees
of infection, from mild cervicitis to PID. Furthermore, Bell
and colleagues demonstrated that multiple inoculations of C.
trachomatis were able to drive the infection into the upper
reproductive tract (unpublished data), and thus, like the
work of Patton, have established a working model of PID.

7. Discussion

Each of the models of PID above offers investigators the
ability to test scientific questions in animals that are anatom-
ically, biologically, and physiologically similar to humans.
Although there are a number of animal models, each model
reflects some aspect(s) of human disease and appropriate
models that should be utilized to study the desired outcome.
Interestingly, inoculation with C. trachomatis in NHPs does
not lead to infection in all animals, with some animals even
failing to show cervicitis. This observation further supports
the similarity to variable clinical picture that is seen in
women, where some women remain asymptomatic. This
point serves to further strengthen the similarity between the
NHP model of PID and the human disease state. The basis
for this heterogeneity requires further attention.

8. Conclusions

Research concerning PID has progressed greatly in the
past century and continues to advance each year. The use
of NHPs has allowed and will continue to allow for a
greater understanding of the disease. Through the ethical
and humane use of NHP models, the field of reproductive
infectious disease has continued to improve our scientific
understanding of the disease and has helped to improve
treatment measures. The continued use of these models will
allow for investigators to answer questions about human
disease that cannot be easily studied in humans.
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The diagnosis of acute pelvic inflammatory disease (PID) is usually based on clinical criteria and can be challenging for even the
most astute clinicians. Although diagnostic accuracy is advocated, antibiotic treatment should be instituted if there is a diagnosis
of cervicitis or suspicion of acute PID. Currently, no single test or combination of diagnostic indicators have been found to reliably
predict PID, and laparoscopy cannot be recommended as a first line tool for PID diagnosis. For this reason, the clinician is left with
maintaining a high index of suspicion for the diagnosis as he/she evaluates the lower genital tract for inflammation and the pelvic
organs for tenderness in women with genital tract symptoms and a risk for sexually transmitted infection. This approach should
minimize treating women without PID with antibiotics and optimize the diagnosis in a practical and cost-effective way.

1. Introduction

Acute PID is associated with significant sequelae including
tubal factor infertility, ectopic pregnancy, and chronic pelvic
pain. To ameliorate these adverse outcomes, an approach
to its diagnosis must promote the ability to intervene with
antimicrobial therapy early on the course of this ascending
infection. It is less important to accurately determine where
the patient may lie along the continuum of this ascending
inflammatory process (cervicitis, endometritis, salpingitis, or
peritonitis) and more important to empirically initiate an
appropriate antibiotic regimen when the diagnosis is sus-
pected.

There is a wide variation in the symptoms, some of which
fail to imply a pelvic etiology, associated with acute PID
(Table 1). They may range from subtle or mild to severe. This
requires the clinician to maintain a high index of suspicion
for the diagnosis of PID. Alternatively, the signs of PID are
limited to an inflammatory exudate from the lower genital
tract and pelvic organ tenderness. The value of recognizing
the symptoms associated with acute PID is based on their
ability to trigger the clinician’s evaluation of the pelvis. If
pelvic examination fails to reveal evidence of inflammation
(if there is no leukorrhea), then the diagnosis of PID is

much less likely and antibiotic treatment can be withheld
while the remaining diagnostic workup defines the diagnosis.
However, evidence of lower genital tract inflammation and
any pelvic organ tenderness suggests the advisability of
initiating antimicrobial therapy for a diagnosis of PID.

Laparoscopy can confirm the presence of acute salpingitis
in a patient with a clinical diagnosis of PID. However,
laparoscopy cannot be used to dictate which patients are
candidates for antimicrobial therapy as women without acute
salpingitis still require antimicrobial therapy for a clinical
diagnosis of endometritis without salpingitis. Therefore,
despite laparoscopy being the gold standard for the diagnosis
of acute salpingitis, its routine use is neither feasible nor
recommended.

The clinical diagnosis of PID is imprecise. Most studies
confirm the positive predictive value (PPV) of a clinical
diagnosis of PID for salpingitis of 65% when confirmed
by laparoscopy. No single historical, physical, or laboratory
finding is reliably diagnostic for acute PID. We are therefore
left with the challenge of diagnosing PID in such a way as to
minimize its associated sequelae while at the same time not
over treating all women with pelvic pain or other genital tract
symptoms with antimicrobials.
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Table 1: Symptoms in women with clinically suspected pelvic
inflammatory disease.

Abdominal pain

Abnormal discharge

Intermenstrual bleeding

Postcoital bleeding

Fever

Urinary frequency

Low back pain

Nausea/vomiting

Data from [5].

Table 2: Signs and tests to increase the specificity of a diagnosis of
salpingitis.

An additional sign and abnormal laboratory tests increase the
specificity of the diagnosis of PID:

(i) Oral temperature >101 F (>38.3◦C)

(ii) Elevated C-reactive protein (CRP)

(iii) Laboratory documentation of cervical Neisseria
gonorrhoeae or Chlamydia trachomatis.

The most specific criteria for diagnosis of PID include:

(i) Endometrial biopsy with histologic evidence of endometritis

(ii) Transvaginal sonography or MRI showing thickened,

fluid-filled tubes with or without free pelvic or tuboovarian

complex or dopplers studies suggesting pelvic infection

(tubal hyperemia)

(iii) Laparoscopic abnormalities consistent with PID

Data from [2].

2. Challenges

(1) Determine which women presenting with genital
tract symptoms are candidates for antibiotic therapy
for a diagnosis of acute PID.

(2) Determine which women with acute PID actually
have acute salpingitis since these women are at the
highest risk for the reproductive sequelae associated
with this disease.

3. Composite Clinical Criteria

The diagnosis of PID should be considered in all sexually
active women with or without lower abdominal pain and
symptoms noted in Table 1. An assessment of risk for
sexually transmitted infection (STI) enhances the specificity
of these presenting symptoms. However, women without
such risk factors should still have the diagnosis considered
given that many will not be accurate in believing that they
reside in a mutually monogamous sexual relationship [1].
Abdominal tenderness may not be present in many women
with PID, particularly if peritonitis is not present or the
patient has endometritis without salpingitis. A bimanual
pelvic examination may reveal pelvic organ tenderness,
uterine tenderness in the case of endometritis, and adnexal

tenderness in the case of salpingitis. Cervical motion ten-
derness is another common finding in women with PID.
The Centers for Disease Control and Prevention (CDC) [2]
recommend empiric treatment for PID in sexually active
young women (25 years old or younger) and other women
at risk of STI (multiple sex partners or history of STI) if they
are experiencing pelvic or lower abdominal pain, if no cause
for the illness other than PID can be identified, and if one
or more of the following is appreciated on bimanual pelvic
examination: cervical motion tenderness, uterine tenderness,
or adnexal tenderness. The limitation of this approach is
that it fails to discriminate between the differential diagnoses
of acute pelvic pain in reproductive-aged women. For this
reason, the lower genital tract needs to be assessed for signs
of inflammation. The cervical canal should be examined
for the presence of yellow or green mucopus and friability.
Microscopy of the vaginal secretions should be performed
looking for leukorrhea (more than 1 leukocyte per epithelial
cell). Evaluation for bacterial vaginosis (vaginal pH, clue
cells, and whiff test) and trichomonas vaginitis is in order
[3–6]. Finally, nucleic acid amplification testing (NAAT) for
Neisseria gonorrhoeae and Chlamydia trachomatis should be
performed. If the cervix is normal and no white blood cells
are noted during microscopy of the vaginal secretions, an
alternative diagnosis should be investigated since this reliably
excludes (negative predictive value 94.5%) upper genital
tract infection [7]. Because the sensitivity of microscopy to
detect Trichomonas vaginalis is relatively low (approximately
50%), symptomatic women with cervicitis and negative
microscopy for trichomonads should receive further testing
(i.e., culture or polymerase chain reaction method). Stan-
dardized diagnostic tests for Mycoplasma genitalium are not
routinely performed. Empiric antibiotic treatment should be
initiated in sexually active young women, especially those at
risk for sexually transmitted infections (STIs), with pelvic
or lower abdominal pain, if no other causes other than PID
can be identified and if the following minimum criteria are
present on pelvic examination:

(i) lower genital tract inflammation (cervicitis and/or
leukorrhea (>1 leukocyte per epithelial cell on
microscopy of the vaginal secretions)),

(ii) any pelvic organ tenderness (e.g., cervical motion
tenderness, uterine tenderness, or adnexal tender-
ness).

The above approach is sufficient to assure that women with
PID will be treated appropriately with antibiotics. At least
a third of these women will not have acute salpingitis, but
never the less are candidates for antibiotic therapy. Given that
antibiotic regimens are identical for the treatment of women
with acute salpingitis regardless of degree of severity, there is
no utility in confirming the diagnosis laparoscopically.

If women with the clinical diagnosis of PID were to
undergo routine laparoscopy, visual evidence of acute tubal
inflammation (erythema, edema, and purulent exudate)
would be confirmed approximately 65% of the time [8,
9]. Therefore, the clinical diagnosis of PID may represent
women with visually confirmed acute salpingitis. However,
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the clinical diagnosis of PID may also represent women
with cervicitis and endometritis without salpingitis or with
cervicitis alone [10, 11]. C. trachomatis, N. gonorrhoeae,
bacterial vaginosis, and trichomonas vaginitis are associated
with histologic evidence of endometritis in women without
the clinical manifestations of PID [10]. The symptoms and
signs of PID are essentially indistinguishable among women
with acute salpingitis, those with endometritis without acute
salpingitis, and those with cervicitis but neither endometritis
nor salpingitis [11–13].

Other ancillary tests (Table 2) that can be useful in
diagnosing PID include a complete blood count, erythrocyte
sedimentation rate (ESR), or C-reactive protein (CRP).
These tests are recommended for patients with clinically
severe PID. Imaging studies are most helpful when ruling
out competing differential diagnoses such as the use of
pelvic ultrasonography to rule out symptomatic ovarian cysts
and computed tomography to rule out appendicitis. Pelvic
ultrasonography has limited sensitivity for the diagnosis of
PID, but the specific finding of thickened fluid-filled tubes
by ultrasonography supports the diagnosis of upper genital
tract inflammation [14]. Pelvic ultrasonography should be
ordered in patients requiring hospitalization or those with a
pelvic mass.

4. Laboratory Tests

White blood cell (WBC) counts are beneficial when abnor-
mal. However, only 60% of patients with PID present
with elevated serum WBC count [15]. ESR, a nonspecific
inflammatory marker has been found to be elevated in PID
but an elevated ESR (>15 mm/h) is only present in approx-
imately 75% of women with acute PID and, as a non-
specific maker of inflammation, can be found in other disease
states. CRP, another inflammatory marker, has been studied
in acute PID. In a series that involved 152 patients, a CRP
>10 mg/dL had a good sensitivity (93%) and specificity
(83%) in the diagnosis of PID [16]. Furthermore, CRP
levels decrease to normal sooner than ESR following effective
antibiotic therapy and may be beneficial as a monitoring tool.

There might be a role for CA-125 in PID diagnosis. Duk
et al. from The Netherlands looked at the relationship of CA-
125 in 50 patients with a provisional diagnosis of PID and
concluded that the finding of an elevated serum CA-125 level
confirms the diagnosis of peritoneal involvement in patients
with a clinical diagnosis of PID [17]. They measured CA-125
concentrations in serum before laparoscopy and during
hospitalization, using an enzyme immunoassay and found
that CA-125 concentration before laparoscopy correlated
with the extent of inflammatory peritoneal involvement and
the predictive value of an elevated serum CA-125 level to
indicate the presence of salpingitis (grades 1–3) was 97%.
However, the predictive value of a normal CA-125 level
indicating normal observations at laparoscopy (grade 0) was
only 47%. Similarly, Mozas and coworkers [18] in Spain
looked at the efficiency of different tumor markers (CA-125,
carcinoembryonic antigen, CA-15.3, CA-19.9) and insulin-
like growth factor I (IGF-I) measurements as a screening
procedure for acute PID, and found no differences in the

levels of CA-15.3, CA-19.9, carcinoembryonic antigen and
IGF-I between three groups studied. However, the serum
levels of CA-125 were significantly higher in patients who
had PID and they concluded that measurement of serum
CA-125 concentrations is recommended as a useful test for
acute PID in patients undergoing laparoscopy for pelvic
pain. Paavonen and coworkers in Finland measured serum
levels of CA-125 in 31 patients with confirmed PID and
found a correlation between CA-125 levels and the severity of
adnexal inflammation as defined by laparoscopy. There was
no association between isolation of specific microorganisms
from the upper genital tract and elevated CA-125, and in
most of the women in this study, serum levels of CA-
125 decreased during treatment [19]. Finally, Moore and
Soper [20] also reported a relationship between CA-125
and laparoscopically confirmed acute salpingitis and further
noted that the degree of elevation of CA-125 levels correlated
with severity of tubal inflammation.

5. Endometrial Biopsy

Endometrial biopsy has been studied extensively in the diag-
nosis of PID. It is less invasive compared with laparoscopy.
The presence of neutrophils and plasma cells in the endo-
metrium is indicative of endometritis and may be used to
diagnose PID [21].

Kiviat and coworkers [22] looked at endometrial histo-
pathology in 69 patients with clinically suspected acute PID
and reported that 54% of the patients had both upper
genital tract infection (UGTI) and laparoscopically con-
firmed salpingitis. They reported UGTI without salpingitis
in 1%, while salpingitis without UGTI was reported in 16%.
The study found that the simultaneous presence of five
or more neutrophils per ×400 field in endometrial surface
epithelium, together with one or more plasma cells per ×120
field in endometrial stroma were the best predictor of upper
genital tract infection plus salpingitis. This combination had
a sensitivity of 92% and a specificity of 87% for predicting
the diagnosis of both UGTI and laparoscopically confirmed
acute salpingitis. Additionally, 90% of all UGTIs identified
in this study were attributable to C. trachomatis or N.
gonorrhoeae, and 92% of the women diagnosed with UGTI
and salpingitis had either chlamydia or gonorrhea infection.

6. Imaging Studies

Ultrasonography is the imaging method of choice, followed
closely by Magnetic Resonance Imaging (MRI). Computed
tomography (CT) is reserved for evaluation of the extent of
PID within the abdomen and interventional management.
Ultrasonography is noninvasive, widely available, and a good
diagnostic tool to have in a physician’s armamentarium
for PID diagnosis. The typical ultrasound findings in acute
PID have been described by Timor-Tritsch and Rottem
[14], and the addition of Power Doppler to transvaginal
ultrasonography has been found to increase its sensitive in
diagnosis of PID. Transvaginal ultrasonography is preferred
to transabdominal approach and also helpful in guiding nee-
dles to drain abscesses. MRI is expensive but more sensitive.
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Tukeva et al. [23] compared transvaginal ultrasonography,
MRI, and laparoscopy in 30 in-patients hospitalized in
Finland with clinically suspected PID and reported that MRI
diagnoses were 95% correct in 21 women with laparoscopi-
cally acute salpingitis compared with transvaginal sonogram
that was 81% accurate. The sensitivity of MRI in the
diagnosis of PID was found to be 95%, with a specificity of
89%, and overall accuracy was 93%. For transvaginal US, the
corresponding value was 81%, 78%, and 80%, respectively.
MRI is more accurate than transvaginal US and provides
information about the differential diagnosis of PID, and as
such its use may also reduce the need for diagnostic lap-
aroscopy.

Although the literature is replete with reports regarding
the sonographic findings of PID, little was published about
CT images until the last decade [24]. CT findings in early
PID include obscuration of the normal pelvic floor fascial
planes, thickening of the uterosacral ligaments, cervicitis,
oophoritis, salpingitis, and accumulation of simple fluid in
the endometrial canal, fallopian tubes, and pelvis. The simple
fluid may become complex as the disease progresses and
eventually become a frank tuboovarian or pelvic abscess.
Reactive inflammation can manifest as small or large bowel
ileus or obstruction, hydronephrosis or hydroureter, and
right upper quadrant inflammation (Fitz-Hugh-Curtis syn-
drome). One drawback of CT images however is the exposure
to ionizing radiation, which can be problematic in young
women.

If imaging is considered, we would first recommend
transvaginal ultrasound, and if classic findings of PID are
noted on ultrasound [14], no further imaging is required.
If additional characterization is warranted, then we recom-
mend MRI over CT because its overall accuracy is greater
than 93% and does not carry the additional risk of ionizing
radiation. If tuboovarian abscess (TOA) is suspected, we
recommend an initial transvaginal ultrasound because this is
the most cost effective imaging to allow percutaneous drain
placement. However, many interventional radiologists will
prefer CT to guide drain placement.

7. Laparoscopy

Laparoscopy has been shown to add considerable accuracy
to the clinical methods of diagnosing acute salpingitis [9].
The procedure does not aggravate the inflammatory process.
Jacobson and Weström looked at 905 cases over an eight-year
period (1960–1967) and set the standard for laparoscopic
diagnosis. The minimum laparoscopic criteria for visual
diagnosis of acute salpingitis include: pronounced hyperemia
of the tubal surface, edema of the tubal wall, and, thirdly, a
sticky exudate on the tubal surface and from the fimbriated
ends when patent. In their study, they hardly encountered
difficulties differentiating mild pathologic changes and nor-
mal conditions, but one major drawback that can be envis-
aged is the patient with endometritis who has no salpingitis.
In 814 cases in their series with suspected acute PID, 532
(65%) had laparoscopically confirmed acute salpingitis, 12%
had other pathologic conditions, and 23% had no pathologic
conditions changes. We suspect that a significant proportion

of women in the latter category had endometritis without
salpingitis.

In another study comparing clinical and laboratory
findings with laparoscopic findings of acute PID, Eschenbach
and coworkers [25] reported that the severity of clinical and
laboratory manifestations (other than adnexal mass) was
not associated positively with tubal occlusion and that the
severity of some findings was actually associated negatively
with the severity of tubal damage.

Although laparoscopy is referred to as the “gold stan-
dard” for the diagnosis of PID, review of the literature
regarding its accuracy has been mixed. Accuracy of a clinical
diagnosis when compared with diagnostic laparoscopy in
the diagnosis of PID has been reported in various studies.
Morcos et al. [26] in a study of 176 women with clinically
diagnosed PID established laparoscopically confirmed PID
in 76.1% of the cohort. Similarly, Cohen et al. [21] in a
prospective case-control study investigated the etiology of
acute salpingitis in a cohort of Kenyan women and confirmed
salpingitis laparoscopically in 142 (90%) of the 158 women
with a clinical diagnosis of acute PID. Conversely, Peipert et
al. [27] found the sensitivities of both the accepted clinical
criteria and the triad of laparoscopy visualization of edema,
erythema and purulent exudates to be low. In that study, the
sensitivities of the CDC’s minimal clinical criteria for PID
and the laparoscopic triad of edema, erythema, and purulent
exudates were 65% and 60%, respectively. Sellors et al. [28]
also found laparoscopy to be 50% and 80% sensitive and
specific, respectively. In this study, additional evidence from
endometrial and fimbrial biopsy increased the prevalence
of confirmed PID from 30% in visual diagnosis alone to
46% when endometrial and fimbrial minibiopsy evidence
was included.

Women with a recurrent diagnosis of PID and per-
sistently negative NAATs and who are classified as “lower
risk” epidemiologically should have laparoscopy to consider
alternative diagnoses such as endometriosis.

8. Conclusion

Diagnostic laparoscopy with concomitant endometrial bi-
opsy (subsequently examined histologically) in women with
cervicitis will accurately define the continuum of inflam-
mation associated with a clinical diagnosis of PID. This
approach will allow the clinician/investigator to define as
to whether the patient/subject has cervicitis/endometritis/
acute salpingitis, cervicitis/endometritis, or cervicitis alone.
This comprehensive approach is neither practical nor cost
effective for those not in a research setting.

A purely clinical approach using the findings of lower
genital tract inflammation (leukorrhea) associated with
pelvic organ tenderness will identify the vast majority of
women with PID, and all are candidates for antibiotic
therapy (Figure 1). We recommend this approach as the most
practical and cost effective.

Finally, additional testing and imaging is important in
two scenarios first, in differentiating alternative diagnoses
such as ovarian cysts and appendicitis. Second, in the more
seriously ill patient who needs additional evaluation to assess
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No leukorrhea
or cervicitis

Mild PID Severe PID

Start oral/out
patient antibiotic

therapy

Tests for
GC, CT, TV,

Mg, BV

Proceed to rule
out alternative
diagnosis

Symptoms suggestive of PID

PID: pelvic inflammatory disease
LGT: lower genital tract
GC: Neisseria gonorrhoeoa
CT: Chlamydia trachomatis
TV: Trichomonas vaginalis
Mg: Mycoplasma genitalium
BV: bacterial vaginosis

Evaluate LGT for
inflammation

+
Bimanual pelvic exam

Start
(i) IV antibiotics
(ii) Hospitalization
(iii) Ancillary tests
(iv) Imaging studies

Figure 1: Flow chart Showing Clinical Diagnosis of PID.

the degree of sepsis and to consider the presence of a
tuboovarian abscess. Women with severe PID are candidates
for hospital admission and parenteral antibiotic therapy.
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