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Abstract: Mycoplasma genitalium is an emerging sexu-
ally transmitted pathogen implicated in urethritis in men
and several inflammatory reproductive tract syndromes
in women including cervicitis, pelvic inflammatory
disease (PID), and infertility. This comprehensive review
critically examines epidemiologic studies of M. genitalium
infections in women with the goal of assessing the
associations with reproductive tract disease and enhanc-
ing awareness of this emerging pathogen. Over 27,000
women from 48 published reports have been screened
for M. genitalium urogenital infection in high- or low-risk
populations worldwide with an overall prevalence of
7.3% and 2.0%, respectively. M. genitalium was present in
the general population at rates between those of
Chlamydia trachomatis and Neisseria gonorrhoeae. Con-
sidering more than 20 studies of lower tract inflamma-
tion, M. genitalium has been positively associated with
urethritis, vaginal discharge, and microscopic signs of
cervicitis and/or mucopurulent cervical discharge in
seven of 14 studies. A consistent case definition of
cervicitis is lacking and will be required for comprehen-
sive understanding of these associations. Importantly,
evidence for M. genitalium PID and infertility are quite
convincing and indicate that a significant proportion of
upper tract inflammation may be attributed to this
elusive pathogen. Collectively, M. genitalium is highly
prevalent in high- and low-risk populations, and should
be considered an etiologic agent of select reproductive
tract disease syndromes in women.

Introduction

An estimated 340 million new curable cases of sexually
transmitted infections (STIs) are acquired annually throughout
the world [1], making these infections an important public
health and economic concern. Mycoplasma genitalium is an
emerging cause of STIs in the United States [2] and has been
implicated in urogenital infections of men and women around
the world. More than 25 years after its initial isolation from men
with non-gonococcal urethritis (NGU; [3]), M. genitalium is now
recognized as an independent etiologic agent of acute and
persistent male NGU and is responsible for approximately
20%-35% of non-chlamydial NGU cases [4,5]. Implicating this
organism in male urogenital disease was a significant advance-
ment in our knowledge of STIs, but it has been less clear
whether M. genitalium is also a cause of inflammatory
reproductive tract disease in women. This comprehensive
literature review (PubMed database; MeSH “Mycoplasma
genitalium” with no restrictions on publication year) addresses
the overall population prevalence and associations of M.
genitalium with inflammatory syndromes of the female reproduc-
tive tract.
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Epidemiology and Prevalence of M. genitalium
Infections

After the initial isolation in 1980 [3], few epidemiologic studies
of M. genitalium infection were undertaken largely because of
difficulties in cultivation of this fastidious organism. Some 10 years
later, the polymerase chain reaction (PCR) was first employed for
detection of M. gemitalium in patient specimens [6,7], thereby
facilitating larger investigations of prevalence and associations with
urogenital disease. Using such molecular methods, sexual
transmission of the organism has been suggested by high
concordance rates among sexual partners [8-15] and documented
specifically in infected couples with concordant M. genitalium
genotypes [11,15]. In addition, sexual transmission of M. genitalium
infection can be inferred from increased prevalence values in
cohorts reporting sexual intercourse and the association with
number of sex partners [2,16]. For the purpose of this review,
high-risk individuals were defined as those attending an STT clinic,
those enrolled in a study where inclusion criteria included signs of
urogenital disease, patients presenting to family planning clinics
for termination of pregnancy, or those individuals classified as sex
workers. Low-risk enrollees were those not attending an STT clinic,
fertility clinic attendees, those chosen randomly from an otherwise
healthy population, and all women enrolled in studies of adverse
pregnancy outcomes.

Considering 27,272 women from 40 independent studies,
among women from low-risk populations (n=28,434; [2,14,16—
24]), the prevalence of M. genitalium infection was 2.0% with most
cohorts between <1%-5% (Table S1). In three studies of low-risk
individuals where enrollees were randomly selected from commu-
nity or population-based survey populations ([2,16,19]; n=4,075),
the prevalence was also 2%. Among these was the US National
Longitudinal Study of Adolescent Health, which showed the
genital prevalence of M. gemitalium to be approximately 1%,
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between those of Neusseria gonorrhoeae (0.4%) and C. trachomatis
(4.2%), respectively [2]. Thus, M. gemitalium prevalence in the
general population is on par with other sexually transmitted
pathogens of significant public health concern.

Using the above definition of high-risk populations, 18,838
women have been tested for M. genitalium urogenital infection [6—
8,10,13,25-56]with a substantially higher prevalence than low-risk
groups (7.3%; Table S1). Among studies of high-risk individuals,
the population prevalence values ranged from 0% to 42% and can
be explained by several factors, including the clinical setting,
specificity of the employed NAAT assay, participant enrollment
criteria (e.g., specific symptoms or signs), geographic location of
study site, high-risk behavior (e.g., commercial sex workers), co-
infection with other STIs, and the reporting of point or
cumulative, multi-sampling values. Importantly, we considered
only point prevalence values in the overall prevalence calculations
because cumulative, multi-sampling values were not directly
comparable. In conclusion, considering sexual transmission and
the high prevalence worldwide, the public health significance of
M. genitalium infections in women is potentially very large.

Clinical Correlates with Lower Urogenital Tract
Inflammation in Women

Vaginal Discharge

In more than 20 independent clinical studies, M. genitalium has
been evaluated as a cause of inflammatory lower genital tract
syndromes including urethritis, cervicitis, and vaginal discharge.
From 2002 to 2010, six studies addressed the relationship between
M. gemitalium infection and vaginal discharge (r=3,059; Table 1)
with significant associations observed in three [14,43,51]. Vaginal
discharge was measured either as a symptom or sign among the
cited studies and the criteria varied from any sign of discharge to
defined pathologic symptoms such as discharge characterized as
heavy, yellow, or green-gray with mucous-like or creamy
consistency (see Table 1 for specific diagnostic criteria for each
study). No clear trend was evident as to whether signs or symptoms
were better predictors of M. genitalium infection, as only two studies
used vaginal symptoms in their diagnostic criteria.

Etiologies of vaginal discharge are extremely diverse, can be
either microbial or non-microbial, may be normal or abnormal,
and can be attributed to inflammation in other parts of the
reproductive tract (reviewed in [57]). Only one study adjusted for
the presence of bacterial vaginosis (BV; [43]) and, despite a high
rate of BV in the cohort, demonstrated significant associations of
M. genitalium with vaginal discharge. However, evaluation of a
similar population 4 years later did not reproduce the finding [13].
Further, the case definition of pathologic discharge was variable
between studies and, most importantly, patient-reported symptoms
are a highly subjective measure. Therefore, the disparity among
studies is not surprising. Future studies with defined and/or
quantitative signs that control for co-infection with other STIs and
concurrent inflammatory syndromes (e.g., bacterial vaginosis) will
be necessary to determine whether M. genitalium is independently
associated with vaginal discharge.

Urethritis

Considering only microscopic signs of urethral inflammation
(>4-5 or >10 polymorphonuclear leukocytes per high-powered
microscope field [PMNL/hpf]), positive associations with M.
genitalium infection were found in three of four studies [8,40,49].
One study, the largest of Scandinavian women ([49]; n=7,604;
Table 1), found a significant association between M. genitalium and
microscopic urethritis. Three other Scandinavian studies of
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urethritis failed to show a significant association with M. genitalium
infection even when patients co-infected with C. trachomatis [10]
were removed or after adjusting for concurrent cervicitis [8,9].
However, Anagrius and colleagues showed a significant association
with microscopic signs of urethritis and/or cervicitis in Swedish
women [8]. This study exemplifies that exclusion of women with
concurrent cervicitis or other inflammatory syndromes is impor-
tant because inflammation from other sites may contaminate the
urethra leading to a false diagnosis of urethritis. Two of the studies
that failed to show a significant association between M. genitalium
and urethritis, but did control for concurrent cervicitis [8,40],
showed a strong trend towards association with lower bounds of
their respective 95% Cls close to the null. Importantly, M.
gemitalium 1s a recognized cause of sexually acquired acute and
persistent urethritis [4,5] in men. However, considering the
disparate results of the cited studies, we cannot conclusively
implicate M. genitalium as a cause of female urethritis. Additional
investigations of M. genitalium urethritis are warranted, especially in
populations outside of Scandinavia.

Cervicitis

Cervicitis, often termed mucopurulent cervicitis [58], 1is
characterized by the presence of clinical signs such as mucopu-
rulent discharge, friability at the external os (easily induced
bleeding), elevated counts of PMINL detected by Gram staining of
endocervical swab material, or a combination of these signs [58].
However, there is no generally accepted case definition of
cervicitis. Among epidemiologic studies of cervicitis in high- and
low-risk populations (Table 2; = 13,000 women), M. genitalium has
been positively associated with cervical inflammation in all studies
where microscopic signs were considered independent of non-
microscopic signs [8,10,30,40,47,49]. Of these, only two studies
showed significant correlations [10,49]. Considering non-micro-
scopic criteria (see study by Pepin et al. [51] for diversity of non-
microscopic signs), cervical discharge was the most consistently
measured among the retained studies. Four of eight studies showed
positive associations between cervical discharge and M. genitalium
infection, all of which were significant relative to women without
this sign (Table 2; [25,36,47,51]).

Two studies have addressed whether microscopic or non-
microscopic signs are better predictors of M. genitalium cervicitis
within the same patient population. Casin et al. found no
significant associations using either cervical discharge or micro-
scopic signs (>10 pmn/hpf) [30], but all women 1in this study had
vaginal discharge. However, Manhart and colleagues found no
significant association between M. genitalium infection and cervicitis
defined by >30 PMNL/hpf, but statistical significance was
observed with abnormal cervical discharge ([47]; Table 2).
Further, considering all studies of M. genitalium cervicitis, those
where a high threshold of microscopic cervicitis (>20 or >30
PMNL/hpf, or more PMNL than epithelial cells) was employed,
only three of seven studies showed a significant correlation
between microscopic signs and M. genitalium infection ([10,46,49];
Table 2). This suggests that a high microscopic threshold of
inflammation is not a more specific sign of M. genitalium cervicitis
and might also fail to detect less severe inflammation. Collectively,
it is clear that discrepancies among these studies can be attributed
to the variable case definition of cervicitis and studies with uniform
criteria will be required to address which sign(s) best predict M.
genitalium cervicitis.

C. trachomatis is a common cause of cervicitis and a potentially
confounding variable for implicating M. genitalium as an indepen-
dent etiologic agent. Where possible, we excluded subjects with C.
trachomatis co-infection for all OR calculations (see Table 2). Six of
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SCumulative, multi-sampling prevalence over a 5-y study that included M. genitalium PCR- and culture-positive individuals; only PCR-positive individuals considered for prevalence in cases vs. controls and OR calculations.

’Excluded women co-infected with M. genitalium and NG, CT, or TV.
8Excluded women with CT and women co-infected with M. genitalium and CT.

*Exluded women co-infected with M. genitalium and CT.
doi:10.1371/journal.ppat.1001324.t002

Table 2. Cont.
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nine studies where C. trachomatis co-infection was either excluded
or adjusted for in multivariate analyses found significant
associations between M. genitalium and cervicitis [10,25,36,
46,49,51], whereas only a single study [47] showed significant
associations without this adjustment. Studies controlling for N
gonorrhoeae infection are lacking. Despite these differences, several
clinical investigations of urogenital disease in women indeed
indicate that M. genitalium should be considered an independent
risk factor for cervicitis, particularly when urogenital specimens
are negative for other known pathogens. Importantly, this
magnitude of increased risk is similar to those of other known
causes of cervicitis, including C. trachomatis and N. gonorrhoeae [46].

Upper Reproductive Tract Infection by M.
genitalium

Pelvic Inflammatory Disease

Following sexual transmission, cervical passage of M. genitalium
could result in ascending infection of the endometrium or further
to the fallopian tubes leading to tubal inflammation and infertility.
M. gemitalium was first suspected as a cause of pelvic inflammatory
disease (PID) in 1984 [59]. Since, five PCR-based studies have
found a positive association of M. genitalium with clinical PID from
geographically diverse populations around the world ([27,31,
39,54,56]; Table 3). In the first of these, of 58 Kenyan women with
histologically confirmed endometritis, M. genitalium was found
significantly more often in women with endometritis compared to
women without this condition (16% versus 2%; [31]). Similarly, in
a sub-study from the US PID Evaluation of Clinical Health
cohort, women with M. gemitalium were three times more likely to
have endometritis at enrollment compared to women without A.
genitalium [39].

In two cross-sectional studies where the endometrium was
sampled directly to measure the associations of current infection
and upper tract disease [31,33,39], M. gemitalium was associated
significantly with endometritis [31,39]. In contrast, one prospec-
tive study of commercial sex workers in Kenya failed to find an
association of M. gemitalium infection with PID [33] over 36
months. Considering the persistent nature of M. genitalium, as with
other STIs, it is possible that the follow-up period and high
percentage of loss to follow-up was not adequate to detect incident
PID. Importantly, clinical diagnosis of PID includes several
variable signs (see Table 3) that often do not correlate with
laparoscopic findings [54]; this undoubtedly contributes to
variability among PID studies and could impact the associations
with M. genitalium infection. Further, no clear trend was observed
when comparing studies that removed co-infections with C.
trachomatis or controlled for co-infections in multivariate analyses.
Overall, M. genitalium has been associated with microscopic
endometritis and PID, and confirmatory studies are clearly
necessary to establish an independent role and investigate the
mechanisms for upper reproductive tract inflammation.

Pregnancy-Related Complications and Infertility

PID can be a pre-cursor to several significant upper tract
complications, including ectopic pregnancy, chronic pelvic pain
and tubal factor infertility [60]. No association between M.
genitalium and ectopic pregnancy was observed in a single study
using serological testing for M. genitalium exposure ([42]; Table 4).
Considering other adverse pregnancy outcomes including preterm
birth, spontaneous abortion or miscarriage, stillbirth, and small for
gestational age, of five independent studies ([20,21,42,44,53];
Table 4), two studies have indeed shown an independent

May 2011 | Volume 7 | Issue 5 | e1001324



€00¥ZE100L1edd [eUINO/LLEL'OL:IOP
“USIA P-0E pue

1USWI|0IUS USSMISQ 9SIN0DIRIUI “D| 9.l ‘Y ‘shiels s;apwioydpa) pipAwpyy) ‘1D ‘abe ‘y Quswieas) ssuned panodai JIas ‘|4 Dwulp yieay dlgnd ‘“DHd ‘Adueubaid Jo UonRUIWILY ‘O ‘SINIOM X3S [BIDISUWIWIOD ‘MSD ‘Wwooi Aousbiaws
‘Y3 ‘oseasip Aiorewweppul dIA[Rd ‘gld ‘uondajul paniwsue) Ajjenxas ‘|15 ‘A60jo3aukb pue $o11915qo ‘UADH/qQ ‘Pl adodso.iw samod-ybiy ‘ydy ‘onel piezey ‘YH Hsu SANL[RI ‘YY ‘0.l SPPO ‘YO ‘wnipiuab pwispjdodAy ‘OW

‘IVVN B Yim ueyy Jayies Aesse [ed160[01as e buisn pajenjeas aiam Adueubaid d1doids y
"JUBWI|0IUD Je SUBIS pue SN1eIS UOIIDJUl WO PIIeIND|ed SIILIIBWOPUD U

"1D pue wnipluab W YUM P31O34Ul-0 USWOM pue | UM USWOM Papn|dXd,

1D pue wnipyusb ‘W yum pada4ul-0d syusied papnpx3,
uoneosse pue ddudjeadd wnipyuab W,
uoneosse pue aduajeadid wnipiuab

“Apn3s andadsold Ul suoidB4UL JUSPIdUL WOy Pale[nd[ed YH dld ‘JUSWI|oIUS Je paje[ndjed adusjeasid wnypiuab
‘swordwAs 1o subis INOYIM S|enpIAIpUL 3Je $|0J3UO0D ‘sWoidWAs Jo subls PaURSP YM S|ENPIAIPUI 3503 3l sased)

s1s034>0%n3| pue

(ueder ‘syuaned |osuod jueubaid

(90°661-£1°0) LV'8 o(0) 6£/0 ‘(8°€) 6¥/T AId 'D.LE< 19A3) 'SS3UISPUS) |exaupe ‘Uled [eulwopgy St 00C 10 uko/qo [endsoH :[95]) £66L ‘oun
SSSUISPUI] UOIIOW SULISIN/|BIIAIDD (N “sjo13uod Joy diulp yijeay Aewnd
(#'S61-95°0) €¥°0L <(0) LE/0 ‘FLL) ¥1/S pue ‘ssauiapua) [exaupe ‘uled [BUILIOPJE JBMOT €L 78 ‘uko/qo Jo duIp |15 ‘[¥S]) €00T ‘swwis
uo[1994ul 10€1) JIMO] JO Subls dA113(qo
pue D_8E< ID9AD) ‘SSDUIDPUD] UOIIOW JO/pUe SSew (uapams ‘Aoueubaid d1do1ds Jo qid
(£1-9'0) 0°'L 1D ‘v 404 parsnfpy  (9'%L) 9¥T/9€ ‘(£1) €61/€€  |exdupe 3|qedjed ‘Sim £> 10} USWOPGE JIMO| Ul Uled HL9L (k43 ‘'uk5/q0 ‘[ev]) £00T ‘pPuensang
(S1dWOpPUs) ewos
|elIPWopuUS 3yl ul s|j9 ewse|d om] 1ses| 1e 1o/pue (SN ‘snuLwopus 1o qid pardadsns
(L'9-6'1) 0°€ DI ‘Ld WNLI2WOPUD [ENJISUSW JO 3dUIsge ayl ul wnidyiuda Ajlesrunp 2P yyesy Aewnd Jo ‘|1
‘y 10} paisnipe ‘Juswy|oiud e snLIBWOopUT £(9°2) T9z/0T ‘(6°'LL) OVT/EY 2oelNS [eLIBWOPUD 3Y) Ul s|iydosinau g 1ses| 1y (0SL 98S ‘'uho/q0 “43 ‘[6£]) 800T ‘AyiebbeH
(eAusy ‘MSD
(EL°L-€¥°0) 0£°0 UBWIj0IUd ddUIs dId (£€) SEL/0S ‘(£¥T) 601/LT pauyap 10U qid [ed1ulD LSl §SC ‘DHd ‘[€€]) £0OZ ‘usyod
(S131PWOPUD) BWONS (eAudy| ‘p ¥L< ured diajad
(rL¥8-92°L) 6201 (81) £8/1 '(5°S1) 85/6 |eu1aWOpUS 4o ydy 4ad |93 ewseyd | Ised| 1y L8 SLL P (1S ‘[LE]) zooT ‘usyod
D,8€< 19A9) 10 ‘g< uIR104d BAIDRDI-D
pa1eAs|a ‘snd [e2IAISD0PUS MOJ|3K 1O JeaWS 19M
|euibea [edibojoyied Jo auo yum Jayiaboy ssaulspusl (uspams ‘do bunsanbai ‘uko/qQ
(T'S2-95'1) 62°9 1D 'V 1oy passnipe did (¥'2) 89L/v ‘(TTl) 6¥/9 [EXSUPE IO ‘BULIN ‘[eDIAISD ‘Uled [euliopge JaMOT ST 6£0C [eudsoH ‘[£Z]) 0LOT ‘Buipaelg
a|qedijddy j| paiedipuj aay sashjeuy (%) sjonuo) ‘sased sased (%) @2uspU] 10 paisalL juswijjoiug Joj eldD) dydads
jelieARNA Ul (s)3|qeliep paisnipy (1D %S6) uj @dudjeAaid DN snIawopug 10 gid 10} el d13soubeiq adudjenasd DN ‘oN pue ‘6ui33as [ediuld ‘@dua4ajey

HH 40 YO se passaidx3z ainseay ysiy aAnexy

‘aseas|p Aioyewwepul dIAlRd Yum winypiiuab py o suoneposse ayy Buienjeas saipnis paysiignd jo sonsuseley) € a|qer

@ PLoS Pathogens | www.plospathogens.org

May 2011 | Volume 7 | Issue 5 | e1001324



¥001'¥Z€L00L 1edd [ewInol/LZE1°0L:I0p
"PAPNIIX3 DI9M SYSITT SAINSOd-1D YUM USWOA,,

‘UBWOM Pa3sa) 7Lz Buowe 9/ sem adudjeadidoiss wnypyuab y ‘suswidads d|qejieae OLg JO Aue ul YDd Aq pa1da1ap 10U sem wnipyuab W
‘edBN Bunabiel Aesse [e3160j01s e Buisn palen|end aidam AY|IURJUI YIM UOIdBUI wnipuab ‘W Jo uonejndjed Yo pue aduejeadsd uonejndod,
"swoldwiAs 4o subis INOYUM S[enplAIpul dJe Ss|013u0d ‘swoldwAs 4o subls paulep YUM S[enpIAIpUl 350U} dJe sased,

‘SNnje}solas

sipbwoydp.) pipAwpjy) ‘1D ‘uonioge snosueiuods snoiraid ‘ySd ‘Yuig wuiaid Joud ‘gld ‘uoneisab uimy ‘o) ‘Buipas|q Jo1sawl puodss ‘gls ‘Bupows 91194eb1d ‘S ‘abe [eusalew ‘YA ‘snieis spwoyopay bipAwpiyd ‘1) obe 'y
{UOI1eZI|ILID) OJUA UI ‘4A| ‘Bseasip Alolewweul JIalRd ‘qld ‘woos Aduabiawa ‘Y3 ‘A60j02auAb pue $o11915q0 ‘UAD/qQ ‘1591 uoneddwe pide JI9|aNU ‘| YN ‘Ol1el plezey ‘YH SisU dAIIR[DI ‘YY ‘011el SPPO ‘YO ‘winipliuab pwispjdodAy "D

(CSL=€1) S¥ SID 'V

uoisn|310 |eqny

(pewuag

10 YO se passasdx3z ainsespy ysiy dAnedY

J10j paisnfpe Ayjiusjul Jo1dey jeqny »(C'S) T6L/0L (07) ST/S pawuyuod-Adodsop|nd 4o Ajjesidodsosede <0 oLe 21Ul A4 ‘[iz]) 800Z ‘dniisuans
(rv) €2/1 (T62) vT/L
Aujusyur siyedoipt
UIM USWOM 3|1d4ul
(68'08-70'L) 90'6 Adodsouede| iaye 40 195qnS :(7'Y)
J139jul d1yredolpl YiM USWOM 3|1djul Jo €7/1 '(9'61) LS/0L 1USWI|0IUD e (puejod ‘sjosuod 3|13y pue syualed
195qNS (2L '7y-9%°0) LE'S siuaned 3juayul ||y syuaied ajiudul ||y saibojona umouun jo Anjsjur Aiewd 6L VL uko/qo 3|IRul ([£€]) 600 ‘0XsIZID
(r'6-£71) 8'€ Aujuaur Jo1dey jeqny  (€9) 9LL/LL ‘(22) TEL/6T uoisn|20 [egn) pawlyuod jjesidodsoseder 0€L 80€ (rrewuaq 2P 4Al {[£1]) LOOT ‘udsne|d
ALMILYIANI
(8'€-2°0) 6'0 VD ‘SD ‘VSd 'V uonelsab Jo sym gz 21049q sso| Aoueubaid (SN ‘uoneisab sym gz> siusned
104 paisnipe uonoge snosuejuods (£°9) vEL/6 “(£°€) T8/E pasnpu-uou e ‘uologe snosuejuods 99 9le 43 ueubald {[€S]) 0LOT ‘Moys
(5°0) 099/¢€ ‘(0) 6€/0 uonelsab sym £€> 18 (IN ‘uonelsab sym oL >
(8'9¥-C1°0) 8€'T yuiq wisiald {(9°0) 208/S KIBAIIBP ‘YUIq widlald ‘uonelsab saapuayie bujuueld Ajiwey Jo yieay
YMIg wid1did {(SL-2°0) 'L dbeuedsin ‘(1°L) z6/L obeLIRdSIN S)YM 91> 1e sso| Aoueubaid ‘DberedsIy 10 SL6 Aiewud jueubaid [1Z]) ¥OOZ “A30YysaxqeQ
(9) 009/9€ “(£T) LE/L
abe |euonelsab
40y |jews ‘(9) 009/9€
‘(8'€) €5/¢ uomioqe 6 005z> yb1am yuiq ‘abe [euonelsab
(S£'T-10°0) ¥°0 snoauejuods {(9) 009/9€ 10} |lews ‘uoneisab sm pz> uoinoge
abe |euonelsab 10y |lews (15Z-£0°0) ‘(7"9) STL/8 YMIg|IAS snoauejuods ‘uoioqy ‘uoneisab sim 0z=
190 uoruoge snoaueuods (zy'z-2i'0) L0°'L (9) 009/9¢ ‘(8) 661/91 K1an19p uloqs ‘Yyuiqns ‘uoneisab (nesseg-eauing ‘wis) 1€ $|0J1u0d JO widlaid
YuIq|Ins {(09'7-69°0) LE'L A1SAIISP ainjewsald A13AII9p 21njewa.d SIM L€ uey) s3] AIaAIBP ‘Yuiq wisldid 9 viol ‘'uko/qO [endsoH [y¥]) Z00Z ‘@qqe
(S1) 9vz/9¢ (usapams ‘Aoueubaid d1doyds
(0'Z=5°0) 0°L 1D 'y 404 paisnipe A>ueubaid didoidg ‘(T8l) 28/sL AdueuBaid >1do1das Jo sisoubelp [estuld Lol ¥4 ‘uAD/qO |endsoH ‘[¢i]) £00TZ ‘pueansanr
M LE=
(0s-7'L) ST (£L) £99/TL P3IBAIDP UBWOM |013U0D) ‘uoneisab (N19d ‘wid) 18 $]0sU0d 10 wiRlaid BuuaAlRp
d1d 'OL ‘91S ‘SD ‘Y 4o} parsnipe yuiq wisiaid ‘(r'v) 199/6C SIM 9¢-07 18 AIBAIIRP ‘YuIq wildid L'E 8teEl syuaned ukn/qo ‘[0Z]) 0LOT ‘BUH
(£S'8—1¥'L) 8F'E S1NdIjjoW J3Y10 pue elep pajuasaid uonelsab sHm £e> (sn “4oqe] wuaid jo swordwAs/subis
DJj212upJpD) ‘elI)deq dlqoideue 1oy parshipy woJy d|qe|ndjed 10N 1e AISAII9p ‘YMiq wialald 0z el ‘uAD/q0 |eudsoH ‘[81]) 900T ‘spiemp3
SNOILYDITdINOD @3L1V134-ADNVNDIUd
s|qedijddy j| paiedipu] a1y sashjeuy ,(%) sjonuo) ‘sased suonedjjdwo) paje|ay-Ad>ueubaid (%) @duapidU| 10 paisal juswijjouy 4oy eud34Dd diydads
{jelieAl|NIA Ul (S)9]qeriep paisnipy (1D %S6) UH ul aduajenaid DN JO sase) 10} eud)l) disoubeiq adudjeraid DN ‘ON pue ‘6unias jediuld ‘aduaiajey

*ANjIua4ul 40 suonedljdwod paejas-Aoueubaid yum wnipyuab ‘py Jo suoneosse ayy bunenjeas saipnis paysiignd Jo sonsualdeleyd y ajqel

@ PLoS Pathogens | www.plospathogens.org

May 2011 | Volume 7 | Issue 5 | e1001324



association of M. gemitalium with preterm birth [18,20], but no
other syndromes have been linked to this infection.

In contrast, investigations into M. gemitalium as a cause of
infertility have consistently shown a strong correlation. Two
Danish studies have found a significant association between
women with M. genitalium—specific serum antibodies and laparo-
scopically confirmed tubal infertility ([17,24]; Table 4). Exclusion
of women with prior C. trachomatis infection still resulted in
significant association between M. genitalium and infertility ([24];
Table 4). In one study, PCR detection of M. gemitalium was
attempted from endocervical swabs with no success, suggesting
that previous M. gemtalium infection might cause permanent
damage to the oviduct, or that endocervical swabs are ineffective
for detecting upper genital tract infection. However, in a recent
study of Polish women by Grzesko and colleagues, M. genitalium
was detected by PCR more often in cervical swabs from infertile
patients compared to healthy, fertile women [37], suggesting that
endocervical swabs can predict upper tract infection. It is
important to note that NAAT studies make associations between
current infection and infertility, while serological studies determine
associations with prior M. gemtalium exposure. Because tubal
scarring can result in long-term infertility, serological studies
probably best address whether M. genitalium is a cause of tubal-
factor infertility and can be useful in determining recent or long-
term infections (e.g., IgM versus IgG antibodies).

Experimental animal models have also provided evidence that
M. genitalium can colonize upper reproductive tract tissues, leading
to salpingitis or endometritis [61-63]. Thus, it is evident that M.
genitalium could be an independent cause of tubal factor infertility.
Importantly, however, the few studies to date have been relatively
small in size and longitudinal studies would be of tremendous
benefit for understanding this complex condition whereby prior
infection can lead to long-term sequelae.

Recommended Treatment of M. genitalium and
Important Considerations

Evaluation of M. genitalium treatment efficacy has been a subject
of obvious importance but conclusive recommendations are
lacking largely because, to date, only a single randomized
controlled clinical trial has been reported [64]. In this trial, a
single 1-g dose of azithromycin was more effective than 7-day,
multi-dose doxycycline for eradication of M. gemitalium infection in
men. In patients diagnosed with PID, the US Centers for Disease
Control and Prevention guidelines recommend therapy with
ceftriaxone plus doxycycline or cefoxitin and probenecid plus
doxycycline [65]. These treatments are primarily targeted towards
C. trachomatis and N. gonorrhoeae, to which less than half of PID cases
can be attributed [66]. Importantly, several reports suggest these
treatment regimens would be ineffective for eradicating M.
genitalium, as male and female genital infections persist in a
significant proportion of patients treated with tetracyclines [67-71]
or levofloxacin [68,72].

Using azithromycin (1 g; single dose), clinical cure rates are only
between 79% and 87% for M. genitalium—positive male and female
patients, leaving a significant subset of patients with persistent
urogenital tract infections [29,64,67,73]. Extended 5-day regimens
of azithromycin therapy increase cure rates to 96% after
doxycycline treatment failure [67], and additional randomized
trials are now required to determine the optimum dosage and

@ PLoS Pathogens | www.plospathogens.org

regimen. If patients fail extended azithromycin therapy, moxi-
floxacin is the only available antibiotic with a successful rate of
cure [73] and should be used only with patients failing other
therapies. Successful treatment of M. genitalium infection in female
patients is of particular importance because prolonged inflamma-
tion at upper genital tract sites might lead to significant
reproductive tract morbidity and infertility [74]. In women,
treatment must be effective for both lower and upper genital tract
infection.

Conclusions and Implications for Future Research

Following the firm establishment that M. genitalium causes NGU
in men and is a cause of STI, many studies have now found
significant associations with lower and upper reproductive tract
disease in women. Taken together, M. genitalium should be
considered an etiologic agent of cervical inflammation and upper
tract disease syndromes, including PID and infertility. Important-
ly, additional studies with defined diagnostic criteria will be
required to fully understand the relationship between M. genitalium
and cervicitis. A systematic review and meta-analysis would be of
significant benefit for defining the associations of M. genitalium
infection with reproductive tract disease in women.

Although not addressed in this review, M. genitalium likely
maintains persistent infection through intracellular survival in
mucosal epithelial cells [75,76] resulting in inflammation [75,77].
The observed correlations between M. genitalium reproductive tract
infection and HIV-1 (reviewed in [78]) may be explained by long-
term inflammation elicited by M. genitalium infection; these
assoclations are likely of particular importance considering the
enormous public health burden of HIV infections worldwide.
Therefore, continued research will be important to understand the
dynamics of persistent HIV-1 and M. genitalium co-infections of
vaginal and cervical tissues, particularly when dissecting clinical
correlates with disease.

We still have much to learn about reproductive tract infections
from both a clinical and basic science standpoint. Overall, M.
genitalium appears to be a highly prevalent sexually transmitted
bacterial pathogen that, if not diagnosed and the patient treated
appropriately, can cause persistent urogenital inflammation in
men and women and increase the risk of HIV transmission and
infection. Continued investigation of M. genitalium’s role in sexually
transmitted disease will be pivotal for understanding the complex
and dynamic inflammatory syndromes of the female reproductive
tract.

Supporting Information

Table S1 Comprehensive summary of published studies of
women where urogenital M. genitalium prevalence was determined
using a nucleic acid amplification test (NAAT).

Found at: doi:10.1371/journal.ppat.1001324.s001 (0.18 MB
DOC)
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