
/Published online: 14 September 2019

European Journal of Clinical Microbiology & Infectious Diseases (2020) 39:229–234

REVIEW

Mycoplasma genitalium, a stealth female reproductive tract
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Abstract
Mycoplasma genitaliumwas first isolated from the urethral swabs of two symptomatic men with urethritis in 1980. It is a sexually

matory disease, infertility, and susceptibility to human immunodeficiency virus (HIV). However,M. genitaliummay also act like
a stealth pathogen at female reproductive tract, giving no symptoms. Its prevalence varies between different groups, with the
average being 0.5–10% in the general population and 20–40% inwomen with sexually transmitted infections. The recommended
treatment of this infection is azithromycin as a single 1-g dose. However, in recent years, macrolide resistance has increased
which is significantly lowering the cure rate, being less than 50% in some studies. New treatment regimens need to be inves-
tigated due to increasing drug resistance. The discussion and suggestion of an algorithm for management of this infection is the
highlight of this paper.
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The Mycoplasma and Ureaplasma species, members of the
Mycoplasmataceae family, belong to the class Mollicutes.
They are distinguished phenotypically from other bacteria
by their minute size and total lack of a peptidoglycan-
containing cell wall, providing them a unique phenotype and
resistance to β-lactam antibiotics [1]. They are the smallest
known free-living and self-replicating organisms and readily
pass through filters that retain all other bacteria [2]. Their
intracellular location protects mycoplasmas from the host’s
immune system and antibiotics and promotes the establish-
ment of latent or chronic infections [1]. Mycoplasma species
are found in the mouth, the respiratory and genitourinary tract.
Their role in pathogenesis, as opposed to being harmless com-
ponents of the endogenous microbiota, remains ambiguous
[3].

The first human mycoplasma species, Mycoplasma
hominis, was isolated in 1937 by Dienes and Edsall. In

1944, Eaton described the isolation of Mycoplasma
pneumoniae from sputum of a patient with primary pneumo-
nia. In 1954, Shepard discovered from the urogenital tract of
men with recurrent nongonococcal urethritis, a Mycoplasma
with different morphological characteristics from those previ-
ously isolated, which gave rise to a new genus, Ureaplasma.
The bacterium was namedUreaplasma urealyticum due to the
fact that it used urea as an energy source.

First identified in 1980 from two men with acute nongon-
ococcal urethritis [4], Mycoplasma genitalium (MG) specifi-
cally colonizes the male and female reproductive tract. It was
one of the first microorganisms to be fully sequenced [5] and
its genome was the first to be chemically synthesized [6]. MG
is considered a sexually transmitted pathogen and has been
associated with disorders that may affect multiple female re-
productive organs such as the urethra, cervix and fallopian
tubes. The focus of this review is to summarize studies on
the role of MG in female reproductive tract infections, delin-
eate current treatment options, and highlight the emergence of
antibiotic resistance.

MG in the female reproductive tract

MG has been detected in the human urogenital, respiratory
[7], and intestinal tract [8], with the urogenital tract being
the most common site of colonization. Its prevalence varies

* Newton Sergio De Carvalho
newtonsdc@gmail.com

1 Obstetrics and Gynecology Department of Federal University of
Paraná (DTG/UFPR), Gynecology and Obstetrics Infections Sector
from Clinical Hospital - UFPR, Rua Saldanha Marinho 1422 - 801,
Curitiba, Paraná CEP 80430-160, Brazil

2 Division of Immunology and Infectious Diseases, Department of
Obstetrics and Gynecology, Weill Cornell Medicine, New York, NY,
USA

https://doi.org/10.1007/s10096-019-03707-8

transmitted bacterium associated with a number of urogenital conditions in women like cervicitis, endometritis, pelvic inflam-
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between different groups, with the average being 0.5–10% in
the general population [9] and 20–40% in women with sexu-
ally transmitted infections [10]. A study conducted in England
[11] analyzed urine for the presence of MG in 4507 sexually
active participants, aged 14 to 44 years. The prevalence in
women was 1.3%, with the highest percentage (2.4%) seen
in those 16–19 years old. In a study conducted in the USA, the
prevalence of MG was 1.0% compared with 0.4%, 4.2%, and
2.3% for gonococcal, chlamydial, and trichomonal infections,
respectively [9]. In Japan, a 2.8% prevalence of MG has been
reported for female students [12]. In a cohort of high-risk
Kenyan women, the prevalences of M. genitalium were
16.1% [13].

In Brazil, MG was identified by gene amplification in
28.1% of vaginal swab specimens, including those from
healthy women [14]. Another Brazilian study [15] showed a
prevalence of only 0.9% for MG in cervical samples. In sam-
ples from the general population, the summary prevalence
estimate is 1.3% in countries with higher development and
3.9% in countries with lower development [16].

The population of women in the USAwho are most infect-
ed by MG are those under 25 years of age, with a higher
number of sexual partners, who are Black, had a prior preg-
nancy termination and who smoke [11, 17]. Other studies
conducted in England [18] also demonstrated a similar prev-
alence profile and, in addition, demonstrated that bacterial
vaginosis was an independent risk factor for MG acquisition.

Serological and epidemiologic studies strongly indicate
that MG is sexually transmitted [19]. There is a high concor-
dance of MG between partners [8, 20] and this agreement is
inclusive of genotypes [21]. The prevalence of MG detection
increases 10%with each additional sexual partner [9] reaching
a reported prevalence of 42% in women with high-risk sexual
behavior [20]. Frequently, MG is present in association with
other STIs. The reported prevalence of MG co-infection with
Neisseria gonorrhoeae, C. trachomatis, and Trichomonas
vaginalis was 37.9%, 10.6%, and 7.6% respectively [22].

Transmission by penis-anus contact has been established
[23] and MG has been detected by nucleic acid amplification
testing in anorectal specimens [24]. Mother-to-child transmis-
sion during childbirth has been scarcely studied, but MG has
been detected in the respiratory tract of a newborn [25].

Studies in North American women demonstrated that MG
may be rapidly increasing in incidence [17]. A study analyz-
ing cervical specimens from 1984 to 1986 in a STD clinic in
Seattle, USA, noted MG in 50 (7%) of 719 women [17]. A
subsequent study showed an MG prevalence of 19.3% [26].

As occurs following a C. trachomatis infection, MG infec-
tions in women are often asymptomatic [8]. In STD clinics,
approximately 40–75% of female carriers lacked
distinguishing symptoms [27]. In these women, a diagnosis
of MG was characterized by an increased number of cervical
leukocytes [3]. On the other hand, this organism has been

associated with many adverse disease outcomes, such as ure-
thritis or nongonococcal urethritis in men and many adverse
reproductive sequelae in women, including cervicitis, endo-
metritis, and pelvic inflammatory disease (PID).

Routine screening for Mycoplasma genitalium infection
has been proposed, but prevalence rates are not well
established [16]. The low prevalence estimates in the general
population, pregnant women, and asymptomatic clinic-based
patients do not support universal screening for M. genitalium
[16].

The association between MG and bacterial vaginosis is
controversial.

Data are limited and inconsistent, with some studies dem-
onstrating increased risk of MG infection among women with
BV [13, 18, 28], one demonstrating decreased risk [17], and
two demonstrating no relationship [29, 30].

The first evidence of cervicitis due to MG was reported in
1997 [31]; MG was detected in 5 (9%) of 57 women with
cervicitis compared with none of 79 women without this con-
dition. Subsequent studies [32, 33] verified this relationship.
A more recent meta-analysis [34], found a significant associ-
ation between MG and cervicitis (pooled odds ratio (OR)
1.66).

About pelvic inflammatory disease, a high proportion of
the causative organism remains unknown. It is difficult to
make a microbiological diagnosis of PID [19]. Several studies
attempted to demonstrate an association betweenMG and PID
[8, 33, 34]. MG has been detected in the endometrium and
fallopian tubes in women with acute pelvic infection [35].
Haggerty et al. [36] found MG in 88 (15%) of 586 women
with PID. A prospective study [18] showed that women with
MG had twice the risk of developing PID within a 12-month
time period, compared with uninfected women. A meta-
analysis [34] showed a significant association between MG
and PID (pooled OR 2.14).

Additional evidence consistent with MG being a cause of
PID is the ability of this organism to adhere to the lining of the
fallopian tube and to initiate damage to the cilia [8]. MG has
been shown to experimentally induce endometritis and salpin-
gitis in nonhuman primates [8, 37] and hydrosalpingitis in rats
[37]. Prior infection with MG has also been associated with
uterine factor infertility [8].

Pregnancy and MG

Studies of preterm birth and MG have included a mix of case–
control and cohort studies. However, many had low preva-
lence of MG, limiting statistical power. Six studies [38–43]
were consistent with a role for MG in premature birth, while
two others [44, 45] suggested that MG was an independent
risk factor for preterm delivery. Averbach et al. reported an
increased risk of preterm delivery, ranging from a nonsignifi-
cant 30% increase among low-risk women attending a
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community health center [42]. In a meta-analysis [34], MG
was associated with preterm birth (pooled OR 1.89) and spon-
taneous abortion (pooled OR 1.82).

MG and infertility

It is well known that PID can lead to serious reproductive
problems including infertility, ectopic pregnancy, and recur-
rent infections. Seroepidemiological studies [8, 46] have
shown an association with tubal factor infertility, with 17 to
22% of women with this condition having MG antibodies,
compared with 4 to 6% of women with patent tubes.
Serological surveys based on detection of MG using gene
amplification also indicated an association between MG de-
tection and an increased risk for tubal factor infertility (pooled
OR 2.43) [34].

MG and HIV infection

MG can also impact women’s health through its relationship
with HIV. In HIV-positive women, cervicitis caused by MG
was more frequent than in HIV-negative women [21]. In ad-
dition, MG was found more often in endometrial biopsies in
HIV-positive women [34]. This association between MG and
HIV infection was strongly supported by a meta-analysis
encompassing 19 eligible studies [47]. Among them, 17 stud-
ies revealed that women infected with MG had a higher like-
lihood to be infected with HIV than those who were negative
for MG. This association was statistically significant
(P < 0.05) in 12 of the studies. The OR for the 17 studies
was 1.40 (95% CI 1.13–1.72) to 5.96 (95% CI 0.73–48.62).
Studies in sub-Saharan Africa [48, 49] concluded that MG
facilitated HIV transmission. If MG eradication failed, there
was an increased risk of HIV transmission.

MG diagnosis

Given the difficulty with culturing the organism and the lack
of standardized serological tests for MG, investigations of the
relationship between MG and disease lagged. However, the
later utilization of NAATs in the form of polymerase chain
reaction (PCR) to detect MG resulted in an influx of studies
on the prevalence and clinical manifestations of MG infection
[4].

Today, PCR is the method of choice for diagnosis. The
sensitivity and specificity of this technique for MG detection
have been reported to be 98.5% and 100%, respectively [50].
PCR also allows for the detection of macrolide resistance due
to mutation in the MG gene coding for 23S rRNA [51], with
100% sensitivity and a specificity of 96.2% [52]. New gene
amplification technologies can simultaneously detect MG and
its most common mutations [52]. The increased resistance of

MG to macrolides influenced the European Society of
Dermatology and Venereal Diseases to recommend new
guidelines in 2016, recommending that all positive tests for
MG are followed by tests of detection for macrolide resistance
[25].

Treatment and antibiotic resistance

All Mycoplasmas, including MG, have no cell wall and, con-
sequently, β-lactam antibiotics and other antibiotics that react
with this structure are ineffective. Only a select number of
antibiotics such as tetracyclines, macrolides, and
fluoroquinolones are effective against Mycoplasmas. In MG,
the antibiotic most often used initially for treatment is the
macrolide azithromycin [53]. Initial in vitro studies [54]
showed that MG had high susceptibility to tetracyclines and
macrolides, especially azithromycin; they had a reduced sus-
ceptibility to the older quinolones ofloxacin and ciprofloxacin
[54].

Azithromycin 1 g is recommended as first-line therapy in
the majority of international treatment guidelines [25, 53] but
there is a growing concern that the resistance of MG to
macrolides is significantly lowering the cure rate, being less
than 50% in some studies [55, 56]. This macrolide resistance
is strongly associated with the presence of a mutation in the
MG gene coding for 23S ribosomal RNA [51]. Resistance to
macrolides in MG is rapidly increasing and the prevalence of
this mutation varies geographically, being found in about 30–
40% of the MG isolates [57–59].

While still effective for the treatment of C. trachomatis, the
efficacy of 1 g of azithromycin for M. genitalium has de-
creased from 85.3% prior to 2009 to 67.0% after 2009, and
is now as low as 60.0% [60]. Although an extended treatment
of azithromycin has been proposed (500 mg on the first day,
followed by 250 mg for 4 days), it has not always been shown
to be effective [61]. Existing data are insufficient to conclude
that one azithromycin regimen is superior to another.
However, the 1.5-g regimen given over the course of 5 days
may be preferable to a single 1-g dose because of the possibly
diminished risk of resistance associated with a longer course
of treatment [62].

Comparing azithromycin with doxycycline, the former had
better efficacy in the treatment of MG [62]. Doxycycline has
low efficacy [55, 56, 63], with cure rates of only 30–40%,
while 1 g azithromycin in a single dose had approximately
an 85% cure rate in macrolide-susceptible infections [63].
However, a more recent study conducted in Seattle, in the
context of higher levels of circulating macrolide resistance,
showed no difference between azithromycin and doxycycline,
with cure rates of 40% vs 30%, respectively [64].

Moxifloxacin is the second-line antibiotic most used for
persistent MG infection. Initial results indicated a 100% cure
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rate [59]. However, resistance has increased and this treatment
is now ineffective in up to 30% of cases, mainly in the Asia-
Pacific region [58]. In Europe, routine testing for resistance to
moxifloxacin is not indicated due to its low prevalence (< 5%)
[25]. However, an FDA safety review has shown that
fluoroquinolones when used systemically are associated with
disabling and potentially permanent serious side effects that
can occur together. These side effects can involve the tendons,
muscles, joints, nerves, and central nervous system [65].

A proportion of MG isolates exhibit resistance to multiple
antibiotics, resulting in only a few remaining treatment op-
tions [66]. Multidrug-resistant MG strains are frequently re-
ported in the Pacific: in Australia were identified in 9.8% and
in Japan in up to 30.8% of the patients screening for STIs [60].

Pristinamycin is the only antibiotic with documented anti-
MG activity after failure with azithromycin and moxifloxacin
[56]. However, pristinamycin is expensive and has not been
well evaluated [67, 68].

A test of cure (TOC) should be performed routinely on all
infected women due to this high prevalence of resistance to
macrolides. There is clinical evidence that many women enter
into an asymptomatic or only mildly symptomatic stage after
treatment but with MG persistence and the subsequent contin-
ued risk of spreading the infection to others [25]. Therefore,
the TOC should be performed no earlier than three weeks after
the start of treatment. If MG is detected, treatment with
moxifloxacin should be initiated [56]. This is according to
the European guidelines [25], which differ from the US
Center for Disease Control guidelines [53] where TOC is
not recommended for asymptomatic women.

Increased resistance to MG will probably become more
prevalent in the near future and make effective treatment even
more challenging. Figure 1 details a suggestion of manage-
ment including the European guidelines [25].

Future perspectives

Much has been discovered aboutMG since its identification in
1997, but many doubts persist about these small pathogens.
Despite the increase inMG-related research, they are not eval-
uated and remain unidentified in many clinical situations.
Several factors contribute to this: the majority of women
who are infected with MG are asymptomatic, many clinics
and physicians are not aware of their identity, and diagnostic
examinations by gene amplification are expensive and not
always available, especially in many public health systems.
However, like many other STIs, the prevalence of MG is in-
creasing, especially among teenagers and young adults. The
rapid emergence of antibiotic resistance in MG reinforces the
need for detection and prompt treatment of these infections.
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