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Abstract Genital mycoplasmas are commonly found in the
female genital tract. Despite ongoing debate, the evidence
that they cause lower genital tract disease in women
remains sparse. The data that Mycoplasma genitalium is
primarily transmitted sexually are accumulating, but its role
as a cause of symptomatic urethritis or cervicitis is open to
debate. Although Mycoplasma hominis may be a co-factor
in bacterial vaginosis, it has otherwise not been implicated
as a cause of lower tract disease. Now that Ureaplasma
urealyticum has been divided into U. wrealyticum and
Ureaplasma parvum, their role in causing urethritis and
cervicitis remains even more unclear. To date, no convinc-
ing evidence exists that antimicrobial therapy should be
directed solely at these organisms when treating women
with urethritis, bacterial vaginosis, trichomoniasis, or
cervicitis.
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Introduction

Genital mycoplasmas refer to organisms from the genera
Mycoplasma and Ureaplasma. Most health care providers
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are familiar with Mycoplasma pneumoniae, a cause of
respiratory disease, as well as Mycoplasma hominis and
Ureaplasma urealyticum, two organisms commonly found
in the female genital tract. Over the decades since their
discovery, the role of these latter two organisms in causing
disease in the upper and lower female genital tract, as well
as in pregnancy, has been much debated. Recently, the
development of polymerase chain reaction (PCR) tests for
Mycoplasma genitalium led to its identification as a
possible cause of pelvic inflammatory disease (PID) [1].
Furthermore, the separation of certain Ureaplasma organ-
isms into a distinct species, Ureaplasma parvum, has
spurred new questions about the role of ureaplasmas in
causing female genital tract disease. The purpose of this
paper is to review the classification system and detection
methods for genital mycoplasmas, evaluate the evidence for
and against their role in causing lower genital tract infection
in women, and discuss possible treatment modalities.

Detection of Genital Mycoplasmas

In terms of taxonomy, the genital mycoplasmas belong to the
Mycoplasmataceae family and Molliculutes class. In the
genus Mycoplasma, seven mycoplasmal strains have been
identified in the genital tract: M. hominis, M. genitalium, M.
fermentans, M. penetrans, M. pneumoniae, M. primatum and
M. spermatophilum. Of these, current consensus is that M.
fermentans, M. penetrans, M. pneumoniae, M. primatum,
and M. spermatophilum do not cause genital tract disease [2,
3]. Most genital mycoplasmas are facultative anaerobes.
They are flask-shaped cells that replicate in a parasitic
manner. For vaginal infections such as bacterial vaginosis,
vaginal flora are frequently visualized and quantified via
Gram stain. Because genital mycoplasmas lack a cell wall
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and are thus resistant to Gram stain, the presence of genital
mycoplasmas in studies of vaginal infections that rely on
Gram stain criteria can easily be missed.

Historically, the gold standard for detection of M.
hominis and U. wurealyticum has been culture. For M.
genitalium, culture has always been considered difficult.
Over recent years, PCR has gained in popularity as a
method for finding all genital mycoplasmas in research
settings and seems to be more reliable. For example,
Petrikkos and colleagues [4] examined vaginal specimens
collected from 203 asymptomatic women in Greece. When
culture was used as the reference standard, they found that
the sensitivity and specificity of PCR for the detection of U.
urealyticum were 94.2% and 92% and for M. hominis were
95.6% and 86.9%. However, when PCR instead of culture
was the reference standard, the sensitivity and specificity of
culture was 92.4% and 93.8% for U. urealyticum and 63%
and 98.8% for M. hominis. In addition to better perfor-
mance of the test results, PCR had an added advantage of
giving more immediate results. More recently, Mclver and
colleagues [5¢] used a four-multiplex PCR for the detection
of 19 microorganisms in cervical swabs from women
attending an Australian sexual health clinic. This approach
included a single round PCR to detect M. genitalium, M.
hominis, U. urealyticum, and U. parvum. Although there
was some difficulty in data analysis because of cross
reaction between the ureaplasmas and weak reactions for U.
parvum caused by wild strains of M. hominis, the authors
concluded that this technique could at some point be
adapted for testing in clinical situations. Currently, a variety
of PCR techniques for genital mycoplasmas have been used
in published studies. There are little data to compare one
PCR method to another. From a practical perspective for
clinicians, it should be emphasized that the performance of
commercially available PCR tests for genital mycoplasmas
remains unstudied and unvalidated.

Finally, it is also apparent that, in addition to the
technique for detecting genital mycoplasmas, the site of
sampling is also important. For example, in a study that
included 304 Norwegian women testing positive for M.
genitalium, 62% were positive in the first voided urine,

86% on cervical swab, and only 47% at both sites [6¢]. On
the other hand, in 102 French women where multiple sites
were swabbed simultaneously, M. genitalium was found
more frequently on urethral and vaginal swabs (39%) than
cervical swab (29%) [7].

Prevalence of Genital Mycoplasmas

With the above limitations in mind, one can find multiple
studies, summarized in Table 1, that evaluate the prevalence
of genital mycoplasmas in various populations. For most of
these studies, the target population was women thought to
be at high risk for STI, and exclusion criteria included
recent antibiotic treatment. Ureaplasmas as a whole are
more prevalent than other mycoplasmas in the female
urogenital tract, and U. parvum was found more often than
U. urealyticum. When comparing the prevalence of M.
genitalium to chlamydia and gonorrhea on cervical swabs
(Table 2), M. genitalium was detected about as often as
Chlamydia trachomatis and more frequently than Neisseria
gonorrhoeae. Furthermore, it is worth noting that co-
infection of M. genitalium and C. trachomatis was not
uncommon, with about 10% to 40% of women with
chlamydia also having M. genitalium.

Mpycoplasma genitalium

First characterized in 1981 by Tully and colleagues from 2
of 13 men with nongonococcal urethritis (NGU), M.
genitalium has the smallest free-living bacterial genome
characterized from nature [8]. Although most genital
mycoplasmas can be grown on specific culture media, M.
genitalium in particular is quite fastidious. With the
development of specific PCR assays, detection of this
organism has been facilitated and has led to more research
on its transmission and pathogenicity.

As will be discussed, the disease process caused by M.
genitalium is debated. However, based on results of several
studies, it seems that M. genitalium can for the most part be
considered a sexually transmitted organism. For example, a

Table 1 Prevalence of Ureaplasma urealyticum, Mycoplasma hominis, and Mycoplasma genitalium in different female populations

Study Location N Ureaplasma spp M. hominis M. genitalium
Schlicht et al. [27]* Wisconsin 64-109 39% 16% 10%
Guven et al. [31] Turkey 533 12% 1% N/A
Lanzafame et al. [35] Italy 110 41% 11% N/A
Mclver et al. [5¢]° Australia 175 64%" 13.7% 1.3%

#Not all patients were sampled for each organism

b Corresponds to percent testing positive for Ureaplasma parvum. An additional 7% were positive for U. urealyticum

N/A not available
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Table 2 Prevalence of Mycoplasma genitalium, Chlamydia trachomatis, and Neisseria gonorrhoeae in various populations

Study Location N M. genitalium C. trachomatis M. genitalium and N. gonorrhoeae
C. trachomatis

Casin et al. [7] Paris, France 170 38% 8% 3.5% 3%

Manbhart et al. [12] Seattle 719 7% 11% 1% 12%

Anagrius et al. [16] Falun, Sweden 445 4% 6.3% 0.2% 0.4%

Falk et al. [9] Orebro, Sweden 461-465 6% 10% 1% 0

Huppert et al. [15] Cincinnati 324-331 22.4% 24.4% 8.3% 10.7%

Moi et al. [6°] Oslo, Norway 7646 4% 9.5% 0.6% N/A

Ross et al. [36]° Birmingham, UK 290-308 4.5% 8.5% 0.7% 1.7%

Gaydos et al. [14¢¢] Baltimore 322-324 19.2% 11.1% 4.0% 4.6%

 Data for both male and female patients
N/A not available

study in a Swedish sexually transmitted disease (STD) clinic
population found that 56% of partners of women positive for
M. genitalium also tested positive, compared to only 5% of
those where the women did not have this organism
(P<0.001) [9]. Furthermore, in a longitudinal study of 383
adolescent women, Tosh and colleagues [10] found M.
genitalium in 78 of 3110 (2.5%) vaginal swabs, but only one
was from a woman who denied ever having vaginal
intercourse. As further evidence of the sexual transmission
of the organism, they noted that women testing positive were
more likely to have had more partners in the previous
3 months and to have a male partner also testing positive.

When investigating M. genitalium and its contribution to
lower genital tract disease, many of the studies focused
initially on male urethritis, then later on its role in causing
mucopurulent cervicitis (MPC) in women. In the upper
genital tract, some researchers feel that M. genitalium can
cause PID independently of other known causes [1]. PID
studies suggest that M. genitalium cases may be similar to
chlamydial ones in terms of severity of symptoms and signs
[11]. However, its role in causing lower genital tract disease
remains even more debatable.

In the case of MPC, M. genitalium is thought by some to
be a clear cause of this syndrome. In a 2003 study of 719
women attending an STD clinic in Seattle from 1984 to
1986, MPC was found in 215 women, with 11% testing
positive for M. genitalium [12]. Furthermore, compared to
women who tested negative for M. genitalium, women who
tested positive complained more frequently of abnormal
vaginal discharge (P=0.04) or of a brown/bloody vaginal
discharge (P<0.001). Furthermore, they had more findings
on examination (cervical mucopus, easily induced bleeding)
and on microscopy (higher counts of vaginal and cervical
polymorphonuclear leukocytes). Similarly, a 2006 Texas
study evaluating the presence of M. genitalium and

genitourinary symptoms and signs found more frequent
complaints of vaginal discharge in women with the organism
(23%) than those without (6%) [13]. In this latter study, both
culture and PCR were used to detect M. genitalium. Of note,
the authors found that, although PCR detected 10 times more
positive women (256) than culture (26), the rate of
symptomatic discharge was the same in both groups of
positive women. Although cervical findings on targeted
physical examination were similar between positive and
negative women, no information was available on the
number of polymorphonuclear leukocytes on microscopy.

Although multiple studies [9, 12, 13, 14e¢] suggest that
M. genitalium causes cervicitis, not all investigators would
agree. In a French STD clinic population, researchers found
a high prevalence of M. genitalium (38%) without an
association with cervicitis or symptoms [7]. Although they
concluded that M. genitalium is a frequently encountered
bacterium in the female genital tract with no associated
pathology, the lack of asymptomatic controls may diminish
the validity of their findings. In a 2008 study of women
recruited from an urban teen health center or emergency
department, Huppert and colleagues [15] found no associ-
ation with vaginal symptoms or cervicitis but interestingly
found correlations with C. trachomatis infection (OR 2.5,
95% CI 1.4—4.4) and sexual contact (OR 2.0, 95% CI 1.1-
3.2). These authors concluded that M. genitalium is a
sexually transmitted organism, but that its role as a
pathogen needs to be explored further. Similarly, in their
study of adolescent women, Tosh and colleagues [10] found
no statistically significant association between symptoms
(self-report of itching, burning, or dyspareunia, but not
abnormal discharge) and signs when women with this M.
genitalium were compared to controls.

Similarly to men, M. genitalium may play a role in
causing urethritis in women. In a Norwegian study, Moi
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and colleagues [6°] found that urinary complaints were
similar between women with and without M. genitalium,
but that those who had the organism had more polymor-
phonuclear leukocytes in their first voided urine than
negative women. Likewise, Anagrius and colleagues [16]
found that M. genitalium was detected three times more
often in women with urethritis than in those without (9.2%
compared to 2.6%). However, the diagnosis of urethritis
was based on microscopy of first voided urine specimens,
and the rates of dysuria and urinary urgency were similar
between infected and uninfected women.

To date, most studies of M. genitalium have focused on
prevalence, or, with lower tract disease, its role in causing
symptomatic cervicitis or urethritis. Because other vaginal
infections, such as bacterial vaginosis (BV), were either
excluded in the entry criteria for studies or considered a
confounding factor, little is known about the role of M.
genitalium in causing such infections. However, in one
study that included 15 women with BV [17], none had the
organism. Furthermore, the finding that it may be inversely
associated with the presence of BV suggests that it plays
little role with this condition [12].

Mycoplasma hominis

M. hominis seems to occur more commonly than M.
genitalium (Table 1). Consistently, it seems to be found
more often in women with bacterial vaginosis. For
example, a 2000 study by Keane and colleagues [17]
investigated M. hominis, M. genitalium, and ureaplasmas as
potential causes for BV. In this relatively small study of 38
women, M. hominis was the only genital mycoplasma
detected significantly more often in women with BV than
in those without (53% vs 0%, P=0.0001). Taylor-Robinson
and Rosenstein [18] noted that M. hominis is present in low
numbers in the healthy vagina and is thought of as a
commensal organism, but its number is increased “perhaps
by 10,000-fold or more” in women with BV. Studies using
quantitative PCR have also shown that women with BV
have higher quantities of M. hominis and that levels of this
organism correlate with Gram stain criteria for BV [19].
However, as noted in a thorough review of vaginal
microflora and BV [20], the vaginal microflora of women
with BV is highly complex and variable, and the mere
presence of M. hominis in women with BV by no means
answers the difficult question of what role, if any, it plays in
this disease. Although such a review is beyond the scope of
this article, it is worth noting that treatment for BV with
either topical metronidazole gel or clindamycin ovules
successfully decreases M. hominis colonization rates [21].
On a separate note, some authors have noted that M.
hominis can be found within trichomonads, and have
developed in vitro models suggesting that M. hominis
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may play a role in increasing the cytopathic effects of
trichomoniasis on vaginal epithelial cells [22¢]. However,
similar to the findings with BV, the clinical implications
remain unclear.

Although M. hominis may be a co-factor in BV and
trichomoniasis, the question remains whether it can, on its
own, cause lower genital tract symptoms. In a study of 996
Swedish women, 12% of women had M. hominis isolated
on culture [23]. Not surprisingly, 41% had BV diagnosed
by Amsel criteria. They found, however, that after adjusting
for concomitant BV, women with M. hominis were more
likely to complain of a fishy odor and to have a positive
amine test, a vaginal pH greater than 4.7, and clue cells on
microscopy. Other vaginal complaints and findings were
similar between those with and without the organism. The
authors concluded that M. hominis may have clinical
characteristics of women with BV even though the criteria
for BV were not met. More recently, in a British study of
1200 women [24] where BV was diagnosed clinically but
also confirmed by Nugent score, M. hominis did not seem
to be associated with any vaginal symptoms when it was
found as a single organism, not associated with other
infections. Similar to other studies, the authors did find M.
hominis more frequently in women with BV.

Ureaplasma urealyticum and Ureaplasma parvum

In 1999 research by Kong and colleagues [25] led to the
establishment of a new species in the genus Ureaplasma; the
organism formerly classified as one species (U. urealyticum)
was separated into two individual species, U. urealyticum
(previously U. wrealyticum biovar 2) and U. parvum
(previously U. wrealyticum biovar 1). It is clear that
ureaplasmas are common in the female genital tract (Table 1),
but our earlier review [26] found no clear evidence
implicating them as a cause of urethritis or cervicitis.
However, because all of the reviewed studies were done
prior to the new classification system, several questions must
be raised. Were these studies of U. urealyticum, U. parvum,
or both? If older studies could not find an association
between ureaplasmas and a specific disease, is it because no
association exists or because the association was lost within
the old classification system? Because most ureaplasmas in
the lower genital tract are actually U. parvum [5¢], are older
studies of U. wrealyticum actually studies of primarily
U. parvum? These questions remain unanswered and lead
to many limitations in evaluating current literature.

Similar to the data with M. genitalium and M. hominis,
some studies suggest that genital ureaplasmas may be
associated with vaginal symptoms. For example, in a study
of women with symptoms suggestive of urethritis or cervicitis,
Schlicht and colleagues [27] found ureaplasmas in 54% of
symptomatic and 16% of asymptomatic women. On the other
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hand, deFrancesco and colleagues [28¢] found genital
ureaplasmas in 82% of symptomatic and 98% of asymptom-
atic women, where symptoms consisted of vaginal or cervical
discharges, burning sensation, or dysuria. However, to further
underscore the complexity of this issue, the authors found
both positive and negative associations between specific
serovars and biovars of ureaplasmas and symptoms in
women. Finally, ureaplasmas do not seem to be associated
with BV. Unlike M. hominis, it is not even thought of as a
potential co-factor in the disease. Ureaplasmas can be found in
large numbers of women both with (65%) and without BV
(48%) [17]. When evaluating specifically for U. urealyticum
and U. parvum in vaginal samples obtained from women with
documented endometritis, no association was found between
BV and either organism [29].

Treatment of Genital Mycoplasmas

If the genital mycoplasmas are eventually found to cause
specific lower genital tract diseases, then choosing a
therapy aimed at these organisms may at some point
become important. For now, in our view, no clear data
exist to support changing treatment recommendations for
cervicitis, urethritis, or BV to address the genital myco-
plasmas specifically. Nevertheless, some authors have
investigated the efficacy of various antibiotic regimens to
effect a microbiological cure specifically of mycoplasmas.
Because genital mycoplasmas lack a cell wall, they are
inherently resistant to all cell wall synthesis inhibitors (eg,
[-lactam antibiotics). Treatment is therefore restricted to
agents such as tetracyclines, macrolides, and fluoroquino-
lones. In a study comparing various quinolones, doxycycline,
and erythromycin in vitro, activity was highest with moxi-
floxacin [30]. In a clinical study that focused on microbio-
logical results, with repeat tests obtained 10 days after
treatment, a single 1-g dose of azithromycin had a similar
(> 90%) microbiological eradication of ureaplasmas as 7 days
of doxycycline, 100 mg daily [31]. Separately, Bjornelius
and colleagues [32¢] investigated the differential response to
doxycycline and azithromycin in patients recruited from
multiple sites in Norway and Sweden. Of the 27 women with
cervicitis and a positive test for M. genitalium who received a
course of doxycycline, only 37% had a negative test. On the
other hand, of 17 women initially treated with azithromycin,
the eradication rate was 88%. Of the six who failed
doxycycline and then received a 5-day course of azithromy-
cin (500 mg on day 1, 250 mg daily on days 2-5), all had a
negative follow-up culture. Interestingly, the resolution of
symptoms and signs seemed similar between those with and
without microbiological cure. Finally, in a study of 319 men
and women where microbiological cure alone was evaluated
and follow-up tests were available [33], azithromycin—given

as one dose (1 g), two doses (1 g repeated in 5-7 days), or
five doses (500 mgday 1, then 250 mg daily on days 2—5)—
had similar eradication rates of 74% to 79%. Ofloxacin
(200 mg twice daily for 10 days) eradicated the organism in
4 of 9 (44%) and moxifloxacin (400 mg daily for 7 days) in 3
of 3 (100%) patients. Finally, with M. genitalium often found
concomitantly with Chlamydia, it is important to note that one
study by Thurman and colleagues [34] found no difference
between standard therapies for uncomplicated C. trachomatis
infection and antimicrobial therapy in eliminating M.
genitalium. As noted earlier, Austin and colleagues [21]found
that treatment with either topical metronidazole or clindamy-
cin was effective at decreasing colonization of M. hominis in
women who were being treated for BV.

Conclusions

From a practical point of view, we feel that it is premature to
recommend testing and treatment aimed specifically at the
genital mycoplasmas. The best methods for testing remain
unknown or unvalidated in broad patient populations. In
research studies that may be biased by their study populations,
M. genitalium may have a modest role in causing MPC and
urethritis, but it should be emphasized that its role in causing
symptomatic lower tract disease is still highly debatable. With
M. hominis and the ureaplasmas, they are found commonly,
and their role as stand-alone pathogens remain questionable at
best. There are no current data to show that a positive test
result for any of these organisms should alter standard
recommendations for managing urethritis, vaginal infections,
or cervicitis. However, given the complexity of the vaginal
microflora and our relatively limited understanding of lower
genital tract infections, further studies of genital mycoplasmas
are important so that they may lead to a clearer understanding
of the role these common organisms play in causing disease.
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