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Abstract: Male urethritis is a common disease for urologists, with the most common
pathogens being, Chlamydia trachomatis and Neisseria gonorrhoece. When the tests
fail to detect these pathogens, the presented urethritis is called non-chlamydial non-
gonococcal urethritis. Mycoplasma genitalium is one of the pathogens for non-
chlamydial non-gonococcal urethritis. The test for detecting M. genitalium, which is
commercially available in Japan, is not accepted by the Japanese insurance system now.
The detection rate of M. genitalium from patients with non-gonococcal urethritis is
10-20% in Japan. Antimicrobial susceptibility testing for M. genitalium showed that mac-
rolide has the strongest activity and the minimum inhibitory concentrations of tetracy-
clines were not substantially lower. Some kinds of fluoroguinolones, such as sitafloxacin
and moxifloxacin, have stronger activities against M. genitalium. For non-gonococcal
urethritis, macrolides and tetracycline are recommended in some guidelines. In clinical
studies, tetracyclines are less effective against M. genitalium than azithromycin, and
azithromycin regimens including 1 g stat or 2 g stat are now recommended for urethritis
with M. genitalium. However, macrolide-resistant M. genitalium strains have recently
emerged and are spreading worldwide. This macrolide-resistance is closely related to
mutations on the 235 rRNA gene. Sitafloxacin and moxifloxacin have shown good effi-
cacies for M. genitalium in some clinical studies. If the azithromycin regimens fail, we
must consider the use of fluoroquinolones, such as sitafloxacin, in Japan. The most
important issues include the acceptance of M. genitalium examinations by the national
insurance system and the individual treatment of C. trachomatis and M. genitalium in
the not-too-distant future.

Key words: antimicrobial susceptibility, infection, Mycoplasma genitalium, treat-
ment, urethritis.

Introduction

Male urethritis is a commonly encountered disease for Japanese urologists, with the most
common pathogens being Chlamydia trachomatis and Neisseria gonorrhoeae. However,
there are many cases in which no pathogens are detected by the microbiological tests that are
accepted by the Japanese insurance system; that is, the nucleic acid amplification tests for
C. trachomatis or N. gonorrhoeae. When the tests fail to detect these pathogens, the presented
urethritis is known as NCNGU. Other previously reported potential pathogens for NCNGU
include Trichomonas vaginalis, Mycoplasma genitalium, Ureaplasma urealyticum, Urea-
plasma parvum, Mycoplasma hominis, Niesseria meningitidis, Haemophilus species, herpes
simplex virus, adenovirus and others.! Among these microorganisms, 7. vaginalis and
M. genitalium have been confirmed to exhibit pathogenicity to the male urethra, and treat-
ment strategies for these pathogens are described in some guidelines for STL>

In many countries, urologists diagnose and treat male urethritis as STI. The clinical state
of NCNGU in which N. gonorrhoeae or C. trachomatis are detected by known tests are well
understood by urologists. However, M. genitalium is not recognized, because the commer-
cially available tests to detect this pathogen are not accepted by the national insurance
system, especially in Japan. In the present review, to understand the diagnosis and treatment
of male urethritis with M. genitalium for urologists, literature from peer-reviewed journals

© 2013 The Japanese Urological Association
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and conference proceedings that show evidence regarding
M. genitalium-infection were searched.

How or when was M. genitalium
discovered?

Before the discovery of M. genitalium, clinicians knew that
some types of microorganisms besides C. trachomatis or
N. gonorrhoeae participated in male urethritis, because male
patients testing negative for the two bacteria had symptoms of
urethritis, such as urethral discharge and urethral pain. The
patients also suffered from inflammatory responses includ-
ing an increase in WBC in the urinary sediment or urethral
smears. These patients responded to antimicrobials, such as
tetracyclines, and their findings suggested the presence of
unidentified bacterial pathogens in the urethra.®

Taylor-Robinson, who worked at St. Mary’s Hospital in
London, UK, observed motile spiral forms in the urethral
smears of patients with NGU using dark-field microscopy.®’
He thought that these forms resembled spiroplasmas, which
can infect plants or insects. In 1980, urethral swabs were
collected from 13 male patients with NGU. These specimens
were transported to Tully’s laboratory at the National Insti-
tutes of Health in Bethesda, MD, USA, and Tully developed
a new medium, called SP4 medium, in which any
spiroplasma or mycoplasma could grow.! The specimens
from the urethral swabs were inoculated into SP4 medium
and two new mycoplasma strains were identified from the
two specimens approximately a month after the initial incu-
bation. These strains were named G-377 and M-30, and were
found to be closely related to, but serologically different
from, all other known mycoplasma.’ Finally, these strains
were confirmed as a new species, M. genitalium, the 11th
species of human originated mycoplasma.’

What is M. genitalium?

As shown through electron microscopy, M. genitalium is
shaped like a flask or bottle, measures 0.6-0.7 um in length
and has tip-like structures that attach to the surface of
cells.”!® This bacterium can grow on axenic culture media,
such as SP4 medium or Friis’s medium, or on agar to make
small colonies called “fried-egg colonies”. However, its iso-
lation from clinical specimens has proven extremely diffi-
cult. G-37" and M30 could grow in SP4 medium at the
initial cultivation. After the recovery of M. genitalium, many
researchers have tried to isolate M. genitalium from genital
specimens, but all failed to directly inoculate the genital
specimens to the SP4 medium."!

Jensen reported a new method for the isolation of M. geni-
talium from the clinical specimens using co-cultivation with
Vero cell in Eagle’s minimal essential medium supplemented
with serum substitute and glutamine.’* This method was
reasonable, because the M. genitalium attaches to animal
cells by adhesin and invades them. After M. genitalium grew
adequately, an adaptation for the axenic culture medium was

© 2013 The Japanese Urological Association

attempted. Through this method, more than 30 strains were
reported to be isolated from clinical specimens.>™* However,
the success rates for their initial growth in Vero cell culture
were not high; the success rate for adaptation to the axenic
culture medium was even lower. The isolation of M. genital-
ium from clinical specimens has been obviously difficult and
time-consuming.

M. genitalium has the smallest known genome size of a
self-replicating organism, at 580 kbp. The full sequence of
the M. genitalium gene was reported in 1995,'° and the
synthesis of the complete genome was carried out in 2008."
It is thought that M. genitalium possesses the minimum
functional genes to maintain life.

Pathogenicity of M. genitalium

To establish that M. genitalium is a cause of disease in
humans, Taylor-Robinson proposed a modification to the
Henle-Koch postulates.'® This proposal focused on epide-
miological studies, studies in animal models, antimicrobial
susceptibility testing in vitro, clinical responses to antimi-
crobials and transmissibility. In a chimpanzee animal model,
M. genitalium grew at the urethra or vagina, induced inflam-
matory responses and caused an elevation of serum antibod-
ies.!” The sexual transmission of M. genitalium between
couples was shown using DNA sequence typing.”® Many
epidemiological studies have shown a prevalence of
M. genitalium among patients with male urethritis, cervici-
tis and other diseases. Now, M. genitalium is considered an
established cause of male NGU’'%? and female cervici-
tis.>1%#23  Furthermore, acute epididymitis,®** chronic
prostatitis®?” and balanoposthitis® in males, in addition to
pelvic inflammatory disease,”! female urethritis®* and
adverse pregnancy events® in females, are considered to be
related to M. genitalium infections; however, further studies
are required to determine that M. genitalium can cause these

diseases.23

Prevalence of M. genitalium in male
patients with urethritis in Japan

Nucleic acid amplification tests have been used to detect
M. genitalium in the clinical specimens of patients. Taylor-
Robinson analyzed 38 papers on male urethritis between
1993 and 2010 that showed the prevalence rates of M. geni-
talium in male urethritis.” M. genitalium was detected from
the urethras of 15-25% of male patients with the NGU
symptoms of discharge and urethral pain. The prevalence of
M. genitalium among males without symptoms was 5—10%.
The odds ratios and 95% confidence intervals of the associa-
tion between M. genitalium and male NGU or NCNGU were
5.5 (95% CI 4.3-7.0) and 7.6 (95% CI 5.5-10.5), respec-
tively. These data support that M. genitalivim is a pathogen for
male urethritis, including cases of NGU and NCNGU.

In Japan, the test to detect M. genitalium in patients has
not been accepted by the national insurance system. There-
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fore, the data for the prevalence rates of M. genitalium are
limited. Table 1 shows the prevalence of M. genitalium and
C. trachomatis among male patients in Japan.**™ The study
of M. genitalium in Japan began with Deguchi er al. at Gifu
University. These researchers carried out many early studies
and developed a new phylogeny-based real-time PCR test
that amplifies a portion of the 16s rRNA gene, and can
detect M. genitalium, Mycoplasma hominis, Ureaplasma
urealyticum and Ureaplsma parvum.*>> This test is sup-
ported by an examination company and commercially avail-
able. The detection rate of M. genitalium in patients with
NGU was 10-15%, and although the rates in recent studies
increased slightly to approximately 20%, it can be said that
the detection rates of M. genitalium have not changed sub-
stantially. The detection rates of M. genitalium in European
studies were higher than those in Japan;™'® it remains
unclear why the prevalence of M. genitalium might have a
regional difference.

Diagnosis for urethritis with
M. genitalium

Male urethritis shows symptoms of discharge from the ure-
thral meatus and urethral pain; in addition, it is important to
detect increases in WBC counts in the urethral smear,
urinary sediments or uncentrifuged urine. As the criterion
for urethritis, counts of =5 polymorphonuclear leukocytes
per high-power field (x1000) in the urethral smear by Gram
stain are generally used.>*%%# Furthermore, counts of =5
WBC per high-power field (x400) in the urinary sediment of
FVU*5 or counts of =10 WBC/UL in uncentrifuged
FVU**8 are also used in clinical situations.

M. genitalium is closely related to symptomatic NGU; M.
genitalium has been detected more frequently from speci-
mens of men with symptomatic NGU than specimens of
men without symptoms. Furthermore, M. genitalium is
related to persistent or recurrent NGU after treatment of
male urethritis by tetracyclines,’*? fluoroquinolones®’** or
azithromycin.®* The severities of discharge or the urethral
pain by M. genitalium-infection were varied, and the clinical
features of M. genitalium-related urethritis are indistin-
guishable from those of chlamydial NGU. The urethritis
with M. genitalium cannot be diagnosed by symptoms only.

For detection of M. genitalium, the FVU or the urethral
swab specimens are used for nucleic acid amplification tests
as described in Table 1. Generally, FVU specimens are avail-
able as a painless method in Japan. In the Japanese litera-
ture, the amplicons for PCR to detect M. genitalium were
portions of 16S ¥RNA or adhesion gene. > #1434

Antimicrobial susceptibility of
M. genitalium

Because it is still difficult to isolate of M. genitalium from
clinical specimens, the antimicrobial susceptibility of
M. genitalium is extremely limited. Earlier reports showed
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that M. genitalium strains were sensitive to tetracyclines,
macrolides and fluoroquinolones; however, it has become
clear that there are some differences among the responses to
these types of antimicrobials. Table 2 shows the antimicro-
bial susceptibilities of 23 M. genitalium strains.”> Among
the 10 tested antimicrobials, macrolides showed the strong-
est activity against M. genitalium. However, the MIC of
azithromycin and clarithromycin against one strain were
=250 ug/mL and 128 pg/mlL, respectively. This strain was
evidently a macrolide-resistant strain, which signals a con-
siderable problem, as this resistant strain has emerged and is
spreading worldwide, as described later. Among the fluoro-
quinolones, there were large differences among the seven
tested agents; sitafloxacin and moxifloxacin showed strong
activity. The MIC of tetracyclines, such as minocycline,
doxycycline and tetracycline, were not substantially lower;
two strains had a higher MIC against tetracycline.

Clinical studies and
antimicrobial resistance

Tetracyclines and macrolides

In earlier studies, the tetracyclines and the macrolides were
tested, and their efficacies in the treatment of urethritis with
M. genitalium were compared. In Gambini’s report, the
microbiological efficacies of doxycycline 200 mg/day for
7 days and azithromycin 1 g stat were 94.3% and 82.4%,
respectively.”® However, two more recent studies showed
that the efficacy of doxycycline against M. genitalium was
inferior to that of azithromycin.”’*® The M. genitalium eradi-
cation rates for doxycycline 200 mg/day for 7 days at the
urethra were found to be 45.2% and 30.8%, despite rela-
tively good in vitro MIC of doxycycline in most M. genital-
ium strains.>

Clinical studies using azithromycin showed good results,
with an eradication rate of M. genitalium of almost 100%
before Bradshaw’s report.®® Bradshaw et al. carried out an
open-label clinical study in Australia, and used azithromycin
1 g stat on 34 male patients with M. genitalium, among
whom M. genitalium persisted in nine. Three patients were
treated with additional azithromycin 1 g for three more
attempts, but all of the trials failed. Finally, M. genitalium
was treated by moxifloxacin 400 mg/day for 10 days. The
urethral swab specimens of these patients were sent to
Jensen’s laboratory in Denmark and newer, high-level,
macrolide-resistant M. genitalium strains were isolated.'
Seven macrolide-resistant strains were isolated from Aus-
tralia or Scandinavia. This macrolide-resistance was found
to be related to genetic mutations on region V of the 23S
rRNA gene, a similar type of mutation to that observed in
macrolide-resistant Mycoplasma pneumonia strains.**S!

As aforementioned, small numbers of macrolide-resistant
M. genitalium strains have actually been isolated and cul-
tured. However, it became clear that mutations of the 23S
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rRNA gene and the failure of azithromycin treatment regi-
mens were closely related. Therefore, if mutations of the
23S rRNA gene are found in the M. genitalium genome
obtained from the urine or urethral swab specimens, we can
say that patients were infected by macrolide-resistant
M. genitalium, although these genotypes were not detected
in all specimens from patients who showed azithromycin
treatment failure. Macrolide-resistance in M. genitalium
seems to be spreading worldwide, and has been reported in
Scandinavian countries,'® France,® Australia,”®® New Zea-
land,** Greenland® and Japan.® In Australia, 27.2% of pre-
treatment specimens showed mutations related to
macrolide-resistance.” In Greenland, these mutations were
detected from all tested specimens of M. genitalium.®® In
Japan, Ito ef al. showed that the same mutations were found
in four urine specimens from seven patients with azithromy-
cin treatment failure.® Importantly, it was discovered that
the use of azithromycin, in particular at 1 g stat, had the
potential to induce mutations on the 23S rRNA gene, as
some reports indicated that the mutations on 23S »RNA
were found in post-treatment specimens that had no muta-
tions present in pretreatment.'>* In the recent randomized
control trial of treatment of NGU by azithromycin or doxy-
cycline regimen, the efficacy of azithromycin showed some
decline from the 1990s.®® However, azithromycin is still
effective and can constitute a first-line treatment for NGU
arising from both M. genitalium and C. trachomatis. In
addition, azithromycin 2 g stat is acceptable for use in ure-
thritis or cervicitis in Japan; therefore, evidence on the treat-
ment of NGU will continue to build over the years.

Fluoroquinolones

The first clinical trial that used fluoroquinolone for urethritis
with M. genitalium was carried out in Japan.®’ Levofloxacin
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100 mg, three times/day for 7 days were tested, but the
microbiological efficacy was just 36.4%. Furthermore, three
other clinical studies were carried out in Japan that used

regimens of levofloxacin,” gatifloxacin® or sitafloxacin*®

(Table 3). In Europe and Australia, two studies on regimens
of moxifloxacin or ofloxacin were carried out.”>® We can
extrapolate important information from these studies on the
microbiological efficacies of fluoroquinolones and MIC.*
The microbiological efficacies of levofloxacin, gatifloxacin,
moxifloxacin and sitafloxacin were 33—-60%, 83.3%, 100%
and 100%, respectively, and the MIC90 of these agents were
2ug/mL. 0.5pg/mL, 0.125pg/mL and 0.125 pg/mL,
respectively. Considering the tissue level of fluoroqui-
nolone, the optimal activity against M. genitalium might be
at an MIC90 of 0.125 pg/mL. As the use of moxifloxacin is
limited to only respiratory infections in Japan, sitafloxacin is
the recommended fluoroquinolone for M. genitalium infec-
tion; however, further research on this agent is required.
Fluoroquinolone-resistance is known to exist in Gram-
negative bacterial species and mutations in the gyrase genes,
as gyrA and parC are known to be closely related to resist-
ance. Deguchi ef al. showed mutations on gyrd and parC
genes from purified M. genitalium DNA obtained from
urine specimens that had shown treatment failure with levo-
floxacin 100 mg, three times/day for 7 days.”” They also
detected mutations on the gyrd, gyrB, parC and parE genes
of M. genitalium DNA from pretreated urine specimens.*>!
In our past study on gatifloxacin, genetic mutations on gyr4
or parC of M. genitalium were detected and linked to the
efficacy of fluoroquinolone.”” Of the 18 patients in the
present study, M. genitalium remained in the specimens of
three patients. Mutations on the gyr4 or parC genes were
found in the M. genitalium DNA of these three patients after
treatment. No mutations on the gyr4 gene of three M. geni-
talium DNA samples from pretreatment specimens were
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found; thus, the mutations on the gyr4 gene were thought to
be selected for or induced by treatment. Regarding
parC, mutations were found on M. genitalium DNA from
two pretreatment specimens, but different mutations were
found in the M. genitalium DNA from one of the post-
treatment specimens. These data showed the presence of
fluoroquinolone-resistant M. genitalium in Japan, but future
studies are necessary to understand the mechanisms for the
fluoroquinolone-resistance of M. genitalium invivo and
in vitro.

Treatment strategies for urethritis
with M. genitalium

For NGU, macrolides and tetracycline are recommended in
the guidelines of many countries.> However, tetracyclines
are less effective against M. genitalium. Azithromycin regi-
mens including 1 g stat or 2 g stat are now recommended,
but if the azithromycin regimens fail, we must consider the
use of fluoroquinolone, such as sitafloxacin, in Japan. The
most important issues include the acceptance of M. genital-
ium examinations by the national insurance system in Japan
and the individual treatment of C. trachomatis and M. geni-
talium in the not-too-distant future.
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