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Abstract Mycoplasma genitalium was first isolated from
urethral swab specimens of male patients with non-gon-
ococcal urethritis. However, the isolation of M. genitali-
um strains from clinical specimens has been difficult.
Co-cultivation with Vero cells is one available technique
for the isolation of M. genitalium. The strains that can be
used for antimicrobial susceptibility testing by broth
dilution or agar dilution methods are limited. Macrolides,
such as azithromycin (AZM), have the strongest activity
against M. genitalium. However, AZM-resistant strains
have emerged and spread. Mutations in the 23S rRNA
gene contribute to the organism’s macrolide resistance,
which is similar to the effects of the mutations in mac-
rolide-resistant Mycoplasma pneumoniae. Of the fluoro-
quinolones, moxifloxacin (MFLX) and sitafloxacin have
the strongest activities against M. genitalium, while lev-
ofloxacin and ciprofloxacin are not as effective. Some
clinical trials on the treatment of M. genitalium-related
urethritis are available in the literature. A doxycycline
regimen was microbiologically inferior to an AZM regi-
men. For cases of treatment failure with AZM regimens,
MFLX regimens were effective.

Keywords Mycoplasma genitalium - Isolation -
Antimicrobial susceptibility - Clinical trials
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Introduction

Male urethritis is a syndrome that causes discharge from
the urethral meatus, and urethral pain, and it is an impor-
tant sexually transmitted infection (STI). Urethritis is
classified as either gonococcal urethritis or non-gonococcal
urethritis (NGU) by the presence or absence of Neisseria
gonorrhoeae in the urethral or urine specimens. In Japan,
NGU in which Chlamydia trachomatis is detected by any
methods is called “chlamydial urethritis”, and urethritis in
which C. trachomatis is not detected is called “non-chla-
mydial non-gonococcal urethritis” (NCNGU). In females,
an inflammatory condition in the cervical canal is called
cervicitis. When N. gonorrhoeae or C. trachomatis are
detected from the cervical specimens of patients with
symptoms of cervicitis, the condition may be called gon-
ococcal cervicitis or chlamydial cervicitis, respectively.
However, when specific pathogens are not detected, the
condition may be called simply “cervicitis” or “non-gon-
ococcal cervicitis”.

Mycoplasma genitalium is one species of Mycoplasma
that was isolated from urethral swabs from patients with
NGU in 1980 [1]. The pathogenicity of M. genitalium has
been the focus of epidemiological studies, studies in animal
models, antimicrobial susceptibility testing in vitro, clinical
response to antimicrobials, and transmissibility in males.
Taylor-Robinson [2] proposed the modified Henle—Koch
postulates for establishing the pathogenicity of M. genita-
lium in disease, and M. genitalium is now considered an
established cause of male NGU [3, 4] and of female cer-
vicitis [3-6]. It has been suggested that M. genitalium can
cause other diseases, such as acute epididymitis [7, 8]
chronic prostatitis [9, 10], and balanoposthitis [11] in males
and pelvic inflammatory disease [12—14], urethritis [15, 16],
and adverse pregnancy events [17-19] in females. However,
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more stuelies are needed regarding the pathogenicity of
M. genitalium in such diseases [6, 12, 20].

There are various reports and studies that discuss both
the prevalence of M. genitalium and tests, such as nucleic
acid amplification tests (NAATSs), that are used for
detecting M. genitalium in diseases of males and females.
However., there have been few reports investigating the
basic culturing methods or antimicrobial susceptibility
testing of M. genitalium. In this paper, I will discuss cul-
turing methods and antimicrobial susceptibility testing of
M. genitalium and further propose possible treatment
strategies for M. genitalium-related urethritis.

Culturing of M. genitalium
Discovery of M. genitalium

M. genitalium strains were first isolated from the urethral
swabs of two patients with NGU [1]. The presence of
unknown pathogens in NCNGU was recognized by clini-
cians before the discovery of M. genitalium. Male patients
with urethritis, in whom neither N. gonorrhoeae nor
C. trachomatis were detected, had symptoms of urethritis
and an inflammatory response, such as the presence of
white blood cells in the urinary sediment or in urethral
smears. In addition, some patients were cured of symptoms
with tetracycline-based therapy [3, 4].

M. genitalium was isolated by Tully et al. [1] by the
direct inoculation to SP4 Mycoplasma medium (SP4
medium) [21] with urethral swabs. Taylor-Robinson [4]
brought urethral swab specimens from 13 male patients
with NGU to Tully’s laboratory, where the SP4 medium
had been developed shortly before. SP4 was the best arti-
ficial medium for the growth of Spiroplasma [21] and it
was also efficient for the recovery of other mycoplasmas.
In the initial study, 2 strains of M. genitalium, strain G37"
and strain M30, grew in SP4-medium approximately
50 days after inoculation. When M. genitalium grows in
SP4 medium, the color of the medium changes to yellow
from red owing to the production of acid from the break-
down of glucose. A frequently passaged M. genitalium
strain can change the color of the medium in approximately
1 week.

In the early decades following the discovery of
M. genitalium, attempts were made to isolate other M. geni-
talium strains, but these attempts failed [22], with the
exception of the isolation of several strains from respira-
tory or synovial specimens (R32, TWI10-5G, TW10-6G,
TW48-5G, and UTMB-10G) [23, 24]. However, these
strains were mixed cultures with M. pneumoniae and were
genetically similar to G37" [25, 26], and there is concern
that the ATCC strains, including these 5 strains and the

@ Springer

late-passaged M30 strain (not the initially recovered M30),
are contaminants of G377 [25]. In China, 8 M. genitalium
strains have been recovered from urogenital tract speci-
mens by direct inoculation into SP4 medium [27], but
details were not known about the isolation.

Isolation of M. genitalium strains by co-culture
with Vero cells

In 1996, new M. genitalium strains were isolated from
urogenital tract specimens by a newly developed method of
co-culturing specimens with Vero cells reported by Jensen
et al. [28]. This co-cultivation with living cells has been
shown to be a reliable way of culturing M. genitalium.
They reported that 4 M. genitalium strains were isolated
from the urethral swabs of male patients with NGU. These
authors were able to grow 9 strains in Vero cells, but 5
strains were lost after attempts to passage the cultures for
adaptation for growth in Friis broth medium (FB medium).
Thus, the most difficult aspect of culturing M. genitalium is
adaptation for stable axenic cultures.

In the literature, the clinical specimens from which
M. genitalium has been successfully isolated are urethral
swabs [1, 27-29], urinary sediments [30], and cervical
swabs [31]. When urinary sediments are used in the initial
culture, some special procedures are necessary [30]. Some
components in urine can destroy monolayers of Vero cells,
and the urine sediments should therefore be washed in
culture media. Furthermore, prolonged storage of urine
specimens before culturing is detrimental to the successful
isolation of M. genitalium strains. The infectivity of
M. genitalium to Vero cells is lost after storage for more
than 2 days under room temperature conditions. The rec-
ommended procedure for the storage of urinary sediments
for the Vero cell culture method is to centrifuge the urine at
>10,000 x g for 15 min and to re-suspend the pellet of the
urine specimen in mycoplasma medium as soon as possible
after urine collection.

An observable color change in axenic culture medium,
such as that seen in SP4 medium or FB medium, is a
convenient method for monitoring the growth of M. geni-
talium. However, the number of strains that can be grown
in axenic culture medium and thus be monitored by color
change are limited, and color change cannot be used to
monitor growth in cell culture. In the study by Jensen et al.,
which was the first report of co-cultivation with Vero cells
and clinical specimens, the polymerase chain reaction
(PCR) was used to monitor growth [28]. The authors
diluted the supernatant of the cell culture by tenfold serial
dilutions, detected the MgPa adhesin gene of M. genitalium
by PCR, and generated M. genitalium growth curves. In our
subsequent studies, quantitative PCR (qgPCR) was used to
monitor growth [30, 32]. This qPCR method was based on
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the report by Jensen et al. of the detection of the MgPa
adhesin gene of M. genitalium [33]. M. genitalium has the
smallest genome of any self-growing organism and has
only one MgPa gene. Therefore, growth curves of M. gen-
italium DNA loads, as determined by qPCR using the
TagMan assay, could be used to estimate the growth of
M. genitalium. By this method, several new M. genitalium
strains, including the azithromycin (AZM)-resistant strains
described below, have been isolated {29].

By using qPCR to monitor the growth of M. genitalium,
it was discovered that qPCR could also be used for anti-
microbial susceptibility testing [32]. This idea was devel-
oped based on an interesting observation that the growth of
certain M. genitalium strains was inhibited by high con-
centrations of ampicillin, penicillin G, amphotericin B, and
polymyxin B, which had been added to the culture medium
to prevent contamination by other bacterial or fungal spe-
cies [30]. It had previously been reported that high con-
centrations of ampicillin or penicillin G could inhibit the
growth of other mycoplasmas, including Mycoplasma
neurolyticum, Mycoplasma hyopneumoniae, Mycoplasma
focculate, and Mycoplasma dispar [34]. When high con-
centrations of antimicrobials were added to the culture
medium at the initial cultivation, the growth of M. geni-
talium was also inhibited. In our experiments, 200 [U/ml of
penicillin G and 500 pg/mi of polymyxin B were shown to
be the maximal amounts of antimicrobials that could pre-
vent contamination but not inhibit the growth of M. geni-
talium in the initial cultivation. It was interesting that strain
G37" was insensitive to penicillin G [minimum inhibitory
concentration (MIC) >3,000 IU/ml] and ampicillin (MIC
>2,000 TU/ml) [35], which allowed for the recovery of
G377 from culture. The mechanism by which penicillins or
antifungal agents inhibit the growth of M. genitalium,
which does not have a cell wall, is unclear, but it may be an
unspecific toxic effect.

Adaptation of M. genitalium strains in axenic
culture medium

After confirmation of the growth of M. genitalium with
Vero cells in culture, we moved on to the next steps of
adaptation to axenic culture medium and cloning of the
newer strains of M. genitalium [36]. The supernatant of
the Vero cell culture in which M. genitalium grew was
re-suspended in FB medium and incubated, and when good
growth was observed, the so-called cloning procedure was
initiated. To obtain a pure culture of the M. genitalium
strain, the FB medium, at the time when the color changed
to yellow from red, was aspirated and expelled with a
syringe through a small-bore cannula several times in order
to disrupt micro-colonies and clumps of M. genitalium cells
and obtain single cells. Normally, in mycoplasmology, the

broth is passaged through a 0.45-pum filter, but for unknown
reasons this procedure did not produce growth of our
strains. The single-cell suspension in 0.1 ml of FB medium
was then plated onto FB agar. After several days to weeks,
small fried-egg-shaped colonies were observed. A single
colony on the FB agar was then cut away under the
microscope, and the piece of agar that included one colony
was inoculated into FB medium and incubated. This pro-
cedure using FB medium and FB agar was repeated 3
times, and finally a new strain of M. genitalium was
obtained. This entire process took more than 6 months.
Thus, the isolation of M. genitalium from clinical speci-
mens still remains difficult and very time-consuming.

Antimicrobial susceptibilities of M. genitalium
Broth dilution method and agar dilution method

There are two methods recommended for antimicrobial
susceptibility testing for Mycoplasma species [37, 38]—the
broth dilution method and the agar dilution method. In the
broth dilution method, antimicrobials are diluted twofold
with SP4 medium in the wells of a microtiter plate, and
known concentrations of the M. genitalium strains are
added to the wells. The plates are sealed and incubated.
The color of the medium is observed, and the MIC is
defined as the minimum concentration of the antimicrobial
that can inhibit the color change. The agar dilution method
involves the use of agar plates that contain increasing
concentrations of antimicrobials. Diluted M. genitalium
strains are inoculated onto each of the agar plates, and
colonies are counted after incubation. Taylor-Robinson
and Bebear [38] determined that the MIC was the lowest
concentration of antimicrobials completely preventing
colony development after incubation at 37 °C. In contrast
to the findings in that study, Hannan et al. [37, 39] showed
a modified method in which the MIC was defined as the
lowest concentration of an antimicrobial that causes more
than 50 % inhibition of growth compared with the number
of colonies on the control plate without antimicrobials.
However, this concept may be regarded as the minimum
bactericidal concentration. In a recent document reporting
standardized methods for antimicrobial susceptibility
testing for Mycoplasma pneumonia, Mycoplasma hominis,
and Ureaplasma urealyticum [40], it was determined that
the MIC was read as the lowest concentration of the
antimicrobial agents that prevented colony formation
when examined under a stereomicroscope. The broth
dilution method is convenient for determining the anti-
microbial susceptibilities of M. genitalium. However, the
limitation of these conventional methods is that very
limited numbers of strains are available, because
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obtaining M. genitalium strains that can grow in axenic
culture medium takes a long time.

“Cell culture method” by using quantitative PCR

To resolve this culturing dilemma, a “cell culture method”
using qPE€R was developed [32]. The growth of M. geni-
talium in Vero cell cultures can be monitored by qPCR.
When M. genitalium strains were cultured with culture
media containing any concentration of antimicrobials, it
was found that the growth of the bacteria was inhibited
(Fig. 1). Culture media with twofold dilutions of antimi-
crobials were prepared by determining the appropriate final
concentration after inoculation with a suspension of Vero
cells and M. genitalium. Then, M. genitalium was cultured
in Vero cells with culture media containing antimicrobials
in a 24-well tissue culture plate. The supernatant of the
culture media was harvested 3 weeks later, and the DNA
loads of M. genitalium were calculated. The MIC value
was defined as the lowest concentration of an antimicrobial
that caused >99 % inhibition of growth compared with
DNA loads of M. genitalium cultured in Vero cells on
culture medium without antimicrobials. When the growth
of M. geriitalium on Vero cells is observed, antimicrobial

susceptibilities can be measured using this method. The
results of the antimicrobial susceptibility testing were
comparable for the cell culture method and the broth
dilution method [32, 41]. Some macrolide-resistant strains
were identified by the cell culture method [29]. Antimi-
crobial susceptibility testing using qPCR has also been
used for several intracellular bacteria, such as Rickettsia,
Coxiella, and Tropheryma species [42-44]. The major
drawback of this method is cost. In addition, non-cloning
strains can be used for antimicrobial susceptibility testing.
Therefore, it is possible that the results of this method were
involved with MICs of multiple strains, but the possibility
was lower because the growth of M. genitalium is still
difficult with any culture methods.

Antimicrobial susceptibilities of M. genitalium strains

Earlier reports showed that M. genitalium strains were
sensitive to tetracyclines, macrolides, and fluoroquino-
lones, with the exception of nalidixic acid [35, 45]. In
addition, the MIC range of each antimicrobial for G377,
R32G, TW48-5G, TW10-5G, TW10-6G, and UTMB was
very narrow [41, 45]. In this sense, these strains were
genetically extremely homogeneous [25]. Our study [41]

t 10
Q- 10% %
S a
.g 105 —o— Control 1
8 / —=— Control 2
qE, 104 / ~&— Control 3
U_) —e— LVFX 2.0
= 108  — —&— LVFX 1.0
s = —m— LVFX05
21 02 —— LVFX0.25
@ —o— LVFX0.125
S 10
<
< 1 .
a 0 1 2 3 (weeks)
Inhibition rate/control (%) 1w 2w 3w

LVFX 2.0 mg/l 37.4 99.9 >99.9

LVFX 1.0 mg/l 36.7 99.9 >99.9

LVFX 0.5 mg/l 31.4 99.8 >99.9

LVFX 0.25 mg/l 26.3 99.5 99.1

LVFX 0.125 mg/I -3.5 32.3 47.2

Fig. 1 Growth curves of Mycoplasma genitalium with or without
levofloxacin (LVFX) generated by monitoring DNA loads using the
quantitative polymerase chain reaction (PCR) method. The growth
curves were generated by measuring DNA loads of M. genitalium
cultured with or without levofloxacin. M. genitalium was co-cultured
with Vero eells. The culture medium, Eagle’s minimum essential
medium (MEM) with 2 % Ultroser G serum substitute (Ciphergen,
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Cergy-Saint-Christophe, France), contained increasing concentrations
of levofloxacin. As a control, M. genitalium was cultured without any
antimicrobials. Copy numbers of the MgPa gene were determined
using TagMan quantitative PCR methods [30, 32, 33]. The inhibition
rates of the antimicrobials were calculated by the following formula:
inhibition rates (%) = [(average of DNA loads in control wells-DNA
loads in test well)/(average of DNA loads in control wells)] x 100
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Z:r?clsn}rai\i/grrll:?ll\l/?[](;])h;bfl g‘y Antimicrobials MICs (mg/t)

Mycoplasina genitalium strains, MICs MICq, MIC ranges

as determined by the broth (23 strains) (23 strains)

dilution method [41] ATCC strains Non-ATCC strains

(7 strains) (16 strains)

Sitafloxacin 0.063 0.125 0.063-0.125 0.008-0.125
Moxifloxacin 0.063 0.125 0.063-0.25 0.016-0.25
Gatifloxacin 0.25 0.25 0.125-0.5 0.031-0.5
Levofloxacin 1 2 -2 0.125-2
Ciprofloxacin 4 8 4-8 0.063-4
Norfloxacin 32 64 32-64 1-32
Minocycline 0.125 0.25 0.031-0.125 0.063-0.25
Doxycycline 0.125 0.25 0.063-0.25 0.063-1
Tetracycline 0.125 0.5 0.063-0.25 0.063-2
Azithromycin 0.001 0.002 0.001-0.002 0.0002-250
Clarithromycin 0.004 0.008 0.002-0.008 0.0005-128

showed broader MIC ranges in antimicrobial susceptibili-
ties among the newer clinical isolates from urogenital
specimens (Table 1). The macrolides, including AZM and
clarithromycin (CAM), had the strongest activities against
M. genitalium, but some strains were resistant to the
macrolides. Among the fluoroquinolones, there were large
differences in the anti-M. genitalium activities. Newer
fluoroquinolones, such as moxifloxacin (MFLX) and sita-
floxacin (STFX), had the strongest activities, but the
activity of norfloxacin was weak. The activities of levo-
floxacin (LVEX) and ciprofloxacin (CPFX), which are used
worldwide, are not strong, and the MICy, values were 2
and 8 mg/l, respectively. The activities of the tetracyclines
are of intermediate strength, falling between those of the
fluoroquinolones, such as LVFX and those of the newer
fluoroquinolones, such as MFLX and STFX.

Clinical trials of treatment for M. genitalium-related
urethritis

Some clinical trials have been performed regarding the
treatment of M. genitalium infections. In these trials,
the microbiological effect of treatment was evaluated by
the results of NAATs. However, there is no consensus
regarding when the response of antimicrobials should be
evaluated after their administration. In the Japanese
guideline for clinical research of antimicrobial agents on
urogenital infections [46] the response is assessed
2-4 weeks after the completion of therapy, and the primary
outcome measured in cases of male NGU is the microbi-
ological response. In addition, the relationship between
microbiological efficacy and antimicrobial susceptibility is
unclear. We have not identified breakpoint MICs for any
antimicrobials against M. genitalium infection.

Clinical trials of AZM or doxycycline (DOXY)
treatment for M. genitalium-related urethritis

The clinical trials of various agents for the treatment of
M. genitalium-related urethritis in males are described in
Table 2. I selected studies in which the eradiation rates
of M. genitalium after treatment were shown [47-63]. In
early clinical trials for the treatment of M. genitalium-
related urethritis, efficacies of the tetracyclines and the
macrolides were compared. Gambini et al. [47] reported
that the eradication rates of M. genitalium by DOXY and
AZM were comparable, but other reports showed that
DOXY was ineffective compared with AZM [50, 52, 55].
Two recent randomized studies clearly demonstrated that
the efficacy of DOXY against M. genitalium-related
urethritis was inferior to that of AZM, as measured by
the microbiological response [58, 59]. It is interesting to
note that there is a remarkable discrepancy between the
relatively good in vitro MIC of DOXY in most M. gen-
italium strains and the poor treatment efficacy of this
drug, which cured, in general, only 30 % of the infected
patients.

There has been some discussion concerning the dosage
of AZM, which was used either as a single dose of 1 g of
AZM or in an extended AZM regimen, such as an initial
dose of 500 mg followed by 250 mg/day for 4 days,
mainly suggested by Scandinavian researchers [50, 52, 55,
56]. Jernberg et al. [56] reported the microbiological results
after any of the following methods of administration: a 1 g
single dose of AZM; AZM stat plus repeated doses of 1 g
of AZM for 5-7 days after the initial administration;
or extended AZM treatment. The eradication rates of
M. genitalium in these regimens were similar, at 78.7, 73.7,
and 79.6 %, respectively. When we use AZM regimens, a
single 1 g dose of AZM is recommended. We do not have
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Table 2 Microbiological efficacies of antimicrobials against M. genitalium in clinical trials of treatment for male non-gonococcal urethritis

Author and country Year Design of Initial regimens Eradication rates Second regimens used Eradication
study (initial regimen) in cases of treatment failure rates
(second
regimen)
Gambini et al. [47] 2000 Open label DOXY 200 mg/day 94.3 % (33/35)
Italy 7 days AZM 1 g stat 82.4 % (14/17)
Johannisson et al. [48] 2000 Open label TC 500 mg x 2/day, 10 days 38.5 % (5/13)
Sweden
Maeda et al. [49] 2001 Open label LVEX 100 mg x 3/day, 7 days 33 % (4/12)
Japan
Falk et al. [50] 2003  Open label DOXY 200 mg stat + 100 mg/day, 8 days 37.5 % (6/16) (DOXY AZM 500 mg stat + 250 mg/day, 100 % (8/8)
Sweden or Lymecycline) 4 days
Lymecycline (tetracycline) 300 mg x 2/day,
10 days
AZM 500 mg stat + 250 mg/day, 4 days 100 % (8/8)
Dupin et al. [51] 2003 Open label MINO 100 mg/day, 7 days 42.9 % (3I7) MINO 100 mg/day, additional 7 days 0 % (0/1)
France SPCM 2 g stat + MINO 100 mg/day, 7 days 100 % (1/1)
DOXY 100 mg/day, 7 days 0 % (0/1)
Wikstrom and Jensen 2006 Open label DOXY 200 mg stat + 100 mg/day 8 days 0 % (0/6) AZM 1 g stat or 500 mg stat + 250 100 % (14/14)
[52] EM 500 mg x 2/day, 10 days 18.2 % (2/11) mg/day, 4 days
Sweden AZM 1 g stat or 500 mg stat + 250 mg/day, 100 % (7/7)
4 days
Bradshaw et al. [53] 2006 Open label AZM 1 g stat 71.9 % (23/32) AZM 1 g weekly, 3 weeks 0% (1/3)
Australia MFLX 400 mg x l/day, 10 days 100 % (9/9)
Stamm et al. [54] 2007 Double-blind Rifalazil 2.5 mg stat 0 % (0/5)
USA multi-site Rifalazil 12.5 mg stat 0 % (O/7)
controlled i falazil 25 my stat 0 % (0/5)
AZM 1 g stat 85.7 % (6/7)
Bjornelius et al. [55] 2008 Open label DOXY 200 mg stat + 100 mg/day, 8 days 9.2 % (7176) AZM 500 mg stat + 250 mg/day, 95.7 % (45/47)
Sweden 4 days
AZM 1 g stat 84.6 % (33/39) DOXY 100 mg/day, 15 days 66.7 % (2/3)
Jernberg et al.? [56] 2008 Open label AZM 1 g stat 78.7 % (144/183) AZM 500 mg stat + 250 mg/day, 34.8 % (8/23)

Norway

AZM 1 g stat + repeated AZM | g
AZM 500 mg stat + 250 mg/day, 4 days

OFLX 200 mg x 2/day, 10 days

MFLX 400 mg/day, 7 days

73.7 % (28/38)
79.6 % (78/98)

44.4 % (4/9)

100 % (3/3)

4 days

OFLX 200 mg x 2/day,
10 days

MFLX 400 mg/day,
7 days

58.3 % (21/36)

100 % (24/24)

T1-T:61 (£10C) Joytowayy) 100Juf [



— 861 —

Table 2 continued

Author and country Year Design of Initial regimens Eradication rates Second regimens used Eradication
study (initial regimen) in cases of treatment failure rates

(second
regimen)

Takahashi et al. [57] 2008 Open label AZM 1 g stat 100 % (3/3)

Japan

Mena et al. [58] 2009 Randomized DOXY 100 mg x 2/day, 7 days 452 % (14/31) AZM 500 mg stat + 250 mg/day, 60 % (3/5)

USA AZM 1 g stat 82.7 % (19/23) 4 days

Schwebke et al. [59] 2011 Randomized DOXY 100 mg x 2/day, 7 days 30.8 % (12/39)

USA controlled (with or without tinidazole)

double-blind  A7M 1 g stat (with or without tinidazole) 66.7 % (30/45)

Takahashi et al. [60] 2011 Open label LVEFX 500 mg/day 7 days 60 % (3/5)

Japan

Hamasuna et al. [61] 2011 Open label GFLX 200 mg x 2/day, 7 days 83.3 % (15/18)

Japan

Hagiwara et al. [62] 2011 Open label AZM 1 g stat 83.3 % (25/30)

Japan

Ito et al. [63] 2012  Open label STEX 100 mg x 2/day, 7 days 100 % (11/11)

Japan

AZM azithromycin, DOXY doxycycline, EM erythromycin, GFLX gatifloxacin, LVFX levofloxacin, MFLX moxifloxacin, MINO minocycline, OFLX ofloxacin, SPCM spectinomycin, STFX

sitafloxacin, 7C tetracycline

# Combined male urethritis and female cervicitis
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data regarding the use of a 2 g single dose of AZM in the
treatment of M. genitalium-related urethritis.

AZM s used worldwide in the treatment of NGU. The
eradication rates of M. genitalium in the clinical trials of
treatment with AZM regimens reached almost 100 % [50,
52, 57]. However, Bradshaw et al. [53] in Australia reported
treatment failure after a regimen of AZM. They treated
patients with NGU with a single 1 g dose of AZM. In their
study, M. genitalium was detected in 34 patients, and
NAATSs results of M. genitalium from the urethral swab
specimens of nine patients after treatment with AZM
remained positive. Three patients were treated with a repeat
dose of 1 g of AZM, but M. genitalium was not eradicated.
Finally, these patients were treated with 400 mg/day of
MFLX for 10 days, which was a microbiologically effective
treatment. Macrolide-resistant M. genitalium strains were
isolated from the urethral swab specimens obtained from
four of these patients [29] and in 5 out of 7 evaluable sample
sets, macrolide-susceptible genotypes were detected in pre-
treatment specimens, suggesting that the treatment failure
was due to resistance selected for by the treatment with 1 g
single-dose AZM. In recent studies, the eradication rates of
M. genitalium treated with AZM were 68-86 % in clinical
trials [54—56, 58, 59].

Clinical trials of fluoroquinolone treatment
of M. gemnitalium-related urethritis

The first clinical trial that used a fluoroquinolone to treat
M. genitalium infection was reported by Maeda et al. [49]
in Japan. A regimen of LVFX (100 mg, 3 times a day for
7 days) was not effective against M. genitalium. MFLX
was admuinistered to patients that experienced treatment
failure with an AZM regimen [53, 56]. Other fluoroquin-
olone-based regimens were introduced in Japan, including
LVFX 500 mg [60], gatifloxacin (GFLX) [61], and STFX
[63]. The microbiological efficacies of LVEX (300 mg/day),
GFLX, MFLX, and STFX were 33, 84, 100, and 100 %,
respectively. The MIC values of these antimicrobials were
2, 0.25, 0,125, and 0.125 mg/l, respectively, in our study
[41]. Agents with MIC values of <0.125 mg/1 are suitable

if we use fluoroquinolones, such as MFLX and STFX,
against M. genitalium-related urethritis. However, STFX is
used only in Japan.

Antimicrobial resistance in M. genitalium strains
Resistance to azithromycin

Antimicrobial resistance has become a problem in the
treatment of M. genitalium infections. The most important
issue is macrolide resistance. The presence of macrolide-
resistant M. genitalium was first reported by Bradshaw et al.
[53], as described above. This group sent the urethral swab
specimens from patients that experienced clinical failure
with an AZM regimen to Jensen for culture, and 7 macro-
lide-resistant strains were isolated, 4 from Australia and 3
from Scandinavia [29] (Table 3). These resistant strains
had mutations in region V of the 23S rRNA gene, which
were similar to mutations detected in macrolide-resistant
M. preumoniae strains [64, 65]. The mutations in the 23S
rRNA gene in M. genitalium were also detected in speci-
mens collected after treatment failure with a single dose of
AZM in Japan [66]. It is concerning that macrolide resis-
tance in M. genitalium is spreading throughout the world. In
fact, AZM-resistant M. genitalium is spreading in Australia
[29, 53], Northern Europe [29], and France [67], and in
Greenland, where the C. trachomatis incidence is very high
and where AZM 1 g is the standard treatment, a resistance
rate of 100 % has been reported [68]. Recently, a study of
M. genitalium-positive patients from Australia showed that
almost half of those patients failing AZM 1 g single-dose
treatment had susceptible genotypes present in the pre-
treatment specimens, strongly suggesting that the single-
dose treatment leads to the selection of resistant strains [69].

Resistance to fluoroquinolones
Fluoroquinolone resistance is typically found in rod-shaped

gram-negative bacterial species, and it is known that
mutations in the gyrase genes gyrA or parC contribute to

Table 3 MICs (mg/l) of macrolide-resistant M. genitalium strains, as determined by quantitative polymerase chain reaction (PCR) [29]

Strain Origin Moxifloxacin  Levofloxacin ~ Ciprofloxacin =~ Doxycycline  Tetracycline  Azithromycin  Clarithromycin
M6257 Sweden 0.25 1 1 1 4 >8 >16

M6270 Australia  0.125 2 4 0.25 0.5 >8 >16

M6271 Australia  0.125 1 4 0.25 0.25 >8 >16

M6302 Sweden 0.125 1 4 0.125 0.5 >8 >16

M6303 Norway 0.25 2 8 1 1 >8 >16

M6320 Australia 0.063 0.5 2 0.25 1 >32 >16

M6321  Australia  0.063 2 2 0.125 0.25 >32 >16
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resistance. Deguchi et al. [70] reported that mutations in
the gyrA gene were found in purified M. genitalium DNA
obtained from the urine specimens of patients that had
treatment failure with LVEFX. In our studies of GFLX
treatment for NGU [61], genetic mutations in the gyrA or
parC gene of M. genitalium were also detected [71]. In
these studies, M. genitalium was detected from 18 patients
with NGU. The eradication rate of GFLX with 200-mg
doses twice a day for 7 days was 83 % and M. genitalium
remained in the specimens from 3 patients after treatment.
Mutations of both gyrA and parC were found in M. geni-
talium DNA purified from the urinary sediments of the 3
patients with treatment failure. In addition, only one
M. genitalium strain with fluoroquinolone resistance was
isolated from the genital specimens (unpublished data).
This strain has high MICs against GFLX (32 mg/l) and
MFLX (16 mg/l) and has mutations of both the gyrA and
parC genes. These mutations in gyrase genes were not
found in fluoroquinolone-sensitive strains. By these find-

ings, it was suggested that the fluoroquinolone resistance of

M. genitalium was closely related to mutations of gyrase
genes, similar to findings in fluoroquinolone-resistant
gram-negative rods.

Conclusion and future studies

M. genitalium is an important pathogen causing male
urethritis. However, a broader knowledge of the antimi-
crobial susceptibilities of M. genitalium has been missing
because of the difficulty in isolating M. genitalium strains
from clinical specimens. Male patients with urethritis from
whom M. genitalium is isolated are regarded as having
NGU, and treatment regimens with AZM have been rec-
ommended. However, macrolide-resistant M. genitalium
strains have emerged and are spreading throughout the
world. Reconsideration of the treatment strategies for NGU
will be necessary in the not-too-distant future, so as to treat
C. trachomatis and M. genitalium infections individually.
The development of a newer and less expensive rapid-test
kit is imperative for the treatment of M. genitalium infec-
tions. In addition, the isolation and culture of M. genitalium
strains is still complicated and time-consuming work.
However, the culture of microorganisms is a basic and
important issue in the field of microbiology. Genetic anal-
yses developed for screening antimicrobial resistance are
important strategies for the guidance of treatment. These
screening methods should be based on the analysis of iso-
lated strains. The isolation and culture of M. genitalium
remains important and should be continued. In addition,
improved techniques and/or a better medium for the more
effective isolation of M. genitalium should be developed.
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Abstract: Male urethritis is a common disease for urologists, with the most common
pathogens being, Chlamydia trachomatis and Neisseria gonorrhoeae. 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 fluoroquinolones, 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 23S 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, T. 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 STI.>?

In many countries, urologists diagnose and treat male urethritis as STI. The clinical state
of NCNGU in which N. gororrhoeae 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
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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-37" 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 umn 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
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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.”%#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. >

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. genitalium 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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