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Abstract

Mycoplasma hominis and Ureaplasma spp. are frequently found in the genital tract, especially in
sexually active women, pregnant or not, with a negative impact on health and outcome of pregnancy.
The retrospective study investigates the prevalence of colonization/infection with genital mycoplasmas in
women and the antibiotic susceptibility profile of the isolated strains. From August 2011 till July 2017, 931
endo-cervical samples were analyzed. Mycoplasma IST2 kit (Biomerieux) was used for culture, identifi-
cation, indicative enumeration and antibiotic susceptibility testing. Culture was positive in 38.5% of the
samples. Ureaplasma predominated, Mycoplasma being detected mostly in association with Ureaplasma,
seldom alone. Overall, the level of resistance to quinolones was high (77% for ciprofloxacin, 55% for
ofloxacin), whilst that of resistance to tetracyclines only started to rise. Some Ureaplasma strains showed
resistance to three classes of antibiotics. For erythromycin, a particular trend was noticed, with a drop of re-
sistance level during the study, but with recent re-emergence of resistant Ureaplasma strains. Pristinamicin
resistance was not encountered. Tetracyclines are still the antibiotics of choice for these infections. As the
rising trend of resistance to several classes of antibiotics might become problematic over the next decades,
antibiotic susceptibility of the strains should be assessed prior to the initiation of treatment.
Key words. Ureaplasma spp., Mycoplasma hominis, screening, colonization, infection, antibiotic suscep-
tibility.

Pe3rome

Mycoplasma hominis u Ureaplasma spp., KOUTO ca 4€CTO CPEIIaHH B TCHUTAITHUS TPAKT, 0COOCHO MpH
CEKCyaJIHO aKTUBHH >KeHU (OpEeMEHHU WITH HE), OKa3BaT OTPHULIATEIIHO Bb3AEHCTBIE BbPXY 3/IPABETO U U3X0/a
oT OpemeHHOCTTA. L{enTa Ha HACTOSIIIOTO PETPOCTIEKTUBHOTO MPOYYBAHE € JIa C€ YCTAaHOBH KOJIOHU3AIUATA/
MHPEKIUATa ¢ TeHUTAJIHU MUKOIUIa3MU IPU JKEHUTE U NpoQuia Ha aHTUOMOTUYHA YYBCTBUTEIHOCT Ha
n3onupanute mamose. Ot aBryct 2011 r. 1o ronu 2017 r. ca ananu3upanu 931 enouepBUKaIHU MpodH. 3a
KyJATypaHe, UICHTH(PHUKALNS, THANKATHBHO H30pOsBaHE M TECTBAHE 32 YYBCTBUTEIHOCT KbM aHTHOMOTHIN
ce m3nomBa Mycoplasma IST2 kut (Biomerieux). Pe3ynrarure mokaspar, 4e KyJITypara € yCTaHOBEHA
B 38.5% ot npobure. IIpeobnana ypeannasmara, a Mycoplasma ce OTKpUBa IPeAUMHO B KOMOMHAIHS C
Ureaplasma v MHOTO psZIKO caMOCTOSTeNIHO. HUBOTO Ha pe3UCTEHTHOCT KbM XUHOJOHU € BUCOKO (77%
npu nunpoduiokcanud, 55% mnpu odokcalMH), JA0KaTo pPE3UCTEHTHOCTTa KbM TETPALMKIMHHU e/1Ba
cera 3arouBa Jia ce nosuirasa. Haxou mamose Ha Ureaplasma moka3BaT pe3UCTEHTHOCT KbM TPH Kilaca
aHTHOMOTHULIU. 32 EPUTPOMULIMH CE€ YCTAaHOBABA OCOOEHA TEHCHIIMS - CMaJl Ha HUBOTO HA PE3UCTEHTHOCT
10 BpeMe Ha MPOYYBAHETO, HO C MOCJIE/IBallla IIOBTOPHA MOsIBa Ha PE3UCTEHTHU 1amoBe Ha Ureaplasma.
Pe3ucTeHTHOCTTA KBM NPUIIMHAMUIIMH HE ce HaOmonaBa. TeTpalMKIMHUTE ca BCE OIlE MPEATIOYUTaHUTE
aHTHOMOTHULIM 3a Te3u MH(pekuuu. Thil KaTo HapacTBallaTa TEHJCHIMS Ha PE3UCTEHTHOCT KbM HSKOJIKO
KJlaca aHTUOMOTHLIM MOXKE Jia CTaHe MpoOJeMaTHYHA Ipe3 CIEABALIUTE JEeCEeTHIEeTHs, aHTUOMOTUYHATA
YyBCTBUTEITHOCT Ha IIIAMOBETE TPsAOBa /1a ObJie OLEHEHA IPEIN 3all0YBaHE HA JICUYCHUETO.
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Introduction

Mycoplasmas represent a group of micro-
organisms commonly found in the genital tract of
women. Worldwide, detection rate of Ureaplasma
spp. (UU) in the human genital tract might reach
60-80% in sexually active women, while coloniza-
tion figures for Mycoplasma hominis (MH) range
between 20 and 30% (Bayraktar et al., 2010).
There is still controversy regarding the association
of genital mycoplasmas with bacterial vaginosis,
some investigators claiming the existence of a re-
lationship between the two (Keane et al., 2000),
other investigators being more skeptic (Arya et al.,
2001). Both UU and MH are sexually transmitted
bacterial pathogens, undoubtedly involved in im-
pairment of reproductive status, although numer-
ous and often contradictory papers concerning their
real pathogenic potential have been published in
the last years. These microorganisms, especially
UU, have been associated with various patholog-
ical conditions and intrauterine infections, includ-
ing pyelonephritis, pelvic inflammatory disease or
endometritis, leading to important complications,
like infertility, lower pregnancy rates after in vitro
fertilization, chorioamnionitis, spontaneous abor-
tion, stillbirth, preterm birth, low birth weight and
perinatal mortality, postpartum fever (Daxboeck et
al., 2005, Pararas et al., 2006). MH is involved in
the aetiology of salpingitis and pelvic inflammatory
disease, but its occurrence in sexually active popu-
lation is lower than that of UU (Waites et al., 2009).

The fact that mycoplasmas do not have a cell
wall provides them with a unique pattern of sus-
ceptibility to antimicrobial agents. Antibacterial
agents like penicillin and cephalosporins do not act
against these microorganisms, due to lack of target.
MH strains are naturally resistant to erythromycine.
Resistance to quinolones or tetracyclines has been
documented in clinical isolates worldwide, antibi-
otic resistance of individual strains being heteroge-
neous.

The study is a retrospective one, concerning
UU and MH colonization and infection and the an-
tibiotic susceptibility of the isolated strains in the
sexually active female population, symptomatic or
not, attending a laboratory in Bucharest, Romania.

Material and Methods

From August 2011 till July 2017, 931 en-
do-cervical samples were analyzed in the Laborato-
ry of Medical Analysis in the Cantacuzino Institute
in Bucharest, Romania. The samples were collected
from sexually active women, aged 17-62, who were
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either asymptomatic (presenting to the laboratory
for screening), or symptomatic, non-pregnant or
pregnant, residing, in most of the cases, in Bucha-
rest and surroundings. We excluded from the study
samples belonging to patients who attended in or-
der to check for treatment efficiency after having
been previously diagnosed and treated.

Mycoplasma IST2 kit (Biomérieux) was
used for culture, identification, indicative enumer-
ation and antibiotic susceptibility testing. The test
can detect the presence of Ureaplasma urealyti-
cum and Ureaplasma parvum (without making a
distinction between the two) and M. hominis. The
culture medium used was adapted for the optimal
growth of mycoplasmas in terms of pH, substrates
and growth factors, including specific substances
(urea for UU and arginine for MH) and an indica-
tor (phenol red) that allows in the case of positive
cultures the display of a color change in the stock,
related to an increase in pH. The test provides in-
formation about the amount of germs present in the
sample, consistent with colonization if the bacterial
count is less than 10* colony forming units (CFU)
in the specimen, or infection, if equal to or greater
than this figure. The susceptibility testing was per-
formed for nine antibiotics: macrolides (azithromy-
cin, erythromycin, clarithromycin and josamycin),
fluoroquinolones (ciprofloxacin and ofloxacin),
tetracyclines (doxycycline and tetracycline), and
a streptogramin: pristinamycin. The endo-cervical
cotton swab was processed as indicated by the man-
ufacturer.

Results and Discussions

Out of the 931 samples collected, 358 (38.5%)
were positive either for UU or for MH or for both.
The prevalence of genital colonization or infection
due to UU was considerably higher as compared to
MH. MH was mostly detected as colonizer, while
indicative enumeration pointed to UU as mostly in-
volved in infection (Fig. 1, 2 and 3).

Regarding antibiotic susceptibility, it is im-
portant to mention that colonization strains showed
resistance to a lesser extent than strains involved in
infection. Overall, the highest level of resistance was
to quinolones (77% for ciprofloxacin, 55% for oflox-
acin). We did not encounter strains resistant to oflox-
acin without showing as well resistance to ciproflox-
acin. Resistance to erythromycin was rather high,
as well (around 60%) and was not solely relying on
MH strains, which are naturally resistant to this mac-
rolide. A lot of UU strains were resistant to erythro-
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mycin and had an interesting pattern of evolution:
we registered erythromycin-resistant UU strains in
2011-2013, followed by a drop of resistance lev-
el, until recently, in 2017, when resistance to this
macrolide re-emerged. The fact that we isolated
many strains with intermediate resistance to azyth-
romycin and clarithromycin might be indicative of
a rising tendency. The level of resistance to tetra-
cyclines was very low, but started to rise. When
analyzing samples in which both UU and MH were
detected, extrapolation of data allows us to pre-
sume that resistance to tetracycline is the apanage
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of UU strains. Some UU strains showed multiple
resistance (quinolones, macrolides, tetracyclines).
Pristinamicin resistance was not encountered (Fig.
4, Tables 1 and 2).

Literature does not abound in studies refer-
ring to the isolation of mycoplasmas and their an-
tibiotic susceptibility profile, this being due to the
difficulty in culturing those microorganisms and to
the lack of a standardized method for the interpreta-
tion of the resistance profile. EUCAST regulations
do not include standards for mycoplasmas.

The methods available for the diagnosis of
mycoplasma infections rely mainly on commercial
kits based on substrates used by these germs, with
a colour reaction providing the positive result for
germ growth. Molecular techniques of detection
are available, but they are still very expensive for
most of the facilities and for the patients (in Ro-
mania the state health insurance does not cover
detection of these pathogens). The choice of the
Mycoplasma 1ST2 kit did not rely on its popular-
ity; we have previously tested several such com-
mercial kits and the results pointed out that this was
the most reliable in terms of accuracy, sensitivity
and specificity (Nascutiu, unpublished data). The
test 1s easy to perform, yet it requires rigour, atten-
tion and careful interpretation of results. A recent
Polish study showed that although a negative result
obtained with the use of the Mycoplasma 1ST2 kit
may be considered reliable, the samples positive
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Table 1. Antibiotic susceptibility profiles of Ureaplasma spp. strains

Ureaplasma - colonization Ureaplasma - infection
4 4 4 4 4 4
UU< 10 UU <10 UUu <10 UU>10 UU > 10 UU > 10
MH - MH < 104 MH > 104 MH - MH < 104 MH > 104

5 116 15 + 130 56 5

EET I 1 0 0 3 3 0
R 3 3 1] 5 5 1]

s 117 17 4+ 134 62 5

DOT I 3 1 0 1 0 0
R 1] 0 0 3 2 0

s 40 15 3 14 2 0

CIP I 38 3 1] 43 7 1]

R 42 0 1 81 55 5

S 65 2 3 30 54 0

OFL I 43 13 1 97 8 3
R 12 3 0 11 2 2

s 68 1 0 70 0 0

ERY I 25 3 0 68 31 0
R 27 14 4 0 33 5

s 106 2 1] 80 7 1]

AZY I 14 5 0 57 40 3
R 1] 11 4 1 17 2

s 124 4 3 112 25 0

CLA I 3 2 0 26 R0 2
R 3 12 1 0 17 3

S 119 18 4 136 63 +

JOS I 1 0 0 2 1 1

R 0 0 0 0 0 0

s 120 18 4 138 64 5

PRI
R 0 0 0 0 0 0

UU - Ureaplasma spp, MH - Mycoplasma hominis

S - sensitive, I - intermediate, R — resistant

DOT - doxycycline, TET - tetracycline, CIP - ciprofloxacin, OFL - ofloxacin, ERY - erythromycin, AZY -
azythromycin, CLA - clarithromycin, JOS - josamycin, PRI - pristinamycin

170



Table 2. Antibiotic susceptibility profiles of Mycoplasma spp. strains

Mycoplasma colonization Mycoplasma inflection
4 1 i 1 i 1
MH <10 | MH <10 MH=10 PMH=10 | MH=10 MH =10
LU UL = ll; [ li.lI e L = li.lI UL = Il}’
S 7 17 62 2 4 5
DOT | 0 1 0 0 0 0
R 0 0 2 0 0 0
8 7 15 56 2 4 3
TET | 0 0 3 0 0 0
R 0 3 5 0 0 0
5 6 15 2 2 3 0
CIP I 1 3 7 0 0 0
R 0 0 55 0 1 5
S 5 2 54 2 3 0
OFL I 2 13 8 0 1 3
R 0 3 2 0 0 2
5 0 1 0 0 0 0
ERY | 1 0 3 3 0 0 0
R 7 14 33 2 4 5
5 0 2 T 0 0 0
AZY | 1 1 5 40 0 0 3
R i 11 17 2 4 2
5 0 4 25 0 3 0
CLA | 1 0 2 12 0 0 2
R 7 12 17 2 1 3
8 7 18 63 2 4 4
JOS | 0 0 1 0 0 1
R 0 0 0 0 0 0
S 7 18 64 2 4 5
PRI
R 0 0 0 0 0 0

MH - Mycoplasma hominis, UU - Ureaplasma spp.

S - sensitive, | - intermediate, R — resistant

DOT - doxycycline, TET - tetracycline, CIP - ciprofloxacin, OFL - ofloxacin, ERY - erythromycin,

AZY - azythromycin, CLA - clarithromycin, JOS - josamycin, PRI - pristinamycin
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for MH should be confirmed by another method,
e.g. cultures on PPLO media (“golden standard”)
or PCR (Biernat-Sudolska et al., 2013). We have
been confronted with several such circumstanc-
es when the test was positive, especially when the
culture of the sample on blood-agar or selective
media for Gram-negative germs proved growth of
the latter. This can be explained by the fact that,
despite the manufacturer’s use of factors that selec-
tively inhibit growth of fungi, Gram-positive and,
especially, Gram-negative bacteria, their presence
cannot be completely eliminated. Bacteria that pro-
duce urease, or that are capable of arginine degra-
dation, if present in the sample, might be a cause
of false-positive results. In this case, when lacking
detection alternative, a thorough analysis of the an-
tibiotic susceptibility profile might be of help. A
Greek study suggested that false positive results for
MH are to be suspected when UU also tests posi-
tive, with titers above 10* CFU in the specimen, and
global resistance to macrolides is intermediate (Ke-
chagia et al., 2008). Our observations are consistent
with this study.

With respect to antibiotic resistance profiling
of the strains, if these commercial tests are excel-
lent for clinical purposes, difficulties in interpreting
antibiotic susceptibility results can arise when con-
fronted with UU and MH co-carriage, carriage-in-
fection or co-infection. In these cases the test can-
not provide separate accurate information regard-
ing the susceptibility of each strain involved, only
an approximate extrapolation being made.

Studies performed so far have shown diversi-
ty of antibiotic susceptibility patterns according to
the geographical area. Nevertheless, a geographical
pattern cannot be always proved. We believe that in
the distinct resistance profiles from different parts
of the world, geography is not as much involved
as are the local antibiotic use regulations. Sustain-
ing our assertion is for instance a very recent study
(Skiljevic et al., 2016) from a neighbouring coun-
try - Serbia - which showed that among MH strains
the drug resistance rate was 100% to erythromycin,
tetracycline, clarithromycin and UU strains were
highly resistant to clarithromycin (94.6%), tetracy-
cline (86.5%), ciprofloxacin (83.8%) and erythro-
mycin (83.8%). Our studies were more optimistic
with respect to MH resistance to clarithromycin,
whereas tetracycline resistance was exceptional.
Erythromycin resistance in UU strains did not ex-
ceed 50% in our study.

Mycoplasmas are normally susceptible to an-
tibiotics that inhibit protein synthesis. MH is intrin-
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sically resistant to erythromycin, which was a char-
acteristic we confirmed by our results. We found
in our studies UU strains simultaneously resistant
to several classes of antibiotics, which might sup-
port the assertion of our Hungarian colleagues that
“ex juvantibus therapies may select cross-resistant
strains” (Farkas et al., 2011). Similar figures as ours
for the resistance of UU to erythromycin were re-
ported in Egypt - 55% (Safaa et al., 2016); mean-
while, a South African study reported a discourag-
ing 89% resistance (Redelinghuis et al., 2014). The
recently rising trend of clarythromycin resistance
of the UU strains might be explained by the fact
that it has been increasingly used as a treatment
tool as it has been demonstrated that it is the best
medication for treating infections with biofilm-pro-
ducing U. urealyticum strains, due to its capacity to
penetrate the biofilm and/or to inhibit its formation.
With respect to UU resistance to tetracycline,
different susceptibility rates have been encountered
in various locations and in different types of popu-
lations studied. In Germany, 20 years ago, a study
reported that all UU strains were susceptible to
doxycycline (Ullmann et al., 1999), while another
study (Abale-Horn ef al., 1997) detected a substan-
tial resistance to doxycycline (up to 55%) as well as
to the older fluoroquinolones (42% for ciprofloxa-
cin and 61% for ofloxacin), with all isolates being
susceptible to erythromycin and clarithromycin.
Consistent with the latter, a recent South African
study detected tetracycline resistance in 73% of UU
strains (Redelinghuys et al., 2014). On the other
hand, high UU susceptibility rates to doxycycline
and tetracycline were documented in Croatia (Mare-
kovic et al., 2007), Hungary (Ponyai et al., 2013),
Greece (Kechagia ef al., 2008), Germany (Krausse
etal.,2010), Italy (Leli et al., 2012), Turkey (Aydin
et al., 2005; Bayraktar et al., 2010), Israel (Samra
et al., 2011), Chile (Martinez et al., 2001) and Ko-
rea (Koh et al., 2009). A German 20-year survey
pointed out that MH strains are more likely to be
resistant to tetracyclines than UU strains (Krausse
etal.,2010). Our study’s results disagree with these
findings. Studies have been as well performed
with respect to the possible effect of the tetracy-
cline-susceptibility status of ureaplasmas on their
susceptibility to macrolides and fluoroquinolones.
The comparable activity of newer fluoroquinolones
(grepafloxacin, trovafloxacin) against ureaplasmas
regardless of their resistance status to tetracyclines
has also been documented (Dufty et al., 2000).
There seems to be a predominant pattern with
much higher resistance rates to macrolides and flu-



oroquinolones than to tetracyclines, as shown by a
Chinese study performed between 1999 and 2004:
up to 88.8% resistance to ciprofloxacin, against
only 9.8% resistance to tetracycline and 4.4% to
doxycycline, respectively, results being motivat-
ed by the widespread use of fluoroquinolones and
rare use of tetracyclines in China (Xie et al., 2006).
High resistance rates to fluoroquinolones and eryth-
romycin were also reported from Turkey: ciproflox-
acin 40.5%, ofloxacin 58.4%, erythromycin 54.0%,
while resistance to tetracycline was 13.5% and to
doxycycline 1.6% (Karabay et al., 2006). High
rates of fluoroquinolone resistance have also been
described in Mexico (Fagundo-Sierra et al., 2006).
In Italy, 66.4% of UU isolates were resistant to cip-
rofloxacin, whereas 27.6% were resistant to oflox-
acin (Leli et al., 2012), consistent with our results,
at least for ciprofloxacin resistance. Yet, in the same
Italian strains, no resistance was found to azithro-
mycin, or erythromycine, while 66.7% of the MH
strains were resistant to azythromycin, but none to
ciprofloxacin, ofloxacin, doxycycline, josamycin or
pristinamycin. Surprisingly, a very recent Egyptian
study (Safaa et al., 2016) found sensitivity rates of
90-95% for the UU strains tested against quinolo-
nes.

Published data available so far from Romania
(from Iasi, the Northern part of the country) show
that MH is more likely to be resistant than UU to
ciprofloxacin (75% and 53.76%, respectively), the
resistance rate being however very high for both
species compared with similar studies (Mares et al.,
2011). Our study could not support this assertion,
the great majority of MH strains being still suscep-
tible to ciprofloxacin.

Resistance to “old” fluoroquinolones seems to
be high in many studies performed worldwide. An
explanation for UU resistance to cipro- and ofloxa-
cin might be offered by the overuse of these antibi-
otics for the treatment of various infections (mainly
urinary and respiratory tract infections), due to their
reduced price and low percentage of side reactions.
Studies performed using other diagnostic means
have shown that moxifloxacin appears as one of the
most active antimicrobial agent against U. urealyt-
icum including tetracycline-resistant strains, being
nowadays in some countries the drug of choice for
the treatment of Mycoplasma non-gonococcal non-
chlamydial urethritis. Eventually, in the near fu-
ture, the manufacturer of the Mycoplasma IST2 kit
would consider changing ciprofloxacin with mox-
ifloxacin (or adding the latter) in the design of the
Mycoplasma IST2 Kkit.
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Some mycoplasmas may develop resistance
via gene mutation, acquisition of a resistance gene,
or while being protected by biofilms (Garcia-Cas-
tillo et al., 2008). Multidrug-resistant mycoplasma
strains have recently been identified, Chinese re-
searchers having studied strains resistant to up to
14 antibiotics belonging to several classes (Wang
et al., 2016). In our study only few of the isolated
strains were found resistant to a maximum of three
classes of antibiotics (macrolides, quinolones and
tetracyclines). Nevertheless, the emergence of ex-
tensively drug-resistant strains points towards the
increasing importance of appropriate antibiotic sus-
ceptibility testing both in scientific research and in
the clinical settings, as already stated two decades
ago (Dosa et al., 1999).

Conclusions

Differences between studies performed in
closely situated geographical settings confirm that
the continuously changing antibiotic resistance of
these germs should be followed at least in a few
centers in every country, so as to determine the best
local therapy options for patients with non-gono-
coccal sexually transmitted infections.

The prevalence of colonization / infection
with genital mycoplasmas in our study and the
rising trend of resistance to several classes of an-
tibiotics might become problematic over the next
decades. Therefore, antibiotic susceptibility of the
strains should be assessed prior to treatment initi-
ation.

Although in Romania doxycycline is the
most commonly used antibiotic in the treatment
of non-gonococcal genital infections, it continues
to be, in the population studied, the most effec-
tive agent against mycoplasmas. Our results indi-
cate that tetracycline as well might be an option of
choice when empirical therapy is required. Out of
the list of antibiotics tested for effectiveness against
mycoplasmas by the Mycoplasma IST2 kit, pris-
tinamycin remains an excellent option for selected
cases of infection with resistant strains, but unfor-
tunately it is not yet available in Romanian pharma-
cies, this providing, perhaps, an explanation for the
fact that all the mycoplasmas isolated so far by us
have been susceptible to this antibiotic.
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