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Prevalence and Antibiotic Susceptibility
of Mycoplasma hominis and Ureaplasma urealyticum
in Pregnant Women
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Mycoplasma hominis (M. hominis) and Ureaplasma urealyticum (U. urealyticum) are important opportunistic pathogens that
cause urogenital infections and complicate pregnancy. The aim of this study was to investigate the prevalence, effects on preg-
nancy outcomes, and antimicrobial susceptibilities of M. hominis and U. urealyticum. We tested vaginal swabs obtained from
1035 pregnant women for the presence of genital mycoplasmas between June 2009 and May 2014. The laboratory and clinical as-
pects of genital mycoplasmas infection were reviewed retrospectively, and the identification and antimicrobial susceptibility of
genital mycoplasmas were determined using the Mycoplasma IST-2 kit. A total of 571 instances of M. hominis and/or U. urealyti-
cum were detected. Of them, M. hominis was detected in two specimens, whereas U. urealyticum was detected in 472 specimens.
The remaining 97 specimens were positive for both M. hominis and U. urealyticum. Preterm deliveries were frequently observed
in cases of mixed infection of M. hominis and U. urealyticum, and instances of preterm premature rupture of membrane were of-
ten found in cases of U. urealyticum. The rates of non-susceptible isolates to erythromycin, empirical agents for pregnant women,
showed increasing trends. In conclusion, the prevalence of M. hominis and/or U. urealyticum infections in pregnant women is
high, and the resistance rate of antimicrobial agents tends to increase. Therefore, to maintain a safe pregnancy, it is important to

identify the isolates and use appropriate empirical antibiotics immediately.
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Genital mycoplasmas including Mycoplasma hominis (M.
hominis) and Ureaplasma urealyticum (U. urealyticum) are
found in the vaginal milieu of 70-80% of sexually active wom-
en.' Although most M. hominis and U. urealyticum infections
are asymptomatic, these infections are associated with an in-
creased risk of adverse pregnancy outcomes such as miscar-
riage, stillbirth, and preterm labor.>* M. hominis is specifically
associated with conditions such as endometritis and preterm
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birth,>* while U. urealyticum can cause chorioamnionitis,
spontaneous abortion, stillbirth, and preterm abortion during
pregnancy.’

Tetracyclines and quinolones are the drugs of choice against
genital mycoplasmas;*® however, macrolides are empirically
used for pregnant women, as tetracyclines and quinolones
are contraindicated in pregnancy.' However, their therapeutic
efficacy may be unpredictable due to increasing resistance.’
The rate of antimicrobial resistance varies geographically ac-
cording to different antimicrobial therapy policies and history
of prior use of antimicrobial agents.! The aim of this study was
to investigate the prevalence, effects on pregnancy outcomes,
and antimicrobial susceptibilities of M. hominis and U. urealyt-
icum in pregnant women.

We evaluated the genital mycoplasmas from a total of 1035
vaginal swabs from pregnant women aged 15-47 years who
visited the department of obstetrics in Kyung Hee University
Hospital at Gangdong between June 2009 and May 2014. Du-
plicate specimens from the same patients were excluded. Iden-
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tification and antimicrobial susceptibilities of U. urealyticum
and M. hominis were determined using a commercially avail-
able Mycoplasma IST-2 kit (bioMerieux, Marcy-1'Etoile, France),
according to the manufacturer’s instructions. All media and
the inoculated strip were incubated at 37°C in a CO. incubator
and observed for color changes, and the results were inter-
preted after 24 and 48 h of incubation. The A7 plates were ex-
amined with a microscope after 24 and 48 h of incubation, si-
multaneously. The kit was based on the principles of the
biochemical properties of mycoplasmas. A change in the col-
or of the medium from yellow to amaranth-purple for U. urea-
lyticum was due to urea breakdown, and for M. hominis this
change was due to arginine degradation. We decided to de-
fine culture-positive as when mycoplasmas were found using
both the Mycoplasma IST-2 kit and A7 agar. Antimicrobial
susceptibility tests performed using the Mycoplasma IST-2 kit
included tetracycline, doxycycline, erythromycin, azithromy-
cin, clarithromycin, josamycin, ofloxacin, ciprofloxacin, and
pristinamycin. The breakpoints (mg/L) according to the Clini-
cal and Laboratory Standards Institute were as follows: tetra-
cycline S<4, R>8; doxycycline S<4, R>8; azithromycin S<0.12,
R>4; clarithromycin S<1, R>4; erythromycin S<1, R>4; josamy-
cin S<2, R=8; ciprofloxacin S<1, R>2; ofloxacin S<1, R>4; pris-
tinamycin R>2. Statistical analysis was performed using SPSS
version 17.0 (SPSS Inc., Chicago, IL, USA). Categorical vari-
ables were analyzed using a chi-square test and p-values of
<0.05 were considered to be statistically significant.

Of the 1035 specimens from pregnant women, the total
positive rate of genital mycoplasmas infection was 55.2% (571
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of 1035). Of the pregnant women with a positive culture for
genital mycoplasmas, 472 (82.7%) had U. urealyticum only,
two (0.3%) had M. hominis only, and 97 (17.0%) had both U.
urealyticum and M. hominis. U. urealyticum infection (82.7%,
472 of 571) was much more prevalent than M. hominis infec-
tion. These findings are consistent with results recently re-
ported in China;® however, the total positive rate reported by
the study from China was slightly higher than that reported in
Korea.’ In our study, only two isolates were identified as a single
M. hominis infection. Similarly, in a study including 96 preg-
nant African women, no cases were reported in which M. hom-
inis was detected alone.! In previous studies of patients with
genital manifestation, the prevalence of single M. hominis in-
fections (1.2%) was found to be higher than in our results
(0.7%).2"° Therefore, there is a possibility that U. urealyticum in-
fections are found more frequently in patients having pelvic
inflammatory disease than in asymptomatic pregnant wom-
en. The positive-culture rates of genital mycoplasmas by year
are shown in Fig. 1. From 2011, the rate of positive culture for
mixed infection of U. urealyticum and M. hominis showed an
increasing trend.

The presence of M. hominis and U. urealyticum according
to age group is shown in Table 1. The ages of pregnant women
ranged from 15 to 47 years (median age 31 years). The positive
rate of genital mycoplasmas for pregnant females aged 15-19
years old was the highest at 88.2% (15 of 17), and mixed infec-
tions were significantly higher (35.3%, 6 of 17) in the youngest
group than in other age groups (Table 1). These findings rep-
resent a rapid increase of sexual activity in teenagers; thus,
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Fig. 1. Trend in prevalence of Ureaplasma urealyticum (Uu) and Mycaoplasma hominis (Mh).
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there should be greater concern regarding the maternal care
of pregnant teenagers. Song, et al.? reported similar results of
high prevalence of infection in teenagers. For the oldest group
(40-47 years), the rate of genital mycoplasma infection had a
high value of 71.1% (27 of 38), and the infection rate of U. urea-
Iyticum was also high (65.8%, 25 of 38).

The incidence rates of adverse pregnancy outcomes are
shown in Table 2. Of the 1035 pregnant women, 161 were diag-
nosed with preterm delivery, 336 with preterm labor, 199 with
preterm premature rupture of membrane (PPROM), 26 with
missed abortion, and 313 with normal pregnancy conditions.
Certain pathological conditions occurred more frequently de-
pending on which genital mycoplasmas the patients were in-
fected with. The incidence of preterm delivery in women with
infection of both U. urealyticurmn and M. hominis was 20.6% (20
of 97). This rate was relatively higher than that of women with
infection of U. urealyticum only (15.3%, 72 of 472) and that of
women who were negative for Mycoplasmas (14.6%, 68 of
464). Furthermore, the Mycoplasma IST-2 kit offered counts
of genital mycoplasmas as less than or more than 10* CFU/mL,
and we analyzed the differences in the incidence of preterm
delivery according to the number of bacteria among the pa-
tients infected with both U. urealyticum and M. hominis. The
incidence rates of preterm delivery were as follows: both M.
hominis and U. urealyticum <10* CFU/mL (0 of 7, 0.0%); M.
hominis <10* CFU/mL and U. urealyticum >10* CFU/mL (15
of 62, 19.5%); and both M. hominis and U. urealyticum >10*
CFU/mL (5 of 8, 38.5%). There were no cases in which the
number of M. hominis was more than 10* CFU/mL and that of
U. urealyticum was less than 10* CFU/mL. We found that the
occurrence of preterm delivery was related to the number of
mycoplasmas in mixed infection (p<0.044). For the incidence

Table 1. Distribution of M. hominis and U. urealyticum According to Age
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of PPROM, 21.2% (100 of 472) of women were positive for U.
urealyticum only, 12.4% (12 of 97) were positive for both U. ure-
alyticum and M. hominis, and 18.8% (87 of 464) were negative
for genital mycoplasmas. There were no significant differences
in the incidence of still birth among all groups. In many stud-
ies, these microorganisms have been reported to cause adverse
pregnancy outcomes, such as preterm labor, stillbirth, and cho-
rioamnionitis.'*** On the other hand, they can be merely a
part of normal genital flora, which makes the association of
genital mycoplasmas with adverse pregnancy outcomes in-
complete and confusing.'” Furthermore, the mechanism of
how genital mycoplasma infections affect pregnancy has not
been clearly identified. Only the identification of microbial
stimuli causing inflammatory reactions in the gravid uterus,
which initiates a cascade of events leading to precipitous de-
livery, has been described.'? In a large prospective observa-
tional study, a significant correlation was found between pre-
term delivery and Ureaplasma colonization.” However, Choi,
et al." mentioned that despite a high prevalence of Ureaplas-
ma colonization in preterm labor cases, the rate of preterm
delivery did not reach statistical significance. One of the focal
points of our study was the relationship between genital my-
coplasma infections and adverse pregnancy outcomes. Pre-
term delivery tended to be high for mixed infections, and a
close correlation was shown between the count of bacteria in
mixed infections and preterm delivery.

Antimicrobial susceptibilities of genital mycoplasmas are
shown in Table 3. Mycoplasmas are susceptible to agents that
inhibit protein synthesis.'* Macrolides are often used empiri-
cally in pregnant women,’ as several agents are teratogens,
such as tetracyclines and fluoroquinolones, which are the
drugs of choice.'®” There was no resistance to doxycycline,

Both M. hominis and

Age group (yrs) No growth (%) M. hominis (%) U. urealyticum (%) U, urealyticum (%) Total
15-20 2(11.8) 0(0.0) 9(52.9) 6(35.3) 17 (100)
21-30 138 (40.5) 1(0.3) 171(51.2) 31(9.1) 341 (100)
31-40 313(49.0) 1(0.2) 267 (41.8) 58(9.1) 639(100)
41-50 11(28.9) 0(0.0) 25 (65.8) 2(5.3) 38(100)
Total 464 (44.8) 2(0.2) 472 (45.6) 97(9.4) 1035(100)

M. hominis, Mycoplasma hominis, U. urealyticum, Ureaplasma urealyticum.

Table 2. Numbers of Pathological Conditions in Symptomatic Pregnant \Women

No growth (%)

M. hominis (%)

Both M. hominis and

1 0,
SO U. urealyticum (%)

Preterm delivery 68(14.7)
Preterm labor without delivery 151 (32.5)
PPROM 87(18.8)
Missed abortion 11(2.4)

Control disease 147 (31.7)
Total 464 (100)

1(50.0) 72(153) 20(20.6)
1(50.0) 148(31.4) 36(37.1)
0(0.0) 100(21.2) 12(12.4)
0(0.0) 12(2.5) 3(3.1)

0(0.0) 140(29.7) 26(26.8)
2(100) 472 (100) 97 (100)

M. hominis, Mycoplasma hominis, U. urealyticum, Ureaplasma urealyticum; PPROM, preterm premature rupture of membrane.
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josamycin, or pristinamycin for two isolates of M. hominis; how-
ever, they were all resistant to azithromycin, clarithromycin,
and erythromycin. Most of the U. urealyticum isolates were
susceptible to josamycin and pristinamycin. Susceptibilities
of 86.0%, 75.2%, and 64.0% for U. urealyticum were found for
clarithromycin, azithromycin, and erythromycin, respectively;
conversely, U. urealyticum also showed low susceptibilities to
ciprofloxacin (5.3%) and ofloxacin (19.1%). For mixed infec-
tions, our results showed a high level of resistance to most of

Genital Mycoplasmas Infection in Pregnant Women

the antibiotics except tetracycline. The reason for this pattern
of antibiotic resistance could be explained by previous studies
reporting that mixed isolates are attributed to M. hominis."**
These studies reported that patterns of antimicrobial suscep-
tibilities against mixed strains were similar to the patterns dis-
played by M. hominis."'° However, in our study, though the
josamycin susceptibility rates for M. hominis and U. urealyti-
cum isolates were 100% and 97.9%, respectively, the josamy-
cin susceptibility rate of mixed isolates was only 49.2%. This

Table 3. Antimicrobial Susceptibilities (%) of M. hominis and U. urealyticum from Vaginal Swabs

M. hominis (n=2)

Both M. hominis and

U. urealyticum (n=472) U. urealyticum (n=97)

S I R | R S | R
Azithromycin 0(0.0) 0(0.0) 2(100) 355(75.2)  115(24.4) 2(0.4) 8(8.3) 62(63.9) 27(27.8)
Ciprofloxacin 1(50.0) 1(50.0) 0(0.0) 25(5.3) 154 (32.6)  293(62.1) 2(2.1) 10(10.3) 85(87.6)
Clarithromycin 0(0.0) 0(0.0) 2(100) 406 (86.0) 62 (13.1) 4(0.9) 20(23.0) 34(35.1) 33(34.0)
Doxycycline 2(100) 0(0.0) 0(0.0) 452 (95.8) 7(1.5) 13(2.8) 92 (94.9) 1(1.0) 4(4.7)
Erythromycin 0(0.0) 0(0.0) 2(100) 302(64.0)  156(33.1) 14 (3.0) 2(2.1) 38(36.1) 57 (58.8)
Josamycin 2(100) 0(0.0) 0(0.0) 462 (97.9) 9(1.9) 1(0.2) 62 (49.2) 35(26.5) 35(26.5)
Ofloxacin 1(50.0) 1(50.0) 0(0.0) 90(19.1)  329(69.7) 53(11.2) 8(8.3) 66 (68.0) 23(237)
Pristinamycin 2(100) 0(0.0) 0(0.0) 471(99.8) 0(0.0) 1(0.2) 95(97.9) 2(2.1) 0(0.0)
Tetracycline 1(50.0) 0(0.0) 1(50.0) 434 (92.0) 10(2.1) 28(5.9) 87(89.7) 4(4.7) 6(6.2)

M. hominis, Mycoplasma hominis, U. urealyticum, Ureaplasma urealyticum; S, susceptible; |, intermediate; R, resistant.
Results are n (%). The breakpoints (mg/L) according to the Clinical and Laboratory Standards Institute are as follows: tetracycline S<4, R>8; doxycycline S<4,
R=8; azithromycin S<0.12, R>4; clarithromycin S<1, R>4; erythromycin S<1, R>4; josamycin S<2, R>8; ciprofloxacin S<1, R=2; ofloxacin S<1, R>4; pristina-

mycin R>2.

60

40

30 -

Non-susceptibility rate

Fig. 2. The rates of erythromycin resistance and intermediate of Ureaplasma urealyticumisolates.
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means that antimicrobial susceptibility against mixed infec-
tions does not simply imply susceptibility to M. hominisisolates
and that mixed infections generally have a higher level of re-
sistance than single infections. Our results showed that josa-
mycin and pristinamycin would be the first drugs of choice for
empirical therapy in pregnant women. Erythromycin is the
most commonly used antibiotic and can be administered to
pregnant women. However, the rate of resistance and interme-
diate susceptibility of U. urealyticum have tended to increase
recently (Fig. 2).

A limitation of this study was that there was no consider-
ation for coinfections of pathogens other than mycoplasmas.
As the study was retrospective, it was impossible to test more
subjects. Moreover, there was a possibility of enrollment bias,
as collecting data from a tertiary healthcare institution could
have resulted in the inclusion of many pregnant women with
severe pathological conditions.

In conclusion, the prevalence of genital mycoplasma infec-
tions in pregnant women is high, and the incidence tends to
increase in patients of a younger age. These infections are often
associated with adverse pregnancy outcomes, such as PPROM
and preterm delivery. Therefore, to maintain a safe pregnancy,
it is important to identify the isolates and use appropriate an-
tibiotics immediately. Additionally, culture identification and
antibiotic susceptibility tests should be used routinely in clini-
cal laboratories.
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