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Abstract This study analyzed the prevalence and antibiotic sus-
ceptibility of urogenitalUreaplasmaurealyticum andMycoplasma
hominis isolated in Xi’an, China. A total of 2161 individuals from
2011 to 2015were included, and antibiotic susceptibility testswere
performed by using the Mycoplasma IST kit. Of the individuals
studied, 1018 (47.11 %) were identified to be positive for urogen-
ital mycoplasmas. The single U. urealyticum, single M. hominis,
and dual U. urealyticum andM. hominis infections accounted for
772 (75.83 %), 66 (6.48 %), and 180 (17.68 %), respectively. The
total positive rate was higher in females than inmales (58.76%vs.
28.86 %, p<0.001). The highest total positive rate (48.88 %) was
observed in individuals aged 25 years to 30 years. In symptomatic
and asymptomatic individuals, the positive rates were both higher
in females than in males (67.36 % vs. 31.02 %, p<0.001 and
42.58 % vs. 7.69 %, p<0.001, respectively) and individuals aged
25 years to 30 years, and those aged 30 years to 35 years had the
highest positive rates (54.35 and 57.14 %, respectively). The
U. urealyticum and M. hominis identified from single or dual
infections displayed low resistance rates to josamycin, doxycy-
cline, and minocycline (<10 %) in both the symptomatic and

asymptomatic groups. These results suggest that females and in-
dividuals with symptoms and younger age had higher mycoplas-
ma infection rates and that josamycin, doxycycline, and
minocycline may be recommended for the clinical treatment of
patients infected with urogenital mycoplasmas, irrespective of the
symptoms.

Introduction

Mycoplasma belong to the class Mollicutes characterized by
small size, lacking of cell wall, extremely fastidious in vitro en-
vironment requirement, and tendency to form centered colonies
on solid medium. Ureaplasma urealyticum and Mycoplasma
hominis are commonly found in the urogenital tract of patients
experiencing symptoms including infertility, orchitis, epididymi-
tis, prostatitis, and nongonococcal urethritis [1, 2], and in asymp-
tomatic individuals [3]. In recent years, due to the abuse of anti-
biotics, the resistance of U. urealyticum and M. hominis to anti-
biotics has been shown to have an increasing trend, reaching an
unacceptable level, especially in developing countries [4, 5].
Therefore, it is necessary to monitor the local drug resistance rate
of mycoplasmas regularly to provide guidance for the rational
use of antibiotics in the clinic. The aim of this study was to
investigate the prevalence and antibiotic resistance of
U. urealyticum and M. hominis isolated from individuals in
Xi’an, China.

Materials and methods

Clinical specimens

Endocervical and vaginal swabs, urethral swabs, and
expressed prostatic secretion were obtained from the
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urogenital tracts of individuals between 18 and 76 (median
30) years old for urogenital mycoplasmas analysis. A total
of 2161 individuals (1319 females and 842 males) were ana-
lyzed from January 2011 to December 2015. All of the indi-
viduals were outpatients attending two teaching hospitals (the
First Affiliated Hospital of Xi’an Jiaotong University and the
First Affiliated Hospital of Xi’an Medical University) in
Xi’an, China, for reasons of gynecologic healthcare screening
or the presence of symptoms of urogenital infection.

The individuals were divided into two categories, accord-
ing to the presence (symptomatic) or absence (asymptomatic)
of clear symptoms of genital tract infections (urethral or vag-
inal discharge, dysuria, urethral irritation, itching, genital le-
sions, and abdominal pain). There were 1625 individuals (861
females and 764 males) with symptoms and 536 individuals
(458 females and 78 males) without symptoms.

Urogenital mycoplasmas culture and antibiotic
susceptibility test

A Mycoplasma IST kit (Upper Bio-Tech, Shanghai, China)
was used to determine the Mycoplasma identification, semi-
quantification, and susceptibility. The inoculation and incuba-
tion of the specimens were conducted according to the manu-
facturer’s guidelines. The Mycoplasma IST strips provided
information about the presence or absence of U. urealyticum
and M. hominis, an estimate of the density of each organism
[>104 colony-forming units (CFU)/mL], and antibiotic sus-
ceptibility to josamycin, doxycycline, minocycline, erythro-
mycin, roxithromycin, azithromycin, ofloxacin, norfloxacin,
and lincomycin. Briefly, the Mycoplasma IST strips were ob-
served after incubation at 37 °C for 48 h. The red identification
wells showed the presence of mycoplasmas, while the red

enumeration wells indicated the density of mycoplasmas
>104 CFU/mL. The rest of the wells were used for suscepti-
bility testing. There were two concentration assay wells for all
antibiotics. No discoloration to red in both of the wells implied
sensitivity of the mycoplasma and discoloration to red in both
of the wells signified resistance. Mycoplasma was moderately
sensitive to the antibiotic tested if the low concentration assay
wells turned red. The development or absence of red color on
the relevant part of the strips provided an index of resistance or
susceptibility to each antibiotic.

Statistical analysis

The Chi-squared test or Fisher’s exact test was used to com-
pare the occurrence of strains susceptible or resistant to differ-
ent antibiotics. A p-value<0.05 was regarded as statistically
significant.

Results

Prevalence of U. urealyticum and M. hominis
in the urogenital tract

Of the 2161 tested specimens, 1018 (47.11 %) were positive
for urogenital mycoplasma. In these positive specimens, 772
(75.83%)were single positive forU. urealyticum, 66 (6.48%)
were single positive for M. hominis, and 180 (17.68 %) were
dually positive for U. urealyticum and M. hominis (Table 1).
The incidence of single U. urealyticum infection was far
higher than that of single M. hominis or dual U. urealyticum/
M. hominis infection. The positive rates of all three patterns of

Table 1 Prevalence of
Ureaplasma urealyticum and
Mycoplasma hominis in the
urogenital tract from 2011 to 2015

Positive cases (%)

2011
(n = 188)

2012
(n= 288)

2013
(n= 406)

2014
(n= 651)

2015
(n = 628)

U. urealyticum 68 (36.17) 110 (38.19) 137 (33.74) 228 (35.02) 229 (36.46)

M. hominis 3 (1.60) 7 (2.43) 16 (3.94) 18 (2.76) 22 (3.50)

U. urealyticum/
M. hominis

20 (10.64) 20 (6.94) 38 (9.36) 60 (9.22) 42 (6.69)

Total 91 (48.40) 137 (47.57) 191 (47.04) 306 (47.00) 293 (46.66)

Table 2 Distributions of
urogenital mycoplasmas in the
different gender groups from
2011 to 2015

Gender Positive cases (%)

2011 2012 2013 2014 2015 Total

Female 68 (68.00) 104 (63.03) 132 (55.00) 237 (58.23) 234 (57.49) 775 (58.76)

Male 23 (26.14) 33 (26.83) 59 (35.54) 69 (28.28) 59 (26.70) 243 (28.86)
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infection showed no significant difference over the 5-year
period studied (p>0.05).

The positive rates of urogenital mycoplasma in the symp-
tomatic and asymptomatic groups were 50.28 and 37.50 %,
respectively, and showed a significant difference (p<0.05).
However, the positive rates of all three patterns of infection
in the symptomatic and asymptomatic groups did not show a
significant difference (p>0.05).

Distributions of urogenital mycoplasmas in different
genders

The positive rates of urogenital mycoplasmas in male and
female individuals in each year are shown in Table 2. In fe-
males, the total positive rate in the 5 years was 58.76 %. The
positive rates of U. urealyticum, M. hominis, and
U. urealyticum/M. hominis mixed infection were 46.25,
3.49, and 9.02 %, respectively (data not shown). In males,
the total positive rate in the 5 years was 28.86 %. The positive
rates of U. urealyticum, M. hominis, and U. urealyticum/
M. hominis mixed infection were 19.36, 2.37, and 7.13 %,
respectively (data not shown). Neither females nor males
showed any significant difference in the positive rates be-
tween different years (p>0.05).

Subgroup analysis according to symptoms show that the
positive rates in males and females were 31.02 and 67.36 %,
respectively, in the symptomatic group and 7.69 and 42.58 %,
respectively, in the asymptomatic group (Fig. 1). The positive
rates of bothmales and females were significantly increased in
the symptomatic group compared with the asymptomatic
group (both p<0.001, Fig. 1).

Distributions of urogenital mycoplasmas in different age
groups

The total positive rates of urogenital mycoplasmas in the 20 to
25 years, 25 to 30 years, and 40 to 45 years age groups were
relatively higher (>45%) compared with the other age groups,
and were drastically decreased in patients older than 50 years.
The highest positive rate (48.88 %) was detected in the 25 to
30 years age group (Fig. S1).

The positive rates in both the symptomatic and asymp-
tomatic groups were increased in individuals younger than
30 years and then decreased in individuals older than
35 years. The positive rates in the symptomatic group
peaked in the 25 to 30 years age group (54.35 %) and
decreased to the lowest level in the 35 to 40 years and
older than 50 years age groups (35.19 and 33.33 %, re-
spectively). Different from the symptomatic group, the
highest positive rates in the asymptomatic group was ob-
served in the 30 to 35 years age group (57.14 %) and the
lowest positive rates were detected in the 18 to 20 years
and 45 to 50 years age groups (0 %) (Fig. S2 and
Fig. S3).

Antibiotic susceptibility of urogenital mycoplasmas
in vitro

Over the 5 years, the resistance rates of U. urealyticum were
less than 10 % (0–7.35 %) to josamycin, doxycycline,
minocycline, erythromycin, roxithromycin, and azithromycin,
and less than 15 % (7.02–13.97 %) to ofloxacin, while they
were higher than 60 % (60.91–99.13 %) to norfloxacin and
lincomycin (Table 3). The resistance rates ofM. hominis were

Fig. 1 Positive rates of urogenital mycoplasmas among males and
females in the symptomatic and asymptomatic groups. **p< 0.001

Table 3 Antibiotic resistance of
U. urealyticum in vitro from 2011
to 2015

Antibiotic Number of strains resistant (%)

2011 (n= 68) 2012 (n= 110) 2013 (n= 137) 2014 (n= 228) 2015 (n= 229)

Josamycin 2 (2.94) 0 (0.00) 0 (0.00) 1 (0.44) 0 (0.00)
Doxycycline 2 (2.94) 2 (1.82) 2 (1.46) 5 (2.19) 2 (0.87)
Minocycline 5 (7.35) 3 (2.73) 2 (1.46) 3 (1.32) 2 (0.87)
Erythromycin 2 (2.94) 5 (4.55) 3 (2.19) 9 (3.95) 14 (6.11)
Roxithromycin 4 (5.88) 2 (1.82) 1 (0.73) 6 (2.63) 14 (6.11)
Azithromycin 0 (0.00) 3 (2.73) 2 (1.46) 6 (2.63) 14 (6.11)
Ofloxacin 9 (13.24) 9 (8.18) 11 (8.03) 16 (7.02) 32 (13.97)
Norfloxacin 54 (79.41) 67 (60.91) 104 (75.91) 164 (71.93) 188 (82.10)
Lincomycin 67 (98.53) 109 (99.09) 134 (97.81) 225 (98.68) 227 (99.13)
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less than 10 % (0–9.90 %) to josamycin, doxycycline, and
minocycline, while they were higher than 40 % to norfloxacin
and higher than 80 % to erythromycin, roxithromycin, and
azithromycin (Table 4). Besides, the resistance rates of
M. hominis to ofloxacin and lincomycin showed an upward
trend and were higher than 40 % in 2015. The resistance rates
of U. urealyticum/M. hominis mixed infection were less than
10% (0–9.52%) to josamycin, doxycycline, andminocycline,
but higher than 40 % to ofloxacin and higher than 85 % to
erythromycin, roxithromycin, azithromycin, norfloxacin, and
lincomycin (Table 5).

Further analysis indicated that the resistance rates of
U. urealyticum to the tested antibiotics did not show any dif-
ference between the symptomatic and asymptomatic groups
(p>0.05, Fig. 2). However, the resistance rates ofM. hominis
to erythromycin, roxithromycin, azithromycin, and
norfloxacin in the symptomatic group (75–100 %) were sig-
nificantly higher than those in the asymptomatic group (25–
55 %, p< 0.001 or 0.05, Fig. 3). The resistance rates of
U. urealyticum/M. hominis mixed infection to roxithromycin,
azithromycin, and norfloxacin in the symptomatic group (95–
99 %) were significantly higher than those in the asymptom-
atic group (50–75 %, p<0.001 or 0.05, Fig. 4).

Discussion

In this study, we confirmed that U. urealyticum and
M. hominis were commonly detected in urogenital tract spec-
imens. The positive rates of mycoplasmas were in the range
48.40–46.66 % from 2011 to 2015, and no obvious difference
was observed among different years.Ureaplasma urealyticum
single infection is the most common infection (75.83 %),
followed by U. urealyticum/M. hominis mixed infection
(17.68 %) andM. hominis single infection (6.48 %). The pos-
itive rates of all three patterns of infection showed no signif-
icant difference over the 5 years studied. The overall trend of
positive rates and distribution of three infection patterns were
consistent with previous studies [6–9], but the total positive
rates were obviously higher than the results of Serbia and
Denmark [6, 7] and lower than the results of Africa and
Hangzhou, China [8, 9].

Furthermore, our study confirmed that the positive rate in the
symptomatic group (50.28 %) was higher than that in the
asymptomatic group (37.50 %). Meanwhile, in these positive
individuals, most urogenital mycoplasma infections (80.26 %)
may have caused the symptoms and one-fifth of urogenital
mycoplasma infection patients (19.74 %) had no symptoms.

Table 4 Antibiotic resistance of
M. hominis in vitro from 2011 to
2015

Antibiotic Number of strains resistant (%)

2011 (n= 3) 2012 (n= 7) 2013 (n = 16) 2014 (n= 18) 2015 (n= 22)

Josamycin 0 (0.00) 0 (0.00) 1 (6.25) 0 (0.00) 0 (0.00)

Doxycycline 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00) 2 (9.09)

Minocycline 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00) 2 (9.09)

Erythromycin 3 (100.00) 6 (85.71) 16 (100.00) 16 (88.89) 20 (90.91)

Roxithromycin 3 (100.00) 7 (100.00) 16 (100.00) 16 (88.89) 20 (90.91)

Azithromycin 3 (100.00) 7 (100.00) 16 (100.00) 15 (83.33) 20 (90.91)

Ofloxacin 3 (100.00) 1 (14.29) 6 (37.50) 10 (55.56) 13 (59.09)

Norfloxacin 3 (100.00) 3 (42.86) 9 (56.25) 11 (61.11) 18 (81.82)

Lincomycin 0 (0.00) 0 (0.00) 1 (6.25) 2 (11.11) 9 (40.91)

Table 5 Antibiotic resistance of
U. urealyticum/M. hominis mixed
infection in vitro from 2011 to
2015

Antibiotic Number of strains resistant (%)

2011 (n= 20) 2012 (n = 20) 2013 (n= 38) 2014 (n = 60) 2015 (n= 42)

Josamycin 1 (5.00) 1 (5.00) 2 (5.26) 5 (8.33) 4 (9.52)

Doxycycline 1 (5.00) 0 (0.00) 2 (5.26) 5 (8.33) 4 (9.52)

Minocycline 1 (5.00) 0 (0.00) 2 (5.26) 5 (8.33) 2 (4.76)

Erythromycin 19 (95.00) 19 (95.00) 37 (97.37) 60 (100.00) 42 (100.00)

Roxithromycin 17 (85.00) 19 (95.00) 37 (97.37) 56 (93.33) 40 (95.24)

Azithromycin 17 (85.00) 19 (95.00) 38 (100.00) 56 (93.33) 40 (95.24)

Ofloxacin 12 (60.00) 11 (55.00) 23 (60.53) 39 (65.00) 17 (40.48)

Norfloxacin 19 (95.00) 19 (95.00) 34 (89.47) 56 (93.33) 40 (95.24)

Lincomycin 20 (100.00) 20 (100.00) 37 (97.37) 60 (100.00) 42 (100.00)
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This finding confirmed that there are inapparent infections of
urogenital mycoplasmas and indicates that some infected cases
may be missed if the diagnosis of urogenital mycoplasma in-
fections is based on symptoms alone without culture results.

Our study also confirmed that the positive rate in fe-
males was much higher than that in males, which is con-
sistent with a recent report in China [8]. Furthermore, in
symptomatic and asymptomatic individuals, the positive
rates in females were both higher than in males. The ratio
of symptom-free persons among positive females was
34.72 %, significantly higher than that in males
(9.26 %). This is different from the results reported in
Hungary [10]. The positive rate in females was much
higher than that in males, with or without symptoms.
This may be related to the special physiological structure
of the urinary tract, vaginal blood, birth control type, and/
or the lack of an estrogen effect of women, especially

users of intrauterine devices which may have an increased
risk of U. urealyticum and M. hominis colonization, as
indicated by another study [3].

Our study also found that a certain relationship existed
between mycoplasma infections and the ages of individ-
uals. Previous studies have also reported that age and
high-risk sexual behavior were risk factors of urogenital
mycoplasma infection [3, 11]. The high positive rates of
U. urealyticum and M. hominis are mainly distributed
among young people, in particular those aged 18 to
20 years, 25 to 30 years, and 40 to 45 years, in both
men and women. However, the infection rates in individ-
uals older than 50 years are drastically decreased. These
findings are similar to the results obtained from Serbia,
Denmark, Hungary, Italy, Turkey, and Beijing, China [6,
7, 10, 12–14]. Furthermore, our study shows that the pos-
itive rates in the symptomatic and asymptomatic groups
among the age groups peaked and decreased to the lowest
levels in different age groups. The positive rates of the
asymptomatic group among those aged 30 to 40 years
was >50 %. This finding indicates that it is necessary to
have routine screening for urogenital mycoplasma, espe-
cially for women aged 30 to 40 years old. All of these
results suggest that a certain relationship existed between
mycoplasma infections and individuals’ gender and age.
However, there is still a lack of proof regarding the cau-
sality of urogenital mycoplasma infection and gender and
age, and further study is needed.

Mycoplasma lacks cell wall structures, and is insensi-
tive to penicillins, cephalosporins, and other beta-lactam
antibiotics. It is not susceptible to sulfonamides or tri-
methoprim because of its inability to synthesize folic acid.
Current ly, three kinds of ant ibiot ics , including
fluoroquinolones, tetracyclines, and macrolides, are

Fig. 2 Antibiotic resistance rates of Ureaplasma urealyticum in the
symptomatic and asymptomatic groups

Fig. 3 Antibiotic resistance rates of M. hominis in the symptomatic and
asymptomatic groups. **p< 0.001, *p< 0.0 5

Fig. 4 Antibiotic resistance rates of U. urealyticum/M. hominis mixed
infection in the symptomatic and asymptomatic groups. **p < 0.001,
*p< 0.05
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commonly used for treating mycoplasma infections.
However, mycoplasma can be resistant to the antibiotics
due to the emergence of different resistance mechanisms
[1, 10, 15]. We demonstrate that the susceptibility profiles
do not show significant changes over the study period.
U re a p l a sm a u r e a l y t i c um , M . h om i n i s , a n d
U. urealyticum/M. hominis mixed infection all displayed
relatively lower resistance rates to josamycin, doxycy-
cline, and minocycline (<10 %), but relatively higher re-
sistance rates to the other tested antibiotics. Moreover, we
found that the resistance rates of U. urealyticum/
M. hominis mixed infection isolates to most of the tested
antibiotics were higher than that of U. urealyticum or
M. hominis single infection isolates, indicating that the
U. urealyticum/M. hominis coinfection will be more diffi-
cult to treat than U. urealyticum or M. hominis single
infection. The resistance rates of U. urealyticum to
ofloxacin were obviously lower than the recently pub-
lished result in Hangzhou and Changzhou, China [11,
16]. There are geographical differences among antibiotic
resistance, and, therefore, local susceptibility testing
in vitro is recommended to avoid failure of therapy [17].

Moreover, our study indicates that all the U. urealyticum,
M. hominis, and U. urealyticum/M. hominis mixed isolates
from symptomatic and asymptomatic patients with genital in-
fections are highly sensitive to josamycin, doxycycline, and
minocycline, while the resistant rates of M. hominis to the
other tested antibiotics in the asymptomatic group were sig-
nificantly lower than that in the symptomatic group.
Especially, the resistant rates of M. hominis to ofloxacin and
norfloxacin are less than 30 %. It is suggested that ofloxacin
and norfloxacin may also be selected for the asymptomatic
M. hominis infection.

In conclusion, this study demonstrated that females and
individuals with symptoms and younger age had higher my-
coplasma infection rates. Josamycin, doxycycline, and
minocycline may be recommended for the clinical treatment
of patients infected with U. urealyticum, M. hominis, and
U. urealyticum/M. hominis with or without symptoms, and
ofloxacin and norfloxacin can be used as candidate drugs for
the clinical treatment of asymptomaticM. hominis infection in
Xi’an, China.
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