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SUMMARY

Mycoplasma genitalium is an emerging sexually transmit-
ted infection, with increasing rates of macrolide resis-
tance and some ways of treatments being recommend-
ed by many countries. This study aimed to investigate
the prevalence of M. genitalium infection, M. genitalium
co-infection with other sexually transmitted organisms,
and the frequency of macrolide antibiotic resistance
genotypes identified in urethral specimens collected
from male and urethral, vaginal and cervical specimens
from female who visited the STIs clinic of HCMC Hos-
pital of Dermato-Venereology, Viethnam. The results ob-
tained positive samples for C. trachomatis was 8.46%, N.
gonorrhoeae was 6.28%, and M. genitalium was 5.95%.

H INTRODUCTION

A ccording to data from the World Health Orga-
nization (WHO), more than one million pa-
tients suffer from sexually transmitted infections
(ST1s) a day. Chlamydia trachomatis (CT) and Neis-
seria gonorrhoeae (NG) are the most common sexu-
ally transmitted infections globally [1, 2]. In recent
years, Mycoplasma genitalium (MG) infection has
gained much attention with similar symptoms of
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Fifty-five out of 90 M. genitalium samples were found to
have mutations in the 23S rRNA gene associated with
macrolide resistance (61.11%). M. genitalium/C. tracho-
matis co-infection was 6.19%, and M. genitalium/N. gon-
orrhoeae was 1.22%. The percentage of M. genitalium car-
rying the macrolide resistance mutant gene co-infected
with C. trachomatis accounted for 37.50%. The high
prevalence of the M. genitalium mutations associated
with macrolide resistance showed the importance of M.
genitalium testing.

Keywords: Mycoplasma genitalium, Chlamydia trachomatis,
Neisseria gonorrhoeae, co-infection, macrolide resistance.

CT and NG infection [3]. MG is a small, slow-
growing intracellular bacterium with no cell wall
and the smallest genome (580kb) for a self-replicat-
ing organism. MG transmission occurs by genital-
genital or penile-anal contact, less likely with oral-
genital contact [3-5]. The prevalence of MG infec-
tion in the global population is estimated to be
1-4% in men and 1-6.4% in women, being even
more common in STI testing centers (4-38%) [6].
These studies showed that the prevalence of MG
infection is approximately 1% in the screening
population, and ranges from 9% to >50% in popu-
lations at high risk for STIs [7-10].

Traditional treatment of MG has been a single dose
of 1 g azithromycin, and using moxifloxacin is rec-
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ommended as a second-line agent. However, the
recent increase in the number of MG cases as well
as the significant increase in the resistance to both
drugs[11, 12] leads to treatment failure [11-13]. MG
is intrinsically resistant to beta-lactams and other
antibiotics acting on the cell wall, limiting alterna-
tive treatment options. Because MG is very diffi-
cult to culture, monitoring for genetic markers of
antibiotic resistance has become a key tool of sur-
veillance in clinical monitoring of susceptibility to
MG. The MG resistance to macrolides is associated
with mutations in the 235 rRNA gene. The preva-
lence of the macrolide-resistant MG has recently
increased significantly around the world [14] and
varies across geographic regions, for example, 18%
in Stockholm, Sweden [15], 41% in London, UK
[16],41.4% in Copenhagen, Denmark [17],47.3% in
Canada [18], 52.6% in Dresden, Germany [19].

In addition, the data of co-infection of MG with
other sexually transmitted bacteria is limited. Ac-
cording to the 2016 US study, the rate of co-infec-
tion of MG with CT was 22.13%, with NG was
15.38% and with both of them was 0.68% [20].
When the co-infection occurs, treatment with a
single dose of azithromycin 1g increases the risk of
mutations in the macrolide resistance gene of MG,
making it difficult to treat MG [16]. Therefore, dur-
ing the treatment of NG and CT, it is necessary to
consider the presence of MG to provide a suitable
treatment regimen for patients.

In Vietnam, there are still not many studies describ-
ing the clinical characteristics, relationships, and
pathogenic role of MG, which makes it difficult to
treat. The aim of the study was to investigate the
proportion of patients infected with MG and its
macrolide resistance-associated mutations, and the
co-infection of MG with CT or NG at the STIs clinic,
HCMC Hospital of Dermato-Venereology, Vietnam.

B PATIENTS AND METHODS

Study population

All samples were taken from patients (>18 years
old) who visited the STIs clinic of HCMC Hospital
of Dermato-Venereology, Ho Chi Minh City, vIET-
NAM and were approved by the hospital’s medi-
cal ethics committee. Specimens were obtained
from symptomatic patients (vaginitis, cervicitis,
dysuria, pelvic inflammatory disease in women
and urethral discharge, itching, painful urination
in men) and from patients without symptoms (in-

cluding patients who came to the examination for
other conditions such as syphilis, genital warts,
genital fungal infections... or had a sex partner
who got a sexually transmitted disease or only
went to the hospital for screening) visited the STIs
clinic from February to November 2022. The de-
mographics and symptom status of each patient
were determined by the physician at the time of
patients visit to the hospital clinic. In addition, we
investigated whether the patients took azithromy-
cin during their illness (the duration of illness was
conventional from the onset of the first symptom
to the time of the current examination).

Samples were taken from the urethral, vaginal,
and cervical swabs with cotton swabs. The swab
sample were transferred into an Eppendorf tube
containing 0.5mL of sterile 0.9% NaCl solution or
0.3mL of transport medium. 200pL of the sample
were put into 10pL internal control, then the mix-
ture was put into sample tube, the sample trans-
ferred to SaMag-12 machine tray (Sacace Biotech-
nologies) to obtain total DNA. Then to identify CT,
NG and MG by real-time PCR method (Mx3005P-
Agilent Technologies), samples were mixed with
Multiplex kit (Sacace). The results were read by
using linear scale analysis.

Sequencing

Macrolide resistance of MG was detected by using
reverse transcription-PCR of the 235 rRNA region
of MG, which was performed as previously de-
scribed and followed by sequencing Sanger [21].
This gene was amplified by using 235-F (5
CCATCTCTTGACTGTCTCGGCTAT 3’) va 235-R
(5" AATCCTTGCGAACTTGCATC 3’) and HotStar
Taq (12.5pL HotStar Taq Buffer (Qiagen), 1uM
primer, 5uL extracted DNA, in 30uL reaction). The
gene sequencing primer used was PCR amplifica-
tion primer and obtained a sequence of 150nt. Cen-
trifugation conditions were 95°C for 15min, then
45rpm at 94°C for 15s, 58°C for 30s, 72°C for 30s,
and finally 3min at 72°C. To detect mutations at
positions 2058 and 2059 (Escherichia coli number-
ing; located in region V of the 23S rRNA) that were
associated with MG macrolide resistance [22], we
introduce the sequence automatically awarded to
GenBank.

Statistical analyses
For all sexually transmitted organisms, subjects
were considered infected if their specimen was
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positive for one or more microorganisms. The in-
fection rate was calculated using the infection sta-
tus criterion. All tests for 95% confidence intervals
(CIs) were two-sided and performed at the 0.05
significance level, using the efficient score method.
Odds ratio (OR) calculation and significance test
were performed as described previously [23], with
P value <0.05 considered significant.

B RESULTS

Prevalence of M. genitalium voi C. trachomatis

and N. gonorrhoeae infections

The proportion of patients infected with MG, CT,
and NG in 1513 patients who visited the STIs clinic
was classified by sex, and age group (Table 1). The
prevalence of CT, NG, and MG infection was
8.46%, 6.28%, and 5.95%, respectively.

The prevalence of MG infection was 5.95% [95%
CI, 4.76 to 7.14] and the prevalence was higher in
men than in women (8.27% in male vs 4.82% in fe-
male [OR,1.78; P=0.01]). The patients aged <30
years and aged >30 years MG-infected were 6.18%
[95% CI, 4.5 to 7.86] and 5.65% [95% CI, 3.91 to
7.41], respectively. There was no difference in the

prevalence in both men and women in these two
age groups (female: 5.53% vs 3.65% [OR, 1.5;
P=0.2265], male: 8.17% vs 8.33% [OR, 0.98;
P=1,000]). The prevalence of MG infection in fe-
males was highest between the ages of 18-20 years
(11.29%, [95% CI, 3.18 t0 19.39]). In males, the prev-
alence of MG was high in two age groups 18-20
years old (18.18% [95% CI, 8.99 to 43.36] and 41-50
years old (12.66% [95% CI, 5.16 to 20.15]).

The prevalence of CT infection was 8.46% [95% CI,
7.06 to 9.86], in which this prevalence in females
was 7.67% [95% CI, 6.03 to 9.31], and in males was
10.08%. 95% CI,7.42 to 12.73]. The patients with CT
infection at age <30 and >30 were statistically non-
significant difference (total: 9.16% vs 7.59% [OR,
1.23; P=0.3067]; female: 8.53% vs 6.25% [OR, 1.39;
P=0.2241], male: 11.06% vs 9.38% [OR, 1.201;
P=0.5489]). The rate of CT infection was the high-
est in women aged 18-30 years (9.68% in 18-20 age
and 8.41% in 21-30 age) and in men from 21-40
years old (11.17% in 21-30 years old and 12.57% in
31-40 years old).

Meanwhile, the prevalence of GN infection was
6.28% [95% CI, 5.05 to 7.51], in which this preva-
lence in females was 2.65% [95% CI, 1.67 to 3.64],

Table 1 - Prevalence of M. genitalium, C. trachomatis and N. gonorrhoeae by subject age group, self-identified

demographic status.

No. with M. genitaliumj/total No. with C. trachomatis/total No. with N. gonorrhoeae/total
1(48;3 no. (%, [95% CII) no. (%, [95% CI]) no. (%, [95% CII)
T
!/ Total Female Male Total Female Male Total Female Male
18-20 9/73 (1233 | 7/62 (1129 | 2/11(18.18 7/73(9.59 6/62(9.68 1/11 (9.09 6/73(8.22 3/62(4.84 | 3/11(27.27
[4.61-20.05]) | [3.18-19.39]) | [8.99-43.36]) | [2.61-16.51]) | [2.11-17.2]) |[11.16-29.34]) | [1.76-14.67]) | [0.65-10.33]) | [4.11-58.65])
2130 43/768 (5.60 | 28/571 (4.9 | 15/197 (7.61 | 70/768 (9.11 | 48/571 (8.41 | 22/197 (11.17 | 45/768 (5.86 | 11/571 (1.93 |34/197 (17.26
[3.96-7.22]) | [3.12-6.68]) | [3.88-11.35]) | [7.07-11.15]) | [6.12-10.7]) | [6.73-15.61]) | [4.19-7.52]) | [0.79-3.05]) |[11.93-22.58])
31-40 24/441 (544 | 10/258 (3.88 | 14/183 (7.65 | 42/441(9.52 | 19/258 (7.36 [23/183 (12.57 | 36/441 (8.16 | 9/258 (3.49 [27/183 (14.75
332757) | [15624]) | [3.76-11.53]) | [6.77-12.27]) | [4.16-10.67]) | [7.72-17.41]) | [5.59-10.72]) | [1.23-5.74]) |[95.67-19.94])
41-50 11/165 (6.67 | 1/86(1.16 | 10/79 (12.66 | 7/165 (4.24 3/86(3.49 4/79 (5.06 | 5/165(3.03 | 2/86(2.33 3/79 (3.80
[2.82-10.51]) | [-1.14-347]) | [5.16-20.15]) | [1.13-7.35]) | [0.46-7.45]) | [0.12-10.01]) | [0.38-5.67]) | [0.92-5.56]) | [0.51-8.11])
51-60 1/45(2.22 1/28 (3.57 _ 2/45 (444 2/28(7.14 _ 3/45 (6.67 2/28 (7.14 1/17 (5.88
[-2.22-6.71]) | [-3.75-10.89]) [-1.81-10.07]) | [3.02-17.31]) [-0.91-14.25]) | [0.31-17.31]) | [6.59-13.35])
6170 2/17 (11.76 2/10(20 B B B _ _ B B
[-5.31-28.84]) |[-10.16-50.16])
40 52/841(6.18 | 35/633 (5.53 | 17/208 (8.17 | 77/841(9.16 | 54/633 (8.53 | 23/208 (11.06 | 51/841 (6.06 | 14/633 (2.21 |37/208 (17.79
- [45-7.86]) | [3.74-7.31]) | [4.42-11.93]) | [7.21-11.11]) | [6.34-10.71]) | [6.76-15.35]) | [4.45-7.68]) | [1.06-3.36]) |[13.55-23.02])
230 38/672 (5.65 | 14/384 (3.65 | 24/288 (8.33 | 51/672(7.59 | 24/384(6.25 | 27/288 (9.38 | 44/672 (6.55 | 13/384 (3.39 |31/288 (10.76
[391-741)) | [1.76-5.52]) | [5.12-11.54]) | [5.58-9.59]) | [3.81-8.68]) | [5.98-12.76]) | [4.67-8.42]) | [1.57-5.21]) | [7.16-14.36])
All 90/1513 (5.95| 49/1017 (4.82 | 41/596 (8.27 |128/1513 (8.46|78/1017 (7.67| 50/596 (10.08 |95/1513 (6.28|27/1017 (2.65|68/596 (13.71
[476-7.14]) | [349-6.14]) | [5.83-10.69]) | [7.06-9.86]) | [6.03-9.31]) | [7.42-12.73]) | [5.05-7.51]) | [1.67-3.64]) | [7.67-16.74])
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and in males was 13.71% [95% ClI, 7.67 to 16.74].
There was a statistically non-significant difference
in GN patients aged <30 years and >30 years old
(total: 6.06% vs 6.55% [OR, 1.227; P=0.3067]; fe-
male: 2.21% vs 3.39% [OR, 1.39; P=0.2241]), male:
17.79% vs 10.76% [OR, 1.202; P=0.5489]). The high
prevalence of GN infection in males was in the
ages of 18-40.

The results from Figure 1 showed that the propor-
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Figure 1 - The prevalence of patients tested for M. gen-
italium (Fig. A), C. trachomatis (Fig. B) and N. gonorrhoe-
ae (Fig. C) in symptomatic and asymptomatic groups.

tion of patients infected with MG and GN in the
symptomatic group was higher than in the asymp-
tomatic group (MG: 6.87% vs 3.87% [OR, 1.83;
P=0.0248) and GN: 7.82% vs 2.80% [OR, 2.95;
P=0.0001]), while the prevalence of CT infection in
these two groups was the statistically non-signifi-
cant difference (9.26% vs 6.67% [OR,1.43;
P=0.1089]). In males, the proportion of patients
with these bacteria was higher in symptomatic
subjects than in asymptomatic ones (MG: 10.43%
vs 1.64% [OR, 6.985; P=0.0010]; CT: 12.30 % vs
3.28% [OR, 4.14; P=0.0029] and GN: 17.38% vs
2.46% [OR, 8.34; P<0.0001]). In women, there was
no difference in the prevalence of MG, CT, and GN
infection in these two groups.

Rates of co-infections of M. genitalium

with C. trachomatis and N. gonorrhoeae

In 1513 patients who visited the STIs clinic, there
were 90 patients with MG, 128 patients with CT,
and 95 patients with NG (Table 2). The proportion
of patients coinfected with MG/CT was 6.25%
[95% CI, 1.99 to 10.51], MG/GN was 1.53% [95%
CI,-1.04t03.14], CT/NG was 17.89% [95% C1,10.04
to 25.74] and no patient co-infected with all three
bacteria. The prevalence of MG/CT co-infection in
men and women respectively was 6.00% [95% CI,
-0.81 to 12.82] and 6.41% [95% CI, 0.85 to 11.97].
The rate of CT/NG co-infection was higher in
women than in men (female: 37.07% and male:
10.29%). Meanwhile, MG/GN co-infection in this
study was only detected in a female case. MG/CT
co-infection in symptomatic and asymptomatic
patients was respectively 6.19% [95% CI, 1.31 to
11.07] and 6.45% [95% CI, -2.71 to 15.61]. MG/GN
co-infection was detected in only one case in symp-
tomatic patients. The rates of CT/MG co-infection
in symptomatic and asymptomatic patients were
17.07% [95% CI, 8.75 to 25.39] and 23.08% [95% CI,
-3.42 to 49.57] respectively.

Rates of macrolide antibiotic resistance markers

Reverse transcription-PCR and Sanger sequencing
at the 23S rRNA fragment of MG were used to find
macrolide resistance mutations in 90 MG-positive
samples (Table 3). The proportion of patients in-
fected with MG-carrying mutations was 61.11%
[95% CI, 50.84 to 71.38], these mutations occurred
at two positions 2058 and 2059 in 23S rRNA
(A2058G: 16.36% [6.27 to 26.45], A2058T: 21.81%
[10.55 to 33.08] and A2059G: 65.45% [52.48 to
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Table 2 - Prevalence co-infection of M. genitalium in C. trachomatis and N. gonorrhoeae positive samples.

No. with all co-infection/ total No. with female co-infection/ total No. with male co-infection/ total
Co-infections n0. (%, [95% CI]) 10. (%, [95% CIJ) 10. (%, [95% CIJ)
Toal Symptomatic | Asymptomatic Toal Symptomatic | Asymptomatic Toal Symptomatic | Asymptomatic
M. genitalium/ 8/128 (6.25 | 6/97 (6.19 | 2/31 (645 | 5/78(6.41 | 3/51(5.88 | 2/27(7.41 |3/50(6.00[- | 3/46 (6.52 0/4 (nodata)
C. trachomatis | [1.99-10.51]) | [1.31-11.07]) | [2.71-15.61]) | [0.85-11.97]) | [0.81-12.57]) | [3.15-17.96]) | 0.81-12.82]) | [0.89-13.94])
M. genitalium/ 1/95(1.53 | 1/82(1.22 1/27 (3.70 | 1/17 (5.88 B B B B
N. gonorrhoeae [1.04-3.14]) | [-1.21-3.65]) [3.91-11.32]) | [6.59-18.35])
C. trachomatis/  {17/95(17.89 | 14/82 (17.07 | 3/13(23.08 |10/27 (37.07 | 7/17 (41.18 | 3/10(30 | 7/68(10.29 | 7/65 (10.77 0/3 (nodata)
N. gonorrhoene |[10.04-25.74])| [8.75-25.39]) | [-3.42-49.57]) |[17.57-56.50])|[15.09-67.26])| [4.56-64/56]) | [3.88-17.70]) | [3.02-18.51])
M. genitalium/
C. trachomatis and - - - - - - - - -
N. gonorrhoeae
Table 3 - M. genitalium macrolide antibiotic resistance marker frequency in patients subjects.
@ Resistance mutation (% No. with 23S rRNA 2058/2059 mutation/total no. (% [95% CI])
atego o
8o [95% CII) A2058G A2058T A2059G
All patients 55/90 (61.11[50.84-71.38]) 9/55 (16.36 [6.27-26.45]) 12/55 (21.81 [10.55-33.08]) | 36/55 (65.45 [52.48-78.43])
+ Symptomatic 44/72 (61.11 [49.58-72.65]) 7/44 (1591 [4.66-27.16]) 7/44 (1591 [4.66-27.16]) 31/44 (70.45 [56.42-84.49])
+ Asymptomatic 11/18 (61.11 [36.17-86.06]) | 2/18 (18.18 [-8.99-45.36]) 5/18 (45.45 [10.37-80.54]) 5/18 (45.45 [10.37-80.54])
All females 30/49 (61.22 [47.08-75.36]) 5/30 (16.67 [2.51-30.82]) 6/30 (20 [4.81-35.19]) 20/30 (66.67 [49.76-84.57])

+ Symptomatic 21/33 (63.64 [46.31-80.96])

3/21 (14.28 [-2.03-30.61])

]
2/21(9.52 [-4.17-23.22]) 16/21 (76.19 [56.32-96.06])

+ Asymptomatic 9/16 (56.25 [28.95-83.55])

2/9 (22.22 [-11.67-56.11])

4/9 (44.44 [3.93-84.96]) 4/9 (44.44 [3.93-84.96])

All males 25/41 (60.98 [45.39-76.56])

16/25 (64.00 [43.78-84.22

+ Symptomatic 23/39 (58.97 [42.82-75.13])

4/25(16.00[055-31.44]) | 6/25 (24.00 [6.01-41.99])
4/23 (17.39 [0.63-34.15])

1)
5/23 (21.74 [3.50-39.97]) | 15/23 (65.21 [44.16-86.27])

+ Asymptomatic 2/2 (100) - 1/2(50.00 [-585.31-685.31]) | 1/2 (50.00 [-585.31-685.31])
Co-infections 5/11 (45.45 [10.37-80.54]) - 1/5(20.00[-35.53-75.53]) | 4/5(80.00 [24.47-135/53])

+MG/CT 3/8 (37.50 [-5.77-80.77]) - 1/3(33.33 [-110.09-167.76]) | 2/3 (66.67 [-76.76-210.08))

+MG/NG 1/1(100) - - 1/1(100)

+MG/CT,GN - - - -

+ MG/ HIV 1/2 (50.00 [-585.31-685.31]) - - 1/1(100)
]Xzﬁ’z;ﬁ’y’i’f n/ 6/8 (75.00 [36.30-113.70]) | 3/6 (50.00 [7.48-107.48]) | 1/6 (1667 [-2618-59.51]) | 2/6(33.33 [-20.86-87.53])

78.43]). The MG-infected women carried the same
mutation as in the males (61.22% vs 60.98% [OR,
1.01; P=1,000]). The mutation at position A2059G
was the most common in both females and males
infected with MG-carrying mutations (female:
66.67% [95% CI, 49.76 to 84.57]; male: 64.00% [95%
CI, 43.78 to 84.2]).

In symptomatic and asymptomatic patients, the
rates of infection with MG carrying a mutated gene
were similar (61.11%). In male, the rate in the

symptomatic group was 58.97% [95% CI, 42.82 to
75.13] and was 100% in the other (2/2 cases). In
females, the rate in the symptomatic group was
63.64% [95% CI, 46.31 to 80.96], and in the asymp-
tomatic group was 56.25% [95% CI, 28.95 to 83.55].
In symptomatic patients with MG, the point muta-
tion at the A2059G site was highest in both sexes
(female: 76.19% [95% CI, 56.32 to 96.06] and male
65.21% [95% CI, 44.16 to 86.27)]). In the group of
asymptomatic patients, the A2058T and A2059G
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point mutations were similar (female: 44.44% [95%
CI, 3.93 to 84.96] and male: 50.00% [95% CI,
-585.31t0 685.31]). In this study, mutations at both
A2058T and A2059G were seen in only two pa-
tients (1 with symptoms and 1 without symptoms).
The percentage of MG carrying the macrolide re-
sistance mutant gene in MG/CT, MG/GN and
MG/HIV coinfected patients was respectively
37.50% (3/8), 100% (1/1), and 50% (1/2). In par-
ticular, for the patients who used azithromycin
during MG infection (before the time of taking
samples for testing), the rate of MG infection carry-
ing mutant genes accounted for 75.00% [95% CI,
36.30 to 113.70] (6/8), in which the point mutation
A2058G was 50%, A2058T was 16.67%, and A2059G
was 33.33%.

B DISCUSSION

In this study, we evaluated the prevalence of MG,
CT, and GN infection among subjects who visited
the STIs clinic of HCMC Hospital of Dermato-Ve-
nereology, Ho Chi Minh City, Vietnam, and this
was the data representing the largest geographic
population in the region of southern, Vietnam. The
results showed that the proportion of men infected
with MG, CT, and GN was higher than that of
women. This may be because men tend to have sex
with more partners than women.

In this study, the infection rate of these three micro-
organisms did not differ between the two age
groups <30 and >30 years old. Meanwhile, many
previous reports showed that the prevalence of
STIs was high among young people and then de-
clined with increasing age such as in the United
States, the European Community, Asia, Oceania
and Africa [8, 9, 24-33]. Therefore, the trend of un-
safe sex such as multiple partners, not using con-
doms in Vietnam might occur at all ages in the sur-
vey. In addition, this study also showed that the
rate of infection with the three bacteria was higher
in symptomatic patients than in the asymptomatic
group, and most of the infected men was symptom-
atic. However, half of the infected women were
symptomatic, the rest progressed silently without
any symptoms. To our knowledge, in Vietnam,
very few people including sex workers without
symptoms wanted to undergo periodic screening.
In the world, there have been many studies on the
rate of MG co-infection with CT and NG [20, 34,
35]. However, in Vietnam, there was only one ret-

rospective report on the co-infection rate of MG/
CT [36]. Our results showed that the rate of co-in-
fection with MG/CT (6.25%), MG/NG (1.53%),
CT/NG (17.89%) and no cases of co-infection with
all three bacteria. In Southeast Asia, Singapore re-
ported a prevalence of MG /CT co-infection (8.1%),
and no cases of MG/NG co-infection or co-infec-
tion of all three bacteria were detected [34]. In our
study, 95 cases of NG infection were recorded, but
only 1 woman had co-infection with MG. The
cause may be due to the narrow urethra in men,
strong growth of NG (manifested in aggressive
symptoms), which made a biological competition
between MG and NG. The result was that MG will
not be able to survive in a microenvironment with
the existence of NG.

In MG infection, azithromycin has been widely
used for the treatment [37]. In recent years, many
studies have reported an increasing incidence of
MG macrolide resistance gene mutations [16, 22,
38]. In this study, we also found that the rate of MG
carrying the macrolide resistance mutant gene ac-
counted for 61.11% (61.22% in women and 60.98%
in men) and higher than many other studies (Sin-
gapore (25%), Denmark (56%), USA (48.3%) [20,
34, 35]. A study in Australia found that 56% of MG
infections originating in Southeast Asia failed
treatment with azithromycin [39]. The investiga-
tion of MG carrying the macrolide resistance mu-
tant gene in Vietnam was firstly conducted by our
study, and we believe that this is an important data
to assist clinicians in selecting appropriate antibi-
otics. This resistance is related to genetic mutations
in the 23S rRNA region at two positions 2058 /2059
[40], mutations at both sites lead to very high levels
of azithromycin resistance [40]. Our study showed
that A2059G (65.45%) mutation was more domi-
nant than A2058T (21.81%) and A2058G (16.36%).
Unemo’s study also showed that the 23S rRNA
gene mutation at the A2059G position was domi-
nant (53.5% in Denmark and 59.6% in Norway)
[17].

The first-line treatment of CT is oral azithromycin
1g which has been shown to induce MG macrolide
resistance in co-infected subjects [3]. Therefore, the
importance of evaluating MG and CT co-infection
was emphasized in this study, the rate of MG/CT
co-infection was 6.25% and the rate of MG carrying
the mutated gene in this co-infection was 37.50%.
Reports in Denmark and Singapore showed that
the point mutations in the 23S region related to
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macrolide resistance accounted for 64% and
55.56%, respectively [34, 35]. MG is rarely diag-
nosed in Vietnam and is therefore rarely treated
specifically, whereas first-line CT therapy is single-
dose azithromycin. Although single-dose macro-
lide therapy has previously been advocated for
MG, there is growing evidence that a 5-day course
of macrolides should be used to avoid resistance
and ensure eradication of MG completely (remov-
al of about 95%) [13, 41]. From that, it is necessary
to consider the existence of MG before deciding to
treat CT.

In addition, in two cases of MG/HIV co-infection,
there was one case of MG infection carrying a mu-
tant gene for macrolide resistance in our study.
Belén etal. found that MG/HIV co-infected patients
had 73.7% MG carrying macrolide resistance muta-
tions [42]. According to Dionne-Odom et al.’s study,
this rate was 74.1% in HIV-MSM patients in Ala-
bama [43]. However, our sample size as well as the
other studies was limited, it is necessary to expand
the study on HIV subjects to have reliable data.
Arecent study reported that selecting during treat-
ment with azithromycin 1g resulted in 55% of MG
treatment failures [44]. In this report, we showed
that the rate of MG infection carrying the mutant
gene for macrolide resistance in the patients who
had taken azithromycin before was up to 75%. This
high mutation rate indicated that MG easily cre-
ates the drug resistance mutations and after the
administration of azithromycin [45]. This showed
the importance of diagnostic testing for MG and
when patients with MG have been previously
treated with azithromycin, it should not be taken
again. According to the 2021 European guideline,
the treatment for macrolide-resistant MG infection
is moxifloxacin. The persistent MG infection after
azithromycin and moxifloxacin can be treated with
doxycycline, minocycline (the cure rate of 40 to
70%) or pristinamycin (the cure rate of around
75%) [46].
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