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Abstract
Sexually transmitted infections (STIs) are among the most common infections in Romania. Infection with Ureaplas-
ma urelyticum is one of the major causes of STIs and can cause serious complications. Although tetracycline is the 
drug commonly used to treat infections caused by U. urealyticum, several studies indicate the emergence and rapid 
development of strains resistant to these antibiotics in the United States or Europe. Tetracycline resistance in bac-
teria is encoded by a number of different genetic determinants but in mycoplasmas the only tetracycline resistance 
determinant that has been reported is the tetM gene. Tetracycline resistance among Ureaplasma spp. is associated 
with the presence of the horizontally acquired tetM resistance gene. Our study on bacterial DNA aimed to deter-
mine the presence of tetracycline-resistant U. urealyticum strains, by identifying the presence of the tetM gene. We 
used first void urine samples from 622 STI-suspected subjects. DNA was extracted, purified and amplified via PCR 
for the simultaneous detection of 6 STIs. 68 patients were diagnosed with U. urealyticum. DNA obtained from these 
samples was amplified using the tetM gene and U. urealyticum - specific urease gene primers. The urease gene 
was amplified in all samples, confirming the presence of U. urealyticum. The tetM gene was amplified in 2 samples 
considered tetracycline-resistant strains. The study confirmed the presence of U. urealyticum strains resistant to 
tetracycline in Romania. The employed technique can produce quick results both for U. urealyticum detection and 
determination of its resistance to tetracycline using a single easy-to-collect biological sample.
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Introduction

Sexually transmitted infections (STIs) are caused 
by a wide variety of bacteria, viruses and para-
sites intraspecifically transmitted mainly by vag-
inal, anal, or oral sexual contact. According to 
the statistics of the Centers for Disease Control 
and Prevention (CDC), more than 1 million STIs 
are daily acquired worldwide and the majority of 
STIs have no or only mild symptoms that may not 
be recognized as an STI (1). STI dissemination 
in the general population is an important health 
problem in Romania, amplified by the absence 
of a national screening program (2). A relatively 
high percentage of youngsters with risky sexual 
behavior and insufficient knowledge regarding 
STI consequences poses additional risks towards 
a population-wide disease spreading (3).
Ureaplasma urealyticum (belonging to family 
Mycoplasmataceae, order Mycoplasmatales, 
class Mollicutes) is among the most common 
STI-causing bacteria. Lack of a rigid cell wall 
prevents reactivity with Gram staining and do 
not respond to antibiotics targeting bacterial cell 
walls (i.e., β-lactams and glycopeptide antibiot-
ics) (4). 
U. urealyticum can be found in the cervix or va-
gina (or both) of 40%-80% of the sexually ma-
ture asymptomatic women (5), but has also been 
linked to nongonococcal urethritis (NGU), ar-
thritis, meningitis, chorioamnionitis, and preterm 
labor (6, 7). Patients suffering from clinical cho-
rioamnionitis may deliver prematurely. U. ure-
alyticum is often isolated from preterm infants, 
stillborn, and spontaneously aborted fetuses (5). 
Most laboratories lack the capability to cultivate 
and test for sensitivity Ureaplasma spp. and My-
coplasma spp., as they are fastidious cell wall-
free bacteria. Even if cultured, a distinction be-
tween U. urealyticum and Ureaplasma parvum 
is difficult to be made and results are often mis-
takenly reported (8). 

Polymerase chain reaction (PCR) is a molecular 
biology method presenting high sensitivity and 
rapidity compared with culture-based and other 
traditional methods employed in STI diagnosis. 
However, inappropriate reporting in regard to 
species differentiation can occur in qualitative 
PCR assays as well (8, 9).
The three classes of antibiotics active against 
Ureaplasma spp. are the quinolones, tetracy-
clines and macrolides (10). Of these, tetracy-
cline is the drug most commonly employed in 
the treatment of U. urealyticum infections (11).
The first tetracycline-resistant U. urealyticum 
strain was isolated in 1974 in British Colum-
bia (12). An American study conducted in 1981 
reported a 6-10% prevalence of these resistant 
strains (13), while another one in 1986 revealed 
that more than 15% of U. urealyticum strains 
isolated from STD patients were resistant to tet-
racycline (14). On the other hand, a frequency 
of only 2-3% tetracycline-resistant U. urealyti-
cum strains was observed in France during the 
1992-2002 interval (15). However, an increased 
prevalence of tetracycline and fluoroquinolone 
resistance in Ureaplasma spp. has recently been 
suggested in Europe (16). 
In bacteria, tetracycline resistance is encoded 
by a number of genetic determinants. The tetO 
and tetM genes have been found in Gram-nega-
tive and Gram-positive bacteria, and the latter is 
known to be transferable between the two groups 
(17). TetM is the only tetracycline resistance de-
terminant reported so far in mycoplasmas (18). 
In these bacteria, a high level of acquired re-
sistance to tetracyclines is associated with the 
presence of the tetM gene (19) and PCR ampli-
fication identified tetM to be present in the tetra-
cycline-resistant isolates (20). Our study aimed 
to identify U. urealyticum in urine samples using 
the PCR technique and to determine its suscep-
tibility to tetracycline based on the presence or 
absence of the tetM gene.
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Material and methods

Patients and specimens
Between January 2014 and September 2019 
a number of 622 subjects aged 17 to 75 years, 
including patients presenting STI symptoms 
(genital discharge, dysuria, fever or abdominal 
pain) and asymptomatic individuals involved 
in unprotected sex with multiple partners were 
enrolled in this study approved by the Ethics 
Committee of the “Iuliu Haţieganu” University 
of Medicine and Pharmacy in Cluj-Napoca (no. 
146/15.04.2014). No patient was subjected to 
antibiotic treatment two weeks prior to inclusion 
in the study.
Samples of 30 to 50 mL first void urine were col-
lected in sterile polypropylene containers during 
early morning hours, provided the patients had 
not urinated for the preceding 4 hours. 

DNA extraction
Aliquots of urine samples were centrifuged for 
15 min at 15,000 g and the resulting pellet was 
re-suspended in phosphate-buffered saline (PBS). 
MasterPure™ Complete DNA and RNA Purifi-
cation Kit (EPICENTRE Biotechnologies, USA) 
were used for DNA extraction and purification ac-
cording to supplier recommendations. The DNA 
was suspended in nucleotide-free water.
DNA concentration and purity were determined 
by nano-photometer readings against a refer-
ence nucleotide-free water. DNA purification 
sequence was repeated whenever purity was in-
appropriate.

DNA amplification for U. urealyticum detec-
tion
Three μl of DNA extracts were amplified on a 
DNA thermal-cycler with a Seeplex® STD6 
ACE Detection (Seegene, Korea) kit in a total 
volume including 17 μl PCR mix with 5x ST-
D6ACE PM primers containing primer pairs for 
Chlamydia trachomatis, Neisseria gonorrhoeae, 
Trichomonas vaginalis, U. urealyticum, Myco-
plasma genitaliumi, and Mycoplasma hominis, a 
primer pair for internal control and an internal 
control template.
PCR was initiated with a 15 min denaturation 
step at 94°C and a 10 min extension-step at 72°C 
followed the 40 amplification cycles (each in-
cluding a 30 s denaturation step at 94°C, a 90 s 
annealing step at 63°C and a 90 s chain elonga-
tion step at 72°C). PCR products were separated 
using a 2% agarose gel stained with ethidium 
bromide.

DNA amplification for U. urealyticum confir-
mation and tetracycline susceptibility
DNA extracted from U. urealyticum positive 
samples was amplified using U. urealyticum - 
specific urease gene and tetM gene primers de-
signed using a modified version of previously 
published sequences (10, 18, 21). The primer 
sequences are presented in Table 1. No reference 
tetracycline resistance strains were available for 
positive control.
Amplification was carried out in a total volume 
of 50 μl including 2 μl DNA extract, 25 μl My-

Table 1. The sequences of the tetM and urease genes primers 
Primer Sequence Product length GC%
tetM
Forward
Reverse

TTATCAACGGTTTATCAGG
CGTATATATGCAAGACGTTG

398
49.74
52.07

urease gene
Forward
Reverse

ACGACGTCCATAAGCAACT
CAATCTGCTCGTGAAGTATTAC

429
56.79
55.05
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TaqTM Red Mix (Bioline, UK) mixed with 4 μl 
primers containing primer pairs for tetM and 
urease genes, and 19 μl water (ddH2O).
Based on several optimization attempts, the pro-
tocol employed a 60 s denaturation step at 95°C 
and 35 amplification cycles including a 15 s de-
naturation step at 95°C, a 15 s annealing step 
at 58°C and a 10 s extension step at 72°C. The 
amplicons were separated via gel electrophoresis 
using 2% agarose gel (see Figure 1). 

Results

U. urealyticum detection in urine samples
Two hundred of the 622 subjects included in the 
study were positive for various STIs, 68 of these 
(10.93% of the total patients) presenting the cor-
responding U. urealyticum DNA (the second 
most frequently detected bacterium after C. tra-
chomatis),  34 of these patients presented multi-
ple infections.

Detection of U. urealyticum tetracycline sus-
ceptibility
The urease gene was amplified in all the samples 
collected from U. urealyticum positive patients. 
The tetM gene was amplified in 2 samples ac-

counting for tetracycline-resistant strains (e.g. 
sample S2 in Figure 1).

Discussion

In recent years, Ureaplasma spp. were recog-
nized as pathogens in numerous clinical presen-
tations. The large number of patients positive for 
U. urealyticum (34% of the positive patients) 
identified in our study is in accordance with lit-
erature data and the conclusions of our previous 
studies (7, 22, 23) indicating that infection with 
this bacterium remains one of the major causes 
of STIs in Romania. 
An accurate diagnosis is needed in order to pre-
vent severe complications and to control trans-
mission, especially in asymptomatic infections. 
As bacteriological cultures allow further test-
ing of antibiotic susceptibility, the technique is 
useful in detecting susceptibility to antibiotics. 
However, in contrast to other prokaryotes, cur-
rently there are no Clinical and Laboratory Stan-
dards Institute (CLSI) recommended guidelines 
for the susceptibility testing of ureaplasma. Agar 
disk diffusion is unsuitable for such purpose be-
cause of the small colony sizes and prolonged 
growth periods (24). 

Fig. 1. Electrophoretic analysis of amplicons by PCR with specific primers for urease and tetM genes.  
NC: negative control, S1-S4: samples, MK: molecular weight marker, bp: base pairs
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Recent years have seen an extensive usage of nu-
cleic acid amplification tests (NAATs), for carrier 
detection in particular. These genetic tests enable 
the establishing of a diagnosis for bacterial STIs 
with a sensitivity of up to 99%. Other studies 
have also argued that the PCR technique is more 
sensitive, accurate and rapid compared with clas-
sical methods (9, 25, 26). NAAT testing was also 
proved to be efficient in typing U. urealyticum 
strains including non-cultured specimens. For 
detection, we employed a high specificity/ sensi-
tivity multiplex PCR kit (Seeplex® STD6 ACE 
Detection) able to detect the presence of several 
STI pathogens in the same sample, useful since 
these pathogens often associate and may present 
similar symptoms. As a result, in our 200 posi-
tive samples we found 46 associations of two to 
five STI pathogens, 34 of them involving U. ure-
alyticum. Faster detection of U. urealyticum via 
PCR (<24 h) compared with traditional cultures 
(2-5 days) is particularly important in the case of 
very low birth-weight infants.
Another advantage of the technique is the use 
of first urine jet samples as DNA source for STI 
detection. Urine collection is less invasive com-
pared to the harvesting of vaginal or urethral se-
cretions, an aspect previously reported to have 
influenced a significant number of subjects to 
avoid STI identification tests (27). 
Although Ureaplasma have been recognized as 
two separate species since 2000, species dis-
crimination is still problematic, partly due to 
culture-based commercial kits. In some instanc-
es Ureaplasma spp. are reported as U. urealyti-
cum by default due to historical taxonomic rea-
sons, negatively impacting our understanding of 
the influence of the two species in the clinical 
outcome and the distribution of resistant species 
(16). A recent systemic review and meta-analy-
sis by Zhang et al. (2014) has supported the idea 
that U. urealyticum contributes to the develop-
ment of NGU, whereas U. parvum does not (28). 
To confirm the presence of U. urealyticum in 

the samples initially detected as positive for 
this bacterium, we determined the presence of 
the urease gene in all these samples. The ure-
ase structural gene from U. urealyticum contains 
unique sequences that are not present in other 
mycoplasmas (29). The urease gene was ampli-
fied in all the samples collected from U. urealyt-
icum positive patients, confirming the accuracy 
of both PCR methods employed in the study (see 
Figure 1).
Initially found in streptococci, the tetM gene of-
ten located on a conjugative transposon confers 
high-level resistance. Literature data suggest that 
tetM is widely disseminated in the urogenital flo-
ra. This is similar to the previously documented 
spread of resistance genes from the Enterobacte-
riaceae to unrelated gram-negative genera (30). 
The tetM class of determinants appears to have a 
wide host range, and since this determinant can 
be transferred by transformation or conjugation, 
in time, other species and genera are susceptible 
to acquire it (31, 32).
Tetracyclines are the first-line treatment of in-
fections caused by Ureaplasma spp., to which 
antibiotic resistance is continuously increasing 
(11). Tetracycline resistance is well character-
ized among Ureaplasma spp. and is associated 
with the presence of the horizontally acquired 
tetM resistance gene that provides ribosomal 
protection (21, 33). A large percentage of mi-
croorganisms containing the tetM gene provide 
conditions for the transfer of the determinant to 
mycoplasma cells. Dystrophic changes in the 
urogenital mucosa and desquamation of the ep-
ithelium also facilitate the adhesion of microor-
ganisms, mycoplasmas in particular (34). 
A study screened the DNA isolated via PCR 
from 130 Ureaplasma spp. isolates for the pres-
ence of the tetM gene and identified three pos-
itive strains (2.3%). In contrast, broth culture 
screening for tetracycline resistance identified 
only two of these isolates. It therefore appears 
that screening for the presence of the tetM gene 
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is less likely to miss resistant isolates than broth 
microdilution methods employed in determin-
ing tetracycline resistance (10). A 2012 study 
performed on 66 strains of Ureaplasma spp. 
revealed that all tetracycline-resistant strains 
contained 397 bp regions of the tetM and the 
int-Tn genes (24). Another study concluded that 
U. urealyticum strains considered to be tetracy-
cline sensitive were also found to lack tetM (18). 
According to Dégrange et al. (2008), phenotyp-
ically susceptible isolates bearing the tetM gene 
should be considered and reported as resistant, 
despite the lack of data regarding the behavior 
of the microorganism during in vivo therapy 
(15). As clinicians tend to focus on the practical 
effects of the treatment they recommend, disre-
garding genetic evidence of antibiotic resistance, 
we chose to determine the presence of the tetM 
gene in order to observe the tetracycline resis-
tance of the identified strains.
In our study we determined a percentage of 
2.94% strains resistant to tetracycline that pre-
sented the tetM gene. A French study conduct-
ed from 1999 to 2002 reported high (>80%) 
sensitivity rates to tetracycline (15), while in a 
4-year-study (2012-2015) in central Greece the 
presence of the tetM gene was not detected in 76 
positive cases of Ureaplasma spp., the provided 
explanation being that in this region doxycycline 
administration remains the first therapeutic op-
tion unless special medical circumstances dic-
tate otherwise (35). A certain increase (7.5%) in 
tetracycline resistance among Ureaplasma spp. 
was observed in a 2010-2015 French study on 
831 isolates (19). The number of tetracycline-re-
sistant strains determined in our study (<10%) 
is thus consistent with several European studies 
(15, 19, 35).
This is a reassuringly low resistance level com-
pared with other international reports, especially 
from outside Europe. High levels of tetracycline 
resistance (73%) were documented in a South 
African study, but speciation indicated that U. 

parvum was the predominant Ureaplasma spp. 
conferring antimicrobial resistance (36). A Cu-
ban study reported that 31% of the analyzed U. 
urealyticum strains were resistant to tetracycline 
(37). Another research in Northern Greece on 
100 isolates of Ureaplasma spp. found 14.3% 
tetM-positive isolates belonging to U. urealyti-
cum (38). A very recent Tunisian study on 101 
molecularly typed Ureaplasma spp. clinical 
strains detected 37.62% tetracycline-resistant 
isolates. In contrast to such reduced suscepti-
bility to tetracycline, Ureaplasma spp. strains 
exhibited an extremely high sensitivity to dox-
ycycline (39).
Study limitations include the relatively short pe-
riod of time covered in this research and the low 
number of subjects positive for U. urealyticum 
we identified, a direct consequence of the low 
number of individuals tested (not a representa-
tive population). Nevertheless, this is the first 
such study carried out in Romania. Further re-
search on a larger population and full access to 
clinical, epidemiological, and microbiological 
variables are needed to validate our results. 
Our study proposed primer changes and a sim-
pler method making use of devices commonly 
found in molecular biology laboratories. How-
ever, bacterial DNA isolated from biological 
samples can be subsequently used to determine 
susceptibility to tetracycline with the proposed 
technique. Certain DNA amounts can be made 
available for further determinations e.g. sus-
ceptibility to antibiotic resistance as the highly 
accurate NAATs detection method requires only 
small DNA amounts.
The high resistance levels reflected in interna-
tional studies call for continuous surveillance in 
order to keep track of resistance patterns, lim-
iting the risk of importation. Our results have 
demonstrated that such resistant strains can 
occur and need to be detected in order to pro-
vide a proper treatment. The early diagnosis and 
appropriate treatment of U. urealyticum may 
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prove to be important in reducing infertility or 
complications caused by this bacterium. Our re-
sults indicate that the non-invasive technique we 
employed can produce quick results both for U. 
urealyticum detection and determination of its 
resistance to tetracycline using a single easy-to-
collect biological sample.
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