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O r i g i n a l  p a p e r

Summary

Macrolides are widely used for the treatment of ureaplasma infections. The aim of this study was
to investigate possible genetic resistance determinants in Ureaplasma parvum isolates with ery-
thromycin elevated MICs. Nine U. parvum isolates (four isolates with MIC ≥ 8 μg/ml and five isolates
with MIC ≤ 8 μg/ml) from urogenital specimens were studied for genetic mechanisms of macrolide
resistance. 23S rRNA operons, L4 and L22 ribosomal protein genes were amplified and sequenced.
The obtained sequences were compared with the respective genotype specific-reference strains. 
In total 15 point mutations were revealed. Isolates with elevated erythromycin MICs presented
point mutations at more than one genes of Operon 1 23S-rRNΑ, of Operon 2 23S-rRNΑ, L4 and L22
protein genes. The point mutation A196G at the L22 protein gene was reported for the first time
and corresponded to a change (N66D) into the amino acid sequence of the deriving protein.
In conclusion, both previously recognized and novel point mutations were detected in strains with
altered susceptibility to macrolides, revealing a possible correlation with resistance to macrolides.
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Introduction

Ureaplasma spp including U. parvum (previously U.
urealyticum biovar 1). and U. urealyticum (previously
U. urealyticum biovar 2), have been reported to cause
non-gonococcal urethritis and prostatitis in males and
cervicitis, intrauterine infection, chorioamnionitis and
premature birth in women.1-7 The lack of cell wall leads
to their resistance to β-lactams. Therefore the antibio-
tics of choice are bacteriostatic, such as tetracyclines
and macrolides or bactericidal agents, such as quino-
lones.8

Macrolides such as azithromycin, erythromycin and
clarithromycin are widely used in the treatment of
Ureaplasma infections. Erythromycin, a first genera-
tion macrolide, is widely used for over 50 years against
neonatal infections and clarithromycin is administe-
red after the first trimester pregnancy, due to the to-
xicity of quinolones and tetracyclines to these groups
of patients.8

Macrolides inhibit bacterial protein biosynthesis by
preventing peptidyl-transferase from adding the
tRNA-attached peptide to the next amino acid as well
as by inhibiting ribosomal translocation.9 Another po-
tential mechanism of its bacteriostatic action is the
dissociation of the peptidyl-tRNA from the ribosome.9

Erythromycin is fastened to the entrance of the tun-
nel exit of the bacterial 50S subunit. Similarly to other
macrolides, it binds to the center of the peptidyl-tran-
sferase (PTC) preventing the entrance of the nascent
chain to the exit tunnel. Due to the presence of the
antibiotic, the peptide chain production is continued
only up to 6-8 amino acids, as the space left between
macrolide and PTC is limited.10

The first description of resistance to macrolides was
made by Palu et al. in 1989, who described the redu-
ced input, concentration and binding of macrolides
to the ribosomes of phenotypically resistant U. urea-
lyticum species.11 Due to the limited technical capabi-
lities of that era, there was no further molecular
analysis of the resistance.

Later molecular studies on the resistance of U. ure-
alyticum species  to macrolides indicated that the
gene locus implicated are domain V of 23S-rRNA and
L4 and L22 proteins of the bacterial ribosome.12-16 Mu-
tations in L4 and L22 proteins’ genes of 50S ribosomal
subunit inhibit the binding of erythromycin, reducing
its effectiveness.10 Active efflux mechanisms and me-
thylation targets were also correlated with resistance
to macrolides.17

This work aims to contribute to the study of resi-
stance to macrolides in greek U. parvum strains.

Materials and methods

The sensitivity of 100 Ureaplasma clinical isolates was
phenotypically tested with the new MYCOFAST® Re-
volutioN kit (ELITechGroup Solutions, ELITECH Group
Puteaux, France), which is a commercially available
assay that allows for detection, identification and an-
timicrobial-susceptibility testing of genital mycopla-
smas within 48 hours. This assay, in accordance with
the CLSI guidelines, determines MIC <8 μg/ml for sen-
sitive strains and MIC >16 μg/ml for resistant ones.
Out of the 100 tested isolates, four presented MICs ≥8
μg/ml. This study used nine clinical strains of U. par-
vum including the aforementioned non-sensitive
ones, well characterized at serovar level, isolated from
the urogenital tract of symptomatic or asymptomatic
adults, that belonged to genotype 3 (five strains), 1
(three strains) and 6 (one strain) (Table 1). Patients en-
rolled in the study were 20 to 70 years old, residents
of Northern Greece, with no restriction on race or na-
tionality. During the collection of samples, patients
questioned for symptoms of the urogenital tract, re-
porting no antimicrobial treatment during the last
month for any reason.

In all nine isolates of U. parvum the distinction at
serovar level was achieved by amplifying the Multiple
Banded Antigen protein gene, using primers that am-
plified specific MBA protein genes of genotypes 1, 3,
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6 and 14 of U. parvum.18 The distinction at serovar
level was used for the comparison of the sequences
with the corresponding reference strains in order to
detect polymorphisms.

In order to detect the mentioned molecular mech-
anisms of the midrange resistance to macrolides, after
the DNA extraction (Qiagen DNA mini ki, Hilden,Ger-
many) from broth inocula, a previously described PCR
assay targeting the domain V of 23S-rRNA, as well as
the genes encoding the L22 and L4 ribosomal proteins
of the four strains was used. Published primers were
used to amplify conserved portions of ribosomal
protein L4 and L22 genes and two 23S rRNA operons
(UPL4-U/UPL4-R, UPL22-R/UPL22-U, MH23S-11/UP23S-
OP1, MH23S-11/UP23S-OP2R2 designed by Beeton
et al).15 PCR was performed on a Peltier Thermal Cycle
PTC-0200 (Biorad, Germany). PCR products were
purified using Chargeswitch PCR purification kit (In-
vitrogen, Paisley, UK) according to the manufacturer's
instructions and then sequenced (ABI 3730 Genetic
Analyzer, CEMIA, Larissa, Greece). The comparison of
the sequences was made with the respective reference
strains, ATCC 27813 serovar 1 ABES01000001, ATCC
700970 serovar 3 AF222894.1 and ATCC 27818 serovar
6 AA2Q010000011.

The statistical method x2 and its variants were used.
Statistics was performed with the statistical program
SPSS 13.0 (SPSS Inc., Chicago, IL, USA).

Results

Fourteen point mutations were revealed. Isolates with
elevated erythromycin MICs presented ten point mu-
tations, at more than one genes of Operon 1 23S-
rRNΑ, of Operon 2 23S-rRNΑ, L4 and L22 protein
genes. The point mutation A196G at the L22 protein

gene corresponded to a change (N66D) into the
amino acid sequence of the deriving protein. Sensitive
U. parvum isolates possessed five point mutations in
L4 and L22 protein genes. Out of the detected point
mutations one was common for sensitive and non se-
nitive strains.

All the genetic alterations involving ribosomal pro-
teins L4 and L22 as well as 23S rRNA detected in the four
U. parvum isolates with elevated erythromycin MICs
and in the five sensitive isolates are shown on Table 2.

Furthermore, no correlation was observed between
the presence of point mutations and clinical features
(symptomatic or asymptomatic individuals).

Discussion

The first attempts correlating polymorphisms with
ureaplasma resistance in macrolides include the rese-
arch of Pereyre et al. in France.13 They converted su-
sceptible strains of U. parvum to resistant by
cultivating the selected strains in media containing
subinhibitory concentrations of macrolides. The mu-
tations found at the region II and V of the 23S-rRNA
(G2056U, G2057U, A2058G), at L4 protein gene (at
amino acid level: W65R, T70K, G71V) and L22 protein
gene (at amino acid level: K91N, A94D) of bacterial ri-
bosome can be prospectively detected in clinical iso-
lates as well.

The present study reffers to clinical isolates and not
in vitro converted Ureaplasma strains. U. parvum iso-
lates with altered susceptibility to macrolides were
found to possess several point mutations on the ribo-
somal complex operons and the deriving proteins.
Concerning L22 gene, two isolates with elevated MICs
presented aspartic acid (D) in position 66. In the US, 6
strains out of 370 clinical isolates tested were found
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         Non-sensitive ureaplasma strains                        Sensitive ureaplasma strains
GT3/1         U. parvum                    ♀                     GT3/3        U. parvum                  ♀
                   genotype 3           symptomatic                              genotype 3        asymptomatic
GT3/2         U. parvum                   ♀                     GT3/4        U. parvum                 ♀
                   genotype 3          asymptomatic                             genotype 3         symptomatic
GT1/1         U. parvum                    ♀                     GT3/5        U. parvum                 ♀
                   genotype 1           symptomatic                              genotype 3        asymptomatic
GT1/1         U. parvum                    ♀                     GT1/3        U. parvum                 ♀
                   genotype 1          asymptomatic                             genotype 1        asymptomatic
                                                                                 GT6/1        U. parvum                  ♀
                                                                                                  genotype 6         symptomatic

Ureaplasma strains tested for genes associated with macrolide resistanceTable 1



resistant to macrolides and one of these strains (MIC
8 μg/ml) presented asparagine (N) in the same posi-
tion.16 The same research pointed out two point mu-
tations in one resistant strain (A121S and T141I) which
were only found among our sensitive strains, thus
confirming the belief that they may not contribute to
macrolide resistance. A more recent study by Goven-
der et al., presented fifteen different point mutations
in macrolide resistant U. parvum strains not including
the above-mentioned N66D.19

One strain with moderate susceptibility to erythro-
mycin was found to possess four unusual point muta-
tions in L4, A276G, T348C, G94C and C95G, however
not resulting to any amino acid replacement. In the
UK, Beeton et al. amplified and sequenced the same
genes in a strain resistant to erythromycin (MIC >64
mg/L), in five strains with MIC 8 mg/L to erythromycin
and in a sensitive one. No mutations were found at
the 23S-rRNA operons and at L22 protein genes.15 A 6
base deletion was only detected at the L4 protein
gene in the resistant strain. This deletion resulted to

the loss of the amino acids arginine and glutamine
from positions 66 and 67 respectively (63KPW - KHT70
or ΔR66Q67). In the contrary, a 15bp insertion resul-
ting in a 5-amino acid insertion in the L4 protein bet-
ween positions 69 and 70 (69TGKAR70) and to a
position 70 mutation (T70R) as well. None of the
genes related to the binding ability and efflux mech-
anisms of the macrolide agents were identified in Ure-
aplasma strains.16 The present research indicates the
point mutation A81G in the L4 protein gene was ob-
served in 20% of the sensitive and in 50% of the non-
sensitive strains, therefore this polymorphism does
not seem to be correlated with Ureaplasma resistance
to macrolides. As a different nucleotide is observed in
the same position (81A/G) depending on the geno-
type, this highlights the importance of using the ap-
propriate reference strain when comparing sequence
data because of the existing variant polymorphisms.

In the present study all strains with elevated MICs
to macrolides possessed the same point mutations
(A2942G, G3079A) in operon 1 of 23S rRNA. Although
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  Strains                                               P o l y m o r p h i s m s
                         L4 gene        L22 gene      Operon 1 23S-rRNΑ     Operon 2 23S-rRNA
U. parvum          A81G                –                     A2942G*                              –
GT3/1 NS                                                            G3079A*
U. parvum          A81G                –                     A2942G*                              –
GT3/2 NS                                                            G3079A*
U. parvum          A276G          A196G                A2942G*                        G2414T
GT1/1 NS          T348C          (N66D)                G3079A*                       G2942A*
                           G94C
                           C95G                                               
U. parvum              –               A196G                A2942G*                              –
GT1/2 NS                               (N66D)                G3079A*                               
U. parvum          G287C               –                            –                                     –
GT3/3 S             (R96P)
U. parvum               –               G361T                       –                                     –
GT6/1 S                                  (A121S)
                                                A406G
                                               (I136V)
                                                C422T
                                               (T141I)
U. parvum              –                    –                            –                                     –
GT3/4 S                   
U. parvum              –                    –                            –                                     –
GT1/3 S                   
U. parvum          A81G                –                            –                                     –
GT3/5 S

Polymorphisms of Ureaplasma parvum isolatesTable 2



these mutations were located in the vicinity of the
operon 1 nucleotide sequence of the 23S rRNA region,
they were detected in all four non-sensitive strains and
in none of the sensitive ones. Only one strain, U. par-
vum GT1/1, possessed two point mutations (G2414T,
G2942A) in the operon 2 of 23S rRNA, which was not
detected in any sensitive one. Resistance to macrolides
has been associated with point mutations in the 23S
rRNA.14 They studied 18 strains of U. urealyticum with
different profiles of resistance to macrolides. Five of
them presented a C2243N mutation (T or C) in the 23S
rRNA, associated with azithromycin and roxithromycin
resistance. Nine strains resistant to roxithromycin and
moderately susceptible to azithromycin were found to
harbour two point mutations, A2149C and A2181T.
These polymorphisms were also detected in strains su-
sceptible to macrolides (clarithromycin, azithromycin,
roxithromycin, josamycin). This verifies the theory of
phenotypic and genotypic diversity of strains. Furth-
ermore, according to Xiao et al., a high level macrolide
resistance is linked to a point mutation A2066G in do-
main V of both of the 23S-rRNA operons.16

Different results in the above mentioned studies
may be due to methodological differences and geo-
graphical localization. The importance of lower pH of
the culture media susceptibility to erythromycin was
pointed out by several researchers.1,20 The pH increase
from 6.0 to 6.7 increased the antibiotic susceptibility
4-8 times.

The use of a commercial, standardized kit was re-
garded as the most appropriate for the present study.
The use of a commercial kit is solely used for antimi-

crobial testing before the treatment of clinical cases.21

Therefore the commercial kit was preferred than the
MICs accurate measurement, in order to meet the
needs of clinical practice. The use of more accurate te-
chniques for the estimation of MICs and the evaluation
of polymorphisms of intermediately resistant and sen-
sitive strains in parallel with their MICs will be an inte-
resting target for a future study.

Furthermore, according to the results of the present
study, there is no correlation between the clinical sym-
ptoms and the existence of phenotypic resistance or
mutations in the drug target, since strains isolated
from both asymptomatic and asymptomatic patients
were moderately susceptible to macrolides, posses-
sing mutations in their chromosome as well.

The present research did not include the investiga-
tion of methylases, esterases or efflux pumps. All these
pendencies, together with the study of any possible
relation of the polymorphisms to resistance to non-
macrolide antibiotics, inspire future additional rese-
arch plans.

In conclusion, in four strains with elevated MICs to
macrolides new polymorphisms were detected. The
identified polymorphisms can be proposed as poten-
tial negative co-modulators of susceptibility to macro-
lides.
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Περίληψη

Γενετικές παραλλαγές των γονιδίων του Ureaplasma parvum των σχετι-
ζόμενων με αντοχή στις μακρολίδες
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Ελλάδα

Οι μακρολίδες χρησιμοποιούνται ευρέως στη θεραπεία λοιμώξεων από Ureaplasma. 
Σκοπός της παρούσας μελέτης ήταν η διερεύνηση γενετικών παραλλαγών σε γονίδια στελεχών
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Ureaplasma parvum με αυξημένες τιμές MIC στην ερυθρομυκίνη. Εννέα στελέχη U. parvum (τέσ-
σερα στελέχη με MIC≥8μg/ml και πέντε στελέχη με MIC≤8μg/ml) μελετήθηκαν μοριακά για αν-
θεκτικότητα στις μακρολίδες. Το οπερόνιο 23S rRNA, τα γονίδια των ριβοσωματικών πρωτεϊνών
L4 και L22 των υπό μελέτη στελεχών ενισχύθηκαν και οι αλληλουχίες τους συγκρίθηκαν με στε-
λέχη αναφοράς αντίστοιχου γενοτύπου. 
Συνολικά, 15 σημειακές μεταλλάξεις αναγνωρίσθηκαν. Τα στελέχη με υψηλές MIC στην ερυθρο-
μυκίνη διέθεταν περισσότερες της μία σημειακές μεταλλάξεις στα γονίδια στόχους. Η σημειακή
μετάλλαξη A196G στο γονίδιο της πρωτείνης L22 και η αντίστοιχη αμινοξική αλλαγή (N66D) στην
πρωτεΐνη αναφέρονται για πρώτη φορά βιβλιογραφικά.
Συμπερασματικά, σε στελέχη U.parvum με μειωμένη ευαισθησία στις μακρολίδες ανιχνεύθηκαν
γενετικές παραλλαγές γονιδίων ήδη γνωστές αλλά και νέες, που καταδεικνύουν πιθανή συσχέτιση
με ανθεκτικότητα στην συγκεκριμένη ομάδα αντιβιοτικών.
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