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Abstract

Background: During the past twenty years, tetracycline resistance average has increased in Streptococcus
pyogenes in many countries. Pneumococcal resistance to erythromycin and tetracycline is associated with
the insertion of the erm(B) into the transposons of the Tn916 family. To get datum that may be beneficial in
resolving the diffusion of antimicrobial resistance, therefore, we can be specified antibiotic resistant genes
and their corporation with mobile genetic elements. This study was proceed to explore the genetic regulation
of Tn916-carrying tet(M) in clinical isolates of S.pyogenes . Methods: A twenty two of S.pyogenes isolates
were assemble from patients suffering from upper respiratory infection, and the susceptibility of these
isolates to tetracycline antibiotics was examined. Molecular detection of Tn9/6 was carried out by employ
certain primers to amplify ze#(M) gene in each isolates.

Results: The results appeared that the resistance of the tetracycline group was 68.1%, 54.5%, 36.3% and
31.8% for minocycline, tetracycline, oxytetracycline and doxycycline, respectively. Genetic analysis showed
that Tn9/6 was detected in eight of the S.pyogenes clinical isolates resistant to tetracycline. Conclusions:
Our findings suggest that clinical isolates of S. pyogenes harboring a copy(s) of Tn9/6 conferring tetracycline
resistance. One possible explanation for resistance to tetracycline in these isolates is due to tet gene, which

was most likely located on Tn916.
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Introduction

Streptococcus pyogenes is the major human

morbid connected with topical or systemic invasion
and post-streptococcal immunologic ~disorders .
These bacteria colonize the throat or skin and cause
several purulent infections >3. In addition, it may be
stimulating autoimmune diseases *. Increased levels

of antibiotic resistance were reported in S.pyogenes in
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many countries, particularly among groups includes
(MLSB, B-lactams, Aminoglycosides, Tetracyclines and
Sulfonamides) causing a problem of treatment failure
in patients with these bacteria . In S.pyogenes, the
prevalence of zet(M) may be dissected by this gene that
is carried by “conjugative transposons” like Tn9/6 or by
composite construction like Tn3701, which can in full
swing translocate from chromosome to anther &7, Tn916
family, is a prototype of “conjugative transposons”
widely dispersed in gram-positive streptococci,
Tn916 was first detected in chromosomal DNA of
Enterococcus faecalis strain DS16 8. All transposable
elements relationship to this family include the
tetracycline resistance determinant fef(M), either solo
such as Tn97/6 and Tn5397, or linked with another genes
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such as Tn6002,Tn6003,Tn3872, and Tn1545 °. Based
on the above, to the importance of Tn9/6 in pervasion
tetracycline resistance among bacterial, this study was
strived to find the presence of transposable element in
S.pyogenes.

Material and Methods:
Bacterial Isolates Identification:

Swab was collected from adults and children
complain from upper respiratory infection Diyala,
Baghdad and Erbil -Iraq, and Beirut Medical Center
in BeirutLebanon for the time from January/2018 to
April/2019. These samples were cultured on B-Selective
Streptococcus agar medium (B-SSA), and the growing
colonies were identified later by colonial morphology,
gram staining, and biochemical tests (catalase test,
blood hemolysis test, and bacitracin sensitivity test),
furthermore bacterial isolates suspected to be S.pyogenes
were identified by using Vitek-2 system and finally by
molecular method.

Susceptibility testing:

Susceptibility of the versus Tetracycline,
Minocycline, Doxycycline, and Oxytetracycline was
checked, by virtue of to the disk diffusion by the Kirby-

Bauer
method '°.
Amplification experiments:

Amplification of tet(M) gene of Tn9/6 was
performed by using specific primer

06:
5’-GGTACTTGAAAAGAACGGGAG-3’ and
TETMI1: 5’
TTCACCTTAGTATTTTTCCACTG-3’'12,  The

dehydrated primer was solving in distilled water to reach
a concentration of 10 picomole/ pl. The amplification
conditions began with primary and secondary
denaturation at 95 °C, the first continued for 5 minutes,
and the second continued for 30 seconds during which
30 cycles of denaturation were made. The other stage
of amplification was the annealing process at 61 °C,
which took only 30 seconds; the last stage was the initial

and final extension process at 72 °C. The first took one
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minute, and the final one lasted for 7 minutes. Then PCR
products were run by use electrophoreses technique.

Results and Discussion

Ninety-three bacterial isolates were obtained from
clinical samples collected from pharyngitis, tonsillitis,
and otitis cases from patients of different age groups
and gender. All samples were cultured on B- selective
Streptococcus agar and blood agar base supplemented
with 5% of fresh human blood for determining the
agricultural characteristics of colonies, then identified by
using Vitek-2 system. Results of isolation showed that
93 bacterial isolate were characterized, among them 22
were identified as S. pyogenes. The prevalence of these
isolates among clinical isolates is shown in figure (1).
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Figure (1): Prevalence of S.pyogenes among clinical
sources

Susceptibility of S.pyogenes isolates to tetracycline’s
antibiotics was determined.

The results illustrated in figure (2) that resistance
in the tetracycline group was 68.1%, 54.5%, 36.3% and
31.8% for minocycline, tetracycline, oxytetracycline
and doxycycline, respectively. These resistance is
consequent to the presence of tetracycline resistance
tet(M) carried by Tn9/6, which mediates
tetracycline resistance by the tetracycline-minocycline

gene

or tet(M) gene coding for tetracycline inactivating
enzyme play a role in bacterial resistance to tetracycline,
and that’s explains the tetracycline resistant phenotype
in these isolates. However, one isolate symbolized
H1 was sensitive to tetracycline, which may refer that
this transposon harboring a silent copy of tet (M) as
mentioned by Montanari et al., 3. Resistant isolates may
presented tet (M) promoter that resulted in an increase
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in the gene transcription thus causing a higher level of
resistance as mentioned by El Moujaber et al., 14.
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Figure (2): Percentage of tetracycline resistance
among S.pyogenes isolates

International, many studies have indicated to rise
in antibiotic resistance rate between S.pyogenes in

I5 Tt seems clear that resistance

tetracycline group
significantly varies between geographical regions and
time period variation, as well as, the increased use of
antimicrobials, especially when misdiagnosing the
disease, using unnecessary antimicrobials, or due to
the irrational use of antimicrobials, as well as irregular

consumption 12, 16.
Detection of Tn916

Tn916 is a conjugative transposon (or integrative
conjugative element ICE) which was originally isolated
from Enterococcus faecalis DS16 8. All transposable
elements relationship to this family include the
tetracycline resistance determinant fe#(M), either solo
such as Tn9/6 and Tn5397, or linked with another
resistance genes such as Tn6002, Tn6003, Tn3872, and
Tnl545°.

In this study, Tn9/6 was detected in the clinical
isolates of S.pyogenes by amplification of genomic
DNA using specific primer (O6/TETM11), this primer
targeting tet (M) gene carried by Tn9/6. Results explain
in figure (3) appeared that there is an amplified product
of 620bp shown the being Tn9/6 in eight isolates
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(36.3%) of S.pyogenes. All of these isolates are resistant
to tetracycline. These findings are similar to those results
detects Tn9/6 in S.pyogenes using the same primers
17 Resistant isolates may presented fef(M) promoter
that resulted in an increase in the gene transcription
thus causing a higher level of resistance 4. The results
indicated that there was an isolation (symbolized H1)
which was sensitive to tetracycline even though it
contained a copy of Tn916 which indicates that this copy
may be silent.

Moreover, results appeared that there are other eight
isolates shown resistant for tetracycline, but they don’t
have Tn916 which indicate that may be a chromosomal
or plasmid copy of the tetracycline resistance gene, or
cause by to another thematic tetracycline gene carried
by other form.
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Figure (3): Detection of Tn916 conferring
tetracycline resistance

Prevalence of Tn9/6 among clinical isolates of
S.pyvogenes was illustrated in figure (4). Tn9/6 was
prevalent in 7 out of 8 (87.5%) throat culture isolates and
lof 8 (12.5%) ear isolates. From these data, we conclude
that Tn916 represents a specific element, which is more
likely to occur in clinical S.pyogenes isolates.
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Figure (4): Clinical sources of isolates and
percentage of Tn916

Declarations:

Acknowledgement: We render our special thanks
to all doctors and paramedical staff in Baqubeh Teaching
Hospital for their help, time and openness during data
collection.

Conflict of Interest: The authors declare that there
1s no conflict of interest.

Funding: The author (s) received no financial
support for the research, authorship, and/or publication
of this article.

Ethics approval and consent to participate:

Approval for the research was obtained after
implementing the protocol recommended by the
specialized committee in the Diyala Health Department
and according to the official letter issued in 2018.

References

1. Brooks G, Carroll K., Butel J, Morse S and
Mietzner T. Jawetz, Melnick & Adelberg’s Medical
Microbiology, alange medical book,26™ Edition.
2013:879 page.

2. Walker MJ, Barnett TC, McArthur JD, Cole IN,
Gillen CM, Henningham A and Nizet V. Disease
manifestations and pathogenic mechanisms of

group A Streptococcus. Clinical microbiology
reviews. 2014; 27(2): 264-301.

3. Beye M, El Karkouri K, Labas N, Raoult D and
Fournier PE. Genomic analysis of a Streptococcus
pyogenes strain causing endocarditis in a child. New
microbes and new infections. 2017; 17:1-6]

4,

10.

11.

12.

13.

Indian Journal of Forensic Medicine & Toxicology, January-March 2021, Vol. 15, No. 1

Al-Kareem FEA, Abbas AK. and Hussein MA.
Comparative study of the Antibody Responses to
Streptococcus pyogenes between school Children
carriers and patients with Tonsillitis. /raqi Journal
of Science. 2014; 55(2): 403-410]

Varaldo PE, Montanari MP and Giovanetti E.
Genetic elements responsible for erythromycin

resistance in streptococci. Antimicrobial agents
and chemotherapy. 2009; 53(2): 343-353]

Dundar D, Sayan M and Tamer GS. Macrolide and
tetracycline resistance and emm type distribution
of Streptococcus pyogenes isolates recovered from
Turkish patients. Microbial Drug Resistance. 2010;
16(4):279-284.

Ferretti J, Stevens D and Fischetti V. Streptococcus
pyogenes Basic Biology to Clinical Manifestations,
editer book, University of Oklahoma Health
Sciences Center. 2016: 1050 page.

Mullany P, Williams R, Langridge GC, Turner
DJ, Whalan R and Clayton C, et al. Behavior and
target site selection of conjugative transposon
Tn9/6 in two different strains of toxigenic
Clostridium difficile. Applied and environmental
microbiology.2012; 78(7): 2147-2153.

Celli J and Trieu-Cuot P. Circularization of Tn916
is required for expression of the transposon-
encoded transfer functions: characterization of long
tetracycline-inducible transcripts reading through
the attachment site. Molecular Microbiology.1998;
28(1): 103-117.

Hudzicki J. Kirby-Bauer Disk Diffusion
Susceptibility Test Protocol, American Society for
Microbiology. 2009: 1-23.

Brenciani A, Bacciaglia A, Vecchi M, Vitali LA,
Varaldo PE and Giovanetti E. Genetic elements
carrying erm(B) in Streptococcus pyogenes and
association with fet(M) tetracycline resistance

gene. Antimicrobial agents and chemotherapy.
2007;51(4): 1209-1216.

Cochetti I, Tili E, Mingoia M, Varaldo PE
and Montanari MP. erm(B)-carrying elements
in tetracycline-resistant and
correspondence between Tn/545 and Tn6003.

pneumococci

Antimicrobial agents and chemotherapy. 2008;
52(4): 1285-1290.

Montanari MP, Cochetti I, Mingoia M and Varaldo
PE. Phenotypic and molecular characterization of
tetracycline-and erythromycin-resistant strains of



14.

15.

Indian Journal of Forensic Medicine & Toxicology, January-March 2021, Vol. 15, No. 1

Streptococcus pneumoniae. Antimicrobial agents
and chemotherapy. 2003; 47(7): 2236-2241]

El Moujaber G, Osman M, Rafei R Dabboussi
F and Hamze M . Molecular mechanisms and
epidemiology of resistance
pneumoniae in the Middle East region. Journal of
medical microbiology. 2017; 66(7): 847-858.

Cochetti I, Tili E, Vecchi M, Manzin A, Mingoia M,
Varaldo PE and Montanari MP. New Tn9/6-related
elements causing erm(B)-mediated erythromycin
resistance in tetracycline-susceptible pneumococci.

in  Streptococcus

16.

17.

2113

Journal of antimicrobial chemotherapy. 2007;
60(1): 127-131.

Chamoun K, Farah M, Araj G, Daoud Z, Moghnich
R and Salameh P, et al. Surveillance of antimicrobial
resistance in Lebanese hospitals: retrospective
nationwide compiled data. International journal of
infectious diseases. 2016; 46: 64-70.

Giovanetti E, Brenciani A, Vecchi M, Manzin A
and Varaldo P. Prophage association of mef(A)
elements encoding efflux-mediated erythromycin
resistance in Streptococcus pyogenes, Journal
Antimicrob Chemother. 2005; 55(4): 445-451.



