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Streptococcus pyogenes (group A streptococcus) is one of the most prevailing
human pathogens causing a wide variety of infectious diseases and immunological
complications. Tetracyclines are one of the alternative drugs used for its therapy.
However, there is an increasing evidence of resistance and clinical failures towards
these drugs reported globally. This condition is now becoming a great concern as
tetracycline resistance genes can be easily transferred via horizontal gene transfer as
well as the spread of clonal strains. Moreover, certain emm types and clones are said
to be associated with particular diseases. The aims of this study were to determine
antibiotic susceptibility profiles and genotypic characteristics of tetracycline
resistance among S. pyogenes isolates as well as to identify the M-protein by means
of emm-typing. A total of 42 S. pyogenes clinical isolates were obtained from Kuala
Lumpur and Serdang hospitals. Phenotypic detection methods were carried out by
using Gram-stain, colony morphology on Blood agar, bacitracin and PYR tests.
Antibiotic susceptibility testing was done by disc-diffusion method and interpreted
according to CLSI guideline. Minimum inhibitory concentration of tetracycline-
resistant isolates were conducted by E-test method and interpreted according to CLSI
guideline. Tetracycline resistance genes were detected by PCR using established
primers. emm typing was established by sequencing the PCR products. All isolates
were susceptible to penicillin, erythromycin and linezolid. Thirty isolates (71.4%)
were resistant to tetracyclines which comprised tetracycline, minocycline, and
doxycycline. Of 30 tetracycline-resistant strains, 73.3% of isolates harboured tet(M)
gene alone while 10%, 10% and 3.3% had a combination of tet(M)/tet(L),
tet(M)/tet(O)/tet(L) and tet(M)/tet(O) genes, respectively. No tetracycline genes
were detected in one resistant isolate (3.3%). GAS from non-invasive specimens
exhibited higher number of tetracycline-resistant isolates compared to invasive
specimens (42.8% versus 28.5%). A total of 25 different emm types were detected.
The most frequent emm types identified were emm63 (9.5%) followed by 7.1% of



emm18.21, emm28.5, emm1.0, emm89 and emm91. No new emm types were
detected. Eighteen emm types (72%) were tetracycline resistance strains and emm63
(13.3%) was frequently described among them. emm18.21 type (3 isolates) was the
most frequently described among invasive isolates. High number of tetracycline-
resistant GAS and its tetracycline genes in the present study possesses a great risk of
impending outbreaks in hospital and community settings. Antibiotic surveillance
system and antibiotic stewardship program should be continuously maintained to
overcome this problem in future. High genetic diversity of emm types would hinder
the development of suitable vaccine candidates. However, a multicentre study is
warranted to establish the potential vaccine coverage for our local population.
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Streptococcus pyogenes (kumpulan A streptococcus) adalah salah satu daripada
patogen manusia yang paling menonjol menyebabkan pelbagai jenis penyakit
berjangkit dan komplikasi imunologi. Tetrasiklin adalah salah satu ubat alternatif
digunakan untuk rawatan. Walaubagaimanapun, terdapat banyak bukti tentang
kerintangan dan kegagalan klinikal terhadap ubat-ubatan ini dilaporkan di seluruh
dunia. Keadaan ini telah menjadi satu permasalahan utama kerana gen-gen rintangan
tetrasikilin dapat dipindahkan dengan mudahnya melalui pindahan gen horizontal
dan juga penyebaran strain klonal. Di samping itu, taipan emm dan klon-klon
tertentu dikatakan telah dikaitkan dengan penyakit-penyakit yang tertentu. Tujuan
kajian ini adalah untuk menentukan profil kecenderungan antibiotik dan ciri-ciri
genotip rintangan tetrasiklin antara S. pyogenes serta mengenal pasti M-protein
diasingkan dengan menggunakan pengetipan emm. Sejumlah 42 S. pyogenes
pencilan klinikal di perolehi dari koleksi bakteria yang sebelumnya di Makmal
Mikrobiologi, Fakulti Perubatan dan Sains Kesihatan, Universiti Putra Malaysia.
Kaedah-kaedah pengesanan fenotip telah dijalankan dengan menggunakan
pewarnaan Gram, morfologi koloni pada agar darah, ujian basitrasin dan PYR. Ujian
kerentanan antibiotik telah dilakukan dengan kaedah cakera resapan dan ditafsirkan
mengikut garis panduan CLSI. Kepekatan perencatan yang minimum bagi pencilan-
pencilan rintang tetrasiklin telah dilakukan dengan kaedah E-test dan ditafsirkan
mengikut garis panduan CLSI. Gen-gen rintangan tetrasiklin telah dikesan oleh PCR
dengan menggunakan primer-primer yang sudah tersedia ada. Pengetipan emm telah
dicapai melalui penjujukan produk-produk PCR. Semua pencilan-pencilan adalah
rentan kepada penisilin, eritromisin dan linezolid. Tiga puluh pencilan (71.4%)
adalah rintang kepada tetrasiklins yang terdiri dari tetrasiklin, minosiklin dan
doksisiklin. Daripada 30 pencilan rintang tetrasiklin ini, 73.3% pencilan memiliki
hanya gen tet(M) semata-mata, manakala 10%, 10% dan 3.3% pencilan masing-
masing mempunyai campuran gen-gen tet(M)/tet(L), tet(M)/tet(O)/tet(L) dan
tet(M)/tet(O). Tiada gen rintangan tetrasiklin dikesan pada satu pencilan rintang



tetrasiklin  (3.3%). GAS vyang diperolehi dari spesimen yang tidak invasif
mempamerkan bilangan pencilan rintang tetrasiklin yang tinggi berbanding dengan
spesimen invasif (42.8% lawan 28.5%). Sebanyak 25 jenis taipan emm yang berbeza
telah dikesan. Taipan emm yang paling kerap dikesan ialah emm63 (9.5%) diikuti
dengan 7.1% setiap taipan emm18.21, emm28.5, emm1.0, emm89 dan emm91. Tiada
taipan emm yang baharu dikesan. Lapan belas taipan emm (72%) adalah strain
rintang tetrasiklin dan emm63 (13.3%) adalah yang paling kerap digambarkan di
kalangan taipan emm itu. Taipan emm18.21 (tiga pencilan) adalah yang paling kerap
digambarkan di kalangan pencilan-pencilan invasif. Jumlah yang tinggi bagi GAS
rintang tetrasiklin dan gen tetrasiklin dalam kajian ini mempunyai risiko yang besar
akan berlakunya wabak dalam persekitaran hospital dan komuniti. Sistem
pemantauan antibiotik dan program pengawasan antibiotik perlu terus dikekalkan
untuk mengatasi masalah ini pada masa akan datang. Kepelbagaian genetik yang
tinggi dalam taipan emm akan menghalang pembangunan vaksin yang sesuai. Walau
bagaimanapun, satu kajian multisenter adalah wajar untuk mewujudkan
perlindungan vaksin yang berpotensi untuk populasi tempatan.
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CHAPTER 1

INTRODUCTION

Streptococcus pyogenes (group A B-haemolytic streptococcus) often referred to as
group A streptococci (GAS), is one of the most prevalent human pathogens
responsible for a wide range of clinical diseases such as acute pharyngitis,
streptococcal shock syndrome (STSS), necrotizing fasciitis and skin abscess. Indeed,
this infectious pathogen has become an important cause of morbidity and mortality
among people all over the world (Frides, Lopes, Melo-Cristino, & Ramirez, 2013).
The wide variety of infections that are caused by S. pyogenes is due to the expression
of a many set of virulence characteristics (Fiedler, Sugareva, Patenge &
Kreikemeyer, 2010). However, prompt antimicrobial therapy with administration of
penicillin is considered as the first line of therapy and the preferred drug of choice.
Alternatively, other drugs such as tetracyclines can be used as treatment for patients
who are allergic to penicillin (Rubio-Lopez et al., 2012). Tetracyclines have been
used in the treatment of a wide range of GAS infection and other Gram-positive and
Gram-negative bacterial infection since 1950s (Roberts, 2003).

The global burden of diseases caused by GAS is enormous and according to WHO,
it is ranked as the ninth leading infectious cause of human mortality, with majority
of death resulting from invasive infection and rheumatic heart disease (RHD),
particularly in non-developing countries. It has been reported that about 18.1 million
cases of acute GAS disease with 1.78 million new cases were documented every
year (Carapetis, Steer, Mulholland & Weber, 2005). However, in recent years the
resistance to tetracycline has attracted the attention of clinicians and scientists all
over the world. The increased level of tetracycline resistance among GAS was
attributed to the acquisition of tet gene and this resistance was associated with
mobile genetic elements. Nevertheless, the prevalence rates of tetracycline resistance
vary according to geographical area, type of local strains and methods of the study
used. In Malaysia, preliminary data indicates high rate (42.9%) of tetracycline
resistance among GAS (Kalgo, 2015). However, studies in Spain and Sweden
documented 7.3% and 1.3% of tetracycline resistance among their isolates,
respectively (Orden, Martinez, Lépez, & Franco. 1996; Stromberg, Schwan & Cars,
1988). In India, high prevalence rate of tetracycline resistance (73%) was reported
among GAS isolates in their population. In their study, high level of resistance was
attributed to indiscriminate use of antibiotic in the community (Mathur et al., 2014).

The most extensively studied bacterial virulence factor for GAS is M protein. This
protein constitutes a significant surface protein component of the bacteria and has
been identified to play a very important role in the pathogenesis of the
microorganism (Smeesters, Mardulyn, Vergison, Leplae & Van Melderen, 2008). In
the late 1990s, serotyping was used to type the M protein by using specific rabbit
antisera but now it has been replaced by sequence typing of the 5’ end of the M



protein which is known as emm-typing (Steer, Law, Matatolu, Beall & Carapetis,
2009).

1.1 Problem statement

Globally, many bacterial diseases continue to infect people and cause significant
morbidity and mortality among affected individuals. Group A streptococcus
infection is one of major human pathogens causing over 600 million infections
annually and is considered one of the major cause of acute respiratory tract
infections (Carapetis et al., 2005). However, the increasing level of antibiotic
resistance among S. pyogenes clinical isolates has emphasized the need for
continuous surveillance of antimicrobial resistance patterns (Chen, Kaufisi & Erdem,
2011). Bacteria are capable of acquiring virulent and antimicrobial resistance genes
from other strains and this is one of the major factors responsible for the emergence
and evolution of resistant pathogenic isolates.

1.2 Significance of the study

The prevalence of antimicrobial resistance among GAS presents a serious challenge
due to the burden of treatment cost and prolonged treatment regime. This study was
conducted to determine the characteristics of tetracyclines resistance in clinical-
acquired S. pyogenes. In addition, the distribution of different types of tet genes
could give new insight on the potential dissemination of these genes among GAS by
mobile genetic elements. Molecular epidemiology of GAS by emm typing could
establish our data for global comparison on the circulating strains in Malaysia as
certain emm types are believed to be associated with antimicrobial resistance.

1.3 Objectives of the study
1.3.1  General objective:

The aim of this study was to determine the susceptibility patterns of GAS towards
tetracyclines and the distribution of tetracycline resistance genes as well as its
genetic relatedness by emm typing.

1.3.2  Specific objective:

1. To determine the tetracycline susceptibility patterns among S. pyogenes.

2. To determine the tetracycline resistance-genes tet(M), tet(L) and tet(O) among S.
pyogenes.

3. To determine the genetic relatedness of tetracycline resistance strains among
GAS isolates with emm typing.



REFRENCES

Alfaresi, M. S. (2010). Group A streptococcal genotypes from throat and skin
isolates in the United Arab Emirates. BMC Research Notes, 3; 94.
https://doi.org/10.1186/1756-0500-3-94.

Antimicrobial Compounds, n.d. Retrieved from http://www.studyblue.com

Aréas, G. P., Schuab, R. B., Neves, F. P., Barros, R. R., Schuab, R. B. and Barros, R.
R. (2014). Antimicrobial susceptibility patterns, emm type distribution and
genetic diversity of Streptococcus pyogenes recovered in Brazil. Memorias Do
Instituto Oswaldo Cruz, 109(7); 935-939. https://doi.org/10.1590/0074-
0276140231.

Ayer, V., Tewodros, W., Manoharan, A., Skariah, S., Luo, F. and Bessen, D. E.
(2007). Tetracycline resistance in group A streptococci: emergence on a global
scale and influence on multiple-drug resistance. Antimicrobial Agents and
Chemotherapy, 51(5); 1865-1868. https://doi.org/10.1128/AAC.01341-06.

Baroux. N., D’Ortenzio, E., Amédéo, N., Baker, C., Alsuwayyid, B, A., Dupont-
Rouzeyrol, M., O’Connor, O., Steer, A. and. Smeesters, P, R. (2014). The emm-
cluster typing system for group A streptococcus identifies epidemiologic
similarities across the Pacific region. Clinical Infectious Diseases, 59(7); e84—
€92. https://doi.org/10.1093/cid/ciu490.

Barrozo, C. P., Russell, K. L., Smith, T. C., Hawksworth, A. W., Ryan, M. A. K. and
Gray, G. C. (2003). National department of defense surveillance data for
antibiotic resistance and emm gene types of clinical group A streptococcal
isolates from eight basic training military sites? Journal of Clinical
Microbiology, 41(10); 4808-4811. https://doi.org/10.1128/JCM.41.10.4808-
4811.2003.

Bassetti, M., Manno, G., Collida, A., Ferrando, A., Gatti, G., Ugolotti, E., Cruciani,
M., and Baasetti, D. (2000). Erythromycin resistance in Streptococcus pyogenes
in Italy. Emerging Infectious Diseases, 6(2); 180-183.
doi:10.3201/eid0602.000212.

Beall, B., Facklam, R., Hoenes, T. and Schwartz, B. (1997). Survey of emm gene
sequences and T-antigen types from systemic Streptococcus pyogenes infection
isolates collected in San Francisco, California; Atlanta, Georgia; and
Connecticut in 1994 and 1995. Journal of Clinical Microbiology, 35(5); 1231—
1235. https://www.ncbi.nlm.nih.gov/pmc/articles/PMC232734/.

Becker B., Cooper M. A. (2013). Aminoglycoside antibiotics in the 21st century.
ACS Chemical Biology, 8(1); 105-115. PubMed PMID: 23110460

Beres, S. B. and Musser, J. M. (2007). Contribution of exogenous genetic elements
to the group A streptococcus metagenome. PLoS ONE, 2;(8).
https://doi.org/10.1371/journal.pone.0000800.

42


https://doi.org/10.1186/1756-0500-3-94
https://doi.org/10.1590/0074-0276140231
https://doi.org/10.1590/0074-0276140231
https://doi.org/10.1128/AAC.01341-06
https://doi.org/10.1093/cid/ciu490
https://doi.org/10.1128/JCM.41.10.4808-4811.2003
https://doi.org/10.1128/JCM.41.10.4808-4811.2003
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC232734/
https://doi.org/10.1371/journal.pone.0000800

Bessen, D. E. (2009). Population biology of the human restricted pathogen,
Streptococcus pyogenes. Molecular Epidemiology and Evolutionary Genetics in
Infectious Diseases, 9(4); 581-593.
https://doi.org/10.1016/j.meegid.2009.03.00.Population.

Bessen, D. E. (2016). Molecular basis of serotyping and the underlying genetic
organization of Streptococcus pyogenes. University of Oklahoma Health
Sciences Cente, 1-12. https://www.ncbi.nIm.nih.gov/books/NBK333428/.

Bessen, D. E., Carapetis, J. R., Beall, B., Katz, R., Hibble, M., Currie, B.J.,
Collingridge, T., lzzo, M. W., Scaramuzzino, D.A., and Sriprakash, K.S.
(2000). Contrasting molecular epidemiology of group a streptococci causing
tropical and nontropical infections of the skin and throat. Oxford Journal,
182(4); 1109-1116. doi: https://doi.org/10.1086/315842.

Bisno, A. L., Brito, M. O. and Collins, C. M. (2003). Molecular basis of group A
streptococcal virulence. Lancet Infectious Diseases, 3(4); 191-200.
https://doi.org/10.1016/S1473-3099(03)00576-0.

Bisno, A. L., Cockerill 111, F. R. and Bermudez. C. T. (2000). The initial outpatient-
physician encounter in group A streptococcal necrotizing fasciitis. Clinical
Infectious Diseases, 31; 607—608. https://doi.org/10.1086/313980.

Brenciani, A., Bacciaglia, A., Vecchi, M., Vitali, L. A., Varaldo, P. E. and
Giovanetti, E. (2007). Genetic elements carrying erm(B) in Streptococcus
pyogenes and association with tet(M) tetracycline resistance gene.
Antimicrobial Agents and Chemotherapy, 51(4); 1209-1216.
https://doi.org/10.1128/AAC.01484-06.

Brook, 1. (2013). Penicillin failure in the treatment of streptococcal pharyngo-
tonsillitis.  Current Infectious Disease Reports, 15(3); 232-235.
https://doi.org/10.1007/s11908-013-0338-0.

Burdett, V. (1990). Nucleotide sequence of the tet(M) gene of Tn916. Nucleic acids
research, 18(20), 6137-6137. PMCID: PMC332426.

Camara, M., Dieng, A. and Boye, C. S. B. (2013). Antibiotic susceptibility of
Streptococcus Pyogenes isolated from respiratory tract infections in Dakar,
Senegal. Microbiology Insights, 6; 71-75. https://doi.org/10.4137/MBI.512996.

Carapetis, J. R., Steer, A. C., Mulholland, E. K. and Weber, M. (2005). The global
burden of group A streptococcus disease. Lancet Infectious Diseases, 5(11);
685-694. https://doi.org/10.1016/S1473-3099(05)70267-X.

Cattoir, V. (2016). Mechanisms of antibiotic resistance mechanisms of antibiotic
resistance. The University of Oklahoma Health Sciences Center, 23(5); 1-45.
https://doi.org/10.1128/microbiolspec.VMBF-0016-2015.

Chang, H., Shen, X., Fu, Z., Liu, L., Shen, Y., Liu, X., & Yang, Y. (2010).
Antibiotic resistance and molecular analysis of Streptococcus pyogenes isolated
from healthy schoolchildren in China. Scandinavian journal of infectious
diseases, 42(2); 84-89. http://dx.doi.org/10.3109/00365540903321598

43


https://doi.org/10.1016/j.meegid.2009.03.00.Population
https://www.ncbi.nlm.nih.gov/books/NBK333428/
https://doi.org/10.1086/315842
https://doi.org/10.1016/S1473-3099(03)00576-0
https://doi.org/10.1086/313980
https://doi.org/10.1128/AAC.01484-06
https://doi.org/10.1007/s11908-013-0338-0
https://doi.org/10.4137/MBI.S12996
https://doi.org/10.1016/S1473-3099(05)70267-X
https://doi.org/10.1128/microbiolspec.VMBF-0016-2015

Chen, 1., Kaufisi, P.and Erdem, G. (2011). Emergence of erythromycin- and
clindamycin-resistant Streptococcus pyogenes emm 90 strains in Hawaii.
Journal of Clinical Microbiology, 49(1); 439-441.
https://doi.org/10.1128/JCM.02208-10.

Chopra, 1. and Roberts, M. (2001). Tetracycline antibiotics: mode of action,
applications , molecular biology , and epidemiology of bacterial resistance.
Microbiology and Molecular Biology Reviews, 65(2); 232-260.
https://doi.org/10.1128/MMBR.65.2.232.

Cole, J. N., Barnett, T. C., Nizet, V. and Walker, M. J. (2011). Molecular insight into
invasive group A streptococcal disease. Nature Reviews Microbiology, 9(10);
724-736. https://doi.org/10.1038/nrmicro2648.

Creti, R., Imperi, M., Baldassarri, L., Pataracchia, M., Recchia, S., Alfarone, G. and
Orefici, G. (2007). emm types, virulence factors, and antibiotic resistance of
invasive Streptococcus pyogenes isolates from Italy: What has changed in 11
years?  Journal of Clinical Microbiology, 45(7); 2249-2256.
https://doi.org/10.1128/JCM.00513-07.

Dale, J, B., Fischetti, V, A., Carapetis, J, A., Steer, A, C., Sow, S., Kumar, R.,
Mayosi, B, M., Rubin, F, A., Mulholland, K., Hombach, J, M., Schddel, F., and
Henao-Restrepo, A,M. (2013). Group A streptococcal vaccines: Paving a path
for accelerated development. Vaccine, 31(SUPPL2); B216-B222.
https://doi.org/10.1016/j.vaccine.2012.09.045.

Dale, J.B., and Stanford T Shulman. (2002). Dynamic epidemiology of group A
streptococcal serotypes. The Lancet, 359, 889-890.
http://dx.doi.org/10.1016/S0140-6736 (01)06415-7

Darenberg, J., Luca-Harari, B., Jasir, A., Sandgren, A., Pettersson, H., Schalén, C.,
Norgren, M., Romanus, V., Norrby-Teglund, A., and Normark, B. H. (2007).
Molecular and clinical characteristics of invasive group A streptococcal
infection in  Sweden. Clinical Infectious Diseases, 45(4); 450-458.
https://doi.org/10.1086/519936.

De Melo, M. C. N., S& Figueiredo, A. M., and Ferreira-Carvalho, B. T. (2003).
Antimicrobial susceptibility patterns and genomic diversity in strains of
Streptococcus pyogenes isolated in 1978-1997 in different Brazilian cities.
Journal of Medical Microbiology, 52(3); 251-258.
https://doi.org/10.1099/jmm.0.04938-0.

Deutscher, M., Lewis, M., Zell, E. R., Taylor, T. H., Van Beneden, C., and Schrag,
S. (2011). Incidence and severity of invasive streptococcus pneumoniae, group
A streptococcus, and group B streptococcus infections among pregnant and
postpartum women. Clinical Infectious Diseases, 53(2); 114-123.
https://doi.org/10.1093/cid/cir325.

Diep, B. A., Equils, O., Huang, D. B., & and Gladue, R. (2012). Linezolid Effects on
Bacterial Toxin Production and Host Immune Response: Review of the
Evidence. Current Therapeutic Research, 73(3); 86-102.
https://doi.org/10.1016/j.curtheres.2012.04.002.

44


https://doi.org/10.1128/JCM.02208-10
https://doi.org/10.1128/MMBR.65.2.232
https://doi.org/10.1038/nrmicro2648
https://doi.org/10.1128/JCM.00513-07
https://doi.org/10.1016/j.vaccine.2012.09.045
http://dx.doi.org/10.1016/S0140-6736
https://doi.org/10.1086/519936
https://doi.org/10.1099/jmm.0.04938-0
https://doi.org/10.1093/cid/cir325
https://doi.org/10.1016/j.curtheres.2012.04.002

Dowson, C. G., Barcus, V., King, S., Pickerill, P., Whatmore, A. and Yeo, M.
(1997). Horizontal gene transfer and the evolution of resistance and virulence
determinants in Streptococcus. Society for Applied Bacteriology Symposium
Series, 83; 42S-518S. https://doi.org/10.1046/j.1365-2672.83.51.5.X.

Dundar, D., Sayan, M. and Tamer, G. S. (2010). Macrolide and tetracycline
resistance and emm type distribution of Streptococcus pyogenes isolates
recovered from Turkish patients. Microbial Drug Resistance, 16(4); 279-84.
https://doi.org/10.1089/mdr.2010.0021.

Efstratiou, A. and Lamagni, T. (2016). Epidemiology of Streptococcus pyogenes.
The University of Oklahoma Health Sciences Center.
https://doi.org/10.1038/nrrheum.2010.78.

Ekelund, K., Darenberg, J., Norrby-teglund, A., Hoffmann, S., Bang, D., Skinhgj, P.
and Konradsen, H. B. (2005). Variations in emm type among group A
streptococcal isolates causing invasive or noninvasive infections in a
Nationwide study. Journal of Clinical Microbiology, 43(7); 3101-31009.
https://doi.org/10.1128/JCM.43.7.3101.

Eriksson, B. K. G., Norgren, M., McGregor, K., Spratt, B. G., and Normark, B. H.
(2003). Group A streptococcal infections in Sweden: a comparative study of
invasive and noninvasive infections and analysis of dominant T28 emm28
isolates. Clinical Infectious Diseases, 37(9), 1189-1193.
https://doi.org/10.1086/379013.

Fiedler, T., Sugareva, V., Patenge, N. and Kreikemeyer, B. (2010). Insights into
Streptococcus pyogenes pathogenesis from transcriptome transcriptome studies.
Future Microbiology, 5(11); 1675-1694.
https://doi.org/10.1128/AEM.71.11.6651.

Fittipaldi, N., Beres, S. B., Olsen, R. J., Kapur, V., Shea, P. R., Watkins, M. E.,
Cantu, C. C., Laucirica, D. R, Jenkins, L., Flores, A. R., Lovgren, M., Ardanuy,
C., Linares, J., Low, D. E., Tyrrell, G. J., and Musser, J. M. (2012). Full-
genome dissection of an epidemic of severe invasive disease caused by a
hypervirulent, recently emerged clone of group A streptococcus. The American
Journal of Pathology, 180(4), 1522-34. doi:10.1016/j.ajpath.2011.12.037

Frides, A., Lopes, J. P., Melo-Cristino, J. and Ramirez, M. (2013). Changes in
Streptococcus pyogenes causing invasive disease in Portugal: Evidence for
superantigen gene loss and acquisition. International Journal of Medical
Microbiology, 303(8); 505-513. https://doi.org/10.1016/j.ijmm.2013.07.004.

Frost, L. S., Leplae, R., Summers, A. O. and Toussaint, A. (2005). Mobile genetic
elements: the agents of open source evolution. Nature Reviews Microbiology, 3;
722-732. https://doi.org/10.1038/nrmicro1235.

Gerber, M. A. (1995). Antibiotic resistance in group A streptococci. Pediatric
Clinics of North America, 42(3); 539-551. https://doi.org/10.1016/S0031-3955
(16)38978-7

45


https://doi.org/10.1046/j.1365-2672.83.s1.5.x
https://doi.org/10.1089/mdr.2010.0021
https://doi.org/10.1038/nrrheum.2010.78
https://doi.org/10.1128/JCM.43.7.3101
https://doi.org/10.1086/379013
https://doi.org/10.1128/AEM.71.11.6651
https://doi.org/10.1016/j.ijmm.2013.07.004
https://doi.org/10.1038/nrmicro1235
https://doi.org/10.1016/S0031-3955

Giovanetti, E., Brenciani, A., Lupidi, R., Roberts, M. C. and Varaldo, P. E. (2003).
Presence of the tet(O) gene in erythromycin- and tetracycline-resistant strains of
Streptococcus pyogenes and linkage with either the mef(A) or the erm(A) gene.
Antimicrobial  Agents  and Chemotherapy, 47(9); 2844-2849.
https://doi.org/10.1128/AAC.47.9.2844.

Hancock, R. E. W. (2005). Mechanisms of action of newer antibiotics for Gram-
positive pathogens major targets. Lancet Infectious Diseases 5; 209-218.
http://dx.doi.org/10.1016/S1473-3099(05)70051-7.

Hartas, J., Hibble, M.and Sriprakash, K. S. (1998). Simplification of a locus-specific
DNA typing method (Vir typing) for Streptococcus pyogenes. Journal of
Clinical Microbiology, 36(5); 1428-1429.
http://jcm.asm.org/content/36/5/1428.short

Hashikawa, S., linuma, Y., Furushita, M., Ohkura, T., Nada, T, Torii, K., Hasegawa,
T. and Ohta, M. (2004). Characterization of group C and G streptococcal strains
that cause streptococcal Toxic Shock Syndrome. Journal of Clinical
Microbiology, 42(1); 186-192. https://doi.org/10.1128/JCM.42.1.186

Haukness, H. A., Tanz, R. R., Thomson, R. B., Pierry, D. K., Kaplan, E. L., Beall,
B., Johnson, D., Hoe, N.P., Musser, J.M., and Shulman, S. T. (2002). The
heterogeneity of endemic community pediatric group a streptococcal
pharyngeal isolates and their relationship to invasive isolates. The Journal of
Infectious Diseases, 185(7), 915-20. https://doi.org/10.1086/339407

Health Action International Asia Pacifid (HAIAP). (2013). Antibiotic Use and
Antibiotic Resistance in Food Animals in Malaysia: A Threat to Human and
Animal Health. Health Action International Asia Pacifid, (October); 22.
Retrieved from http://www.haiasiapacific.org/wp-
content/uploads/2014/06/Memo-on-Antibiotics-in-animal-feeds-the-case-for-
Malaysia-21-Nov-2013-V1.pdf

Ho, P. L., Johnson, D. R., Yue, A. W. Y., Tsang, D. N. C., Que, T. L., Beall, B., and
Kaplan, E. L. (2003). Epidemiologic analysis of invasive and noninvasive
group A streptococcal isolates in Hong Kong. Journal of clinical microbiology,
41(3), 937-942 https://doi.org/10.1128/JCM.41.3.937-942.2003

Hollingshead, S. K., Ready, T. L., Yung, D. L., Arnold, J. and Bessen, D. E. (1993).
Structural heterogeneity of the emm cluster in group A streptococci. Molecular
Microbiology, 8(4); 707-717. https://doi.org/10.1111/j.1365-
2958.1993.tb01614.x

Jackson, S. J., Steer, A. C. and Campbell, H. (2011). Systematic review: estimation
of global burden of non-suppurative sequelae of upper respiratory tract
infection: rheumatic fever and post-streptococcal glomerulonephritis. Tropical
Medicine and International Health, 16(1); 2-11. https://doi.org/10.1111/].1365-
3156.2010.02670.x

46


https://doi.org/10.1128/AAC.47.9.2844
http://dx.doi.org/10.1016/S1473-3099(05)70051-7
http://jcm.asm.org/content/36/5/1428.short
https://doi.org/10.1128/JCM.42.1.186
https://doi.org/10.1086/339407
http://www.haiasiapacific.org/wp-content/uploads/2014/06/Memo-on-Antibiotics-in-animal-feeds-the-case-for-Malaysia-21-Nov-2013-V1.pdf
http://www.haiasiapacific.org/wp-content/uploads/2014/06/Memo-on-Antibiotics-in-animal-feeds-the-case-for-Malaysia-21-Nov-2013-V1.pdf
http://www.haiasiapacific.org/wp-content/uploads/2014/06/Memo-on-Antibiotics-in-animal-feeds-the-case-for-Malaysia-21-Nov-2013-V1.pdf
https://doi.org/10.1111/j.1365-2958.1993.tb01614.x
https://doi.org/10.1111/j.1365-2958.1993.tb01614.x
https://doi.org/10.1111/j.1365-3156.2010.02670.x
https://doi.org/10.1111/j.1365-3156.2010.02670.x

Jamal, F., Pit, S., Facklam, R. and Beall, B. (1999). New emm (M protein gene)
sequences of group a streptococci isolated from Malaysian patients. Emerging
Infectious Diseases, 5(1); 182-183.
https://doi.org/10.1097/QMH.0b013e31829486¢9

Jasir, A., Tanna, A., Efstratiou, A. and Schalén, C. (2001). Unusual occurrence of M
type 77, antibiotic-resistant group A streptococci in Southern Sweden. Journal
of Clinical Microbiology, 39(2); 586-590.
https://doi.org/10.1128/JCM.39.2.586-590.2001

Jasir, A., Tanna, A., Noorani, A., Mirsalehian, A., Efstratiou, A. and Schalen, C.
(2000). High rate of tetracycline resistance in Streptococcus pyogenes in Iran:
An epidemiological study. Journal of Clinical Microbiology, 38(6); 2103-2107.
http://jcm.asm.org/content/38/6/2103.short

Johnson, D. R., Stevens, D. L., and Kaplan, E. L. (1992). Epidemiologic analysis of
group A streptococcal serotypes associated with systemic infection, rheumatic
fever, or uncomplicated pharyngitis. The Journal of Infectious Diseases, 166;
374-382. https://doi.org/10.1093/infdis/166.2.374

Jones, K. F. and Fischetti, V. A. (1988). The importance of the location of antibody
binding on the m6 protein for opsonization and phagocytosis of group a m6
streptococci.  The  Rockefeller — University, 167(3); In press.
https://doi.org/10.1084/jem.167.3.1114

Kalgo, H. M. (2015). Molecular analysis and typing of macrolide resistance of
Streptococcus pyogenes isolates from two tertiary hospitals in Malaysia
(Unpublished master's thesis). Universiti Putra Malaysia.

Kaplan, E. L., Johnson, D. R., Nanthapisud, P., Sirilertpanrana, S. and
Chumdermpadetsuk, S. (1992). Research | recherche a comparison of group A
streptococcal serotypes isolated from the upper respiratory tract in the USA and
Thailand : implications. Bulletin of the World Health Organization 70(4); 433—
437. PMCID: PMC2393384.

Katz, A. R. and Morens, D. M. (1992). Severe streptococcal infections in historical
perspective. Clinical Infectious Diseases, 14(1); 298-307.
https://doi.org/10.1093/clinids/14.1.298

Katzenell, U., Shemer, J. and Bar-Dayan, Y. (2001). Streptococcal contamination of
food: an unusual cause of Epidemic pharyngitis. Epidemiology and Infection,
127(2); 179-184. https://doi.org/file://Z:\References\Text
Files\00000004527 .txt

Ksia, S., Smaoui, H., Kechrid, A. and Bouvet, A. (2013). Streptococcus pyogenes
isolated in a Tunisian paediatric population: emm types, T types, virulence
factors and genes of resistance to macrolide and tetracycline. Malaysian
Journal of Microbiology, 9(1); 24-32.
http://mjm.usm.my/uploads/issues/298/Research%204.pdf

47


https://doi.org/10.1097/QMH.0b013e31829486c9
https://doi.org/10.1128/JCM.39.2.586-590.2001
http://jcm.asm.org/content/38/6/2103.short
https://doi.org/10.1093/infdis/166.2.374
https://doi.org/10.1084/jem.167.3.1114
https://doi.org/10.1093/clinids/14.1.298
https://doi.org/file:/Z:/References/Text%20Files/00000004527.txt
https://doi.org/file:/Z:/References/Text%20Files/00000004527.txt
http://mjm.usm.my/uploads/issues/298/Research%204.pdf

Le Bouguenec, C., De Cespedes, G. and Horaud, T. (1988). Molecular analysis of a
composite chromosomal conjugative element (Tn3701) of Streptococcus
pyogenes. Journal of Bacteriology, 170(9); 3930-3936. PMCID: PMC211392.

Leclercq R. Mechanisms of resistance to macrolides and lincosamides: nature of the
resistance elements and their clinical implications. (2002).Clinical Infectious
Diseases. 2002; 34(4):482—-492. PubMed PMID: 11797175

Luca-Harari, B., Darenberg, J., Neal, S., Siljander, T., Strakova, L., Tanna, A., Creti,
R., Ekelund, K., Koliou, M., Tassios, P, T., Van Der Linden, M., Straut, M.,
Vuopio-Varkila, J., Bouvet, A., Efstratiou, A., Schale’n, C., Henriques-
Normark, B., Jasir, A. (2009). Clinical and microbiological characteristics of
severe Streptococcus pyogenes disease in Europe. Journal of Clinical
Microbiology, 47(4); 1155-1165. https://doi.org/10.1128/JCM.02155-08

Luca-Harari, B., Ekelund, K., Van Der Linden, M., Staum-Kaltoft, M., Hammerum,
A. M., and Jasir, A. (2008). Clinical and epidemiological aspects of invasive
Streptococcus pyogenes infections in Denmark during 2003 and 2004. Journal
of Clinical Microbiology, 46(1); 79-86. https://doi.org/10.1128/JCM.01626-07

Malhotra-Kumar, S., Lammens, C., Piessens, J., and Goossens, H. (2005).
Multiplex PCR for Simultaneous Detection of Macrolide and Tetracycline
Resistance Determinants in Streptococci. Antimicrobial Agents and
Chemotherapy, 49(11); 4798-4899. https://doi.org/10.1128/AAC.49.11.4798

Mathur, P., Bhardwaj, N., Mathur, K., Behera, B., Gupta, G., Kapil, A., Singh, S.,
Misra, M, C. (2014). Clinical and molecular epidemiology of beta-hemolytic
streptococcal infections in India. Journal of Infection in Developing Countries,
8(3); 297-303. https://doi.org/10.3855/jidc.3216

McDonald, M. I., Towers, R. J., Andrews, R. M., Benger, N., Currie, B. J. and
Carapetis, J. R. (2006). Low rates of streptococcal pharyngitis and high rates of
pyoderma in Australian aboriginal communities where acute rheumatic fever is
hyperendemic. Clinical Infectious Diseases, 43; 683-6809.
https://doi.org/10.1086/506938

McGregor, K. F., Spratt, B. G., Kalia, A., Bennett, A., Bilek, N., Beall, B. and
Bessen, D. E. (2004). Multilocus sequence typing of Streptococcus pyogenes
representing most known emm types and distinctions among subpopulation
genetic  structures. Journal of Bacteriology, 186(13); 4285-4294.
https://doi.org/10.1128/JB.186.13.4285-4294.2004

McMillan, D,J., Sanderson-Smith, M, L., Smeesters, P, R., and Sriprakash , K, S.
(2012). Molecular markers for the study of streptococcal epidemiology. Current
Topics in  Microbiology and Immunology, 368(January), 29-48.
https://doi.org/10.1007/82

Mcmillan, D. J., Dréze, P. A., Vu, T., Bessen, D. E., Guglielmini, J., Steer, A. C.,
Carapetis, J,R., Melderen, L, V., Sriprakash, K, S. and Smeesters, P, R. (2013).
Updated model of group A Streptococcus M proteins based on a comprehensive
worldwide study. Clinical Microbiology and Infection, 19(5); E222-E229.
https://doi.org/10.1111/1469-0691.12134

48


https://doi.org/10.1128/JCM.02155-08
https://doi.org/10.1128/JCM.01626-07
https://doi.org/10.3855/jidc.3216
https://doi.org/10.1086/506938
https://doi.org/10.1128/JB.186.13.4285-4294.2004
https://doi.org/10.1007/82
https://doi.org/10.1111/1469-0691.12134

McNeil, S. A., Halperin, S. A., Langley, J. M., Smith, B., Warren, A., Sharratt, G.
P., Baxendale, D.M., Reddish, M.A., Hu, M.C., Stroop, S.D., Linden, J., Fries,
L .F., Vink, P .E., and Dale, J. B. (2005). Safety and immunogenicity of 26-
valent group A streptococcus vaccine in healthy adult volunteers. Clinical
Infectious Diseases, 41(8); 1114-1122. https://doi.org/10.1086/444458

Metzgar, D. and Zampolli, A. (2011). The M protein of group A Streptococcus is a
key virulence factor and a clinically relevant strain identification marker.
Virulence, 2(May); 402—412. https://doi.org/10.4161/viru.2.5.16342

Mijac, V., Ranin, L., Markovi¢, M., Heeg, C., Reinert, R. R. and Opavski, N. (2010).
Distribution of emm types among group a streptococcal isolates from Serbia.
Clinical Microbiology and Infection, 16(3); 295-298.
https://doi.org/10.1111/j.1469-0691.2009.02823.x

Miyake, C. Y., Gauvreau, K., Tani, L. Y., Sundel, R. P. and Newburger, J. W.
(2007). Characteristics of children discharged from hospitals in the United
States in 2000 with the diagnosis of acute rheumatic fever. Pediatrics, 120(3);
503-8. https://doi.org/10.1542/peds.2006-3606

Murray, R.C., and Chennupati, S. K. (2012). Chronic streptococcal and non-
streptococcal pharyngitis. Infectious Disorders - Drug Targets, 12(4); 281-285.
https://doi.org/10.2174/187152612801319311

Montes, M., Orden, B., Tamayo, E., Alos, J. I. and Pérez-Trallero, E. (2006).
Characterisation of the main clones of Streptococcus pyogenes carrying the
ermA (subclass TR) gene in Spain. International Journal of Antimicrobial
Agents, 28(5); 408-412. https://doi.org/10.1016/j.ijantimicag.2006.08.013

National center for immunization and respiratory diseases: Division of bacterial
diseases. (2008, April 03).
http://www.cdc.gov/ncidod/dbmd/diseaseinfo/Groupastreptococcal_g.htm

Ndiaye, A. G., Sarr, N. C., and, Thiam, K. and Boye, C. S. (2009). In vitro activity
of antimicrobial agents against Streptococcus Pyogenes isolates from patients
with acute tonsillopharyngitis in Dakar, Senegal. Microbiology Insights, 2: 25—
29. http://insights.sagepub.com/in-vitro-activity-of-antimicrobial-agents-
against-streptococcus-pyogen-article-a1488

Nir-Paz, R., Block, C., Shasha, D., Korenman, Z., Gorodnitzky, Z., Jaffe, J., Ron,
M., Michael-Gayego , A., Cohen-Poradosu , R., Shapiro , M. and Moses, A. E.
(2006). Macrolide, lincosamide and tetracycline susceptibility and emm
characterisation of invasive Streptococcus pyogenes isolates in Israel.
International ~ Journal of  Antimicrobial  Agents, 28; 313-3109.
https://doi.org/10.1016/j.ijantimicag.2006.07.005

Nir-Paz, R., Korenman, Z., Ron, M., Michael-Gayego, A., Cohen-Poradosu, R.,
Valinsky, L., Beall, B. and Moses, A, E. (2010). Streptococcus pyogenes emm
and T types within a decade, 1996-2005: implications for epidemiology and
future  vaccines.  Epidemiology and Infection, 138(1); 53-60.
https://doi.org/10.1017/S0950268809002805

49


https://doi.org/10.1086/444458
https://doi.org/10.4161/viru.2.5.16342
https://doi.org/10.1111/j.1469-0691.2009.02823.x
https://doi.org/10.1542/peds.2006-3606
https://doi.org/10.1016/j.ijantimicag.2006.08.013
http://insights.sagepub.com/in-vitro-activity-of-antimicrobial-agents-against-streptococcus-pyogen-article-a1488
http://insights.sagepub.com/in-vitro-activity-of-antimicrobial-agents-against-streptococcus-pyogen-article-a1488
https://doi.org/10.1016/j.ijantimicag.2006.07.005
https://doi.org/10.1017/S0950268809002805

Norrby-Teglund, A., Chatellier, S., Low, D. E., McGeer, A., Green, K. and Koth, M.
(2000). Host variation in cytokine responses to superantigens determine the
severity of invasive group A streptococcal infection. European Journal of
Immunology, 30(11); 3247-3255. https://doi.org/10.1002/1521-
4141(200011)30:11<3247::AID-IMMU3247>3.0.CO;2-D

Norrby-Teglund, A., Thulin, P., Gan, B. S., Kotb, M., McGeer, A., Andersson, J.,
and Low, D. E. (2001). Evidence for superantigen involvement in severe group
a streptococcal tissue infections. The Journal of Infectious Diseases, 184(7);
853-860. https://doi.org/10.1086/323443

Orden, B., Martinez, R., Lépez, D. L. M. A., and Franco, A. (1996). [Antibiotic
resistance to erythromycin, clindamycin and tetracycline of 573 strains of
Streptococcus  pyogenes  (1992-1994)]. Enfermedades infecciosas vy
microbiologia clinica 14(2); 86-89. PMID: 8714154

Paveenkittiporn, W., Nozawa, T., Dejsirilert, S., Baggett, H. and Hamada, S. (2012).
Unique distribution of emm types and superantigen gene profiles of group A
streptococci isolated in Thailand. International Journal of Infectious Diseases,
16; 392—-393. https://doi.org/10.1016/j.ijid.2012.05.322

Pérez-Trallero, E., Montes, M., Orden, B., Tamayo, E., Garcia-Arenzana, J. M., and
Marimon, J. M. (2007). Phenotypic and genotypic characterization of
Streptococcus pyogenes isolates displaying the MLSB phenotype of macrolide
resistance in Spain, 1999 to 2005. Antimicrobial Agents and Chemotherapy,
51(4); 1228-1233. https://doi.org/10.1128/AAC.01054-06

Rahman, N. A, Teng C. L., and Sivasampu, S. (2016). Antibiotic prescribing in
public and private practice: a cross-sectional study in primary care clinics in
Malaysia. BMC Infectious Diseases, 16(1); 208.
https://doi.org/10.1186/s12879-016-1530-2

Ralph, A.P., and Jonathan R. Carapetis. (2013). Group A streptococcal A diseases
and their global burden. Current Topics in Microbiology and Immunology,
368(January); 1-27. https://doi.org/10.1007/82

Recchia, G. D. and Hall, R. M. (1995). Gene cassettes: A new class of mobile
element. Microbiology, 141(12); 3015-3027. https://doi.org/10.1099/13500872-
141-12-3015

Rijal, K. R., Dhakal, N., Shah, R. C., Timilsina, S., Mahato, P., Thapa, S. and
Ghimire, P. (2009). Antibiotic susceptibility of group A streptococcus isolated
from throat swab culture of school children in Pokhara, Nepal. Nepal Medical
College Journal, 11(4); 238-40. Retrieved from
http://www.ncbi.nlm.nih.gov/pubmed/20635601

Rivera, A., Rebollo, M., Mir¢, E., Mateo, M., Navarro, F., Gurgui, M., Mirelis, B.
and Coll, P. (2006). Superantigen gene profile, emm type and antibiotic
resistance genes among group A streptococcal isolates from Barcelona, Spain.
Journal of Medical Microbiology, 55(8); 1115-1123.
https://doi.org/10.1099/jmm.0.46481-0

50


https://doi.org/10.1002/1521-4141(200011)30:11%3c3247::AID-IMMU3247%3e3.0.CO;2-D
https://doi.org/10.1002/1521-4141(200011)30:11%3c3247::AID-IMMU3247%3e3.0.CO;2-D
https://doi.org/10.1086/323443
https://doi.org/10.1128/AAC.01054-06
https://doi.org/10.1186/s12879-016-1530-2
https://doi.org/10.1099/13500872-141-12-3015
https://doi.org/10.1099/13500872-141-12-3015
http://www.ncbi.nlm.nih.gov/pubmed/20635601
https://doi.org/10.1099/jmm.0.46481-0

Roberts, M. C. (2005). Update on acquired tetracycline resistance genes. FEMS
Microbiology Letters, 245(2); 195-203.
https://doi.org/10.1016/j.femsle.2005.02.034

Roberts, M. C. (2003). Tetracycline Therapy: Update. Clinical Infectious Diseases,
36; 462—7. https://doi.org/10.1086/367622

Rohde, M and Chhatwalh, G, S. (2013). Adherence and invasion of streptococci to
eukaryotic cells and their role in disease pathogenesis. Current Topics in
Microbiology and Immunology, 368(January); 83-110.
https://doi.org/10.1007/82

Rubio-Lopez, V., Valdezate, S., Alvarez, D., Villalon, P., Medina, M. J., Salcedo, S.
and Séez-Nieto, J.A. (2012). Molecular epidemiology, antimicrobial
susceptibilities and resistance mechanisms of Streptococcus pyogenes isolates
resistant to erythromycin and tetracycline in Spain (1994-2006). Bio Med
Central Microbiol, 12(215); 1-11. https://doi.org/10.1186/1471-2180-12-215

Sagar, V., Kumar, R., Ganguly, N. K. and Chakraborti, A. (2008). Comparative
analysis of emm type pattern of group A streptococcus throat and skin isolates
from India and their association with closely related SIC, a streptococcal
virulence  factor. Bio  Medical Central  Microbiol, 8; 150.
https://doi.org/10.1186/1471-2180-8-150

Seppala, H., Vuopiovarkila, J., Osterblad, M., Jahkola, M., Rummukainen, M.,
Holm, S. E. and Huovinen, P. (1994). Evaluation of methods for epidemiologic
typing of group A streptococci. Journal of Infectious Diseases, 169(3); 519—
525. https://doi.org/10.1093/infdis/169.3.519

Schroeder BM. (2003). Diagnosis and management of group A streptococcal
pharyngitis. Am Fam Physician, 67(4); 880, 883-4. PMID: 12613739.

Sharkawy, A., Low, D. E., Saginur, R., Gregson, D., Schwartz, B., Jessamine, P.,
Geern, K. and McGeer. (2002). Severe group a streptococcal soft-tissue
infections in Ontario: 1992-1996. Clinical Infectious Diseases, 34; 454-460.
https://doi.org/10.1086/338466

Sharma, Y., Vishwanath, S., and Bairy, I. (2010). Biotype and antibiotic resistance
pattern of group A streptococci. Indian Journal of Pathology and Microbiology,
53(1); 187. https://doi.org/10.4103/0377-4929.59233

Shlaes DM (2006). An update on tetracyclines. Current Opinion in Investigational
Drugs, 7: 167-171. PMID: 16499287.

Shulman, S. T., Tanz, R. R., Kabat, W., Kabat, K., Cederlund, E., Patel, D., Li, Z.,
Sakota, V., Dale,, J. B., Beall, B., and The US Streptococcal Pharyngitis
Surveillance Group. (2004). Group A streptococcal pharyngitis serotype
surveillance in North America, 2000-2002. Clinical Infectious Diseases, 39(3);
325-32. https://doi.org/10.1086/421949

o1


https://doi.org/10.1016/j.femsle.2005.02.034
https://doi.org/10.1007/82
https://doi.org/10.1186/1471-2180-12-215
https://doi.org/10.1186/1471-2180-8-150
https://doi.org/10.1093/infdis/169.3.519
https://doi.org/10.1086/338466
https://doi.org/10.4103/0377-4929.59233
https://doi.org/10.1086/421949

Smeesters, P. R., Cadar, S., Dréze, P. A., Campos, D. J. and van Melderen, L.
(2010). Polyclonal dissemination of tetracycline resistance among
streptococcus pyogenes paediatric isolates from Brazil. Journal of Infection in
Developing Countries, 4(11); 704—711. https://doi.org/10.3855/jidc.1138

Smeesters, P. R., Mardulyn, P., Vergison, A., Leplae, R., and Van Melderen, L.
(2008). Genetic diversity of Group A streptococcus M protein: Implications for
typing and vaccine development. Vaccine, 26(46); 5835-5842.
https://doi.org/10.1016/j.vaccine.2008.08.037

Smeesters, P. R., McMillan, D. J. and Sriprakash, K. S. (2010). The streptococcal M
protein: A highly versatile molecule. Trends in Microbiology, 18(6); 275-282.
https://doi.org/10.1016/j.tim.2010.02.007

Stanley, J., Linton, D., Desai, M., Efstratiou, A., and George, R. (1995). Molecular
subtyping of prevalent M serotypes of Streptococcus pyogenes causing invasive
disease. Journal Of Clinical Microbiology, 33(11), 2850-2855. Retrieved from
PMCID: PMC228593.

Steer, A. C., Law, |., Matatolu, L., Beall, B. W. and Carapetis, J. R. (2009). Global
emm type distribution of group A streptococci: systematic review and
implications for vaccine development. The Lancet Infectious Diseases, 9(10);
611-616. https://doi.org/10.1016/S1473-3099(09)70178-1

Stevens, D. L. (1992). Invasive group A streptococcus infections. Clinical Infectious
Diseases, 14(1); 2-13. https://doi.org/10.1093/clinids/14.1.2

Stevens, D. L. (1999). The Flesh-Eating Bacterium : What’s Next ? The Journal of
Infectious Diseases, 197(2); 366—376. https://doi.org/10.1086/513851

Stromberg, A., Schwan, A. and Cars, O. (1988). Throat carrier rates of beta-
hemolytic streptococci among healthy adults and children. Scandinavian
Journal of Infectious Diseases, 20(4); 411-7.
https://doi.org/10.3109/00365548809032477

Tewodros, W. and Kronvall, G. (2005). M protein gene (emm Type) analysis of
group A beta-hemolytic streptococci from Ethiopia reveals unique patterns.
Journal of Clinical Microbiology, 43(9); 4369-4376.
https://doi.org/10.1128/JCM.43.9.4369

Tyrrell, G. J., Lovgren, M., Forwick, B., Hoe, N. P., Musser, J. M., and Talbot, J. A.
(2002). M types of group A streptococcal isolates submitted to the National
Centre for Streptococcus (Canada) from 1993 to 1999. Journal of Clinical
Microbiology, 40(12), 4466-4471. https://doi.org/10.1128/JCM.40.12.4466-
4471.2002

Vincent, M. T., Celestin, N. And Hussain, A, N. (2004). Pharyngitis. American
Family Physician, 69(6); 1465-1470. Retrieved from papers: //72c6f5a3-fe57-
4d09-a143-5358ae4043f5/Paper/p201

52


https://doi.org/10.3855/jidc.1138
https://doi.org/10.1016/j.vaccine.2008.08.037
https://doi.org/10.1016/j.tim.2010.02.007
https://doi.org/10.1016/S1473-3099(09)70178-1
https://doi.org/10.1093/clinids/14.1.2
https://doi.org/10.1086/513851
https://doi.org/10.3109/00365548809032477
https://doi.org/10.1128/JCM.43.9.4369
https://doi.org/10.1128/JCM.40.12.4466-4471.2002
https://doi.org/10.1128/JCM.40.12.4466-4471.2002

Weisblum B. (1995). Erythromycin resistance by ribosome modification.
Antimicrobial Agents and Chemotherapy, 39(3); 577-585. PubMed PMID:
7793855

53



	Blank Page
	Blank Page
	Blank Page



