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Abstract  
 Panton-Valentine leucocidin (PVL), a synergohymentropic  toxins encoded on S.aureus genes  
are associated with soft tissue infection and community-acquired  staphylococcal infection. The 
purpose of the study  was to determine the prevalence and antibiotic susceptibility  of PVL-
postive S.aureus isolates from clinical specimens.A total of 96 consecutive S.aureus isolates 
were examined. 12(12.5%) methicillin-resistant S.aureus strains(MRSA) and 
84(87.5%)methicillin-sentive S.aureus(MSSA) identified by disc-diffusion and PCR assay 
methods. Screening of S.aureus isolates for PVL locus by PCR assay, 50(52.1%) amplified the 
PVL genes,  35(70.0%) were recovered  from outpatient, 15(30.0) from inpatient. PVL positive 
S.aureus were isolated from wound specimens, 20 (40.0%); 9(18.0%) urine, 6(12.0%) and least 
1(2.0%) each from blood culture and endocervical swab. Staphylococcal cassette chromosome 
mec typing by two standard multiplex PCR assay, revealed an uncharacterized resistance 
element.  Overall antibiotic susceptibility pattern showed relatively high degree of 
susceptibility,however 1 isolate demostrated multidrug resistant pattern, 37(74.0%)resistant to 
only penicillin, 5 to one additional drug with penicillin, and 3 to two-additional drugs. The  high 
prevalence of S.aureus PVL-positive  strains posed dire clinical conquences, because co-
existence of MRSA strains with MSSA PVL –positive strains could result in the emergence of 
MRSA PVL-positive strains, with  propensity of rapid  dissemination within the hospital 
environment in the study area. 
 

Keywords; Panton-Valentine leucocidin, S.aureus , epidemiology, Northeastern Nigeria 

 

43 



……………………………………………………………………………………………… 
Correspondence author:   Okon Kenneth-- Email: Okonkenneth@gmail.com 

…………………………………………………………………………………………… 
 
Sierra Leone J Biomed Res 2012/ Vol.4 No.1         www: sljournalofbiomedicalresearch.com                               
 

Introduction 
Panton-Valentine Leucocidin (PVL), a 
bicomponent  exotoxin was  first described 
by  Panton and Valentine (1932). It is a 
S.aureus specific exotoxin that forms part of 
the family of bicomponent  
synergohymenotropic toxins, which action 
directed towards cell membrane, particularly 
on the white blood cells (Gravet et al. 2001).  
The PVL components binds to neutrophil, 
induces release of chemotatic factors like 
IL-8 and leukotriene B4 as well as variety of 
inflammatory mediators responsible for cell 
death (Konig et al. 1995),  and also soft 
tissue infection and community-acquired 
infection (Lina et al. 1999). 
 PVL locus is encoded by lukF-PV 
(939nucleotides) and lukS-PV 
(978nucleotides) genes, contiguous and co-
transcribed and separated by only thymine 
and protein of 32 and 38kDa respectively 
(Prevost et al. 1995). These genes are 
located on four phages, φ108PVL, φPVL, 
φSLT, and φSa2mw (Ma et al. 2002, Feng 
et al. 2008). 
The changing trend of MRSA 
epidemiology,showed the use of  PVL locus 
detection  as a marker  of CAMRA isolates, 
alongside with nonmultiresistant  pattern  
and SCCmec type IV or V (Deurenberg and 
Stobbering, 2009). Epidemiologically, 
prevalence of PVL locus in S.aureus strains 
varies with geographical location and tissue 
specimens (Goering et al. 2008). In Africa, 
high prevalence level had been reported 
from Mali (Aires de Sousa et al., 2006), 
Algeria (Ramdam-Bougnassa et al. 2006), 
and in Ibadan southwestern Nigeria 
(Ghebremedhin et al. 2009). 

In Nigeria, available data on S.aureus PVL-
positive strains is scanty, except the recent 
report from Ibadan, southwestern Ibadan on 
community-associated methicillin-resistant 
S.aureus (Ghebremedhin et al., 2009). 
Clinical presentation of staphylococcal 
infection ranged from superficial to systemic 
infection. However, because of paucity of 
information on   S.aureus PVL-positive 
(Baba-Moussa et al., 2008) strains and its 
associated clinical implication,  it is possible 
to speculate that significant proportion 
might be undiagnosed in our medical 
laboratories. Therefore, epidemiological 
information derivable from the study would 
form the baseline for further research area 
and subsequently shed light on the 
magnitude of clinical problem associated 
with staphylococcal infection relation to 
PVL-positive S.aureus strains and the needs 
for urgent intervention measures. 
This study examined the phenotypic and 
molecular characterization of S.aureus PVL-
positive isolates from clinical specimens in 
the northeastern, Nigeria.   
 
Materials and Methods 
The study area comprised of six 
administrative state of the northeastern 
Nigeria , boarded by three republics namely, 
Niger, Chad and Cameroon. The S.aureus 
isolates were recovered  between January-
December 2007 from the  six tertiary 
hospitals in each of the administrative states. 
The hospitals are multidisciplinary in 
medical practices, bed size capacity ranged 
from 250-500. The University of Maiduguri 
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Teaching Hospital , located in the capital of 
Borno state, doubles  as the major referred 
center to the other tertiary hospital in the 
geographical zones. Ninety-six non-
duplicate, consecutive S.aureus isolates  
were collected from the six tertiary hospitals 
in the study area. Epidemiological 
information collected with  bacterial isolates 
includes, age, sex of the patient, type and 
source of clinical specimens. The source of 
clinical specimen were classified into 
inpatient, of patients on admission on the 
wards and outpatient , of those patient seen 
on outpatient basis. 
S.aureus  was identified on the basis of 
colony and microscopic morphology, tube 
coagulase, catalase and DNase test. 
Antibiotic susceptibility testing of the 
S.aureus was determined  by disc diffusion 
method according to CSLI guidelines, using 
the following antibiotics, 
oxacillin(OX)(1ug), cefoxitin(FOX) (30ug) 
penicillin(PEN) (10IU), cotrimoxazole 
(SXT) (25ug),erythromycin (ERY) (15ug),  
ciprofloxacin (CIP) (5ug), 
gentamycin(GEN) (10ug),  
vancomycin(VAN) 
(30ug),rifampicin(RP)(30ug), fusidic 
acid(FA) (10ug) mupirocin(MUP) (5ug). 
Methicillin resistance of S.aureus isolates 
was determined  by using the CSLI 
breakpoint of oxacillin and cefoxitin discs 
and PCR assay for mecA gene. 
Staphylococcal Cassette Chromosome 
SCCmec typing were determined by 
multiplex PCR technique  as previously 
described by Kondo et al (2007) and 
Oliveria et al. (2006). 

Screening of PVL locus  was determined  
by PCR assay according to method 
described by Lina et al. (1999). The  primer 
sequence  for the PVL gene were as follow; 
for luk-PV-1, 5’-
ATCATTAGGTAAAATGTCTGGACATG
ATCCA-3’; for luk-PV-2, 5’-
GCATCAASTGTATTGGATAGCAAAAG
C-3’.The amplification condition is as 
follow,  intial denaturation set at 940C for 30 
seconds, annealing  at 550C for 30seconds 
and  extension at 720C for 1minute, a total of 
30cycles.The PCR products was resolved by 
electrophoresis through  1.5% agarose gel. 
The amplified PVL bands were   stained 
with GelRed stains. Positive and negative 
control were included in the analysis.  
 

Results 
Of the 96 S.aureus isolates screened for 
PVL locus,  50 (52.1%) were scored   PVL-
positive isolates, all  were methicillin-
sensitIve S.aureus , and the 12 MRSA  
isolates were negative. Demographic 
information of the S.aureus PVL-positive 
strains (table 1), showed that the mean age 
of patient with staphylococcal infection was 
27+19.7years, gender distribution of 
33(66.0%) males and 17 (34.0%) females. 
High prevalence of PVL-positive strains 
were recovered from patient within age-
group 30-39years (13.5%), followed by 
<10years (12.5%) and the least in 10-19 and 
>50years with 5(5.2%) each. Fifteen 
(30.0%) of 50S.aureus PVL-positive were 
isolated from inpatient, and 35(70.0) from 
outpatients. The dissemination of S.aureus 
PVL-positive strains within the hospitals 

45 



……………………………………………………………………………………………… 
Correspondence author:   Okon Kenneth-- Email: Okonkenneth@gmail.com 

…………………………………………………………………………………………… 
 
Sierra Leone J Biomed Res 2012/ Vol.4 No.1         www: sljournalofbiomedicalresearch.com                               
 

studied, majority were recovered from 
UMTH 36(72.0), followed by  FMC Azare 6 
(12.0), Gombe 4 (8.0), Yola 3 (6.0) and the 
least from Jalingo 1 (2). Distribution of 
PVL-positve S.aureus isolates with clinical 
specimens are as follows; 20 (40.0) wounds, 
urine 9 (18.0),Ear swab 6 (12.0), HVS 
6(12.0) urethral swab 3(6.0), 2(4.0) each 
from pus and semen and 1(2.0) each  from 
blood culture and endocervical swab 
respectively. The result of both SCCmec 
typing revealed the presence of 
uncharacterized SCCmec types. Overall 
antibiotic susceptibility  pattern of the 
S.aureus  PVL-positive strains, showed high 
resistant pattern, with majority (37/50, 74.0) 
of isolates resistant to penicillin, 5  isolates 

were to penicillin and one-additional drugs, 
3 to two-additional drug and 4 to three-
additional drugs and one was susceptible to 
all the drugs tested 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Table I: Demographic information of S.aureus  PVL-positive isolates (n=50)  
Age              27.15+15.05 years   
Sex    Male             33(66.0) 
          Female             17(34.0) 
Distribution within age-group 

             <10years            12(12.5) 
          10-19              5(5.2) 
         20-29              8(8.3) 
         30-39             13(13.5) 
        40-49            7(7.3) 
         >50            5(5.2)   
Source of S.aureus isolates    
          Inpatient                        15(30.0)  
          Outpatient                        35(70.0) 
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Dissemination within the tertiary hospitals   
           UMTH      36(72.0)   
           Azare      6(12.0) 
           Nguru      - 
           Gombe      4(8.0) 
           Jalingo      1(2.0) 
           Yola      3(6.0) 
 
Distribution of the isolates  within  clinical specimens analysed 
            Wounds specimens    20(40.0) 
             Urethral swab     3(6.0) 
 Pus      2(4.0) 
 Semen      2(4.0) 
 HVS      6(12.0) 
 Blood      1(2.0) 
 Urine      9(18.0) 
 Ear swab     6(12.0) 
 Endocervical swab    1(2.0)  

 
Table 2: Antibiotic resistance pattern of the S.aureus PVL-positive isolates 
Susceptible to all antibiotics    1(2.0) 
            PEN-      37(74.0) 
 ERY      2(4.0) 
 CIP      1(2.0) 
 PEN,ERY     2(4.0) 
 PEN,SXT     1(2.0) 
 PEN,CIP                      2(4.0) 
 PEN,SXT,CIP     2(4.0) 
 PEN,ERY,CIP     1(2.0) 
 PEN,ERY,SXT,CIP    1(2.0)  
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Discussion 
The finding of our study had addressed 
salient aspect of S.aureus epidemiology that 
is lacking in the study area.There  have been 
varied reports on the prevalence level of 
PVL-positive S.aureus isolates in Nigeria and 
other parts of Africa  based on clinical 
conditions, geographical locations, and 
studied population.  In our study, the 
prevalence of  PVL-positive S.aureus  strains 
of 52.1%  may be considered  high  for  an 
environment  without no previous 
epidemiological data for comparsion. 
Nevertheless,  high prevalence   level had 
been reported  in studies conducted elsewhere 
in Africa, for example prevalence level of 
52.0% in Mali(Aires de Sousa et al. 2006) 
72.0% in  Algeria (Ramdam-Bourgnassi et al. 
2006)  and 20.0% in Ibadan(Ghebremedhin et 
al., 2009, Baba-Moussa et al. 2008), which 
were mainly among MRSA isolates as against 
MSSA isolates recorded in this study. Studies 
have shown that prevalence level of PVL 
locus varies with geographical location, and 
clinical specimen (Goering et al. 2008, 
Campbell et al. 2008). In Europe and US, the 
prevalence is relatively low(<5) (Kuchnert et 
al. 2006)  while data from Asia had reported 
high up to 60% (Hsu et al. 2007, Afroz et al. 
2008), prevalence of 40% was documented in 
Arkangia region of Russia( Vorobieva et al. 
2008) and in Germany (50.0%) (Monecke et 
al. 2007). The close association  between 
PVL positive S.aureus strain and tissue 
infection and community –acquired infections 
have been reported(Lina et al. 1999), this  is 
consistent with finding of our study, as  
wound specimens accounted for 20(40.0) of 
the PVL-positive strains detected.  In 
addition, to wound, pus and abscess, in which 
high proportion of PVL-positive S.aureus 
have been recovered  as documented in most 

studies. Relatively high prevalence level have 
been reported in clinical specimens like urine 
(Baba-Moussa et al. 2008), trachea and 
CSF(Moroney et al. 2007).In this study, urine 
specimen was second in frequency of 
occurrence of PVL-positive S.aureus isolates, 
and futher affirmed S.aureus as one of the 
leading aetiological agent of UTI. 
There was relatively wide dissemination of 
the PVL strains within the tertiary hospitals 
where the isolates were recovered from, 
which affirmed the possibility that these 
hospital might be serving as reservoir. This 
observation raises the question to what degree 
is good hospital hygiene and cleaning 
procedures carried out in these tertiary 
hospital involved in the study.The propensity 
of rapid dissemination of pvl genes might be 
facilitated by intra/ interhospital transmission 
between colonized or infected patients. The 
pvl gene are  carried on temperate phage that 
allows for rapid dissemination especially in 
hospital environment (Narita et al.,2001) . 
The prevalence level of these strains might 
further increase in these hospital because of 
the relatively low level awareness of S.aureus 
PVL-positive strain, its associated clinical 
implication and non-effective infection 
control units. Clinical implication of the high 
level, is the co-existence with MRSA strains 
which could result in the acquisition of 
mecAgene and intergration of pvl gene into  
the MSSA lineage, therefore resulting in the 
emergence of MRSA PVL-positive strain that 
had been reported(Grebrehemdhin et al. 
2009).  Most documented report of PVL 
positive MRSA strains are associated with 
community-acqiured MRSA responsible for 
soft tissue infection and community –
acquired pneumonia (Lina et al. 1999)   

Overall antibiotic susceptibility pattern of 
PVL-positive S.aureus strain revealed 
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relatively high degree of susceptibility of 
PVL-positive strains with drugs tested, 
suggestive that these drugs are still 
efficacious in the treatment of staphylococcal 
infection due to PVL-positive strains. In 
addition, the resistance pattern of S.aureus 
isolates to penicillin is unsurprising as similar 
pattern had been reported in most 
documented studies. In most sub-Saharan 
communities, antibiotic prescription without 
laboratory investigation and over-the-counter 
purchase practice is a common norm. In such 
situation, excessive usage of unprescribed 
antibiotic could exert selective pressure 
effect, which could encourage emergence of 
resistance strains. 
In conclusion, the  prevalence of S.aureus 
PVL-positive strain of 52.1% is  high for 

geographical region without previous  
epidemiological data and is of  serious 
clinical consideration. The reason is the   
close proximity with MRSA strain in the 
same hospital environment  with MSSA PVL-
positive strain that could facilitate rapid 
dissemination, integration into susceptible 
MSSA strain and possibly emergence of 
MRSA PVL-positive strain. 
 
Acknowledgement;  
 
The research grant (IZOBO) from Swiss 
National Science foundation for KO 3 month 
stay in Lausannae, Switerzland for the 
S.aureus isolate analysis 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

49 



……………………………………………………………………………………………… 
Correspondence author:   Okon Kenneth-- Email: Okonkenneth@gmail.com 

…………………………………………………………………………………………… 
 
Sierra Leone J Biomed Res 2012/ Vol.4 No.1         www: sljournalofbiomedicalresearch.com                               
 

References 
Afroz S, Kobayashi N, Nagashima S, and 
Alain MM, (2008). Genetic characterization 
of Staphylococcus aureus  isolates carrying  
Panton-Valentine leukocidin genes in 
Bangladesh. Japanese Journal  of Infectious 
Diseases, 61: 393-396. 
 

Aires de Sousa M, Conceicao T,  de 
Lancastre H,(2006). Unusually high 
prevalence of nosocomial  Panton-Valentine 
leukocidin –positive Staphylococcus aureus 
isolates in Cape Verdes Island. Journal of 
Clinical Microbiology, 44: 37-3793. 
 

 Baba-Moussa L, Anani L,  Scheftel, JM, 
Couturier M, Haïkou N,  Hounsou F,  Monteil 
H, Sanni H, Prévost G. (2008) Virulence 
Factors produced by Staphylococcus aureus 
strains isolated from urinary tracts infections. 
Journal of Hospital Infection. 68 :32-38. 
 

Campbell SJ, Deshmukl HS, Nelson CL,  and 
Bae I.(2008). Genotypic characterization of 
Staphylococcus aureus isolates from a 
multinational trial of topical drugs for skin 
and skin stricture infections. Journal of 
Clinical Microbiology, 46: 678-684. 
 

 Deurenberg RH,  and  Stobberingh 
EE,(2008). The  evolution of Staphylococcus 
aureus. Infection, Genetics and Evolution, 8: 
747-763. 
 

Feng Y, Chen CJ, Su LH, Hu S, Yu J, Chiu 
CH (2008).Evolution  and phylogenetic  of 
Staphylococcus aureus ; lesson learned  from 
genotyping and comparative  genomic. FEM 
Microbiology Review 32: 112-5. 
 

 Ghebremedhim S, Olugbosi MO, Raji AM, 
Layer F, Bakare RA, Konig B, and Konig 
W.(2009). Emergence of community-
associated methicillin-resistant 

Staphylococcus aureus  with unique  
resistance profile in southwestern Nigeria. 
Journal of Clinical  Microbiology, 49: 2975-
2980. 
 
Goering RV, Shawar RM, Scangarella NE, 
OHara FP, Amrine-Madsen H, West JM, 
Dalessandro M, Becker, JA, Walsh SL, Miller 
LA, van Horn SF, Thomas ES,  and Twyn-
holm T, (2008). Molecular epidemiology of 
methicillin-resistant and methicillin-
susceptible Staphylococcus aureus  isolates 
from  global clinical trial. Journal  of Clinical  
Microbiology,  46(9): 2842-2847. 
 

 Gravet A, Goupié, P, Meunier O, Clyti E, 
Moreau B, Pradineau R. (2001). 
Staphylococcus aureus isolated in cases of 
Impetigo produces both epidermolysin A , B 
and LukE-LukD in 78% of 131 retrospective 
and prospective cases. Journal of  Clinical  
Microbiology,  39: 4349–56. 
 

 Hsu IY, Koh TH, Kurup A. (2007). High 
incidence of Panton-Valentine leukocidin-
producing Staphylococcus aureus  in a 
tertiary care public  hospital in Singapore. 
Clinical Infectious Disease. 40: 486-489. 
 

Kondo Y, Ito T, Ma XX, Watanbe S, 
Kreiswirth BN, Etienne J, and  Hiramatsu 
K.(2007). Combination of multiplex PCRs for 
staphylococcal cassette chromosome  mec 
type assignment; rapid identification  system  
for mec, ccr and major difference  in junkyard 
region. Antimicrobial  Agents and  
Chemotherapy 51:264-274. 
 

Konig B, Prevost G, Piemont Y, Konig W. 
(1995) Effects of Staphylococcus aureus 
leukocidins on inflammatory mediator release 
from human granulocytes. Journal of  
Infectious Disease 171:607–13. 
 

50 



……………………………………………………………………………………………… 
Correspondence author:   Okon Kenneth-- Email: Okonkenneth@gmail.com 

…………………………………………………………………………………………… 
 
Sierra Leone J Biomed Res 2012/ Vol.4 No.1         www: sljournalofbiomedicalresearch.com                               
 

Kuchnert MJ, Kruszon-Moran D, Hill HA, 
McQueen G, McAllister SK, Foshen G, 
McDougal LK, Chaitran J, Jensen B, Frindkin 
SK., Killgore G, Tenover FC (2006). 
Prevalence of  Staphylococcus aureus  nasal  
colonsation in the United Staes, 2001-2002. 
Journal of Infectious Diseases 193: 172-179. 
  
Lina G, Piemont Y, Godait-Gamont F, Bes 
M, Peter, MO, and  Gauduchon, V.(1999). 
Involvement of Panton-Valentine leucocidin 
producing Staphylococcus aureus  in primary 
skin infection and  pneumonia. Clinical  
Infectious  Diseases,  29: 1128-1132. 
 

Ma XX, Ito T, Tiensasitorn C, Jamklang M, 
Chingtrakool P, Boycle-Vavra S, Daum RS,  
and Hiramatsu K.(2002). Novel  type of 
staphylococcal  cassette chromosome  mec 
identified  in community-acquired 
methicillin-resistant Staphylococcus aureus  
strains. Antimicrobial Agents and  
Chemotherapy, 46: 1147-1152. 
 

Monecke S, Slicker P, Ellington MJ, Kearns 
AM,  and Ehricht R, (2007). High density  of 
Panton-Valentine leucocidin-positive, 
methicillin- susceptible isolates of 
Staphylococcus aureus  and implication for 
the evolution for the emergence of 
community-associated  methicillin-resistant 
Staphylococcus aureus. Clinical  
Microbiology  Infection, 13: 1157-1164. 
 

Moroney SM, Heller LC, Arbuckle J, 
Talavera M, and Widen RH, 
(2007).Staphylococcal Cassette Chromosome 
mec and Panton-Valentine Leukocidin 
Characterization of Methicillin-Resistant 
Staphylococcus Clones. J.Clin 
Microb.45(3):1019-1021 
 

Moussa LB, Sanni A,  Dagnra AY,  
Anagonou  S,  Prince-David M,  Edoh V,  
Befort JJ, Prevost G,  Monteil H,(1999) 
Epidemiology of antibiotic susceptibility and 
leucotoxin production by Staphylococcus 
aureus isolates in West Africa. Medecine et 
Maladies Infectieuses,  29(11) : 689-696 
 

Narita S, Kaneko,, J, Chiba J, Premout Y, 
Jarraud S, Etienne J,  and Kamio Y. (2001). 
Phage conversion of a Panton-Valentine 
leucocidin in Staphylococcus aureus ; 
molecular analysis of  a PVL-converting 
phage, phiSLT. Gene. 268: 195-206. 
Oliveria DC, Milheririco C,  and de Lencastre 
H.(2006). Redefining a structural variant of 
staphylococcal cassette chromosome mec, 
SCCmec type VI. Antimicrobial  Agents and  
Chemotherapy, 50: 3457-9. 
 

Panton PN, and Valentine 
FCO.(1932).Staphylococcal toxins. Lancet, 
222: 506-8. 
 

Prevost G, B. Cribier P. Couppie P. Petiau G. 
Supersac  V. Finck-Barbancon H. Monteil H, 
and  Piemont Y (1995). Panton-Valentine 
leucocidin and gamma-hemolysin from 
Staphylococcus aureus ATCC 49775 are 
encoded by distinct genetic loci and have 
different biological activities. Infection and  
Immunity,  63: 4121–4129.   
 

Ramdam-Bouguessa N, Bes M, Meugnier H, 
Forey F, Reverdy ME, Lina G, Vandenesch 
F, Tazir M,  and Etienne J, (2006). Detection 
of  methicillin-resistant Staphylococcus 
aureus  strains resistant to multiple antibiotics 
and carrying  the Panton-Valentine leucocidin 
genes in Algeirs Hospitals. Antimicrobial 
Agents Chemotherapy, 50(3): 1083-1085. 
 

 

51 



……………………………………………………………………………………………… 
Correspondence author:   Okon Kenneth-- Email: Okonkenneth@gmail.com 

…………………………………………………………………………………………… 
 
Sierra Leone J Biomed Res 2012/ Vol.4 No.1         www: sljournalofbiomedicalresearch.com                               
 

Sina H, Baba-Moussa, F,  Ahoyo TA, 
Mousse W, Anagonou S, Gbenou JD, 
Prévost G Kotchoni SO, and Baba-Moussa 
L, (2011). Antibiotic susceptibility and 
toxins production of Staphylococcus aureus 
isolated from clinical samples from Benin. 
African Journal of Microbiology Research. 
5: 2797-2803 
 
 Vorobieva V, Bazhukova T, Hanssen AM, 
Caugant DA, Semenova N., Haldorsen BC, 
Simonsen GS,  and Sundsfiord A. (2008). 
Clinical isolates of  Staphylococcus aureus  
from  the Arkhangelsk region, Russia;  
antimicrobial susceptibility, molecular 
epidemiology and distribution of Panton-
Valentine leucocidin genes. APMIS, 116: 
877-87 

52 


