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Abstract: Pathogenic strains of Staphylococcus including S. aureus could cause some community and hospital
acquired infections in human population and many S. aureus strains are fast-becoming resistant to some
available antibiotics because they possess multidrug resistance genes. This study was conducted to determine
the prevalence and the plasmid profile of fluoroquinolone - resistant Staphylococcus aureus (FQRSA) isolates
from some domestic animals in Enugu state, Nigeria. Samples were collected from poultry farms, piggery and
animal houses; and bacteriologically analyzed using standard microbiology techniques for the isolation of
Staphylococcus aureus isolates. Antibiotic susceptibility studies were carried out using the Kirby-Bauer disk
diffusion  technique.  All  the  fluoroquinolone  resistant  S. aureus isolates were evaluated for the presence
of plasmid  DNA  by conventional PCR technique. The prevalence of fluoroquinolone resistance among the
S. aureus isolates from animals tested were 4.1, 3.4, 2.7, 4.8 % for isolates from pig; 7.5, 7.5, 5.8, 13.3% for
isolates from cattle and 13.3, 13.3, 13.3, 13.3% for isolates from chicken. This rate of resistance corresponds to
the resistance of the S. aureus isolates to the fluoroquinolones: ciprofloxacin, ofloxacin, levofloxacin and
perfloxacin respectively. The prevalence of fluoroquinolone – resistant S. aureus (FQRSA) isolates from the
animals ranged from 3.4-13.3 %. The FQRSA isolates were found to harbour their resistance trait or factor in
their plasmids. The plasmids were cured to the range of 67-100 %. There was a high prevalence of
fluoroquinolone-resistant S. aureus isolates in this study area and this may constitute a potential reservoir of
resistance plasmids that could be transferred to other pathogenic bacteria in the community. The continuous
monitoring of environmental isolates for possible resistance to the fluoroquinolones is important to assuage
any possible emergence and spread of pathogenic bacteria that are resistant to this important class of
antibiotics.
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INTRODUCTION S. aureus could cause some community and hospital

Staphylococcus species are known to be responsible A wide variety of antimicrobial agents including
for a wide number of infections both in humans and fluoroquinolones are used in food-animal production,
animals. Staphylococcus aureus frequently colonizes the poultry practices, fishery, aquaculture and in other
skin, nares (nose), skin glands and mucous membrane of agricultural practices [1-3]. The prevalence of
warm blooded animals and human as normal flora. antimicrobial resistance phenotypes from environmental
However, pathogenic strains of Staphylococcus including samples  including  samples    from   abattoir   and  poultry

acquired infections in human population if left unchecked.
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sources have been previously reported in Nigeria; and University of Nigeria, Nsukka for immediate culture and
these gives impetus to the growing trend of drug resistant sensitivity tests on mannitol salt agar plates (Oxoid, UK).
bacteria in non-hospital environment [4, 5]. This practice S. aureus  strains  were isolated and identified by
allows drug resistant strains of microbes to emerge and standard microbiological methods and identified bacteria
spread in the community due to undue exposure of was purified on nutrient agar (Oxoid, UK) plates [12, 13].
microbes to these agents. The use of antimicrobial agents The identity of the bacteria was confirmed by
in food animals either as growth promoting agents or as conventional polymerase chain reaction (PCR). 
prophylaxis inevitably results in the development and
spread of resistant bacteria in animals and the Antibiotics Susceptibility Test: Antimicrobial
environment [3, 5, 6]. These resistant bacteria frequently susceptibility test was done using single antibiotic disks
spread to humans via food, water, direct animal contact including ciprofloxacin (5 µg), ofloxacin (5 µg),
and other pathways [2, 3]. According to Van den Bogaard levofloxacin (5 µg), pefloxacin (5 µg), gentamicin (30 µg),
and Stobberingh [7], the emergence and dissemination of ceftriaxone  (30 µg), amoxicillin   (25  µg),  erythromycin
resistant bacteria is an inevitable side effect of (15  µg),  doxycycline  (30µg)  and  tetracycline (30 µg).
inappropriate use of antimicrobials in the community and The Kirby-Bauer disk diffusion and susceptibility test was
hospital environment. When antimicrobials are constantly carried out on Mueller-Hinton agar plates (Oxoid, UK)
added to feeds at a sub-therapeutic level, microorganisms according to Clinical and Laboratory Standard Institute
develop resistance through selective pressure [8-10]. (CLSI)  recommendations  and  a  previous methodology
Furthermore, the use of antimicrobials speeds up the [6, 14] on Mueller-Hinton agar plates (Oxoid, UK).
spread of drug resistance genes which can move from one Inhibition zone diameters were measured after 24 h of
organism to another via means of genetic transfer such as incubation at 37°C and were interpreted using the
conjugation and transformation in bacterial population [8, breakpoints of CLSI [14]. A standard S. aureus strain
10, 11]. Plasmids are carried by bacteria as (ATCC 25923) was used as control.
extrachromosomal, self-replicating genetic elements; and
these plasmids do not usually carry genes essential for Plasmid Analysis: The genetically confirmed
the growth of bacterial cells but the genes they carry may fluoroquinolone resistant S. aureus (FQRSA) isolates
be expressed under stressed conditions such as in the were evaluated for the presence of plasmid DNA as
presence of antimicrobial agents [10]. There is paucity of described previously [15]. 
information on the prevalence and plasmid profile of
FQRSA isolates with respect to specific specimen source Plasmid Curing Analysis: Plasmid curing analysis was
in domestic animals in Enugu state and Nigeria as a whole. conducted by treating the FQRSA isolates with sub-
This study determined the prevalence and the plasmid inhibitory concentrations of 0.1, 0.2, 0.3, 0.4 and 0.5mg/ml
profile of fluoroquinolone - resistant Staphylococcus of acridine orange in Mueller-Hinton broth (Oxoid, UK)
aureus (FQRSA) isolates from some domestic animals in according to the method of Esimone et al. [16] with slight
Enugu state, Nigeria. modification. The tubes were incubated at 37°C for 24 h.

MATERIALS AND METHODS homogenization of the culture and a loopful of the broth

Study animals and isolation of S. aureus: Apparently Mueller-Hinton agar plates and incubated for 24 h at 37°C.
healthy cattle, pig and chicken were randomly selected Susceptibility tests were carried out on the FQRSA
from various herds, poultry houses and piggeries found isolates using some selected antibiotic disks in order to
within the seven health districts in Enugu State, Nigeria determine their susceptibility and resistance profile.
(between August, 2015 to July, 2016) for this study. There
was no documented evidence of antibiotics treatment of RESULTS
the animals at least two weeks preceding the sample
collection. Non-duplicate nasal swabs, skin swabs and Table 1 shows the number of Staphylococcus aureus
meat/vendor’s table swabs were randomly collected from isolates recovered from pig, cattle and chicken that were
cattle, pigs and chicken. These specimens were resistant to the tested antibiotics. In this study, a total of
immediately transported to the Microbiology Laboratory 341  Staphylococcus  aureus  isolates  from pigs, cattle
of the Department of Pharmaceutical Microbiology, and  chickens were evaluated for antibiotic sensitivity and

After incubation, the broth was shaken properly for

culture  was  taken  and  inoculated onto drug-free
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Table 1: Number of S. aureus isolates resistant to the tested antibiotics 
Animals n (%) CPX OFX LEV PEF GN CEF AMX ERY DOXY
Pig 6 5 4 7 38 23 126 36 126
164(13.9) (4.1) (3.4) (2.7) (4.8) (36) (16) (86) (24.7) (86.3)
Cattle 9 9 7 16 16 12 108 23 100
120 (11.2) (7.5) (7.5) (5.8) (13.3) (13.3) (10) (90) (19.2) (83.3)
Chicken 10 10 10 10 10 4 66 12 65
75 (10.7) (13.3) (13.3) (13.3) (13.3) (13.3) (5.3) (88) (16) (82.7)
KEY:Cpx = Ciprofloxacin (5 µg), OFX = Ofloxacin (5µg), LEV = Levofloxacin (5µg), PEF= Pefloxacin (5µg). GN = Gentamicin (30µg), CEF = Ceftriaxone
(30µg), AMX =Amoxicillin (25µg), ERY= Erythromycin (15µg), DOXY = Doxycycline (30µg).

Table 2: Prevalence of fluoroquinolone resistant S. aureus (FQRSA) isolates from the test animals according to the specimen source
Prevalence of FQRSA n (%)
----------------------------------------------------------------------------------------------------

Animals Sample n (%) CPX OFX LEV PEF
Nasal swab 46(13.1) 0 (0) 0(0) 0(0) 0 (0)

Pig Skin swab 33(9.4) 2(6.1) 2(6.1) 1(3.0) 3(9.1)
Meat/vendors table 67 (91.1) 4(5.9) 3(4.5) 3(4.5) 4(5.9)
Nasal swab 27(7.7) 0 (0) 0 (0) 0 (0) 0 (0) 

Cattle Skin swab 40(11.4) 2 (5) 20 (5) 2 (5) 0 2(5)
Meat/vendors table 53(15.1) 7(13.2) 7(13.2) 5(9.4) 14(26.4)

Chicken Skin swab 23(6.6) 2(8.7) 2(8.7) 2(8.7) 2(8.7)
Vendors/ table swab 52(14.9) 8(15.4) 8(15.4) 8(15.4) 8(15.4)

KEY: CPX= Ciprofloxacin, Lev= Levofloxacin , OFX = Ofloxacin, Pef = Pefloxacin 

Table 3: The Distribution of Plasmids in FQRSA According to Specimen Source in the Animals tested
Plasmid (kb) Pig (n=8) Cat (n=14) Chicken (n=6)
0.5 0(0) 0(0) 0(0)
1.0 00(0) 00(0) 00(0)
2.0 0(0) 1(7.1) 0(0)
2.3 (0) 0(0) 0(0)
4.4 1(12.5) 2(4.3) 0(0)
6.6 0(0) 1(7.1) 2(33)
9.2 1(12.5) 1(7.1) 0(0)
23.1 6(75) 9(64.3) 4(67)

Fig. 1: Electrophoretogram of Plasmid DNA isolated from a FQRSA isolate from chicken sample
Key:
Lane M = HIND III Marker
Lanes Ca1-Ca9 = DNA samples of FQRSA isolates
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plasmid profile. The antimicrobial susceptibility testing animals harbouring drug resistant pathogens either
carried out among the S. aureus isolates from the animals through contact with these animals or consumption of
showed  high  resistance  of  the  test isolates from pig animal products [3, 9]. Meat bought at any butcher shop,
(4.1, 3.4, 2.7 and 4.8 %), cattle (7.5, 7.5, 5.8 and 13.3%) and supermarket or local grocery shop has equal chances of
chicken (13.3, 13.3, 13.3 and 13.3% ) to ciprofloxacin, being contaminated with drug-resistant bacteria.
ofloxacin,  levofloxacin  and  pefloxacin  respectively Fluoroquinolone resistant S. aureus (FQRSA) isolates are
(Table 1). usually multidrug resistant in nature; and such

Table 2 shows the prevalence of fluoroquinolone- pathogenic strains of S. aureus are clinically important
resistant S. aureus (FQRSA) isolates from the animals because of their ability to be resistant to a wide variety of
tested according to the specific specimen source. The antimicrobial agents [21]. 
prevalence of FQRSA isolates from the animals tested The high fluoroquinolone resistant rate found in this
range from 3.4 - 13.3%. There was no FQRSA isolated study could be due to the inappropriate use of antibiotics
from nasal swab samples recovered from the animals. in animal husbandry and in other agricultural practices in
However, FQRSA was recovered from skin swab samples Enugu state, Nigeria. Similar prevalence rate of
(6.1, 6.1, 3.0 and 9.1 %) and Meat/vendor’s table swabs fluoroquinolone resistant S. aureus (FQRSA) isolates as
(5.9, 4.5, 4.5 and 5.9%). obtainable in this study have been previously reported by

Table 3 shows the distribution of the isolated researchers in parts of Europe and Asia and this shows
plasmids from the various animal samples used in this that fluoroquinolone resistance in bacteria isolates is
study. increasing around the globe [22-24].

Plasmids of different sizes including 2027bp, 4361bp, In this study, fluoroquinolone resistance amongst
6557 bp, 9216 bp and 23130 bp were detected in the animal the isolated S. aureus was highest to the fluoroquinolone,
FQRSA isolates by the plasmid profile analysis used in pefloxacin and least to levofloxacin, another
this study (Figure 1). Of the 28 plasmids detected, 10 fluoroquinolone antibiotic. This confirms the in vitro anti
different plasmid profiles were recorded, 3 profiles in pig, staphylococcal superiority of levofloxacin over pefloxacin,
5 in cattle and 2 in chicken (Table 3). The 23130bp plasmid ciprofloxacin and ofloxacin. The difference in the
was most frequent in the three animals sampled; 67 % in prevalent rates among fluoroquinolone resistant S. aureus
pig, 64.3 % in cattle and 67 % in chicken respectively. observed in this study might have been caused by the

Taking the prevalence down to specific specimen difference  in  drug  structure  of  the  antibiotics used.
source from the test animals, the prevalence of FQRSA This is in conformity by previous studies on FQRSA
isolates from pig’s skin swab was higher than that of which opined that fluoroquinolone MICs against
meat/vendor’s table swabs, though, there was no organisms differ due to the effect of the individual drug
statistical significant difference in their prevalence rates structure [11, 25-27].
(P < 0.05).Plasmid profile studies are widely used for The    prevalence     of     fluoroquinolone   resistant
epidemiological studies because of the role of plasmids in S. aureus (FQRSA) isolates from chicken was greater than
drug resistance. that of pig and cattle isolates in this study. One of the

DISCUSSION more in chicken than in the pig or cattle sampled in this

In animals, comparison of resistance rates to friendly) than with pigs and cattle and in so doing,
antimicrobials can geographically vary according to the resistant strains/gene may be transferred from human to
antimicrobial usage regime [17]. This is due to sample animals through contact. More so, cattle mainly feed on
collection schemes and sample types, rock-bottom grasses and the use of fluoroquinolones is minimal in the
financial and technical resources and differences in the study area. Our study shows that the prevalence of
implemented methodologies in the form of credibility, FQRSA is higher in cattle than that of pig. The reason for
duplicability, price, duration and simplicity which makes this may be that the human contact and handling of cattle
any  comparative  effort  to be unadvisable [18-20]. is more and more frequent (as they are more friendly) than
Humans  are  at  a risk of being infected with resistant with pigs and in so doing, resistant strains/gene may be
food-borne bacteria via the food chain from reservoir transferred more frequently from human to cattle.

causes of this could be that the use of fluoroquinolone is

study area. In addition, human handling of chicken is
generally more and more frequent (as they are more
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Again, no single S. aureus isolate from nasal swabs attributed to the prolonged and inappropriate use of
collected from pigs and cattles was able to resist the antibiotics in animal husbandry as growth promoting
fluoroquinolones  tested.  The  reason   for  this is agents or for prophylaxis measures.
unknown but may be related to the nature of the
anatomical region used for sample collection. Normally, ACKNOWLEDGEMENTS
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animals and the animal keepers thereby decreasing the staff of the Molecular Biology & Biotechnology Division
chances of transfer of fluoroquinolone-resistant strains of Nigerian Institute of Medical Research (NIMR) Yaba,
and their  genes  from  human  to animals under study. Lagos State, Nigeria for technical assistance.
The multidrug resistance observed in the FQRSA isolates
that possessed plasmids in the present study can be REFERENCES
associated with the increased and inappropriate use of
antibiotics as was previously reported [28, 29]. The 1. Gorbach, S.L., 2001. Antimicrobial use in animal feed
different plasmid sizes observed in most of the animal time to stop. N Engl J. Med., 345: 1202-1213.
FQRSA  isolates  could  be  as  a   result   of  resistance 2. World Health Organization, WHO, 2003. Expert
(R)- plasmids of different sizes which are also responsible Workshop on Non-Human Antimicrobial Usage and
for the occurrence of multiple antibiotics resistances. Antimicrobial Resistance. Scientific Assessment,
Large mobile genetic elements which Staphylococcus Geneva.
aureus can acquire from other bacteria appear to encode 3. Marshall, B.M. and S.B. Levy, 2011. Food Animals
both antibiotic resistant factors and proteins that are and Antimicrobials: impacts on Human Health. Clin.
responsible for increase in virulence. This gives the Microbiol. Rev., 24: 718-733. 
organism the ability to adapt to the selective  pressure  of 4. Ejikeugwu,  C.,  C.  Edeh,  I.  Iroha,  J.  Orji,  S.  Eluu,
antibiotics  in   its  environment [30, 31]. Following the E. Ugbo,C. Duru and C. Esimone, 2016. Antibiogram
curing experiment, we observed that the plasmids were and Detection of Metallo-Beta-Lactamase (MBL)
cured to the range of 67 % - 100 % depending on the positive Escherichia coli isolates from abattoir.
animal source of the isolates and this provides a Nature and Science, 14(11): 65-69.
corroborative evidence of plasmid-mediated 5. Van den Bogaard, A.E., N. London, C. Driessen and
fluoroquinolone resistance in FQRSA isolates recovered E.E. Stobberingh, 2001. Antibiotic resistance of feacal
from the animals. Escherichia coli in poultry, poultry farmers and

It is important to note that no plasmid was cured poultry slaughterers. Journal of Antimicrobial
and/or even found in some FQRSA isolates. The reasons Chemotherapy, 47: 763-771.
for this could be that the fluoroquinolone resistance 6. Ejikeugwu, C., C. Duru, C. Edeh and I. Iroha, 2017.
observed with the isolates in which the plasmids were not Prevalence of AmpC -lactamase-producing
cured or found may be chromosomally-mediated or that Pseudomonas aeruginosa Isolates from feacal matter
other mechanisms of fluoroquinolone resistance might of cow. Journal of Microbiology and
have been involved. Experimentation, 4(5): 1-4.

CONCLUSION Epidemiology of bacterial resistance to antibiotics.

Conclusively, this study reported for the first time the Antimicrob. Agents., 14: 327-35.
prevalence of fluoroquinolone resistant S. aureus 8. Taylor, D.J., 2001. Veterinary use of antibiotics and
(FQRSA) isolates from chicken, pig and cattle in Enugu the transmission of resistant bacteria to humans.
state,  Nigeria;  and  these  isolates  were multiply SCIEH., 35: 158-161.
resistant in nature. The fluoroquinolone resistance 9. Ewers, C., E.M. Antão, I.  Diehl,  H.C.  Philipp  and
observed in the S. aureus isolates recovered in this study L.H. Wieler, 2009. Intestine and environment of the
was plasmid-mediated  and  chromosomally-mediated. chicken as reservoirs for extraintestinal pathogenic
The multidrug resistance observed in the FQRSA isolates Escherichia coli strains with zoonotic potential.
that possessed plasmids in the present study can be Appl. Environ. Microbiol., 75: 184-192. 

7. Van den Bogaard, A.E. and E.E. Stobberingh, 2000.

Links between animals and humans. Int. J.



Middle-East J. Sci. Res., 26 (6): 585-591, 2018

590

10. Thomas, C.M. and K.M. Nielsen, 2005. Mechanisms PCR for panton-valentine leukocidin, arcA and opp3
of and barriers to, horizontal gene transfer between in methicillin-resistant Staphylococcus aureus
bacteria. Nature Reviews Microbiology, 3: 711-721. isolates at a U.S. Medical Center. J. Clin. Microbiol.,

11. Ruiz, J., 2003. Mechanisms of resistance to 51: 814-819.
quinolones: target alternations, decreased 21. Bisognano, C., P. Vaudaux, P. Rohner, D.P. Lew and
accumulation and DNA gyrase protection. J. D.C. Hooper, 2000. Induction of fibronectin-binding
Antimicrob. Chemother, 51(5): 1109-1117. proteins and increased adhesion of quinolone-

12. Madigan, M.T., J.M.  Martinko,  P.V.  Dunlap  and resistant Staphylococcus aureus by subinhibitory
D.P. Clark, 2009. Brock Biology of microorganisms. levels of ciprofloxacin. Antimicrob Agents
12  edition. Pearson Benjamin Cummings Publishers. Chemother, 44: 1428-37.th

USA, pp: 795-796. 22. Kariuki, S., G. Revathi, J. Corkill, J. Mwituria, N. Mirza
13. Cheesbrough, M., 2006. District Laboratory Practice and C.A. Hart, 2007. Escherichia coli from

in Tropical Countries. 2  edition. Cambridge community-acquired urinary tract infections resistantnd

University Press, UK, pp: 178-187. to fluoroquinolones and extended-spectrum beta-
14. Clinical Laboratory Standard Institute, CLSI. lactamase. J. Infect Dev Ctries., 1: 257-262. 

Performance Standards for Antimicrobial 23. Karlowsky,  J.A.,   D.J.  Hoban,  M.R.  De  Corby,
Susceptibility Testing; Fifteenth Informational N.M. Laing and G.G. Zhanel, 2006. Fluoroquinolone-
Supplement. CLSI document M100-SI5. CLSI, resistant urinary isolates of Escherichia coli from
Wayne, PA. 2005. out patients are frequently multidrug-resistant:

15. Gohar,  M.,  A.A.  Sheikh, A.A. Anjum, T. Hussain, results from the North American urinary tract
J.  Muhammad,   A.   Tabbassum,   A.   Kanwal  and infection collaborative alliance-quinolone resistance
I. Safdar, 2015. Plasmid profiling and curing of study. Antimicrob Agents Chemother, 50: 2251-2254.
multidrug resistant Escherichia coli recovered from 24. Yamane, K., J. Wachino, S. Suzuki and Y. Arakawa,
retail chicken meat. The Journal of Animal & Plant 2008. Plasmid-mediated qepA gene among
Sciences, 25(4): 984-988. Escherichia coli Clinical isolates from Japan.

16. Esimone, C.O., C.S. Nworu and G.T. Harrison, 2010. Antimicrob. Agents Chemother, 52: 1564-1566.
Antibiogram and Plasmid Profile of some Multi- 25. Wang, A., Y. Yang, Q. Lu, Y. Wang, Y. Chen, L. Deng
Antibiotics Resistant Urinopathogens obtained from H. Ding, Q. Deng, H. Zhang, H. Wang and L. Liu,
Local Communities of Southeastern Nigeria. Ibnosina 2008. Presence of qnr gene in Escherichia coli and
J. Med. Biomed. Sci., 2(4): 152-159. Klebsiella pneumonia resistant to ciprofloxacin

17. Doyle,  M.P.,   G.H.   Loneragan,   H.M.  Scott  and isolated from pediatric patients in China. BMC
R.S. Singer, 2013. Antimicrobial resistance: Infect., Dis., 8: 68-74.
challenges and perspectives. Compr. Rev. Food Sci. 26. Nordmann, P. and L. Poirel, 2005. Emergence of
Food Saf., 12: 234-248. plasmid-mediated resistance to quinolones in

18. Faria,  N.A.,  J.A.  Carrico, D.C. Oliveira, M. Ramirez, Enterobacteriaceae.  J.  Antimicrob. Chemother.,
H. De Lencastre, 2008. Analysis of typing methods 56(5): 463-69.
for epidemiological surveillance of both methicillin- 27. Adeleke, O.E., C. Inwezerua and S.I. Smith, 2010.
resistant  and methicillin-susceptible Staphylococcus Plasmid- mediated resistance of some of
aureus strains. J. Clin. Microbiol., 46: 136-144. Staphylococcus aureus and characterization of

19. Vindel,  A.,  O.  Cuevas,  E.  Cercenado,  C.  Marcos, MRSA in South Western Nigeria. Wounds., 18(4):
V. Bautista, C. Castellares, et al., 2009. Methicillin- 77-84.
resistant Staphylococcus aureus in Spain: molecular 28. Ombui, J.N., A.M. Kimotho and J.G. Nduhiu, 2000.
epidemiology and utility of different typing methods. Antimicrobial resistance patterns and plasmid
J. Clin. Microbiol., 47: 1620-1627. profiles of Staphylococcus aureus isolated from milk

20. David,  M.Z.,  A.  Taylor,  R.  Lynfield,  D.J.  Boxrud, and meat. East Afr. Med. J., 77: 463-467.
G. Short, D. Zychowski, et al., 2013. Comparing 29. Davis, J. and C.F. Amabile-Cuevas, 2003. The Rise of
pulsed-field gel electrophoresis with multilocus Antibiotic Resistance. In: Multiple Drug Resistant
sequence typing, spa typing, staphylococcal Bacteria, Amabile-Cuevas, C.F. (Ed.). Horizon
cassette  chromosome  mec  (SCCmec) typing and Scientific Press, Wiltshire UK, pp: 1-7.



Middle-East J. Sci. Res., 26 (6): 585-591, 2018

591

30. Alberich, S. and D.K. Herbarth, 2001. Control of 31. Ojo, S.K.S., B.O. Sargin and F.I. Esumeh, 2014.
MRSA in tertiary care center. A five year study. J. Plasmid  curing  analysis  of  antibiotic resistance in
Med. Microbiol., 16: 31-34. -lactamase producing Staphylococci from wounds

and burns patients. Pak. J. Biol. Sci., 17: 130-133.


