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Abstract: A total of 115 Staphviococcus aureus isolates were collected from laboratories situated in different
areas of Karachi and from Department of Biotechnology, University of Karachi. Each isolate screened by Gram
staiming, catalase test, DNase test and coagulase test. All of 115 1solates were found to be Gram positive and
catalase positive. Only 96 1solates were found to be DNase positive whereas, 106 1solates hydrolyzed DNA agar.
Then 106 coagulase positive Staphylococcus aureus selected and tested for antibiotics susceptibility by
Minimun Inhibitory Concentration agar dilution method. Seven antibictics selected which were ampicillin,
gentamicin, kenamyciry, ciprofloxacin, chloramphenicol, methicillin and vancomycin. Out of 106 isolates 27 were
found to be multidrug resistant. Cut of which 85% were resistant against ampicillin, 43% agamst kenamycin,
24% against gentamicin, 5% against chloramphenicol and 40% against methicillin. Only 8% were resistant to
Ciprofloxacin and Vancomycin. VRSA were selected for heat induced curing. After curing vancomycin
resistance was lost from all 9 1solates. Curing result of 8 MRSA showed that resistant determinant of 5 isolates
were located on non-transferable DNA whereas 3 1solates exhibited plasmid-borne methicillin resistance, as the
resistance was lost after curing. Plasmid isolated from 2 isolates which showed plasmid-borne methicillin
resistance. Electrophoretic analysis showed that two isolates harbor a single plasmid DNA.
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INTRODUCTION

Staphylococcus aureus remams one of the major
bacterial pathogen whether its acquisition 1s health care
related or in the community. Tt is associated with a variety
of clinical infections including septicemia, pneumonia,
wound sepsis, septic arthritis and post-surgical toxic
shock syndrome with substantial rates of mortality and
morbidity [1]. S.aureuws has a record of developing
resistance quickly and successfully to antibiotics and has
overcome all the therapeutic agents that have been
developed in the past 50 years. An important feature of
this human pathogen is its great variability and diverse
clonal type occurring at different periods and places.
These clones have been particularly successful in
adapting to the ever-increasing antibiotic selective
pressure by renovating their genomes through both

mutation and the acquisition of exogenous genes [2].
Since the emergence of S. aureus strains with resistance
to pemicillin and methicillin in 1948 and 1961 respectively
has become a well known etiological agent of a wide
variety of infection [3], which was followed by the
occurrence of vancomycin resistant S.aurens (VSRA) in
June, 2002 from Michigan [4]. VRSA are addition to the
burden of methicillin resistant S.aurens (MRSA) and are
particularly difficult to treat if they are pursuing multidrug
resistance. Although there is a paucity of data on the
susceptibility patterns of S.auwrews m Pakistan and
prevalence of MRSA and VRSA 15 also unknown.
However, studies on antimicrobial susceptibility have
been described [5,6]. S.aureus intermediately resistant to
vancomycin has been reported [5], but they didn’t notice
the presence of VRSA. For practicing physicians, climcal
microbiologists and public officials, knowledge of the
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local antimicrobial resistance patterns of the bacterial
pathogen 1s essential to gude empirical and pathogen
specific therapy. During this study, VRSA has been
reported for the first time from Pakistan and emergence of
Plasmid-borne MRSA isolates described for the first time
since, 1988 [7].

Therefore, the present investigation were undertaken
to obtain a picture of the S.aureus resistance situation of
hospitals in Karachi, Pakistan with varymg MRSA and
VRSA frequency and thereafter to investigate the
correlation between resistance with their genomes.

MATERIALS AND METHODS

Media and Culture Condition
Collection of Bacterial Samples: A total of one hundred
and fifteen S. aurews samples were obtained from routine
diagnostic laboratories, hospitals including Ehsanullah
Laboratories, Mehdi Mamyi Laboratories, Civil Hospital,
Tabba Heart Centre and from culture collection of the
Department of Biotechnology, University of Karach,
Pakistan during June to August 2008. Samples were
moculated on to Luria Agar plates. Well 1solated colomnies
were picked up and stored for further worlc.
Dnase Agar and Muller-Hinton
used in the isolation and identification of bacterial

Agar were

samples. Bacterial culture was done at 37°C and curing
at 43°C.

Screening and Identification of Bacteria: All bacterial
samples were subjected to Gram stamn, catalase, DNase
and coagulase tests. All tests were performed according
to standard protocols [8,9].

Antibiotic Susceptibility Testing: The susceptibility
testing of 106 coagulase-positive S.awureus strains to
seven antibiotics was carried out by Agar dilution method
according to National Committee for Clinical Laboratory
Standard guidelines [10]. The antibiotics included were
ampicillin, kanamycin, gentamicim, ciprofloxacin,
methicillin, chloramphnicol and vancomycin.

Genetic Localization of Resistance Determinants:
Based on MIC determination,
were selected which showed vancomycin resistance,

only those isolates

which were only nine and out of eight were also
methicillin resistant 1solates. All the nine VRSA and

MRSA were selected for heat induced curing
method [11], assessment followed by antibiotic
susceptibility testing.

140

Isolation of Plasmid: Multiple drug resistant strains of
S. aureus which showed plasmid borme methicillin
resistance were selected for plasmid extraction. Plasmid
DNA was extracted from mid log phase cells to produced
protoplasts [12]. Protoplasts were lysed by alkaline lysis
[13]. followed by RNase A treatment [14].

Electrophoretic Analysis of the Plasmid DNA: Agarose
gel electrophoresis of plasmid DNA of selected multi drug
resistant strains of S. awurews was carried out on 0.8%
agarose [9].

RESULTS AND DISCUSSION

All 115 S, aureus isolates were found to be Gram

positive cocel and catalase positive where as 96 1solates
were DNase positive and 106 isolates were found to be
coagulase positive.
Antibiotic Susceptibility Testing: The antibiotic
susceptibility of S. aureus 1solates 1s described in
Table 1. In this study, only 10 out of 106 isolates were
found to be susceptible to all seven antibiotics tested and
27 (25.4%) isolates exhibited multidrug resistance of which
25 were found to be MRSA, 09 were VISA and 07 were
VRSA. Multidrug resistance has been reported to be
relatively high in African countries including Morocco,
Kenya, Nigeria and Cameroon [15]. Multidrug resistance
was defined as resistance to ampicillin plus three or more
antimicrobial agents.

Ampicillin were the least effective antimicrobial agent
with 85% resistance whereas, the ciprofloxacin and
vancomycin found to be the most effective against S.
aurens infection as mentioned in Table 1.

Susceptibility results of Ampicillin m this study are
in accordance with Kalsoom and Hameed [5] another
report’ that also found high resistance against ampicillin
(92%) but contradicts with lugh levels of Ciprofloxacin
(59%) and Gentamicin (58%). Other study Fish et al. [16]
reported comparable findings as compared to present
study. High rates of resistance with penicillins,
aminoglycosides and fluoroquinolone have also been
reported. In present study, only 24% isolates were
resistant to gentamicin. Namias et al [17] also reported S.
aureus 1solates with similar antibiotic resistance pattern to
gentamicin (30%).

Oxacillin resistance for S, aureus 1solates was 61.29%
[5]. Oxacillin is primarily used for the detection of
methicillin resistance. In this study 43 isolates (40%)
were found to be methicillin resistance compared to
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Table 1: Antibacterial resistance of 8 aurens isolates

Number of Isolates

Antimicrobial Agents Susceptible Intermediates Resistant
Ampicillin 14 2 90
Kenarmy cin 44 16 46
Methicillin 63 _ 43
Vancomycin 49 48 9
Cliprofloxacin 97 - 9
Gentamicin 80 _ 26
Chloramphenic ol 69 - 37
Table 2: Resistance pattern fo each class of antibiotic against MRSA

Structural class of Antibiotic Representative Antibiotics %o Resistance% Susceptibility
[B-lactam Amp, met 98 2
Aminoglycosides Gen, Kan 60 44
Fluoroquinolone Cip 21 78
Glycopeptides Van 19 40
Pheny Ipropanoid Chl 48 52

Amp, ampicillin; Cip, ciprofloxacin; Chl, chloramphenicol; Gen, gentamicin; Kan, kanamy cin; Met, methicillin; Van, Vancomy cin.

Antibiotic susceptibility of S.aureus against

i Methicillin
100 | mAmpicillin
W L i
E 80 | W Gentamicin
[=]
R o Kanamycin
v 604 ?
o O Ciprofloxacin
£ 40
g EChloramphenicol
20 4
mVancomycin
o
R% R%
MSSA(n=64) MRSA(n=42)
Antibiotics
Fig 1. Antibiotic susceptibilty of S. aureus (MSSA
and MRSA)
R= Resistant

MSSA = Methicillin Sensitive S. aureus
MRSA = Methicillin Resistant S. aureus.

Mahmood et al. [6] who found that methicillin resistance
among 48 out of 246 isolates (19.51%). According to
above data it can be concluded that MRSA isolates
increased from 19.51% in 2001 to 40% in 2008 in Pakistan.
The prevalence of MRSA has increased worldwide as 1s
evident from many surveillance studies [18-22]. However,
there are comsiderable differences between individual
countries, the very highest rate of methicillin resistance
(64%) among S. awreus isolates have been noted in
Western Pacific regions, including Korea [23]. SARISA
study group [24] found the expected wide geographical
variation of MRSA with low levels in hospitals n
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Northern Europeary, increasing levels in middle European
countries, United States, New Zealand and Australia and
very high levels n Southern European countries as well
as in parts of United States, Asia and South Africa.

There was a relationship between methicillin
resistance to other antibiotics as noted i previous
investigations [18, 23]. In present study, 13 out of 43
MRSA (30%) were found to be multidrug resistance as
shown in Table 2. The proportion of MRSA resistant to
B-lactam (98%) and aminoglycosides (60%) were found to
be very high as mentioned in Table 2, 48% MRSA were
resistant to phenylpropanoid (chloramphenicol) and 19%
were resistant to glycopeptide (vancomyein). In general,
elevated rates of multidrug resistance may emerge
from diverse 1solates of S. awreus under antimicrobial
pressures or as a result of widespread person-to-person
transmission of multidrug resistant isolates [25].

About 78% MRSA 1solates were susceptible to
fluoroquinolone. The most effective antibiotic found
against MRSA was ciprofloxacin analogous with the
data from multicenter drug study (South Africa). But
ciprofloxacin found to be least effective against MRSA
with proportion of resistance increased from 53% 1n 1994
to 92% in 2004 in Kuwait hospital [26]. An increase in the
proportion of ciprofloxacin resistance (from 4% 1n 1998 to
75.9% in 1999) was also observed in MRSA isolated in
Australian teaching hospital [27]. Thus, MRSA 1solates
showed much higher rates of resistance to the others
antimicrobial agents than did MSSA isolates and were
resistant to multiple agents analogous to the work of
SARISA study group [24], as briefly described in
Figure 1.
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Antibiotic Sucseptibility of
S.aureus against Vancomycin
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Fig 2: Antibiotic susceptibilty of 5 aureus isolates

(VSSA, VISA and VRSA)

VSSA = Vancomycin Sensitive S. aureus
VISA = Vancomycin Intermediate S.aureus
VRSA =Vancomycin Resistant 8. aureus.

Table 3: Genetic localization of vancomycin and methicillin resistance
determinants

Strain Mo, Growth After Cuning Vancomycin
AKMOL
AKM23
AKMET
AKMAE
AKMT1
AKMTZ
AKMTE
AKMTT
AKMTY

Methi cillin
+

+ o+ o+ o+ o+

During this study, vancomycin resistance has been
reported for the first time from this region and §%e of 5.
aureiis were found to be VRSA. Kalsoom and Hameed [5]
didn't find any VRSA during their studies but 38%
isolates were found to be vancomycin intermediate as we
have also found 45% VISA. Ciprofloxacin was alzo found
to be most effective antimicrobial agent against VRSA and
exhibited 100% susceptibility as mentioned in Figure 2.
Whereas, only 8% VSSA and 10.4% VISA were resistant
to ciprofloxacin. VRSA isolates show ed much lower rates
of resistance against ampicillin, kanamycin and gentamicin
than did MRSA isolates. Accordingly, 88% VRSA and
35%6 VSSA were resistant fo methicillin.

Genetic Localization of Resistance Determinants:
The genefic instability of vancomycin in nine VRSA
izolate has been confirmed by curing. These isolates
carried plasmid mediated resistance to wvancomycin
analogous to international work as shown in Table 3.
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(a)

(b)

(c)

Fig. 3: Antibitic suceptibilty of AKM76 after curing

{a): MHA-plate containig Methicillin.

{(b): MHA-plate confaining Vancomycin no
growth occur after 24hrs in a and b.

{c): Luria Agar plate having no antibiotic; strains

of AKM76 grow normally.
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Whereas,
resistant determinant in 6

curing tesult of 8 MRSA indicated that
out of 9 MRSA were
DNA and 3 solates
exhibited plasmid-borne methicillin resistance. Loss of
1solates (AKM76,
i Table 3, give

located 1n non-transferable

methicillin  resistance from 3
AKM77 and A KM79)
striking result because there are more supporting
evidence that  mecd genes
chromosome [28, 29]. Antibiotic
AKM76 also shown in Figure 3(a-c). mecd genes are

shown
are located on
susceptibility  of
responsible of methicillin  resistant in S, aureus.
There are many possibilities of these results. One
possibility for this finding could be the P-lactamase
plasmid may provide a temporary msertion site for the
There 1s

somewhat controversial because it has never been

mec containing transposons. one report
confirmed of a mecd contaming transposons, Tn4d241,
residing in an insertion site on the P-lactamase plasmid
pI524 [7].
Genetic could be

recently integrated

instability possible if
into  the
chromosome as a result of transposition or plasmid
insertion but at a low frequency [30,31] MRSA was
born when it acquired a large unique class of mobile
genetic element known as the SCCmec [32, 33]. For

movement, SCCmec carries two specific genes designated

resistance genes are

cassette chromosome recombinases of the invertase
family [32]. In the presence of these recombinases
SCCmec ntegrates into the chromosome, in the correct
ortentation and 1s also precisely excised from the
chromosome [33].

Tt also possible that these isolate which show loss of
methicillin resistance may lack mecd gene but contain
normal penicillin binding protein with modified penicillin
binding capacity [33]. Electrophoretic analysis shown that
the selected strains found to harbor a single plasmid DNA
(Figure 4).

In summary, S. aureus has always been able to
conquer the antibiotics developed 1t 1s also clear that it
will acquire resistance to any novel antibiotics developed
m the future. Therfore we cannot rely solely on the
development of new chemotherapeutic agents. The best
way to solve this problem 1s to control the consumption
of antibiotics in hospitals. Tt is necessary for government
and health care authorities to take an active role. They
must implement educational programs, encourage better
infection control and prevent antimicrobial usage and
fund research.

143

REFERENCES

Cosgrove, S.E., G. Sakoulas, EN. Perencevich,
M.J. Schwaber, A W. Karchmer and Y. Cammels, 2003.
Comparison of mortality associated with methicillin
resistant and methicillin sensitive Staphylococcus
aureus bacteriemia: a meta analysis. Clin. Infect Dis.,
36: 53-59.
Kuroda, M., T. Ohta, 1. Uchiyama, T. Baba,
Yuzawa, 1. Kobayashi, 1. Cui, A. Oguchi,
Aolki, Y. Nagai, I. Lian, T. Tto, M. Kanamori,
H. Murakami,
Y. Mizutani-Ui, N.K. Takahashi,
Sawano, R Incue, C. Kaito, K. Sekimizu,
Hirakawa, S. Kuhara, 3. Goto, T. Yabuzaki,
. Kanehisa, A. Yamashita, K. Osluma, K. Furuya,
Yoshino, T. Shiba, M. Hattori, N. Ogasawara,
Hayashi and K. Hiramatsu, 2001. Whole genome
sequencing of methicillin-resistant Staphylococcus
anrens. Lancet, 357: 1225-1240.
Tevons, MP., 1961.  Celbenin'-resistant
staphylococci. Br. Med. 7., 1: 124-125.
Chang, S., D.M. Sievert, J.C. Hageman, M.L. Boulton,
F.C. Tenover, FP. Downes, S. Shah, I.T. Rudrik,
G.R. Pupp, W.I. Brown, D. Cardo, S.K. Fridkin and

Matsumaru, A. Maruyama,
Hosoyama,

HTOgES oA E

Vancomycin-Resistant  Staphylococcus  aureus
Investigative  Team, 2003, Infection with
Vancomycin-Resistant — Staphylococcus  aureus

containing the vanA resistance gene. N. Engl T.
Med., 348: 1342-1347.

Kalsoom, F. and A. Hameed, 2006. Resistance pattern
of clinical isolates of Staphylococcus aureus against
five groups of antibiotics. . Res. Sci., 17: 19-26.
Mahmood, A., S. Rafique, M. Qayyum and
AA. Qazilbash, 2001. Prevalence of nosocomial
and community-based methicillin-resistant
staphylococcus aurens (MRSA). Pak. J. Med. Res.,
40: 86-89.

Trees, D.L. and J.J. Iandolo, 1988. Identification of a
Staphylococcus aureus transposon (Tn4291) that
carries the methicillin resistance gene(s). J. Bacteriol.,
170: 149-154,

District laboratory practice in tropical countries, 2002.
Part 1T, Cheesbrough M. Cambridge University Press,
UK., pp: 136-142.

Molecular cloning: a laboratory manual, 1989. 2nd ed.
Sambrook T, Fritsch EF and Maniatis T. Cold Spring
Harbor Laboratory Press, Cold Spring Harbor, N.Y.



10.

11.

12.

13.

14.

15.

16.

17.

18.

Am-Euras. J. Agric. & Environ. Sci., 7 (2): 139-145, 2010

National Committee for Clinical Laboratory
Standards, 1993. Dilution antimicrobial susceptibility
tests for bacteria that grow aerobically. Approved
standard, 2nd ed. NCCLS document M7-A3. National
Committee for Climical Laboratory Standards,
Villanova, PA.

Trotter, M., R.P. Ross, G.F. Fitzgerald and A. Coffey,
2002. Lactococcus lactis DPC 5598, a plasmid-free
derivative of a commercial starter, provides a valuable
alternative host for culture improvement studies. T.
Appl. Microbiol., 93: 134-143.

Lindberg, M and R.P. Novick, 1973, Plasmid-specific
transformation in  Staphylococcus
Bacteriol., 115: 139-145.

Brinboim, H.C. and I. Doly, 1979. A rapid alkaline
extraction procedure for screemng recombinant
plasmid DNA. Nucleic Acids Res., 7: 1513-1523.
Vriesema, A JM., S.A. Zaat and J. Dankert, 1996.

A simple procedure for 1solation of cloning vectors

aurens. T

and endogenous plasmids from viridans group
Streptococei and  Staphvlococcus  aureus.  App.
Enviro. Microbiol., 62: 3527-3529.

Kesah, C.5., B. Redjeb, T.O. Odugbemi, C.S.B. Boye,
M. Dosso, 1.O. Ndinya-Achola, S. Koulla-Shiro,
M. Benbachir, K. Rahal and M. Borg, 2003.
Prevalence of methicillinresistant Staphylococcus
aureus in eight African hospitals and Malta. I. Clin.
Microbiol. Infect., 9: 153-156.

Fish, DN, 5.C. Piscitelli and L. H. Danziger, 1995.
Development of resistance during antimicrobial
therapy: A review of antibiotic classes and patient
characteristics in 173 studies. Pharmacotherapy,
15:279-291.

Namias, N., S. Harvill, 5. Ball, M.G. McKenney,
T.P. Salomone, D. Sleeman and JT.M. Civetta, 1998.
Empiric therapy of sepsis in the surgical intensive
care unit with broad-spectrum antibiotics for 72 hours
does not lead to the emergence of resistant bacteria.
J. Trauma Injury Infect. Critic. Care, 45: 887-891.
Diekema, DJ, MA. Phaller, F.J. Schmidt,
I. Smayevsky, J. Bell, R N. Jones, M. Beach and the
Sentry Participants Group, 2001. Survey of infections
due to Staphylococcus species: Frequency of
occurrence  and antimicrobial susceptibility of
isolates collected in the United States, Canada, Latin
America, Hurope and the Western Pacific for the
Sentry Antimicrobial Surveillance Program 1997-1999.
CID, 32: 8114-8132.

144

19.

20.

21.

22,

23.

24

25.

26.

27.

Fluit, A.C., CL.C. Wielders, I Verhoef and
F.J. Schmitz, 2001. Epdemiology and susceptibility
of 3,051 Staphvlococcus aureus isolates from 25
university hospitals participating in the European
SENTRY study. J. Clin. Microbiol., 39: 3727-3732.

Pfaller, MA., RN. Jones, G.V. Doern, H.S. Sader,
K.C. Kugler, ML. Beach and the SENTRY
Participants Group, 1999. Survey of blood stream
attributable to gram-positive
frequency of occurrence and antimicrobial
susceptibility of isolates collected in 1997 in the
Umnited States, Canada and Latin America from the
SENTRY Antimicrobial Surveillance Program. Diagn.
Microbiol. Infect. Dis., 33: 283-297.

Sader, H.S., RN. Jones, A.C. Gales, P. Wmokur,
K.C. Kugler, M.A. Pfaller and G.V. Doen, 1998.
Antimicrobial susceptibility patterns for pathogens

infections coccel:

1solated from patients m Latin American medical
centers with a diagnosis of pneumomnia: analysis of
results from the SENTRY  Antimicrobial
Surveillance Program (1997). Diagn. Microbiol. Infect.
Dis., 32: 289-301.

Witte, W., 1999. Antibiotic resistance in gram-
positive  bacteria:  epidemiological aspects. T
Antimicrob. Chemother., 44: 1-9.

Kim, HB., H.C. Jang, S. Lee, B.S. Kim, W.B. Park,
K.D. Lee, Y.J. Choi, 3.W. Park, M.D. Oh, H.C. Kim
and K'W. Choe, 2004. In vifro activities of 28
antimicrobial agents against Staphylococcus aureus
1solates from tertiary-care hospitals n Korea: a
nationwide survey. Antimicrob. Agents Chemother.,
48:1124-1127.

Sarisa  study group, 2004, An mtemnational
multicenter study of antimicrobial consumption and
resistance m Staphylococcus aureus isolates from
15 hospitals in 14 countries. I. Microbiol. Drug Resis.,
10: 169-171.

Aylifte, G.A T, 1997, The progressive intercontinental
spread of methicillin-resistant  Staphviecoccus
anreus. I. CID, 24: 574-579.

Udoe, EE., N. Al-Sweih, E. Mokaddas, M. Johny,
R. Dhar, HH. Gomaa, I. Al-Obaid and V. Rotimi, 2006.
Antibactenal resistance and their genetic location n
MRSA isolated in Kuwait hospitals, 1994-2004. BMC
Infect Dis., 25: 156-168.

Nimmo, G.R., IM. Bell, D. Mitchel, I.B. Gosbell,
I W. Pearman and J.D. Turmidge, 2003. Antimicrobial
resistance in Staphylococcus aureus in Australian
teaching hospitals, 1989-1999. J. Microbiol. Drug
Resis., 9: 155-160.



28.

29.

30.

Am-Euras. J. Agric. & Environ. Sci., 7 (2): 139-145, 2010

Chambers, H.F., 1997. Methicillin resistance in
staphylococct. molecular and biochemical basis
and clinical implications. Clin. Microbiol. Rev.,
10: 781-791.

Kuhl, S.A., P.A. Pattee and I N. Baldwin, 1978.
Chromosomal map location of the methicillin
resistance determinant in Staphylococcus aureus. I.
Bacteriol., 135: 460-465.

Rice, LB, G. Eliopoulos, C. Wemerster,
D. Goldmann, G.A. Jacoby and Ir. R.C. Moellering,
1991. Chromosecmally mediated Beta-lactamase
production  and
Enterococcus  fecalis.
Chemother., 2: 272-276.

resistance  in

Antimicrob.  Agents

Gentamicin

145

31.

32.

33

Tto, T., Y. Katayama and K. Hiramatsu, 1999. Cloning
and nucleotide sequence determmation of the entire
mec DNA of pre-methicillin-resistant Staphylococcus
aureus stram N315. Antimicrob. Agents Chemother.,
43: 1449-1458.

Katayama, Y., T. Ito and K . Hiramatsu, 2000. A new
class of genetic element, Staphvlococcus cassette
chromosome mec, encodes methicillin resistance in
Staphylococcus — aureus.  Antimicrob.
Chemother., 44: 1549-1555.

Tomasz, A. and H.B. Drugreon, 1989. New mecharism
for methicillin resistance in Staphylococcus atreus:
clinical isolates that lack the PBP 2a gene and contain

Agents

normal  pemcillin-binding capacity. Antimicrob.
Agents Chemother., 33: 1869-1874.



