Pakistan J. Zool., pp 1-10, 2025.

DOI: https://dx.doi.org/10.17582/journal.pjz/20200423150456

Antibiotic Resistance and Antibiotic Resistance
Genes in Staphylococcus aureus Isolates from

Hospital Patients in Islamabad, Pakistan

Saima Batool', Waqar Saleem!, Khurshid Ahmad? and Saeed-ul-Hassan Khan'*

'Department of Zoology, Faculty of Biological Sciences, Quaid-i-Azam University,
Islamabad, Pakistan
’Islamabad Diagnostic Center, Islamabad, Pakistan

ABSTRACT

Two hundred and seventy-eight clinical samples from hospital patients including pus, blood, nasal swabs,
ear swabs, urethral swabs, wounds and sputum were processed for isolation of S. aureus. From these
samples 50 S. aureus isolates were recovered, which were subjected to sensitivity testing against 18
antibiotics. The isolates were also screened for antibiotic resistance genes through PCRs. In S. aureus
isolates highest resistance rates were observed against co-trimoxazole (70%). The isolates also showed
high resistance against erythromycin, sparofloxacin and ofloxacin to which 52%, 48% and 46% of the
isolates were found to be resistant. Multiple drug resistance (MDR) was noted in 78% of the S. aureus
isolates. Out of the 50 isolates, 28 (56%) were found to be methicillin resistant S. aureus (MRSA). In
the MRSA isolates highest resistance rate was detected against co-trimoxazole (75.0%); followed by
piperacillin-tazobactam (64.2%), ofloxacin (60.7%) and sparofloxacin (60.7%)./All the 28 MRSA were
found to possess the mecA gene and no mecC variant was detected. Thirty two percent of the S. aureus
isolates possessed no antibiotic resistance gene. The resistance genes detected in the isolates were aac4-D
(50%), tetK (38%), ermC (30%), tetM (8%) and ermA (6%), while ermB, dfrA and cfr were not found.
Additional studies are needed to get a better picture of situation of antibiotic resistance and antibiotic
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resistance genes in the local S. aureus strains.

INTRODUCTION

Sraphylococcus aureus occurs as'a commensal organism
on the nasal passages, skin and mucous membranes
of humans and animals. At the same time, it is also the
leading cause of bacteremia, infective endocarditis and
osteoarticular, skin, soft tissue, pleuropulmonary, and
device-related infections. S. aureus is also one of the
major organisms responsible for nosocomial infections
in humans and it can cause infections after surgery or
from implanted medical devices (Balasubramanian et al.,
2017). S. aureus has been recovered from a wide variety of
animals (Monecke et al., 2016).

Resistance against several classes of antibiotics such
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as penicillins, glycopeptides, daptomycin, tetracyclines,
aminoglycosides, linezolid, phenicols, lincosamides,
pleuromutilins, macrolides, streptogramins, fusidic acid,
mupirocin, fluoroquinolones, sulfonamides, trimethoprim
and rifampicin has been observed in S. aureus. Resistance
in S. aureus can occur by several mechanisms such as
enzymatic modification or inactivation of antibiotic,
alteration of antibiotic binding site, antibiotic efflux,
acquisition of novel antibiotic-resistance target, change
in the structure and composition of the bacterial cell wall
and/or membrane to reduce the entry of the antibiotic into
the bacterial cell (Foster, 2017).

In 1942, resistance to penicillin was reported in S.
aureus that instigated the development of semi-synthetic
penicillins such as methicillin and oxacillin. However,
in the 1960s, the first isolates of MRSA were detected
(Jevons, 1961). Methicillin resistance is due to mecA gene
which codes for an altered Penicillin Binding Protein called
PBP2a (Baba et al., 2002; Okuma et al., 2002). A novel
mecA homologue called mecC was reported later. It was
initially found in S. aureus isolates recovered from cattle
and humans. The mecC gene has only 70% nucleotide
similarity with the mec4 gene (Garcia-Alvarez et al.,
2011). After its initial discovery in the UK in humans and
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bovine population, the mecC homologue of the mecA has
been noted in 13 European countries and Australia and has
been observed in MRSA from a variety of different animal
species. It was also reported in MRSA from river water
and urban waste-water in Spain (Aires-de-Sousa, 2017).

Many studies have been conducted on epidemiology
S. aureus in Pakistan and high percentages of the S. aureus
isolates have been found to be MRSA. In the cities of
Rawalpindi and Peshawar 42% and 36.1% of the clinical
S. aureus isolates were noted to be MRSA. High resistance
rates against erythromycin (99.0%), moxifloxacin
(85.1%), ciprofloxacin (80.2%) and gentamicin (56.4%)
were observed in Pakistani MRSA isolates (Ali ef al.,
2007; Ullah et al., 2016).

The aim of the present study was to investigate the
antibiotic susceptibility of S. aureus isolated from hospital
patients in the city of Islamabad. This work also aimed to
detect some selected antibiotic resistance genes in these
isolates and to find the mec gene type (A or C) in the
MRSA.

MATERIALS AND METHODS

Clinical samples and isolation of S. aureus

The study was carried out at Islamabad Diagnostic
Center (IDC), which is a private diagnostic laboratory
in Islamabad and at the Department of Zoology, Quaid-
i-Azam University, Islamabad. A total of 278 clinical
samples including pus (97), blood (126), nasal swabs (18),
ear swabs (5), urethral swabs (3), wounds (3) and sputum
(26) possibly containing S. aureus wete received at IDC.
The samples had been collected by the hospital staff from
patients that had been admitted in various hospitals of
Islamabad and were suffering from abscesses, wounds,
pneumonia, throat infection, ear infection or urinary tract
infection (community-acquired infections). Each sample
was from a single patient. The samples were collected
before any antibiotic was administered to the patients.
Isolation of bacteria was done initially on Nutrient agar.
Bacterial colonies were further sub-cultures on Blood agar
and then on Mannitol Salt agar. To confirm the isolates
as S. aureus, Grams’ staining was performed, colonial
morphology and hemolysis on blood agar were noted and
coagulase, catalase, oxidase, DNase and other biochemical
tests were performed following standard protocols
(Versalovic et al., 2011). The isolates were also subjected
to a nuc gene PCR (Brakstad et al., 1992) for molecular
confirmation. Each S. aureus isolate was grown overnight
in 5 ml of nutrient broth and the bacterial genomic
DNA was isolated using DNAzol reagent (Thermofisher
Scientific, Cat. No. 10503027) following manufacturer’s
protocol. A 25 pl PCR mix was prepared containing 5 pl

template genomic DNA, IX PCR buffer (NH,SO,), 0.2
mM dNTPs, 1 uM of each of the two primers (given in
Table I), 1.5 mM MgCl, and 2.5 U of Tag DNA polymerase
(Thermofisher Scientific, Cat. No. EP0402). Cycling
conditions were initial denaturation at 95°C for 10 min,
followed by 35 cycles of denaturation at 95°C for 1 min,
annealing at 55°C for 30 sec, and extension at 72°C for 1
min. The final extension was at 72°C for 10 min.

Antibiotic susceptibility testing

All the isolates confirmed as S. aureus through
staining, growth characteristics, biochemical and
molecular tests were sub-cultured on Mueller-Hinton agar
(Oxoid, UK) and subjected to antimicrobial susceptibility
against 18 antibiotics using the disc diffusion method
following standard procedures as described in the
Clinical Laboratory’ Standards Institute Manual M100
(Wayne, 2017). The concentration of the antibiotics in the
antibiotic impregnated discs (Oxoid, UK) were: linezolid
(LNZ):-30pg, chloramphenicol (C): 30pg, clindamycin
(DA): 2pg, erythromycin (E): 15 pg, cefoxitin (FOX):
30 pg, vancomycin (VA): 30pg, fusidic acid (FA): 10ug,
tigecycline (TGC): 15ug, minocycline (MH): 30pg,
amikacin (AK): 30pg, meropenem (MEM): 10ug, Co-
trimoxazole (SXT): 25ug, sparofloxacin (SPX): Spug,
ciprofloxacin (CIP): 5 pg, levofloxacin (LEV): 5ug,
piperacillin-tazobactam (PT): 110ug, ofloxacin (OFX):
Sug, gentamicin (CN): 10 pg. The results were interpreted
as sensitive (S), intermediate (I) or resistant (R). Those
isolates that were found to be resistant to cefoxitin were
declared as MRSA as per guidelines (Wayne, 2017).

PCRs for mec gene and other antibiotic resistance genes

PCRs were performed to find the mec gene type (A
or C) and to detect other antibiotic resistance genes in the
confirmed as S. aureus using primers shown in Table I.
A multiplex PCR (Stegger et al., 2012) to detect the mec
gene type was done on DNA of isolates that were declared
MRSA based on sensitivity to cefoxitin. A 25 pl PCR mix
contained 5 pl template DNA, IX PCR buffer (NH,SO,),
0.2 mM dNTPs, 1 uM of each of the four primers, 1.5 mM
MgCl, and 2.5 U of Tag DNA polymerase. Amplification
conditions were 94°C for 5 min, followed by 30 cycles at
94°C for 30 sec, 59°C for 1 min and 72°C for 1 min. The
final extension was at 72°C for 10 min.

PCRs were performed for the detection of the
antibiotic resistance genes aacA-D, tetK, tetM, ermA,
ermB, ermC, cfr and dfrA. For aacA-D, tetK, tetM, ermA
and ermC genes, a multiplex PCR was performed (Kumar
et al., 2010; Strommenger et al., 2003). The reaction mix
(25 pl) contained 10 pl template DNA, IX PCR buffer
(KCI), 0.2 mM dNTPs, 0.5 uM of each of the 10 primers,
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Table I. Names of genes, sequences of the primers and expected sizes of PCR products.

Name of gene  Primer name Sequence 5'—3°

Expected PCR product size (bp)

nuc nuc-F GCGATTGATGGT GATACGGTT 270
nuc-R AGCCAAGCCTTGACGAACTAAAGC

mecA mecA-F TCCAGATTACAACTTCACCAGG 162
mecA-R CCACTTCATATCTTGTAACG

mecC mecC-F GAAAAAAAGGCTTAGAACGCCTC 138
mecC-R GAAGATCTTTTCCGTTTTCAGC

aacA-D AacD-F TAATCCAAGAGCAATAAGGGC 227
AacD-R GCCACACTATCATAACCACTA

ermA ErmA-F AAGCGGTAAACCCCTCTGA 190
ErmA-R TTCGCAAATCCCTTCTCAAC

ermB ErmB-F CTATCTGATTGTTGAAGAAGGATT 142
ErmB-R GTTTACTCTTGGTTTAGGATGAAA

ermC ErmC-F AATCGTCAATTCCTGCATGT 299
ErmC-R TAATCGTGGAATACGGGTTTG

tetK TetK-F GTAGCGACAATAGGTAATAGT 360
TetK-R GTAGTGACAATAAACCTCCTA

tetM TetM-F AGTGGAGCGATTACAGAA 158
TetM-R CATATGTCCTGGCGTGTCTA

cfr cfr-F TGAAGTATAAAGCAGGTTGGGAGTCA 746
cfr-R ACCATATAATTGACCACAAGCAGC

dfir4 dfrA-F CTCACGATAAACAAAGAGTCA 288
dfrA-R CAATCATTGCTTCGTATAACG

2 mM MgCl, and 2.5 U of Tag DNA polymerase. The
cycling conditions were 94°C for 5 min, followed by 30
cycles at 95°C for 1 min, 55°C for 1 min, 72°C for 1 min.
This was followed by final extension at 72°C for 90 sec.
The PCR mixture (25 pl) for the ermB gene incorporated
5 pl template DNA, IX PCR buffer (KCl), 0.2 mM
dNTPs, 1 uM of each of the forward and reverse primers,
1.5 mM MgCl, and 2.5 U of Tag DNA polymerase. The
amplification was performed at 95°C for 3 min, followed
by 30 cycles at 95°C for 30 sec, 54°C for 30 sec, 72°C
for 30 sec. The final extension was at 72°C for 4 min
(Duran et al., 2012). In case of the cfr gene a 25 pul PCR
mixture consisted of 5 ul template DNA, IX PCR buffer
(KCl), 0.2 mM dNTPs, 1 pM of each of the forward and
reverse primers, 1.5 mM MgCl, and 2.5 U of 7ag DNA
polymerase. The cycling conditions were 94°C for 1 min,
followed by 34 cycles at 94°C for 1 min, 48°C for 30 sec,
72°C for 3 min. The final polymerization step was 72°C
for 7 min (Kehrenberg and Schwarz, 2006; Osman et al.,
2016). The PCR mix (25 pl) for the dfrA gene comprised

of 5 ul template DNA, IX PCR buffer (KCl), 0.2 mM
dNTPs, 1 uM of each of the forward and reverse primers,
1.5 mM MgCl, and 2.5 U of Tag DNA polymerase. The
amplification protocol was 95°C for 2 min, followed by
30 cycles at 94°C for 30 sec, 50°C for 30 sec, 72°C for 30
sec. The final extension was at 72°C for 4 min (Shittu et
al., 2011).

RESULTS

S. aureus isolates

Fifty isolates of S. aureus were recovered from the
278 clinical samples that were processed for bacterial
isolation, staining and biochemical tests. The distribution
of S. aureus and MRSA isolates obtained from different
clinical samples is shown in Table II. Highest number
(28/97) of S. aureus isolates were from pus samples. The
nuc gene PCR done for molecular confirmation of the 50
isolates produced an amplicon of expected size (270 bp).
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Table I1. Number of S. aureus and MRSA isolates recovered from various clinical samples.

Pus Blood Nasal swab Ear swab  Urethral swab Wound Sputum Total
No. of samples 97 126 18 5 3 3 26 278
S. aureus positive 28 4 3 5 3 4 3 50
MRSA positive 18 2 1 3 2 1 1 28

Table III. Results of antibiotic sensitivity testing of the
50 S. aureus isolates.

Antibiotic R No. (%) I No. (%) S No. (%)
E 26 (52%) 9 (18%) 15 (30%)
FOX 28 (56%) 7 (14%) 15 (30%)
C 4 (8%) 11 (22%) 35 (70%)
DA 7 (14%) 11 (22%) 32 (64%)
VA 0 (0%) 10 (20%) 40 (80%)
FA 6 (12%) 12 (24%) 32 (64%)
LNZ 2 (4%) 0 (0%) 48 (96%)
SXT 35 (70%) 7 (14%) 8 (16%)
CN 14 (28%) 9 (18%) 27 (54%)
AK 9 (18%) 9 (18%) 32 (64%)
LEV 22 (44%) 17 (34%) 11 (22%)
OFX 23 (46%) 14 (28%) 13 (26%)
CIP 20 (40%) 11 (22%) 19 (38%)
SPX 24 (48%) 13 (26%) 13'(26%)
PT 21 (42%) 13 (26%) 16 (32%)
TGC 8 (16%) 13 (26%) 29 (58%)
MH 4 (8%) 14 (28%) 32 (64%)
MEM 9 (18%) 13 (26%) 28 (56%)

LNZ, Linezolid; C, Chloramphenicol; DA, Clindamycin; E,
Erythromycin; FOX, Cefoxitin; VA, Vancomycin; FA, Fusidic Acid; TGC,
Tigecycline; MH, Minocycline; AK, Amikacin; MEM, Meropenem;
SXT, Co-trimoxazole; SPX, Sparofloxacin; CIP, Ciprofloxacin; LEV,
Levofloxacin; PT, Piperacillin-Tazobactam; OFX, Ofloxacin; CN,
Gentamicin; R, Resistant; I, Intermediate; S, Sensitive.

Antibiotic susceptibility results

Results of antibiotic sensitivity testing are shown in
Table III. Highest resistance rates were observed against
co-trimoxazole (70%). This was followed by cefoxitin,
erythromycin, sparofloxacin and ofloxacin to which 56%,
52%, 48% and 46% of the isolates, respectively were
found to be resistant. Maximal sensitivity was observed
to linezolid (96%), followed by vancomycin (80%) and
chloramphenicol (70%). Twenty-eight (56%) isolates
were found to be MRSA as determined by resistance to
cefoxitin. The number of MRSA found in pus, blood, nasal
swab, ear swabs, urethral swabs, wounds and sputum
were 18,2, 1, 3, 2, 1 and 1, respectively (Table II). The

phenotypic antibiotic resistance combination patterns are
shown in Table I'V. A wide variation in antibiotic resistance
phenotype was observed and 39 groups of antibiotic
resistance patterns were seen. In general, the MRSA
were resistant to larger number of antibiotics compared
to the non-MRSA isolates. High levels of resistance
were observed in the S. aureus isolates and multiple drug
resistance (MDR) defined as resistance to >3 classes of
antibiotics was noted in 39 (78%) isolates. Extensive drug
resistance (XDR); determined as resistance to at least one
antibiotic in all classes but susceptibility to at least two
or fewer antimicrobial categories, was found in 2 (4%)
isolates. Resistance to combinations of 4 or 5 antibiotics
was the most common phenotype exhibited by 8 (16%)
isolates each for both combinations. The next common
phenotype was resistance to group of 7 or 9 antibiotics
observed in 4 (8%) isolates each for both groups.

The antibiotic sensitivity of the 28 MRSA isolates is
given in Table V. In MRSA highest resistance was against
co-trimoxazole (75.0%). The resistance rates against
piperacillin-tazobactam (64.2%), ofloxacin (60.7%) and
sparofloxacin (60.7%) were also high. The antibiotics
found to be most effective against MRSA were linezolid
(92.8%), vancomycin (82.1%) and chloramphenicol
(71.4%).

Antibiotic resistance genes

The PCR for mec gene type applied on all the 28
MRSA isolates produced a 162 bp band showing that all
the MRSA had the mecA gene and none had the mecC
gene. The findings on presence of antibiotic resistance
genes in the S. aureus isolates are shown in Table VI. The
gene aacA-D had the highest occurrence (50%), followed
by tetK (38%) and ermC (30%). TetM (8%) and ermA (6%)
had low frequencies, while ermB, dfr4 and cfr were not
found. A representative gel picture of resistance genes
PCR is shown in Figure 1. The diversity in occurrence of
antibiotic resistance genes in the isolates is shown in Table
VII. No antibiotic resistance gene was found in 32% of the
isolates. AacA-D occurred as the sole antibiotic resistance
gene in 22% of the isolates. TetK was also found to exist as
a single antibiotic resistance gene in 6% of the isolates. Six
various combinations of antibiotic resistance genes were
observed in 2% to 8% of the isolates.
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Table IV. Antibiotic resistance patterns in the 50 S. aureus isolates.

Antibiotic phenotype No. of No.of Source
antibi- resistant
otics  isolates
SXT 1 1 Pus
SXT, E 1 Sputum
SXT, E, DA 3 Pus, Nasal Swab
SXT, DA, FOX 1 Pus
SXT, FOX, MEM 1 Pus
SXT, OFX, CIP, SPX 3 Wound

OFX, CIP, SPX, LEV
FOX, MEM, CIP, VA

FOX, MEM, CN, AK

FOX, CN, AK, FA

SXT, OFX, CIP, SPX, LEV

SXT, E, DA, MEM, MH

SXT, FOX, OFX, CIP, CN

SXT, OFX, CIP, SPX, PT

E, FOX, OFX, CIP, SPX

E, FOX, CIP, SPX, CN, PT

SXT, FOX, OFX, CIP, SPX, LEV

SXT, MEM, OFX, CIP, SPX, LEV

SXT, OFX, VA, CN, AK, FA, LNZ

SXT, FOX, OFX, CIP, SPX, LEV, FA

SXT, FOX, OFX, CIP, LEV, CN, FA

E, FOX, OFX, CIP, SPX, LEV, CN

FOX, OFX, CIP, SPX, LEV, CN, AK

SXT, E, DA, OFX, CIP, SPX; LEV, FA

SXT, FOX, OFX, CIP, SPX, LEV, CN, AK

SXT, FOX, OFX, CIP, LEV, CN, AK, FA

SXT, E, DA, FOX, OFX, CIP, SPX, LEV, FA

SXT, E, DA, FOX, VA, CN, AK, FA, LNZ

SXT, E, FOX, OFX, CIP, SPX, LEV, CN, AK

SXT, FOX, OFX, CIP, SPX, LEV, AK, TGC, MH
SXT, E, FOX, OFX, CIP, SPX, LEV, CN, AK, PT
SXT, E, FOX, OFX, CIP, SPX, LEV, CN, AK, TGC, C
SXT, E, FOX, OFX, CIP, SPX, LEV, CN, AK, PT, MH

SXT, E, FOX, MEM, OFX, CIP, SPX, LEV, CN, AK, C, MH

SXT, FOX, MEM, OFX, CIP, SPX, LEV, CN, AK, FA, PT, MH

SXT, DA, FOX, MEM, OFX, CIP, SPX, LEV, CN, AK, FA, PT, MH

SXT, E, FOX, MEM, OFX, CIP, SPX, LEV, CN, FA, LNZ, PT, TGC, MH
SXT, E, DA, FOX, OFX, CIP, SPX, LEV, VA, CN, AK, FA, LNZ, PT, TGC, C
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Table V. Antibiotic sensitivity of the 28 MRSA isolates.

Antibiotic R No. (%) I No. (%) S No. (%)
E 15 (53.5%) 5(17.8 %) 8 (28.5%)
C 2(7.1%) 6 (21.4%) 20 (71.4%)
DA 3(10.7%) 6 (21.4%) 19 (67.8%)
VA 0 (0%) 5(17.8%) 23 (82.1%)
FA 4(14.2%) 7(25.0%) 17 (60.7%)
LNZ 2(7.1%) 0 (0%) 26 (92.8%)
SXT 21 (75.0%) 4 (14.2%) 3 (10.7%)
CN 14 (50.0%) 7(25.0%) 7(25.0%)
AK 7 (25.0%) 5(17.8%) 16 (57.1%)
LEV 10 (35.7%) 9 (32.1%) 9 (32.1%)
OFX 17 (60.7%) 8 (28.5%) 3(10.7%)
cIP 14 (50.0%) 7 (25.0%) 7(25.0%)
SPX 17 (60.7%) 7(25.0%) 4(14.2%)
PT 18 (64.2%) 5(17.8%) 5(17.8%)
TGC 8 (28.5%) 6 (21.4%) 14 (50.0%)
MH 2 (7.1%) 8 (28.5%) 18 (64.2%)
MEM 6 (21.4%) 7(25.0%) 15 (53.5%)

For abbreviations of antibiotics, see Table III.

Table VI. Prevalence of antibiotic resistance genes in
the 50 S. aureus isolates.

Name of gene Isolates found positive No. (%oage)

aacA-D 25 (50%)
cfr 0 (0%)
dfi4 0 (0%)
ermA 3 (6%)
ermB 0 (0%)
ermC 15 (30%)
tetK 19 (38%)
tetM 4 (8%)

400 bp =—p 360 bp
e 299 bp
4227 bp

4190 bp

300 bp e——

200 b e

100 bp e

Fig. 1. A representative gel showing results of PCR for
detection of antibiotic resistance genes. M: molecular size
marker. PCR product bands in the figure represent tezK (360
bp), ermC (299bp), aacA-D (227 bp) and ermA (190 bp).

Table VII. Diversity of antibiotic resistance genes in the
50 S. aureus isolates.

Antibiotic resistance genes No. of isolates

combinations (% age)
No gene 16 (32%)
tetK (alone) 3 (6%)
aacA-D (alone) 11 (22%)
tetK, ermC 4 (8%)
tetK, aacA-D 2 (4%)
tetK, ermC, aacA-D 3 (6%)
ermC, aacA-D, tetM 1 (2%)
tetK, ermC, aacA-D, ermA 3 (6%)
tetK, ermC, aacA-D, tetM 2 (4%)

DISCUSSION

S. aureus is one of the most common causes of both
community and hospital acquired infections. Although S.
aureus causes a wide variety of clinical infections, the
most common are those that affect skin and soft tissues
and often lead to the formation of abscesses (Kobayashi
etal.,2015). In our study also most isolations of S. aureus
were from pus samples. We found a high percentage of
MRSA (56%) in our study and this is in line with previous
international reports. In general, there has been an increase
in the prevalence of MRSA in the Asia-pacific and in
various other regions of the world with few exceptions
(Loewen et al., 2017; Wong et al., 2018). We tested our
MRSA isolates for the presence of mecA or mecC alleles by
a multiplex PCR. However, we found no isolate harboring
the mecC allele. The occurrence of the mecC has generally
been found to be low in humans (Paterson et al., 2014).

In the present study the highest resistance rates were
observed against co-trimoxazole. High resistance against
co-trimoxazole has been reported in previous studies also.
In a study in Nigeria 72.1% of S. aureus clinical isolates
were found to be resistant to co-trimoxazole (Shittu et
al., 2011). Ninety six percent of Staphylococci isolated
from meat samples have been found to be resistant to co-
trimoxazole (Osman et al., 2017). Other antibiotics against
which high rates of resistance were observed in S. aureus
and MRSA in this study were the quinolones sparofloxacin
and ofloxacin and the macrolide erythromycin. A total of
107 out of 122 (87.7%) of milk S. aureus isolates from
various locations in South Africa were found to be resistant
to erythromycin (Akindolire ef al., 2015). In Iran 89.1%
of MRSA were found to be resistant to erythromycin
(Dehkordi et al., 2017). Another study in Egypt found
clinical MRSA isolates to be highly insusceptible to
quinolones. In this, study 58% of the isolates were
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observed to be resistant to ofloxacin (Hashem ez al., 2013).

In the present study highly diverse patterns of
antibiotic resistance were detected against the 18 antibiotics
tested and 39 antibiotic resistance phenotype groups were
observed. Wide variation in antibiotic resistance patterns
in S. aureus have been noted in previous studies. Ninety-
seven S. aureus clinical isolates tested for susceptibility
to 14 antibiotics showed high divergence in resistance
phenotype and 36 antibiotic resistance groups were
observed (Yilmaz and Aslantas, 2017). Sixteen resistance
patterns were observed against 9 antibiotics in 33 S.
aureus isolates recovered from ear discharges (Deyno et
al., 2017). Thirty S. aureus isolates were collected from
seawater and sand from beaches and were tested against
15 antibiotics. The isolates showed 23 antibiotic resistance
phenotypic patterns (Akanbi et al., 2017). In our study a
high percentage (78%) of S. aureus isolates were found
to carry MDR. High rates of MDR in S. aureus are being
increasingly reported. Very high rates of MDR S. aureus
were reported from China (100%) and Ireland (84.3%)
(Earls et al., 2017; Wong et al., 2018).

In the present study the drugs found to be most effective
against S. aureus were linezolid (96% for S. aureus and
92.8% for MRSA), vancomycin (80% for S. aureus and
82.1% for MRSA) and chloramphenicol (70% for S. aureus
and 71.4% for MRSA). In previous studies both linezolid
and vancomycin have shown excellent results against S.
aureus. In a study 1116 S. aureus isolates collected over six
years time (2009-2014) were tested for antibiotic sensitivity.
None of the isolate was found to be resistant to linezolid or
vancomycin (Ragbetli ef al., 2016): In‘a study in India, out
of 250 S. aureus isolates, none was found to be resistant
to either linezolid or vancomyein (Gade and Qazi, 2013).
Chloramphenicol has alse been found to be highly effective
against S. aureus in previous investigations. In a previous
study in Pakistan 132 out of 174 (75.86%) of the MRSA
isolates were found to be sensitive to chloramphenicol and
this drug was suggested to be a good substitute to the latest
expensive antibiotics in resource constrained-countries
(Fayyaz et al., 2013). Five out of 30 (83.3%) S. aureus
isolates from seawater and beaches sand were found to be
susceptible to chloramphenicol (Akanbi et al.,2017). None
of the 221 S. aureus isolates recovered from various animal
species were found to be resistant to chloramphenicol
(Rubin et al., 2011).

We screened our isolates for presence of 8 selected
antibiotic resistance genes. The highest occurrence was
that of aac4-D and 50% of the isolates were positive for
it. The aacA-D gene has been detected at high levels in
S. aureus in many previous studies. In Palestine 74.5% of
MRSA isolates were found to harbor aacA-D gene (Adwan
et al., 2014). Hospital MRSA isolates recovered in Poland

contained aacA-D atarate of 72.3% (Szymanek-Majchrzak
et al., 2018). The other genes detected at considerable
levels in our S. aureus isolates were ftetK (38%) and
ermC (30%). Both these genes have been detected at high
levels in S. aureus in some of the earlier studies. 7ezK and
ermC were detected in S. aureus clinical isolates at rates
of 43.7% and 91.9%, respectively (Yilmaz and Aslantas,
2017). MRSA isolates contained fetK and ermC at rates
of 76.4% and 74.5%, respectively (Adwan et al., 2014). A
high percentage (85.5%) of MDR S. aureus clinical isolates
in China were found to contain ermC gene (Yang et al.,
2017). The genes found in low percentages in our study
were fetM (8%) and ermA (6%). TetM has been observed
at low levels in S. aureus in former studies in Palestine
(16.4%) and Iran (27%) (Adwan et al., 2014; Dehkordi et
al., 2017). ErmA was noted in19.4% of clinical S. aureus
isolates in Turkey (Yilmaz and Aslantas, 2017), while no
ermA was found in.S. aureus collected from seawater and
sand from beaches (Akanbi et al., 2017). Cfr, dfrA and
ermB genes were not detected in the present study. No cfr
gene was detected in 23 Staphylococcus isolates collected
from meat samples (Osman et al., 2017). The occurrence
rate of ermB in S. aureus clinical isolates in Turkey was
6:5% (Yilmaz and Aslantas, 2017). No dfr4A gene was
detected in any of the 49 co-trimoxazole resistant Nigerian
S. aureus isolates (Shittu et al., 2011).

Regarding the diversity of antibiotic resistance
gene occurrence pattern, 32% of our S. aureus isolates
contained no resistance gene, while aac4-D occurred as
sole antibiotic resistance gene in 22% of the isolates. Wide
variation in occurrence of combinations of resistance gene
was observed. Such patterns have been observed in earlier
studies also (Egyir ef al., 2015; Szymanek-Majchrzak et
al., 2018).

The main factors that have been attributed to the
development of antimicrobial resistance in Pakistan are
irrational use of antibiotics and their extensive use in
animal farming (Saleem et al., 2018). There is a dire need
to contain rising antibiotic resistance in the country. A
plan called the “National Action Plan for the Control of
Antimicrobial Resistance” in the country was devised by
the Government of Pakistan. In this regular surveillance of
antibiotic resistance, raising public awareness on the issue,
enforcement of regulations of antimicrobial use in human
and veterinary practice, research on antibiotic resistance
and vaccines and improved hygiene etc. were suggested
as antimicrobial resistance control strategies (Anonymus,
2011).

CONCLUSION

This study is one of the very few studies that have
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addressed the situation of antibiotic resistance and
antibiotic resistance genes in Pakistani S. aureus strains.
Detailed analysis of the findings of this study have been
presented in the results part. More than half (56%) of
the isolates were found to be MRSA. High resistance
rates against co-trimoxazole, erythromycin, ofloxacin,
sparofloxacin and piperacillin-tazobactam were observed.
MDR was detected in a high proportion (78%) of the
isolates. All the MRSA isolates carried the mecd gene
and the mecC variant was not detected. The antibiotic
resistance gene aacA-D had the highest occurrence and
tetK and ermC were also detected in a significant number
of isolates. Further studies are required to know better the
prevalence of antibiotic resistance and antibiotic resistance
genes in Pakistani S. aureus strains.
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