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Abstract: Antimicrobial resistance of methicillin-resistant Staphylococcus aureus (MRSA) poses a serious problem for clinicians worldwide.
The present study attempted to evaluate the susceptibility patterns of MRSA to various antimicrobials and the prevalence of inducible clindamy-
cin resistance as well as the relevant antibiotic and antiseptic resistance genes among these isolates. Totally, 40 MRSA isolates were recovered
from examined milk and meat product samples (18.60%). Multi-drug resistance (MDR) was remarkably observed among 85% of these isolates.
There was a good correlation between phenotypic determination of methicillin, amoxicillin/clavulinic acid and tetracycline resistances and PCR
detections of mecA, blaZ and tet(K) genes, respectively, but norA gene was not detected in the four ciprofloxacin resistant isolates. Although,
55% of MRSA expressed resistance to benzalkonium chloride (BC), neither gacA/B nor smr gene was detected. Of 20 isolates exhibiting erythro-
mycin- clindamycin discordant resistance pattern, 8 displayed positive double disk diffusion (D-zone) test denoting inducible macrolide-lincosa-
mide-streptogramin B (MLS) resistance phenotype with the inducibly expressed erm(A) and erm(C) genes in 87.5% of these isolates. Besides,
the remaining 12 isolates showed MS phenotype (resistant to macrolides and type B streptogramins only) with a variety of erm(A), mph(C),
msr(A) or a combination of these genes including erm(C). Finally, the constitutive MLS , phenotype with the constitutive expression of erm(A),
erm(B) and erm(C) genes was comprised in 2 isolates with higher minimum inhibitory concentration (MIC) values for erythromycin (512 and
1024 pg/ml) and clindamycin (16 and 32 pg/ml). These findings suggested the importance of monitoring the evolution of MRSA resistance.
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Introduction

Staphylococcus aureus has emerged as one of the
most important pathogens over the past several decades.
It has been a leading cause of food-poisoning outbreaks
and contagious bovine mastitis (1).

The success of this pathogen is due to its potential
virulence besides its remarkable ability to overcome
most of antibiotics developed in the recent years with
the emergence of multi-drug resistance (MDR) pattern
(2). Infection caused by antibiotic resistant strains and
particularly methicillin-resistant Staphylococcus aureus
(MRSA) has become an increasingly serious medical
problem threatening public health (3) owing to the dif-
ficulties of treatments and the ease with which MRSA
spreads. This is mainly due to the dissemination of cer-
tain determinants that encode resistance to antimicro-
bials.

There are several classes of antibiotic resistance
genes that confer resistance to different groups of anti-
biotics. Resistance to methicillin has been reported to
be associated with the presence of an alternative low-
affinity penicillin-binding protein 2a (PBP2a) which is
encoded by the mecA gene. Another gene involved in
penicillin resistance is blaZ, which encodes p-lactamase
(4). Bacteria can use different mechanisms of resistance
to antibiotics, however, many bacterial efflux pumps are
able to extrude several, unrelated classes of antimicrobial
compounds from the cell promoting the development of
MDR phenotypes (5). For tetracycline resistance, tefK
is the most often found in S. aureus among a variety
of different zet genes coding for efflux mechanisms (6).
In the vast majority of S. aureus isolates, resistance to

quinolone is due to overexpression of norA gene which
encodes a multidrug efflux protein (NorA) capable of
transporting fluoroquinolone outside the bacteria (7).

The increased frequency of staphylococcal infec-
tions along with augmented problem of resistance has
led to the renewed interest to determine which of the-
rapeutic alternatives are suitable to treat the infections.
The usage of macrolide-lincosamide-streptogramin B
(MLS) family of antibiotics with clindamycin being
the preferred agent serves as one such alternative option
that inhibit protein synthesis by binding to the 50S ribo-
somal subunits of bacterial cells. Clindamycin is a good
substitute among the limited choices of antimicrobials
effectively against MRSA due to its excellent pharma-
cokinetic properties (8).

The widespread use of MLS, antibiotics has led
again to the development of resistance which is the
major barrier in their usage. It is well known that bac-
terial resistance to this group may be expressed through
different mechanisms. Firstly, modification of ribo-
somal target which is mediated by erm (erythromycin
ribosome methylase) genes leading to cross-resistance
to macrolides, lincosamides and streptogramins B, the
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so-called MLS, phenotype. Secondly, an active macro-
lide-specifc efflux mechanism which is encoded by
msr(A) (methionine sulfoxide reductase) gene confer-
ring resistance to macrolides and type B streptogramins
only (MS phenotype). Lastly, macrolide inactivation by
genes concerned in antibiotics inertness such as mph(C)
(macrolide 2'-phosphotransferase) gene, which codes
for a phosphotransferase that inactivates some macro-
lide antibiotics (9). The appearance of the MLS, pheno-
type can be constitutive macrolide-lincosamide-strepto-
gramin B (cMLS,) resistance and inducible macrolide-
lincosamide-streptogramin B (iMLS,) resistance. In
vitro, S. aureus isolates with constitutive resistance are
resistant to all members of MLS , and isolates with indu-
cible resistance are resistant to 14- and 15-membered
macrolides only, but appear to be susceptible to clinda-
mycin. The risk of treatment failure was commonly re-
ported during therapy with clindamycin in the inducible
resistance phenotype. In this case, the erm genes require
an inducing agent to express resistance to clindamycin.
Erythromycin can act as a strong inducer of methylase
synthesis (10). Constitutive resistance can be readily
detected, but inducible resistance is not recognized by
routine antimicrobial susceptibility methods, while it
can be detected with a simple disk approximation test,
commonly referred as the D-test (8) according to the
recommendation of Clinical and Laboratory Standards
Institute (CLSI) (11).

Because of the high resistance of S. aureus and
the outbreaks of nosocomial infections due to MRSA
worldwide, hygienic measures have concentrated on
the prevention of infection rather than on medical treat-
ment. A variety of antiseptic and disinfectant agents
based on quaternary ammonium compounds (QACs)
have been extensively used in hospitals and other health
care settings (12). Overuse of antiseptic agents has led
to decreased susceptibility to QAC and the emergence
of alarming antiseptic resistance which is attributable
to gac determinants that are mainly plasmid borne and
confer resistance by a means of proton motive force-de-
pendent multidrug efflux (13).

On the whole, this study sheds light on the in vitro
resistance situation in S. aureus from milk and meat
products against various kinds of antibiotics with spe-
cial reference to inducible and constitutive clindamycin
resistance and aims to critically record the current sta-
tus of MRSA response to commonly used antiseptic in
Egypt with assessing the genetic basis of the relevant
resistance to guide therapy.

Materials and Methods

Samples and microbiological analysis

A total of 173 milk samples from apparently healthy
and mastitic cows in addition to 42 samples of different
meat products including sausage (15), burger (7) and
minced meat (20) were randomly collected from Abu
Kabeer, al-salhia and Zagazig cities in Sharkia prov-
ince, Egypt during the period from December 2012 to
December 2013. The samples were then transferred as
early as possible to the laboratory in an icebox, where
they were analyzed for S. aureus screening. Routine
preliminary phenotypic characterization of S. aureus
isolates were conducted initially on the basis of standard

microbiological techniques (14).

Susceptibility testing

In vitro antimicrobial susceptibility testing of all S.
aureus isolates to a panel of 14 antimicrobial agents
including erythromycin (E), clindamycin (DA), tetra-
cycline (TE), ciprofloxacin (CIP), chloramphenicol (C),
methicillin (ME), amoxicillin/clavulinic acid (AMC),
cefoxitin (FOX), vancomycin (VA), trimethoprim/
sulfamethoxazole (SXT), rifampicin (RF), gentamycin
(CN), imipenem (IPM) and ceftriaxone (CRO) (Oxoid
Ltd., Basingstoke, Hampshire, UK) was carried out by
disc diffusion method and interpreted according to the
breakpoint values defined by CLSI (11). The resistance
rate to each antibiotic was calculated as the number of
resistant S. aureus isolates divided by the total number
of isolates. Multi-drug resistance was defined as resis-
tance to at least three various classes of selected anti-
biotics.

Furthermore, all S. aureus isolates were initially
tested for their susceptibilities to QAC by studying their
growth on Mueller Hinton agar (MHA) plates (Oxoid
Ltd., Basingstoke, Hampshire, UK) containing 12 dif-
ferent concentrations of BC (Sigma-Aldrich, Co., St.
Louis, MO, USA) ranging from 1 to 12 pg/ml as was
previously described (15). A control MHA plate contai-
ning no QAC was used for each isolate. Isolates showing
confluent or semi-confluent growth on MHA containing
BC at >4 ng/ml were considered resistant to QAC.

Minimum inhibitory concentrations (MICs) of
erythromycin and clindamycin (Sigma-Aldrich, Co.,
St. Louis, MO, USA) were then determined for all S.
aureus isolates identified earlier on disc diffusion test
as resistant to erythromycin and susceptible to clinda-
mycin by a standardized broth microdilution method in
accordance with the CLSI guidelines (11).

D-test

The presence of inducible clindamycin resistance
due to expression of inducible erm genes in S. aureus
was sought in those isolates with discordant resistance
pattern for clindamycin and erythromycin (clindamycin
susceptible and erythromycin resistant on the basis of
their MICs) using the D-test. Briefly, this test was per-
formed by placing erythromycin (15 pg) and clindamy-
cin (2 pg) discs in the center of Mueller—Hinton agar
plates previously inoculated with 0.5 McFarland equi-
valent bacterial suspensions at an edge-to-edge distance
of approximately 15 to 20 mm. Following overnight
incubation at 37°C, interpretation of the inhibition zone
diameters was analyzed as per CLSI guidelines (11).
Three different phenotypes were assessed and explained
(16) as following:
1. Constitutive MLS, phenotype: S. aureus isolates
showing resistance to both erythromycin and clindamy-
cin with a circular shaped zone of inhibition if any
around clindamycin.
2. Inducible MLS, phenotype: S. aureus isolates ex-
hibiting resistance to erythromycin, while being sensi-
tive to clindamycin and giving a blunted or truncated D
shaped zone of growth inhibition around clindamycin
disc with flattening on the side adjacent to erythromycin
disc (D test positive).
3. MS phenotype: S. aureus isolates which were resis-
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tant to erythromycin and susceptible to clindamycin giv-
ing a circular zone of inhibition around clindamycin (D
test negative), which shows that the strain is truly sus-
ceptible to clindamycin, but has an active efflux pump.

Molecular detection of antibiotic and antiseptic re-
sistance genes

Plasmid DNA extraction was carried out using QIA-
prep Spin Miniprep Kit (Qiagen GmbH, Hilden, Ger-
many) according to manufacturers” instructions.

The presence of genes involved in resistance of
S. aureus isolates to beta-lactams (blaZ and mecA),
macrolides, lincosamides and streptogramins B
[(erm(A), erm(B), erm(C), mph(C) and msr(A)], quino-
lones (norA), tetracyclines (fef(K)] and benzalkonium
chloride (gacA/B and smr) was determined by PCR
amplifications using the specific primers and the PCR
conditions outlined in Table 1. All PCR amplifications
were performed in a PTC-100 TM programmable ther-
mal cycler (MJ Research Inc., Waltham, USA) with a
total reaction volume of 25 pl consisting of 12.5 ul of
DreamTaq TM Green Master Mix (2X) (Fermentas, Inc.
Hanover, MD, USA), 0.1 pl of 100 pmol of each primer
(Sigma-Aldrich, Co., St. Louis, MO, USA), 2 ul of the
extracted template and water nuclease-free up to 25 pl.
Appropriate positive and negative controls were an inte-
gral part of any PCR assay. The amplified PCR products
(5 ul) were analyzed on 1.5 % agarose gel stained with
ethidium bromide, visualized and photographed using
an ultraviolet transilluminator (Spectroline, Westbury,
New York, USA). A 100 bp DNA ladder (Fermentas,
Inc. Hanover, MD, USA) was used as a molecular size
marker.

Statistical analysis

In order to compare the antibiotic resistance profiles
of S. aureus isolates from milk and meat products, Fi-
sher’s exact test was applied through cross tab. Proce-
dure of Statistical Package for Social Sciences version
22.0 (IBM Corp., Armonk, NY, USA). The value of P <
0.05 was used to indicate a statistical significance.

Results

Occurrence and distribution of S. aureus among
analyzed samples

Following preliminary phenotypic identification, 40
S. aureus isolates were recovered from 215 examined
samples (18.60%). For clarity, 30 of 173 milk samples
(17.34%) and 10 of 42 meat product samples (23.81%)
were contaminated with S. aureus with high frequencies
from burger (71.43%), followed by sausage (26.67%),
but minced meat samples displayed a rather low level of
contamination with S. aureus relative to the total num-
ber of isolates from meat products (5%).

Antimicrobial susceptibility testing

Antibiotic susceptibility patterns of all S. aureus
isolates are illustrated in Table 2. Analysis of methicil-
lin resistance confirmed that all the recovered isolates
were MRSA. Totally, all MRSA isolates tested were
susceptible to imipenem and vancomycin and over
90% of the isolates were susceptible to trimethoprim/
sulfamethoxazole (95%). However, the highest levels of
resistance were obtained against amoxicillin/clavulinic
acid, tetracycline and erythromycin (65, 60 and 57.5%,
respectively) and the proportion of isolates resistant to
clindamycin, ciprofloxacin, chloramphenicol trimetho-

Table 1. Oligonucleotide primers used for specific PCR amplifications of antibiotic and antiseptic resistance genes among S. aureus isolates.

Target gene/specificity Primer pair Prlntesl“ifg‘l;ence A;:;lg?;;)n P(:cl;ncdyiﬂgi;nd Reference
blaZ/ P-lactamase blaz-1 ACTTCAACACCTGCTGCTTTC 173 17
blaZ-2 TGACCACTTTTATCAGCAACC 95°C 30s, 54°C 30 s,
tet(K)/ tetracycline tet(K)-1 GTAGCGACAATAGGTAATAGT 160 72°C 30 s; 30x 17
efflux protein tet(K)-2 GTAGTGACAATAAACCTCCTA
94°C30s,64°C30s,
mecA/PBP2a mecA-1 GTAGAAATGACTGAACGTCCGATAA 310 72 °C 45 s; 10x and 94 18
mecA-2 CCAATTCCACATTGTTTCGGTCTAA °C305s,50°C45s,72
°C 2 min; 25x
erm(A)/ methylase Zgggé S e oG 434 18
erm(B)-1 CATTTAACGACGAAACTGGC
erm(B)/ methylase 1 ). GGAACATCTGTGGTATGGCG 425 94°C 605, 51°C 18
erm(C)/ methylase erm(C)-1 ATCTTTGAAATCGGCTCAGG 295 (ermA, ermB, ermC), or 18
erm(C)-2 CAAACCCGTATTCCACGATT 55 °C (msrA, mphC) 60
mph(C)/ mph(C)-1 GAGACTACCAAGAAGACCTGACG 729 s, 72°C 60 s; 30x 18
phosphotransferase mph(C)-2 CATACGCCGATTCTCCTGAT
msr(A)/ hydrophilic msr(A)-1 GCAAATGGTGTAGGTAAGACAACT 400 18
protein (Msr(A)) msr(A)-2 ATCATGTGATGTAAACAAAAT
norA/ multidrug efflux norA-1 TTCACCAAGCCATCAAAAAG 620 94°C 30 s, 45°C 30 s, 19
protein norA-2 CTTGCCTTTCTCCAGCAATA 72°C 1 min; 35x
qac’f\ﬂ/ B/ multidrug qacA/B-1 GCAGAAAGTGCAGAGTTCG 361 20
meilb‘r*;‘n‘;”;‘ffe'ins qacA/B-2 CCAGTCCAATCATGCCTG
. 95°C 308, 52°C 30 s,
smr/ efflux proteins 72°C 1.5 min: 25x
belonging to the small smr-1 GCCATAAGTACTGAAGTTATTGGA 195 > 20
multidrug resistance smr-2 GACTACGGTTGTTAAGACTAAACCT

family

PBP2a, penicillin-binding protein 2a;" Initial heating was always performed at 94°C for 5 min, final elongation at 72°C for 5 min.

x: Number of cycles
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Table 2. Antibiotic susceptibility profiles of S. aureus isolates.

No of S. aureus isolates (%)

Antibiotic I R
Erythromycin 6 (15) 11 (27.5) 23 (57.5)
Clindamycin 35(87.5) 1(2.5) 4(10)
Tetracycline 8 (20) 8 (20) 24 (60)
Ciprofloxacin 34 (85) 2 (5) 4(10)

Chloramphenicol 30 (75) 5(12.5) 5(12.5)

Methicillin 0(0) 0(0) 40 (100)

Amoxicillin/clavulinic acid 12 (30) 2(5) 26 (65)

Cefoxitin 18 (45) 0(0) 22 (55)

Vancomycin 40 (100) 0(0) 0(0)
Trimethoprim/sulfamethoxazole 38 (95) 1(2.5) 1(2.5)

Rifampicin 33 (82.5) 2(5) 5(12.5)
Gentamycin 36 (90) 0(0) 4 (10)

Imipenem 40 (100) 0(0) 0(0)

Ceftriaxone 11 (27.5) 15 (37.5) 14 (35)

S, susceptible; I, intermediate; R, resistant.

prim/sulfamethoxazole, rifampicin and gentamycin was
less than 15%. More precise interpretation of antibiotic
resistance revealed that all the isolates were resistant to
at least one of the screened antibiotics, but none of them
were resistant to all antibiotics. In addition, majority
of MRSA (85%) had phenotypic resistance to at least
three antimicrobial drugs of three different groups being
MDR with a reduced gradient of multiple antibiotic re-
sistance.

The antibiotic susceptibility profiles of MRSA iso-
lates from milk and meat product samples were found
to be variable. Almost all MRSA strains (96.67%) from
milk samples were sensitive to trimethoprim/sulfa-
methoxazole, 93.33% to gentamycin, 90% to clindamy-
cin and 80% to each of ciprofloxacin and rifampicin.
However, 73.33% of the strains recorded resistance
to amoxicillin/clavulinic acid, followed by 66.67% to
tetracycline. In general, 86.67% of these MRSA iso-
lates proved MDR pattern, in which only 3 strains were
resistant to 8 drugs. Among MRSA strains from meat
products, 100% sensitivity was observed to ciprofloxa-
cin, followed by 90% to each of trimethoprim/sulfa-
methoxazole and rifampicin and 80% to each of clinda-
mycin and gentamycin. Overall, 80% of these isolates
expressed MDR, while no isolates exhibited resistance
to more than 6 antibiotics. Distribution of antimicrobial
resistance among S. aureus from milk and meat pro-
ducts is clarified in Figure 1. It is worth noting that there
were no significant differences observed in the resis-
tance rates of MRSA isolates from both sources to all
tested antibiotics (P > 0.05).

According to the MHA method used for initial scree-
ning of MRSA susceptibilities to BC, 22 of the 40 iso-
lates (55%) expressed resistance to this QAC.

Interestingly, MIC testing confirmed the erythromy-
cin resistance pattern among 23 MRSA isolates yielding
various erythromycin MIC values ranging from § to
1024 pg/ml with only one isolate exhibiting the high-
level resistance (1024 pg/ml). Moreover, all 35 disc dif-
fusion clindamycin sensitive isolates were further affir-
med using a standardized broth microdilution method
displaying clindamycin MIC values <0.5 ug/ml.

Interpretative criteria of D-test
Out of the total MRSA isolates, 4 (10%) were suscep-
tible to both clindamycin and erythromycin. Meanwhile,

= Milk

® Meat products

Resistance (%)
@
2
S

b0 E DA TE CcIp C ME AMC FOX SXT RF CN CRO
Antimicrobial

Figure 1. Antimicrobial resistance patterns of S. aureus isolates
from milk and meat products. E, erythromycin; DA, clindamycin;
TE, tetracycline; CIP, ciprofloxacin; C, chloramphenicol; ME,
methicillin, AMC, amoxicillin/clavulinic acid; FOX, cefoxitin;
SXT, trimethoprim/sulfamethoxazole; RF, rifampicin; CN, genta-
mycin; CRO, ceftriaxone.

of all 23 erythromycin resistant MRSA, only 2 isolates
from milk samples exhibited resistances to both ery-
thromycin and clindamycin indicating ¢cMLS, resis-
tance phenotype. This phenotype was not detected in
MRSA from meat products. Phenotypic evaluation of
inducible resistance to clindamycin revealed that the
clindamycin-erythromycin discordant resistance pattern
compatible for realization of the D test was obtained by
a total of 20 MRSA isolates (16 from milk samples and
4 from meat products) with MIC values of §8-256 and
0.03-0.50 pg/ml for erythromycin and clindamycin, res-
pectively. Among these 20 isolates, 8 (40%) displayed
positive D-test denoting iMLS resistance phenotype
[7/16 (43.75%) from milk and 1/4 (25%) from meat
products] with an overall percentage of 20% from all
MRSA isolates, while the remaining 12 isolates (60%)
demonstrated true sensitivity to clindamycin (nega-
tive D-test) suggesting MS phenotype [9/16 (56.25%)
from milk and 3/4 (75%) from meat products]. D test
positive isolates showed higher resistance rates to cef-
triaxone (75%) and cefoxitin (62.5%) as compared to D
test negative isolates (16.67 and 25%, respectively), but
both isolates showed full resistances to erythromycin,
tetracycline, methicillin and amoxicillin/clavulinic acid
(100%). It was noticed that the MS phenotype predomi-
nated over the cMLS, and iMLS, resistance phenotypes
among MRSA isolates from both milk and meat pro-
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Table 3. Susceptibility patterns of MRSA isolates from milk and meat products against erythromycin and clindamycin .

o Source of MRSA
Susceptibility pattern (phenotype) - Total (40)
Milk (30) Meat products (10)
ES, DAS 3 (10) 1 (10) 4 (10)
E?, DA® (cMLS ) 2 (6.67) 0(0) 2(5)
ER, DAS (D test positive, iMLS ) 7 (23.33) 1 (10) 8 (20)
ER, DAS(D test negative) 9 (30) 3 (30) 12 (30)
ES, DAR 0(0) 2 (20) 2(5)
Total 21 (70) 7 (70) 28 (70)

MRSA, methicillin resistant S. aureus; E, erythromycin; DA, clindamycin; S, sensitive, R, resistant; cMLS , constitutive

macrolide lincosamide and streptogramin B; iMLS ,, inducible macrolide lincosamide and streptogramin B.

Data are presented as No. (%).

duct samples. Moreover, the percentages of both cMLS |
and iMLS resistance phenotypes were higher amongst
MRSA isolates from milk as compared to MRSA iso-
lates from meat products, but percentages of suscep-
tible and MS phenotype were equal among both sample
types. Frequency of different susceptible phenotypes for
erythromycin and clindamycin among all screened iso-
lates are provided in Table 3.

Analysis of the genetic basis of resistance pattern
Twenty two multi-drug and antiseptic resistant
MRSA isolates exhibiting all D-test resistance pheno-
types were selected to interpret their genotypic charac-
teristics using PCR screening of some antibiotic and
antiseptic resistance genes. With regards to PCR deter-
mination of antiseptic resistance genes, both gacA/B
and smr genes were not detected in any antiseptic resis-
tant strains. However, all isolates held more than one
antibiotic resistance gene and a high proportion of these
isolates (59.09%) possessed five genes confirming the

large spread of MDR isolates. The PCR analysis gave
data consistent with phenotypic resistance patterns of
the isolates via amplifications of the respective anti-
biotic resistance genes with the yield of the expected
amplicons sizes (Table 4). In particular, mecA gene was
detected in all methicillin resistant isolates confirming
them as MRSA and blaZ and tet(K) genes were ampli-
fied in all phenotypically amoxicillin/clavulinic acid
and tetracycline resistant isolates (100%), respectively.
Conversely, no amplification was observed with primer
sets for norA gene in the four ciprofloxacin resistant iso-
lates.

Besides, the PCR based detection of five erythromy-
cin resistance genes showed that all the isolates harbored
erm(C) gene and the majority of them (81.82%) were
positive for erm(A) gene. The distribution of erm(A) in
milk samples was higher than in meat product samples
(88.89 and 50%, respectively). On the other hand, the
prevalence of mph(C), msr(A) and erm(B) genes were
considerably lower than the erm(A) gene. Six (27.27%)

Table 4. Correlation between phenotypic antibiotic resistance and PCR results among 22 MRSA isolates categorized by D-test.

S .. Isolate Resistence phenotype MIC (ug/ml)  D-test PCR results *
ample origin . con .
number (disk diffusion test) E DA result (resistance genes)
1 E, TE, ME, AMC, CRO 16 0.03  iMLS, erm(A)
2 E, TE, ME, AMC 8 0.50 - msr(A)
3 E, TE, ME, AMC, FOX, CRO 16 0.25  iMLS, erm(A)
4 E, TE, CIP, ME, AMC, CRO 32 0.03  iMLS, erm(A)
5 E, TE, CIP, ME, AMC 32 0.25 - mph(C)
6 E, TE, ME, AMC, CRO 64 0.03 - erm(A), mph(C)
7 E, TE, ME, AMC, FOX 128 0.06 - erm(A), mph(C)
8 E, TE, CIP, ME, AMC, FOX, CRO 32 0.06  iMLS, erm(A)
Milk 9 E, TE, CIP, ME, AMC 64 0.25 - erm(A), msr(A)
(18) 10 E, TE, ME, AMC, FOX 32 0.50 - erm(A)
11 E, DA, TE, ME, AMC, FOX, CRO 512 16 cMLS, erm(A), erm(B)
12 E, TE, ME, AMC, CRO 128 0.12 - erm(A), mph(C)
13 E, TE, C, ME, AMC 32 0.25 - erm(A)
14 E, TE, ME, AMC, FOX 64 0.03 - erm(A), msr(A)
15 E, TE, C, ME, AMC, FOX, RF, CRO 256 0.06 iMLS, erm(A), erm(B)
16 E, TE, C, ME, AMC, FOX, RF, CRO 32 0.25  iMLS, erm(A)
17 E, TE, ME, AMC, FOX, CN 16 0.03  iMLS, erm(A)
18 E, DA, TE, C, ME, AMC, FOX, CRO 1024 32 cMLS, erm(A), erm(B)
19 E, TE, ME, AMC 128 0.03 - mph(C), msr(A)
Meat products 20 E, TE, ME, AMC 8 0.03 - mph(C)
“4) 21 E, TE, ME, AMC 32 0.12 - erm(A)
22 E, TE, ME, AMC 16 0.50 iMLS, erm(A)

E, erythromycin; DA, clindamycin; TE, tetracycline; CIP, ciprofloxacin; C, chloramphenicol; ME, methicillin; AMC, amoxicillin/

clavulinic acid; FOX, cefoxitin; RF, rifampicin; CN, gentamycin; CRO, ceftriaxone; iMLS, inducible macrolide lincosamide and

streptogramin B; cMLS,, constitutive macrolide lincosamide and streptogramin B; -, negative; * mecA, blaZ, tet(K) and erm(C)

genes were detected in all isolates, but norA gene was not identified in ciprofloxacin resistant isolates number 4, 5, 8 and 9.
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among the 22 tested isolates contained mph(C), 4 iso-
lates (18.18%) harbored msr(A) and only 3 isolates
from milk samples (13.64%) were positive for erm(B)
gene. Furthermore, nine isolates (40.91%) carried 3 ery-
thromycin resistance genes.

Based on analysis of the association between pheno-
typic erythromycin resistance patterns identified on the
basis of MIC values and the distribution of erythromy-
cin resistance determinants among MRSA isolates dis-
playing all categories of D-test (Table 4), it was noted
that all 22 erythromycin resistant isolates (MIC range
of 8 to 1024 pg/ml) had at least two of the respective
resistance genes. The iMLS , phenotype was detected in
8 isolates with susceptibility to clindamycin (MIC range
0f 0.03—0.50 pg/ml). It is noteworthy that the inducibly
expressed erm(A) and erm(C) genes were present in
combination in majority of these isolates [7/8 (87.5%],
while erm(A), erm(B) and erm(C) genes were detec-
ted in only one isolate from milk sample with a higher
MIC value for erythromycin (256 pg/ml). Moreover, the
cMLS, phenotype corresponded in two isolates with the
constitutive expression of erm(A), erm(B) and erm(C)
genes displayed higher MIC values for both erythro-
mycin (512 and 1024 pg/ml) and clindamycin (16 and
32 pg/ml). Finally, the remaining 12 isolates showing
MS phenotype contained a variety of erm(A), mph(C),
msr(A) or a combination of these genes including
erm(C). Surprisingly, erm(A) gene occurred in these
isolates more often than other genes either alone (3 iso-
lates) or in combination with the mph(C) gene (3 iso-
lates) or msr(A) gene (2 isolates). In addition to the high
resistance to erythromycin (MIC >16 pg/ml) in previous
cases, which accurately differentiated erm positive iso-
lates, resistances to at least three other antimicrobial
agents were also observed. Multiple resistance to ery-
thromycin, tetracycline, methicillin and amoxicillin/
clavulinic acid was noted in all isolates and concurrent
resistance to other antimicrobial agents was recorded in
most of the isolates. The mph(C) or msr(A) genes, inde-
pendently or in combination were detected in 4 isolates.
The presence of either mph(C) or msr(A) gene led to
lower MIC values (8 and 32 pg/ml) than reported for
the isolates showing the simultaneous presence of both
genes (128 pg/ml).

Discussion

S. aureus is considered as one of the major cli-
nically significant pathogens worldwide. The emer-
gence of MDR is a stumbling block for antimicrobial
chemotherapy especially after the introduction of new
classes of antimicrobial agents (21). Moreover, anti-
septics resistance is an increasingly serious threat since
the early 1990. Therefore, concerns have particularly
arisen to update our knowledge about the prevalence
and distribution of antibiotic and antiseptic resistance
genes among MRSA isolates is of utmost importance
for controlling their dissemination and management of
severe infections.

In this study, 18.60% of the 215 analyzed samples
were contaminated with S. aureus; 17.34% from milk
samples and 23.81% from meat product samples. The
contamination rates of S. aureus herein were lower than
those reported in another study conducted in Turkey,

where a higher prevalence rate of S. aureus (33.4%);
23.2% from milk samples and 48.7% from meat and
meat product samples was observed (1). The variation
in different geographical regions may be due the effi-
cacy of infection control practices, healthcare facilities
and antibiotic usage.

Analyzing the antibiogram results of the current
study proved methicillin resistance in all recovered S.
aureus isolates unveiling the huge existence of MRSA
in milk and meat products. Isolation of MRSA in this
study was significant and considered an extension of
previous studies conducted recently by another research
groups in Bangladesh (22) and Egypt (23) signifying
that the occurrence of MRSA in food samples has been
a major concern for the consumer health. The full sus-
ceptibility of the isolates observed in this study to imi-
penem and vancomycin agreed with data reported for S.
aureus isolates from food samples in Turkey (24) and
S. aureus strains isolated from raw milk in Tehran and
Mashhad (25) indicating these antibiotics as excellent
and effective agents for treatment of S. aureus infec-
tions. On the other hand, all the strains were resistant
to at least one of the antibiotics with the highest levels
of resistance obtained against amoxicillin/clavulinic
acid, tetracycline and erythromycin (65, 60 and 57.5%,
respectively). The prevalence of resistance of S. aureus
from food samples to the aforementioned antibiotics
was also comparable with data from previous reports
in major countries; 52% against amoxicillin/clavulinic
acid in Egypt (23), 60% against tetracycline in Romania
(26) and 58.6% against erythromycin in Turkey (1). A
remarkable level of MDR was not surprising as 85%
of MRSA have been accounted as MDR strains. This
finding is consistent with a previous report demonstra-
ting this emerging feature in the city of Nairobi, where
most S. aureus isolates from milk and meat samples
(80.2%) were multiply resistant to between two and six
antibiotics (27). This trend suggests that the contamina-
tion of milk and meat with resistant S. aureus posing a
potential risk to consumers. Therefore, comprehensive
control measures during processing of these products
and judicious application of effective antibiotics should
be adopted to overcome this critical situation and avoid
the risk of human infection. It is worth mentioning that
the resistance patterns of MRSA isolates from milk and
meat product samples were variable with a high propor-
tion of resistance to most antibiotics among milk iso-
lates compared to meat isolates. On the contrary, ano-
ther study performed in Kenya recorded elevated resis-
tances to antimicrobial agents among S. aureus isolates
from meat than those from milk samples attributing to
excessive handling of the meat with contaminated hands
during mincing process (27).

Regarding the susceptibilities of MRSA to antisep-
tics, 55% of MRSA isolates expressed resistance to BC.
However, a previous study carried out in Iran detected
only 9% of MRSA isolates with MIC values higher than
2 pg/ml (28).

Confirming the results of disc diffusion test for ery-
thromycin resistance and clindamycin susceptibility
was performed by broth microdilution method with ery-
thromycin MIC values ranging from 8 to 1024 pg/ml
and clindamycin MIC values <0.5 pg/ml. Our data are
consistent with the results of a previous study carried
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out in the Czech Republic with MIC range of 8 to >128
mg/l in erythromycin resistant isolates and MIC range
of 0.5 mg/l in clindamycin susceptible isolates (29).

In the light of increasing frequency of a variety of
staphylococcal infections, especially the expanding role
of MRSA and changing patterns in their antimicrobial
resistance, resurgence in interest in clindamycin therapy
should be considered to treat such infections. Reporting
S. aureus as susceptible to clindamycin without accu-
rate checking for inducible resistance using D-test may
result in therapeutic failures, but negative result for
inducible resistance confirms true clindamycin suscep-
tibility and provides a very good therapeutic option to
improve the empirical approaches to the therapy of se-
rious infections caused by staphylococci (30).

In this study, a total of 20% of MRSA demonstrated
IMLS, phenotype. This is in concordance with studies
published by other authors in Turkey (24.4%) (31) and
in India (27.6%) (30). However, contrary to our data,
50% of MRSA isolates in a study conducted in Alaba-
ma were determined to have the inducible phenotype
(32) and 0.65% of MRSA isolates in a later report in
Bangalore demonstrated inducible resistance (33). The
striking differences in the incidence of inducible clinda-
mycin resistance among MRSA could be attributed to
rapid changes in antimicrobial resistance patterns and
vary widely by the geographical specificity.

We agree in principle that only erythromycin resis-
tant but clindamycin susceptible isolates should be
tested. Thus, we tested 20 isolates with clindamycin-
erythromycin discordant resistance pattern and detected
inducible clindamycin resistance (D test positive) in 8
isolates, while the rest ones were D test negative. This
observation suggests that if the D test had not been per-
formed, nearly half of the erythromycin resistant iso-
lates (40%) would have been misidentified as clindamy-
cin sensitive and could be converted to a constitutively
resistant phenotype during treatment resulting in the-
rapeutic failure as was previously observed in another
study conducted in India (30). This further reaffirms
the critical role of D-test as an auxiliary and alternative
method for clinical microbiology laboratories to provide
routine detection of inducible clindamycin resistance
enabling us to guide the clinicians towards the judicious
use of clindamycin to retain confidence in clindamycin
when erythromycin resistance is present.

In this study, all MRSA isolates have a low preva-
lence of constitutive resistance (5%) which is within
the limits of two studies conducted in different parts of
India; 7.3% (30) and 8.6% (34). The low constitutive
clindamycin resistance in our study may be attributed to
the fact that this drug is not commonly used and hence
there is a less prevalence of resistant strains.

It was noticeable that the MS phenotype predomina-
ted over the cMLS, and iMLS resistance phenotypes
among MRSA isolates as was previously reported (35).
An important fact observed in our study regarding the
increasing frequency of resistance rates with in vitro
inducible clindamycin resistance among D test positive
isolates has left very few therapeutic options for clini-
cians.

Accurate detection of the most frequently antibio-
tic resistance genes associated with resistance of S.
aureus to clinically relevant antibiotics is essential for

the treatment of overt infections and the implementa-
tion of infection control practices. A major problem in
the treatment of S. aureus infections is the ability of
this pathogen to be resistant to a number of antibiotics.
Apparently, all isolates carried more than one antibio-
tic resistance gene and 59.09% of them harbored five
genes. These results are in agreement with the findings
of an earlier report in USA (36), whereby all MRSA iso-
lates carried two to six antibiotic resistance genes with
the majority (72%) carrying four to six different genes
emphasizing the considerable spread of MDR isolates.

In this study, the observed phenotypic methicillin,
amoxicillin/clavulinic acid and tetracycline resistances
were justified by PCR detections of mecA, blaZ and
tet(K) genes. This affirms the close correspondence
between the results of PCR and those of classical re-
sistance testing as reported before (37). Conversely, a
discrepancy between genotypic and phenotypic detec-
tion of antimicrobial sensitivity patterns was evidenced
by the absence of norA gene in the four ciprofloxacin
resistant isolates. The reason for this difference is the
possibility of carrying other drug resistance genes or
harboring some other antimicrobial resistance pheno-
menon. This result is in contrast to a recent report in
Baghdad, where norA gene was detected in 47% of S.
aureus isolates (38).

Other significant observations in this study were that
all 22 erythromycin resistant isolates had at least two of
the respective resistance genes and erm(C), followed by
erm(A) genes were the most prevalent ones. Similarly,
in a study performed in South of Turkey, all erythromy-
cin resistant strains contained at least one of the erythro-
mycin resistance genes and ermA was the predominant
one (17).

The percentages of mph(C), msr(A) and erm(B)
genes in this study (27.27, 18.18 and 13.64%, respecti-
vely) were lower than those observed in a recent survey
conducted in Turkey (30.4, 78 and 52.2%, respectively)
(39).

The multiplicity of mechanisms which is conferred
resistance to MLS , antibiotics reflects the complexity of
the resistant phenotypes as well as the clinical situation.
The most widespread and clinically important resistance
mechanisms encountered with inducible clindamycin
resistance are evidenced by the production of erm genes.
The results of the present investigation revealed that the
inducibly expressed erm(A) and erm(C) genes were pre-
sent in combination in majority of the isolates and the
constitutive expression of erm(A), erm(B) and erm(C)
genes were corresponded in two isolates. Likewise, the
simultaneous presence of more than one erm gene in
the genome of S. aureus is possible and has previously
been detected in another similar study performed in the
Czech Republic (29).

For isolates showing MS phenotype, a variety of
erm(A), mph(C), msr(A) or a combination of these
genes including erm(C) detected in the present study
was just as another research done in Atlanta, where ms-
rA-mediated resistance is representative for S. aureus
isolates with MS phenotype (16).

In addition, the presence of either mph(C) or msr(A)
gene herein led to lower MIC values than reported for
the isolates showing the simultaneous presence of both
genes. On the contrary, the simultaneous presence of the
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msr(A) and mph(C) genes led to lower MIC values than
noted for the isolates carrying only msr(A) gene (29).

In accordance with another study in the Czech Re-
public (29), the high resistance to erythromycin in erm
positive isolates herein was accompanied by resistances
to at least three other antimicrobial agents.

Finally, although antiseptic-resistant MRSA (55%)
are already identified in our study, gqacA/B and smr
genes were not detected in these strains. Contempo-
rary literature in Asia detected 137 antiseptic-resistant
MRSA (26.5%) without gacA/B and smr genes (40).
These results suggest that the antiseptic resistant MRSA
lacking both genes may be intrinsically tolerant to the
antiseptics and their resistance may be due to other
genes presumably located on the chromosome of S. au-
reus as was previously published (41). Alternatively, the
presence of gacA/B and smr genes in MRSA has been
documented in a number of studies performed in Japan
(41) and Iran (28).

Based upon the results of the present investigation,
we can conclude that the fairly high rate of inducible
clindamycin resistance with evidences of the wide
occurrence of antibiotic resistance genes among mul-
ti-drug resistant MRSA strains is a warning for public
health in Egypt. Therefore, periodical surveillance of
antimicrobial susceptibility patterns of MRSA strains
and the implementation of the D-test for delineation of
phenotypic pattern of inducible clindamycin resistance
are of utmost importance in reducing the present scourge
of MRSA infections and alleviating the situation of fai-
lures in clindamycin therapy. However, a further inves-
tigation is warranted to provide an exploration of anti
staphylococcal agents with alternative and multiple
modes of antibacterial activity in the future. Ultimately,
as a consequence of the absence of antiseptic resistance
genes, the present study advocated the use of antisep-
tic agents as appropriate control strategies with a higher
potential to prevent the infections of MRSA in Egypt.
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