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Inducible Macrolide-Lincosamide-Streptogramin B (MLSBi) Resistance,
Penicillin Binding Protein 2a (PBP2a) and Virulence Factors in Staphylococcus
Isolates from Clinical and Food Sources
*Akinjogunla OJ1, Ekuma AE2, Adaka, FN1, Udeson AS1
ABSTRACT
Inducible macrolide-lincosamide-streptogramin B (MLSBi) resistance, penicillin binding protein 2a (PBP2a)
and virulence factors in Staphylococcus spp from clinical and food samples were detected using erythromycinclindamycin D-zone test, rapid latex agglutination kit and culture media. Seventeen S. aureus and 5 coagulase
negative (CoN) Staphylococcus spp were obtained from food samples, while clinical samples had 18
Staphylococcus spp. The percentage occurrences of Staphylococcus spp in food samples were: 60% (garri),
46.7% (fufu), 40.0 % (rice). One methicillin resistant CoN Staphylococcus spp (MRCoNS) and 7 methicillin
sensitive S. aureus (MSSA) were obtained from clinical samples, while 6 methicillin resistant S. aureus
(MRSA), MSSA (11), MRCoNS (2) and MSCoNS (3) were isolated from food samples. Of the S. aureus (n=13)
and CoN Staphylococcus spp (n=5) obtained from clinical samples, 6 (46.2%) and 2 (40.0%) had PBP2a,
respectively. The results showed that 67.5% staphylococcal isolates were sensitive to ciprofloxacin; between
52.5% and 60.0% isolates were sensitive to tetracycline and chloramphenicol, while 88.9% MRSA, MSSA and
MRCoNS were clindamycin sensitive. Out of 19 erythromycin resistant isolates, 8 (42.1 %), 6 (31.6 %) and 5
(26.3%) had macrolide-streptogramin, MLSBi and constitutive macrolide lincosamide-streptogramin B
phenotypes, respectively. < 41.7% MRSA produced TNase and protease, between 66.7% to 83.3% MRSA were
DNase, phospholipase and lipase producers, < 83.3 % MSSA produced DNase and haemolysin, 55.6% MSSA
produced amylase, while < 16.7 % MSSA were encapsulated strains. The D-zone test for detection of MLSBi in
Staphylococcus spp should be a part of routine antibiotic susceptibility testing so as to prevent treatment failure.
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on infection caused by this organism in
6
developing countries. Contamination of food
products by Staphylococcus spp may occur during
manufacturing and handling of final products. In
African region, a large proportion of foods are
sold by the informal sector, especially as street
foods. The hygienic aspects of vending operations
and the safety of these foods are problematic for
food safety regulators.7
The increasing occurrence of
staphylococcal infections such as impetigo,
scalded skin syndrome, endocarditis,
bacteraemia, and the changing pattern of
antimicrobial resistance have led to the use of
clindamycin for the treatment of staphylococcal
infections.8 The methicillin-resistant
Staphylococcus spp exhibited high-level
resistance to b-lactam antibiotics owing to
expression of penicillin-binding protein 2a
(PBP2a), a transpeptidase that catalyzes cell-wall
crosslinking in the face of the challenge by blactam antibiotics.9 Clindamycin, a protein
synthesis inhibitor, is a frequent therapeutic
option for staphylococcal infections and is
equally considered as a worthwhile alternate

INTRODUCTION
The staphylococci are facultative
anaerobes, Gram positive bacteria, in the family
1
Staphylococcaceae and order Bacillales.
Staphylococcus aureus has been vastly studied
owing to its potential pathogenicity against
human and animals2 and infections caused by
methicillin-resistant S. aureus (MRSA) are of
global concern. 3 The pathogenicity of
Staphylococcus spp is attributable to the
production of repertoire of virulence factors such
as DNase, haemolysin, phospholipase, protease
and amylase that promote colonization of hosts'
tissues, bacterial spread in tissue and inhibition of
phagocyte engulfment. 4,5 Most developed
countries have reported an increase in
colonization and infection in hospitalized patients
caused by coagulase negative (CoN)
Staphylococcus spp, while there are scanty data
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agent for treatment of staphylococcal infections
in penicillin-allergic patients.10,11 Clindamycin is
effective, inexpensive and obtainable in oral and
parenteral forms; inhibits production of toxins in
Staphylococcus spp. and has an excellent tissue
penetration.12
The widespread use of macrolidelincosamide-streptogramin B (MLSB) antibiotics
such as telithromycin, clindamycin and
erythromycin for the treatment of staphylococcal
infections has led to an increase in MLSB
resistant strains.10, 11 Resistance of Staphylococcus
spp to MLSB antibiotics is either due to an active
efflux mechanism encoded by the msrA gene
(conferring resistance to macrolides and
streptogramin B) or ribosomal target
11
modification mediated by erm genes. The erm
genes encode enzymes confer inducible or
constitutive resistance to MLSB agents through
methylation of the 23S rRNA, reducing the
10,13,14
binding of MLSB agents to the ribosome.
The
prompt detection of MLSBi resistance aids in the
use of clindamycin only in infections caused by
clindamycin susceptible Staphylococcus spp and
consequently helps in reduction of treatment
failure11. Consequently, this study determined the
occurrence of inducible macrolide-lincosamidestreptogramin B resistance, penicillin binding
protein 2a (PBP2a) and virulence factors in
staphylococcal isolates.

incubation, the yellow colonies on each plate was
subcultured onto each nutrient agar plate and
incubated for 24 hr at 37°C. Pure culture of
isolate was streaked onto nutrient agar slants,
incubated at 37°C for 24 hr and stored in the
refrigerator at 4°C for characterization and
identification. All isolates were Gram stained,
subjected to biochemical (coagulase, urease,
indole, citrate, catalase, Vogues Proskauer) and
sugar fermentation tests.
Phenotypic Detection of Methicillin Resistant
(MR) Staphylococcus spp
Methicillin resistant Staphylococcus spp isolated
from the clinical and food samples were detected
15
phenotypically using disc diffusion test. Zero
point one (0.1)ml of Staphylococcus spp
prepared directly from an overnight agar plate,
adjusted to 0.5 McFarland Turbidity Standard,
was pipetted and inoculated onto plate containing
Mueller-Hinton Agar (MHA). Cefoxitin disc
(30mg) were placed on MHA plates and
o
incubated at 37 C for I8 hrs. Inhibitory zones
after incubation were observed and measured in
millimetre (mm). The interpretation of the
measurement as methicillin sensitive (MS) and
methicillin resistant (MR) was made as follows:
(MS: ³ 22; MR £21).16
Antibacterial Susceptibility Testing of
Methicillin Resistant (MR) and Methicillin
Sensitive (MS) Staphylococcus spp
The antibacterial susceptibility testing was
performed by disc diffusion technique.15 Zero
point one (0.1)ml of Staphylococcus spp.,
prepared directly from an overnight agar plate
adjusted to 0.5 McFarland Turbidity, was
inoculated onto plate containing MHA.
Antibiotic discs: ciprofloxacin (CIP, 5mg),
clindamycin (CLI, 2mg), cotrimoxazole (COT,
25mg), chloramphenicol (30mg), erythromycin
(ERY, 15mg), gentamicin (GEN, 10mg),
tetracycline (TET, 30mg), and penicillin (PEN, 10
units) (Oxoid, UK) were placed onto MHA plates
and incubated at 37oC for I8 hrs. Inhibitory zones
after incubation were observed and measured in
millimetre. The interpretation of the
measurement as sensitive and resistant was made
according to the standard interpretative zone
16
sizes given by CLSI guidelines.

MATERIALS AND METHODS
Collection of Samples
A total of 85 samples comprising 40 clinical (midstream urine, n = 20; wound n = 20) and 45 readyto-eat (RTE) food (rice, n=15; garri, n= 15; fufu,
n=15) samples were aseptically collected using
sterile wide - necked containers and swab sticks.
The samples were properly labelled and
transported to the Microbiology Laboratory for
bacteriological analyses.
Bacteriological Analysis of Samples
Each of the wound swabbed samples was
inoculated into nutrient broth for 4-6 hrs and then
inoculated onto Mannitol Salt Agar (MSA) plates.
Ten (10) gram of each RTE-food and 10ml of each
mid-stream urine (MSU) sample was added into
90ml of peptone water, respectively. The samples
were shaken vigorously and 1 ml of each serially
diluted sample was transferred onto each MSA
plate and incubated at 37°C overnight. After
41
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shaped zone of inhibition around CLI with
flattening towards ERY disc were identified as
having inducible MLSB phenotype (iMLSB).
Staphylococcus spp that were both ERY resistant
r
r
(ERY ) and CLI resistant (CLI ) were considered
as having constitutive MLSB resistance type
(cMLSB).

Serological Detection of Penicillin Binding
Protein 2a (PBP2a)
The Penicillin Binding Protein 2a (PBP2a) in
staphylococcal isolates from clinical and food
samples was detected using latex agglutination
test (Oxoid, DR0900). Each of the staphylococcal
isolates was grown on a plate of Brain Heart
Infusion (BHI) Agar and aerobically incubated at
37oC for 18 hrs. After incubation, a loopful of the
staphylococcal isolate was suspended in 4 drops
of Extraction Reagent 1 in a micro-centrifuge
tube, vortexed, boiled for 3 min and allowed to
cool at room temperature. Thereafter, a drop of
Extraction Reagent 2 was added to the lysate in
each micro-centrifuge tube, mixed, centrifuged at
1,500 x g for 5 mins and the supernatant was
collected for PBP2a detection assay. Each circle
of the test card was labelled, and a drop of Test
Latex particle sensitised with a monoclonal
antibody against PBP2a and 50ml of supernatant
were added on the test card and thoroughly mixed
using a mixing stick. The control latex particle
was also used as prescribed by the manufacturer.
Each test card was examined for agglutination
under normal lighting conditions. A large clumps
against a very clear background indicated positive
reaction, while a homogeneous suspension of
particles with no visible clumping indicated
negative result.

Detection of Deoxyribonuclease (DNase)
Producing Staphylococcus spp
The DNase agar plates were inoculated with
Staphylococcus spp and aerobically incubated at
37 oC for 24 hr. The growths on the surface of the
agar were flooded with 1N HCL. Clear zones
around the colonies indicated the production of
DNase.1
Detection of Thermostable
Deoxyribonuclease (Tnase) Producing
Staphylococcus spp
Toluidine Blue DNA agar plates were inoculated
with Staphylococcus spp and aerobically
incubated at 37oC for 24hr. Formation of a pink
halo around the colonies indicated the production
17
of TNase.
Detection of Lipase Producing Staphylococcus
spp
Suspension (10µl) of each Staphylococcus spp
was spot inoculated onto plate of tributyrin
agar medium and aerobically incubated at 37ºC
for 24-48hr. Clear zone around the colony
1
indicated the production of lipase.

Detection of Inducible MLSB resistant
Staphylococcus spp
The inducible MLSB resistant Staphylococcus
spp were detected using double-disc diffusion
test.14 Zero point one (0.1) ml of Staphylococcus
spp prepared directly from an overnight agar
plate, adjusted to 0.5 McFarland Turbidity
Standard, was inoculated onto MHA plate.
Erythromycin and clindamycin discs were placed
15mm edge-to-edge distance on Staphylococcus
spp inoculated on MHA plate and incubated at
o
37 C for 18 hr. Inhibitory zones after incubation
were measured in millimetre (mm) and the results
interpreted as follows: ERY (Sensitive: 23mm;
Resistant: £ 13mm) and CLI (Sensitive: 21mm;
Resistant: £14mm). 15 Staphylococcus spp
exhibiting resistance to ERY, sensitive to CLI and
giving a circular zone of inhibition around CLI
were assigned as MS (Macrolide-Streptogramins)
phenotype. Staphylococcus spp showing
resistance to ERY, sensitive to CLI and giving D-

Detection of Protease Producing
Staphylococcus spp
Each Staphylococcus spp was streaked on gelatin
agar plate and aerobically incubated for 24 -48 hr
at 37ºC. Transparent zones around the colonies
18
indicated production of protease.
Detection of Amylase Producing
Staphylococcus spp
Each Staphylococcus spp was streaked on starch
agar plate and aerobically incubated for 24 -48 hr
at 37ºC. After incubation, 3 drops of 10% Lugol
iodine was put on the culture plate and allowed to
react for 10 min. Clear zones around the colonies
showed amylase production.18
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Staphylococcus spp from RTE samples, 2
(40.0%) were MRCoNS and 3 (60.0%) were
MSCoNS (Table 3). The results of the penicillin
binding protein 2a (PBP2a) in staphylococcal
isolates from the clinical and RTE food samples
using latex agglutination assay are presented in
Table 4. Of the S. aureus (n=13) and CoN
Staphylococcus spp (n=5) obtained from clinical
samples, 46.2% (6/13) and 40.0% (2/5) were
P B P 2 a p r o d u c e r s , r e s p e c t i v e l y. N i n e
staphylococcal isolates comprising S. aureus (7)
and CoN Staphylococcus spp (2) obtained from
RTE food samples positive for the PBP2a (Table
4). The antibiotic susceptibility profiles of MRand MS-Staphylococcus spp from clinical and
RTE food samples are shown in Table 5. Of the 40
isolates tested, 27(67.5%), 35(87.5%) and 28
(70.0%) isolates were sensitive to ciprofloxacin,
clindamycin and gentamycin, respectively. The
results showed that between 52.5 % and 60.0 %
isolates were sensitive to erythromycin,
chloramphenicol and tetracycline, while 47.5 %
isolates showed sensitivity to penicillin and
cotrimoxazole. All the MSCoNS were
r
erythromycin resistant (ERY ), ³ 88.9 % MRSA
s
and MSSA were clindamycin sensitive (CLI ),
while 71.4 % and 85.7 % MRCoNS were
sensitive to clindamycin and gentamycin,
respectively (Table 5).
Of the 40 staphylococcal isolates from
the clinical and RTE food samples, 21 (51.8 %)
were both erythromycin and clindamycin
sensitive, while 19 (48.2 %) ERYr staphylococcal
isolates had macrolide-streptogramin (MS),
inducible macrolide-lincosamide-streptogramin
B (MLSBi) and constitutive macrolide lincosamide-streptogramin B (MLSBc)
r
phenotypes. Out of the 19 ERY staphylococcal
isolates, 8(20.0%), 6(15.0 %) and 5(12.5%) had
the MS, MLSBi and MLSBc phenotype,
respectively. The eight (8) ERYr staphylococcal
isolates with MS phenotype were MRSA (n=2),
MSSA (n=3), MRCoNS (n=1) and MSCoNS
(n=2). The MLSBi (ERYr, CLIs and D-test
positive) phenotype was observed in MRSA
(n=2), MSSA (n=2), MRCoNS (n=1) and
MSCoNS (n=1). Resistance of staphylococcal
isolates to both CLI and ERY, indicating MLSBc,
was detected in five (5) Staphylococcus spp,
comprising two MSSA and one MRSA,
MRCoNS and MSCoNS each (Table 6).

Detection of Phospholipase (Lecithinase)
Producing Staphylococcus spp
Each Staphylococcus spp was streaked on egg
yolk agar plate and aerobically incubated for 24 hr
at 37 ºC. Opaque zones around the colonies
indicated positive lecithinase reaction.18
Detection of Haemolysin Producing
Staphylococcus spp
Each Staphylococcus spp was streaked on human
blood agar plate and aerobically incubated for
48hr at 37ºC. Translucent zone around the
colonies indicated haemolysin production.6
Detection of Capsule Producing
Staphylococcus spp
Each Staphylococcus spp was emulsified in sterile
distilled water on a clean slide using sterile wire
loop. The smear was air dried, stained with crystal
violet for 5-7 min, washed off with 20% copper
sulphate, air-dried and examined microscopically
using 100 X oil immersion objective. Bacterial
capsule appeared as faint blue-violet around dark6
blue bacterial cells.
RESULTS
The results of the morphological and
biochemical characteristics of S. aureus and
CON-Staphylococcus spp. isolated from the
clinical and RTE food samples are presented in
Table 1. A total of twenty two (22) staphylococcal
isolates comprising seventeen (17) S. aureus and
five (5) CoN Staphylococcus spp were obtained
from rice (n=15), garri (n=15) and fufu (n=15).
The total percentage occurrences of S. aureus and
CoN-Staphylococcus spp in the RTE food samples
in decreasing order were as follows: 60 % (garri)
> 46.7 % (fufu) > 40.0 % (rice). Of the 18
staphylococcal isolates from the clinical samples,
8 Staphylococcus spp were obtained from the
MSU samples, while 10 Staphylococcus spp were
obtained from the wound samples (Table 2).
Less or equal to 20.0 % methicillin
resistant CoN Staphylococcus spp (MRCoNS)
and 53.8 % methicillin sensitive S. aureus (MSSA)
were obtained from the clinical samples (Table 3).
A total of 6 (35.3%) methicillin resistant S. aureus
(MRSA) and 11 (64.7%) methicillin sensitive S.
aureus (MSSA) were obtained from the RTE
samples. The occurrence of MRSA in the RTE
food samples were: rice (n=1, 20.0%), garri (n=3,
42.9%), and fufu (n=2, 40.0%). Of the 5 CoN
43
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The results showed that between 66.7 % to
83.3 % MRSA were DNase, haemolysin,
amylase, phospholipase and lipase producers,
while £ 41.7% MRSA produced TNase, protease
and capsule (Fig. 1). Of the eighteen (18) MSSA
tested for their capabilities to produce
extracellular enzymes and capsule, between 83.3

% and 72.2 % MSSA produced DNase and
haemolysin, 55.6 % produced amylase,
phospholipase and lipase each, while £ 16.7 %
MSSA were encapsulated strains (Fig. 2). The
percentage occurrences of virulence factors in
MRCONS and MSCONS from clinical and food
samples are shown in Figs 3 and 4, respectively.

Table 1: Morphological and Biochemical Characteristics of Staphylococcus spp from Clinical and Food
Samples
Morphological /
Biochemical
Tests
Shape
Gram Stain ing
Catalase
Coagulase
Indole
Citrate Utilization
Methyl Red
Vogues Proskauer
Oxidase
Urease
Glucose
Mannitol
Sucrose
Maltose
Lactose
Galactose

Staphylococcus
aureus

CoN- Staphylococcus
spp

Cocci in cluster
+
+
+
+
+
+
+
+
+
+
+
+

Cocci in cluster
+
+
+
+
+
+
+
+
+
+
+

Keys: CoN: Coagulase negative; +: positive; - : negative

Table 2: Occurrence of Staphylococcus spp in Clinical and Food Samples
Staphylococcus aureus
No. of
% of
Occurence
Occurence

CoN-Staphylococcus spp
No. of
% of
Occurence
Occurence

Source

Samples

Clinical

Urine (n=20 )
Wound (n=20 )
Total (n=40)

5
8
13

25.0
40.0
32.5

3
2
5

15.0
10.0
12.5

8 (40.0 )
10 (50. 0)
18 (45.0 )

Fufu (n=15 )
Rice (n=15)
Garri (n=15 )
Total (45)

5
5
7
17

33.3
33.3
46.7
37.8

2
1
2
5

13.3
6.7
13.3
11.1

7 (46.7 )
6 (40.0)
9 (60.0 )
22 (48.9)

Food

Keys: CoN: Coagulase negative
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Table 3: Frequency Occurrence of Methicillin Susceptible Staphylococcus spp from Clinical and Food Samples

Keys: CoN: Coagulase negative; MRSA: Methicillin Resistant S. aureus; MRSA: Methicillin Sensitive S. aureus; MRCoNS: Methicillin
Resistant Coagulase negative Staphylococcus spp; MSCoNS: Methicillin Sensitive Coagulase negative Staphylococcus spp.

Table 4: Detection of Penicillin Binding Protein 2a in Staphylococcus spp from Clinical and Food Samples

Key: PBP2a: Penicillin Binding Protein 2a; Values in parenthesis represent percentages.

Table 5: Antibiotic Susceptibility of Staphylococcus spp from Clinical and Food Samples
Bacterial
Isolates

No of
Isolates

CIP
No (%)

CLI
No (%)

CHL
No (%)

ERY
No (%)

GEN
No (%)

TET
No (%)

COT
No (%)

PEN
No (%)

MRSA
MSSA
MRCoNS
MSCoNS
Total

12
18
3
7
40

9 (75.0)
12 (66.1)
2 (66.7)
4 (57.1)
27 (67.5)

11 (91.7)
16 (88.9)
2 (66.7)
6 (85.7)
35 (87.5)

8 (66.7)
10 (55.6)
2 (33.3)
4 (57.1)
24 (60.0)

7 (58.3)
11 (61.1)
0 (0.0)
3 (42.9)
21 (52.5)

9 (75.0)
13 (72.2)
1 (33.3)
5 (71.4)
28 (70.0)

9 (75.0)
8 (44.4)
1 (33.3)
3 (42.9)
21 (52.5)

6 (50.0)
8 (44.4)
2 (66.7)
3 (42.9)
19 (47.5)

7 (58.3)
7 (38.9)
1 (33.3)
4 (57.1)
19 (47.5)

Keys: MRSA: Methicillin Resistant S. aureus; MSSA: Methicillin Sensitive S. aureus; MRCoNS: Methicillin Resistant Coagulase negative
Staphylococcus spp; MSCoNS: Methicillin Sensitive Coagulase negative Staphylococcus spp; CIP: Ciprofloxacin; CLI: Clindamycin;
COT: Cotrimoxazole; CHL: Chloramphenicol; ERY: Erythromycin; GEN: Gentamicin ; TET: Tetracycline; PEN: Penicillin.

Table 6: Frequency Occurrence of Inducible Macrolide-Lincosamide-Streptogramin B Resistance in
Staphylococcus spp

Bacterial No of ERY and CLI
Isolates Isolates
Sensitive
No (%)
MRSA
12
7 (58.3)
MSSA
18
11 (61.1)
MRCoNS
3
0 (0.0)
MSCoNS
7
3 (42.9)
Total
40
21 (52.5)

MSB
Resistance
No (%)
2 (16.7)
3 (16.7)
1 (33.3)
2 (28.6)
8 (20.0)

MLSBi
Resistance
No (%)
2 (16.7)
2 (11.1)
1 (33.3)
1 (14.3)
6 (15.0)

MLSBc
Resistance
No (%)
1 (8.3)
2 (11.1)
1 (33.3)
1 (14.3)
5 (12.5)

Keys: MRSA: Methicillin Resistant S. aureus; MRSA: Methicillin Sensitive S. aureus; MRCoNS: Methicillin Resistant Coagulase negative
Staphylococcus spp; MSCoNS: Methicillin Sensitive Coagulase negative Staphylococcus spp; ERY: Erythromycin; MLSB: MacrolideLincosomides-Streptogramins B: MS: Macrolide-Streptogramins B.
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Figure 2: The Percentage Occurrences of Virulence Factors in
MSSA from Clinical and Food Samples
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Figure 1: The Percentage Occurrences of Virulence
Factors in MRSA from Clinical and Food Samples
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MRCoNS from Clinical and Food Samples

Figure 4: The Percentage Occurrences of Virulence Factors in
MSCoNS from Clinical and Food Samples

isolation of CoN Staphylococcus spp from the
wound and MSU urine samples in this study
21
agrees with the results of Azih and Enabulele.
The detection of methicillin resistance in
staphylococci depends on prompt synthesis of
the peptidoglycan precursors as well as
production of penicillin binding protein with
chromosomal factors regulating the whole
22
process. The MRSA, MRSA and MRCoNS
were isolated from the clinical and food samples
in this study. The occurrence of MRSA in RTE
food samples in this study was in conformity with
23
the reports of Wang et al. who detected S. aureus
and MRSA in various food products, including
RTE food samples. In our study, £ 25.0% MRSA
were resistant to ciprofloxacin and gentamicin,
and this value was lower than ³ 65 % reported in

DISCUSSION
The varied occurrences of Staphylococcus
spp in the clinical and RTE food samples have
been reported worldwide. Food supplies the
nutrients needed by the body for effective
functioning and metabolism. Globally, S. aureus
is the frequent cause of bacterial foodborne
19
disease. S. aureus and CoN Staphylococcus spp
were isolated from RTE fufu, rice and 'garri' in
this study. The occurrence of S. aureus in rice and
'garri' corroborated the reports of Anibijuwon and
20
Sunday who obtained S. aureus and other
bacterial isolates from RTE foods collected from
two selected restaurants in Ilorin. The RTE food
may be contaminated by Staphylococcus spp via
sneezing, coughing, soil, air and the food sellers
who have skin lesions containing organism. The
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showing iMLSB resistance than MSSA. These
results contradict that of Schreckenberger et al.35
who reported higher percentage of MSSA with
iMLSBresistance phenotype than MRSA.
The pathogenicity of Staphylococcus spp
comes from their production of impressive
repertoire of virulence factors. In our study,
MRSA, MSSA, MRCoNS and MSCoNS from
the clinical and food samples produced DNase,
haemolysin, TNase, amylase, phosphokinase,
capsule, Lipase and protease in varied
proportions. The productions of DNase by
Staphylococcus spp have been reported by
36
Prescott et al. and this study confirmed it. The
occurrence of capsule, TNase, lipase and
haemolysin producing Staphylococcus spp in this
study corroborates the results of Akinjogunla et
al.1; Azih and Enabulele21; Odeyemi et al.37

northern Taiwan. Also, the high resistance of
MRCoNS to erythromycin, cotrimoxazole and
penicillin corroborates the results of Khadri and
Alzohairy.25
The increasing occurence of
staphylococcal infections and the changing
pattern of antimicrobial resistance have resulted
in the use of clindamycin for treating infection
26
caused by of Staphylococcus spp. Clindamycin
is a good substitute to treat Staphylococcus spp
infections owing to its low cost, fewer side
effects, availability in oral and parenteral forms,
lack of need for renal adjustment, ability to
directly inhibit toxin production11 and good bone
27
marrow and tissue penetration. However,
several studies on the occurence of iMLSB in
Staphylococcus spp and failure of clindamycin to
treat infections caused by this organism have been
9
reported. Our study showed a relatively high
(> 40.0 %) erythromycin resistant staphylococcal
isolates and this concurs with the results of Mittal
28
29
et al. and Sasirekha et al. who obtained 44.2 %
and 41.2 % erythromycin resistant
Staphylococcus spp, respectively. Staphylococcus
spp can be resistant to erythromycin through erm
or msrA genes. Strains with erm mediated
erythromycin resistance may possess inducible
but may appear susceptible to clindamycin by
disc diffusion.10
The detection of PBP2a in the
staphylococcal isolates using rapid latex
agglutination kits in our study agrees with the
reports of Cavassini et al.30 and Mbaba and
Ateba.31 Among the 21 erythromycin resistant
Staphylococcal isolates, only 6 isolates were
positive for iMLSB by D-zone test. The
occurrence of iMLSB Staphylococcus spp in this
study corroborates the findings of Deotale et al.32
The percentage of occurrence (15.0 %) of iMLSB
Staphylococcus spp in this study was slightly
lower than the value (23.0 %) obtained by Mittal
et al.28 The iMLSB resistance has been detected
33
in S. aureus. Of the 30 S. aureus isolated in this
study, only 13.3 % S. aureus were iMLSB
resistance phenotypes and this value was lower
than 35 % documented in Greece.33 In our study
percentage of iMLSB resistance was higher
amongst MRSA with 16.7 % as compared to
MSSA with 8.3 %. These results were in
concordance with that of Deotale et al.32 and
34
Gadepalli et al. who obtained higher MRSA

CONCLUSION
Owing to a low occurence of clindamycin
resistant Staphylococcus spp from clinical and
food samples in this study, clindamycin will be an
appropriate alternative drug for the treatment of
staphylococcal infections and also the simple to
perform, inexpensive erythromycin-clindamycin
D-zone test for detection inducible MLSB
phenotypes and should be considered a part of
routine antibiotic susceptibility testing so as to
prevent treatment failure.
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