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Abstract

The increase in microbial resistance to antibiotics is emerging as a challenge globally in the
treatment of infections. The emergence of multiple drug-resistant microbial infections has
created a severe concern for public health. Phenotypic and genotypic estimation of these
resistant genes will assist in mitigating measures to curb the rising incidence The aim of this
study is to isolate and characterize inducible clindamycin and methicillin co-resistant
Staphylococcus aureus from clinical samples phenotypical and genotypically. Clinical samples
collected from the various hospitals were cultured on mannitol salt agar, blood agar and
incubated overnight at 37°C. Colonial morphology, API identification system and standard
identifications including Gram stain reaction, catalase, and coagulase were used to identify the
isolates. he antibiotic susceptibility and D tests were carried out on Mueller- Hinton agar using
the modified Kirby-Bauer method according to the guidelines of the Clinical Laboratory
Standard Institute (CLSI). The overall occurrence of S. aureus was 75% (160/214). Multiple
drug-resistant, S. aureus was 50% (81/160), methicillin resistance was 32%, (51/160), and
inducible clindamycin resistance was 29.38% (47/160). The prevalence of co-resistance of
inducible clindamycin and Methicillin resistance was 23.75%. The prevalence of resistance
genes among the isolates with co-resistance of inducible clindamycin and methicillin resistance
genes were 13.7%, 17.6, 5.9, 5.9, for Mec A, Mec C, Erm B and Erm C respectively. The
highest incidence of inducible clindamycin and methicillin co-resistance was seen in urine
samples. This study reveals a high level prevalence of methicillin and inducible clindamycin
co- resistance among the isolates from the clinical samples studied which is a public health

threat.
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Introduction

Multiple drug resistance has been on the
increase in the past decade and this has
caused treatment failures and increased
economic burden especially in developing
countries [1], because the commonly used
antibiotics for treatment are no longer
effective [2]. The burden is more among the
West African Countries With an estimated
27.3 deaths in every 100,000 linked to
antimicrobial resistance [3]. This could be
attributed to a number of factors such as
rampant  distribution of fake and
substandard  drugs, poor diagnostic
procedures, inadequate diagnosis before
treatment, failure to adhere to treatment
regimen, easy access to drugs without
proper prescription, unrestricted access of
the public to antibiotics over the counter,
poor drug monitoring and surveillance [4-
5]. Therefore there is an urgent need for
immediate intervention in all health sectors
to fight against this pandemic through
surveillance. . Proper prescription may not
be an effective means of limiting access to
drugs particularly in sub-Saharan Africa
where persons with and without proper
prescription have access to drugs over the
counter [2].

Thirty percent of healthy individuals harbor
Staphylococcus aureus as part of the
normal flora. [6]. S. aureus can be found on
the skin, mucous membranes, nasal
passages, throat, intestines, and mouth [7 -
8]. Across the world, Staphylococcus
aureus is a foremost contributor to
community-acquired and  nosocomial
infections [9]. S. aureus can cause broad
range of serious infections, ranging from
soft tissue and mild skin infections, to
potentially fatal systemic diseases like food
poisoning, meningitis, scalded skin
syndrome, pneumonia, endocarditis and
bloodstream infections. These infections
are linked to a significant morbidity and
mortality rate [10]. Multiple drug resistance
has emerged as a result of the widespread
use of antibiotics, which has raised the
selective pressure on microorganisms.
These resilient bacteria are cause for
concern to public health worldwide [11].
Antimicrobial drugs become less effective
when resistant isolates proliferate, leading
to longer hospital admissions, higher

treatment costs, and a rise in mortality [12].
Macrolide lincosamide-streptogramin B
(MLSB) antibiotics class is a potential
substitute  for  the  treatment  of
staphylococcus aureus infections, as
reported resistance to most antibiotics used
to treat these infections is on the rise [12].
Clindamycin belongs to the MLSB family
and is frequently employed as an optimal
antibiotic  due to its  superior
pharmacokinetics [13] However, a greater
percentage of Staphylococcal strains are
becoming resistant to the MLSB family of
antibiotics as a result of their extensive use
and misuse [14]. The purpose of this study
was to identify and characterize co-
resistance of inducible Clindamycin
(iMLSB) and methicillin resistance of
multiple drug resistant S. aureus from
clinical samples and their possible resistant
markers.

The antibiogram generated from this study
will assist in providing accurate data on
antibiotic susceptibility testing to aid
therapeutic decision making.

Materials and Methods
Study area

This study was carried out in Department of
Medical Laboratory Science University, of
Nigeria Enugu Campus. All samples (urine,
CSF, blood, swabs and other body fluids
were collected from patient presenting at
University of Nigeria teaching Hospital
that came for microbiological examination
who gave consent within the period of
September, 2023 - March, 2024). A total of
214 samples were collected.

Inclusion/ Exclusion criteria

Isolates obtained from clinical specimen of
both genders were used in this study. Only
one sample was collected from patients that
were to submit more than one sample.

Laboratory Investigations

All the samples collected were cultured on
Mannitol salt agar and blood agar by
streaking method to obtain discreet
colonies using the method described by
clinical and laboratory standard institute
(CLSI) [15] and incubated overnight
aerobically at 37°C. Cultural morphology,
Gram reaction, catalase, coagulase and API
testing system (APl STAPH ) inbuilt
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protocol of Biomerieux laboratory for
identification as described by the
manufacturer were performed to confirm S.
aureus used in this study. The resistant
profiles of the isolates were determined
using the following antibiotics ceftriaxone,
erythromycin, gentamycin, ampicillin,
clindamycin, levofloxacin, cefoxitin,
Oxacillin, ceftraoline and trimethoprim-
sulfamethoxazole.

Kirby-Bauer agar diffusion method was
used as described by CLSI [15] for the
susceptibility testing and the results
interpreted as resistant, intermediate and
sensitive  according to the CLSI
recommended inhibition zone diameter to
the nearest mm. The isolates were sent for
molecular studies for detection of resistant
genes using multiplex PCR.

Methicillin  resistant  Staphylococcus
aureus (MRSA) Phenotypic Detection

Cefoxitin (30 ug) and oxacillin (1 pg) were
used in detecting the phenotypic
classification of the Staphylococcus aureus
into MRSA and MSSA as described by
CLSI [15]. A standardized bacteria
suspension was cultured on Muller Hinton
agar, the Cefoxitin and Oxacillin disc
placed on it. Cefoxitin disc with an
inhibition zone diameter less than 21mm is
reported as resistant while greater than
22mm is reported as sensitive. Oxacillin
disc with an inhibition zone diameter less
than 21mm is reported as resistant

D-Test procedure for phenotypic
detection of iIMLSB

D- Test procedure as described by CLSI
[15] was used. Standardized bacterial
suspension was prepared and the turbidity
adjusted to 0.5 McFarland’s. It was used to
inoculate a sterile Muller—Hinton agar plate

(MHA).  Erythromycin  (15uxg) and
clindamycin (2 x«g) set 15mm apart and
were incubated at 37°C for 24 hours. The
zones of inhibition diameter were read and
the phenotypic appearance observed after
24 hours of incubation.

Interpretation of the D-Test

Isolates with zones of inhibition diameter
with erythromycin -R = <13 mm;
Erythromycin -1 = 14 to 22 mm,
erythromycin -S = >23 mm, while
clindamycin-R = <14 mm clindamycin -1
=15 to 20 mm, clindamycin -S =>21 mm.
If the erythromycin zone is <13 mm and
the clindamycin zone is >21 mm. D-test
positive is zone of inhibition >21 mm
clindamycin and erythromycin <13 mm
with a D-shaped halo around the
clindamycin, common phenotypes
include

(D) iMLSB (Inducible clindamycin
resistance  phenotype): Resistant to
erythromycin but produce a D-shaped zone
of inhibition around the clindamycin

(2) cMLSB (Constitutive clindamycin
resistance phenotype) Resistant to both
clindamycin and erythromycin

3 MS phenotype (Macrolide
streptogramin) Sensitive to clindamycin
but resistant to erythromycin

4) S phenotype: (Sensitive) Sensitive to
both clindamycin and erythromycin.

Genetic detection of resistance genes

Isolates that demonstrated phenotypic
presence of inducible clindamycin and
MRSA genes were screened for genetic
presence for resistance genes of MRSA,
clindamycin and erythromycin resistance
genes. The DNA extraction was done as
described by [5].

Table 1: Primers used for the resistant gene identification

Achukwu et al

Genes 51 —31 primer
ErmA FTATCTTATCGTTGAGAAG GGATT 139
R:CTACACTTGGCTTAGGAT GAAA

Amplicon size (bp) Reference
Agbo et al. [5]

ErmB  F:CTATCTGAT TGTTGAAGA AGGATT 142
R:GTTTACTCT TGGTTTAGG ATGAAA

Agbo et al. [5]
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ErmmC F.CTTGTTGAT CACGATAAT TTCC 190
RIATCTTTTAG CAAACCCGT ATTC

Agbo et al. [ 5]

Mec A F:AGTTCTGCA GTACCGGAT TG 533 Idrees, et al., [16]
R:AAAATCGA TGGTAAGGT TCGC
Mec C F-TCACCAGGTTCAACIY]C AAAA- 356 Idrees, et al., [16]

R-CCTGAATC[W]GCTAATAA TATTTC-

Ethical Approval

Ethical permission to carry out this work
was sought from the Ethics Committee
College of Medicine University of Nigeria
Enugu Campus.

Results

Distribution of Staphylococcus aureus in
clinical specimen

The isolates that produced yellow colonies
on mannitol salt agar, exhibited a clear zone
of hemolysis on blood agar, and tested
positive for catalase and coagulase were
further identified using the API system and
confirmed as Staphylococcus aureus.

Out of the 214 isolates collected, 75%
(160/214) were confirmed to be Staph
aureus while 50.6% (81/160) were multiple
drug resistant and 36% (51/160) were
methicillin resistant with 68.12% (109/160)
MSSA as shown in Fig 1

The isolates confirmed to be S. aureus
(160/21) were obtained from various
clinical specimen as shown in Fig 2 and its
frequency were as follows: blood (5,
3.1%), CSF (10, 6.3%), ear swab (11,
6.9%), HVS (35, 21.3%), semen (17,
10.6%), ECS (3, 1.9%), urethral swab (11,
8.1%), urine (40, 25%), and wound swabs
(28, 17.5%).

160 isolates of S aureus were used to
perform the D- test and it was observed that
42.5%  (68/160) express cMLSB
phenotype, 29.4%, 47/160) expressed
iMLSB phenotype, 15%, (24/160) express
MS phenotype and 3.1%, (21/160) were
both sensitive as shown in Fig 3

A total of (51/160) isolates presented
phenotypic resistance to methicillin (only)
and 47(29.37) inducible clindamycin (only)
while 26.9% (43/160) demonstrated co-

resistance of inducible clindamycin and
methicillin resistance as shown in Table 2.
The highest co-resistance of inducible
clindamycin and methicillin resistance was
seen in isolates from urine and wound
samples and the least from Endo Cervical
Smear

The isolates that demonstrated positive
resistant phenotypes were accessed for the
presence of MecA, Mec C, Erm A, Erm B
and Erm C, genes. From the PCR result it
was observed that out of the 51 confirmed
MRSA phenotypically 17.65% (11/51) has
Mec A (533bp) genes but not detected in
78.4%, (40/51) and 25.5% (13/51 has Mec
C (356bp) genes and not seen in 74.50%,
(38/51) although all the 51 isolates were
resistant to cefoxitin and oxacillin. Only
7.8% (4/51) has both mecA and mecC
genes. MecA genes were detected more
than mecC genes as shown in Fig 5

The isolates were also screened for
macrolide resistance primary markers, The
Erm B (142bp) gene was detected in 5.8%,
(3/51), and Erm C (190 bp) genes were
detected in 7.8% (4/51) while Erm A genes
(139 bp), 0%, (0/51) was not detected in the
isolates. Among the isolates with co-
resistance of inducible clindamycin and
methicillin resistance phenotypes 13.7%,
17.6%, 5.9%, 5.9%, harbour mecA, mecC,
Erm B and Erm C respectively as shown in
Fig 6

Antimicrobial Phenotypic and Genotypic
resistance distribution pattern of S. aureus
isolated from clinical samples as shown in
table 4 reveals the types of phenotypic and
genotypic resistant patterns from each of
the clinical sample types. Urine and wound
samples have the highest patterns of both
phenotypes and the least is obtained in
Urethra smear.
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Fig 2: Distribution of Staphylococcus aureus in the clinical samples
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Fig 3: Clindamycin resistance Staph aureus phenotypes observed

Table 2: Phenotypic demonstration of co-resistance of inducible clindamycin and MRSA.

CLINICAL SAMPLE iMLSB MRSA iMLSB + MRSA
Urine 22 15 15

Urethra swab - 2 -

Wound swab 7 12 7

Semen 4 ) 4

HVS 3 9 3

Blood 2 2 2
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Ear swab 3 3 3
ECS 1 1 1
CSF 6 3 3

GENETIC PREVALENCE OF Mec GENES DETECTED

m MecA
B MecC
m MecAandC

Fig 5: GENETIC PREVALENCE OF mecA, mecB AND mecA plus mecB GENES

B MecA,
B MecC
HWErmB

BEmC

Fig 6: Prevalence of resistance genes among isolates with co-resistance of inducible
clindamycin and methicillin resistance phenotypes

Table 3: Antimicrobial phenotypic and genotypic resistance distribution of S. aureus
isolated from clinical samples
Clinical sample Phenotypic Genotypic
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Urine iMLSB, cMLSB, MS, S, MRSA Mec A, Mec C, Erm B, Erm C
Urethra swab MRSA Mec A,

Wound swab iMLSB, cMLSB, MS, S, MRSA Mec A, Mec C, ErmB, Erm C
Semen iMLSB, cMLSB, MS, S, MRSA Mec A

HVS iMLSB, cMLSB, MS, S, MRSA Mec A, Mec C,

Blood iMLSB, cMLSB, MRSA Mec A

Ear swab iMLSB, cMLSB, MS, S, MRSA Mec A

ECS iMLSB, cMLSB, MS, S, MRSA Mec A

CSF iMLSB, cMLSB, MRSA Mec A

Key: iMLSB (Inducible resistance), S (Sensitive to both), MS (Resistance to both), cMLSB

(Constitutive resistance,)

Discussion

S. aureus is among the microbes that are
implicated in multiple drug resistance
because they can easily develop resistance
to a wide range of antibiotic class with little
treatment option [17]. The overall
occurrence of S. aureus from this study was
75% (160/214). This is similar to the
prevalence recorded by Agbo et al., [5]
(71.4%) and Nwaneri [18]. The prevalence
of MRSA recorded was 36%. This
prevalence is higher than the works of
Ambachew, et al., [6] (17%),] Al-
Humaidan, et al. [19] (25%), but lower than
that recorded by Agbo et al., [5] (47.3%)
the discrepancy could be as a result of
samples used and the sample size used in
this study. The prevalence of MSSA is
68.1% which is lower than the works of
[20], (79.3) and [6] (78.8%), [18] (89%),
the variation could be linked to the use
drugs in the locality, infection control and
prevention methods being practiced in the
area, the samples used and unrestricted
prescription of drugs in the area. The swift
spread of S. aureus strains resistance to
antibiotics has complex the treatment
options, mainly in middle-income countries
and low - income countries like Nigeria.

In this study, the highest occurrence of S.
aureus was seen in urine 40(25%),
followed by HVS 35, (21.3%) then wound
swab 28, (17.5%) and semen 17, (10.6%).
this is contrary to report of [21] who
reported wound swab and ear swab to have
the highest occurrence while Urine and
HVS had the least [21] Similar study
recorded that greater part of the isolates
were recovered from urine sample (76%)
[22- 23] In this study, most of the Staph
aureus 50.6%, (81/160) were multiple drug
resistance and the MAR index is greater

than 0.2 which is indicative it’s from a high
risk source. The highest susceptibility was
to cetriaxone 133 (83.1%), followed by
gentamycin 129 (80.6%) and ampicillin
121 (75.6%). The highest resistance was
seen in clindamycin 82 (51.3%), followed
by levofloxacin 81(50.6%) and
erythromycin  (65%). The increased
resistance could be attributed to previous
exposure of the isolates to these drugs
which  may have encouraged the
development of resistance. This also could
be linked to abuse and misuse of antibiotics
in the area as a result of nonprescription,
easy asses to the drugs over the counter,
inadequate treatment due to failure to
complete drug doses and increase of fake
and substandard drug and nearness of the
locality to major hospitals and laboratories
where the samples were obtained. This
similar to reports of [5, 18]

Erythromycin is among the affordable
antibiotics available in the locality
erythromycin resistant rate of 65% in this
study is actually worrisome due the fact
that it acts as an inducer. Clindamycin is a
lincosamide used in treatment of soft tissue
and skin infection and also used as
substitutes for patients who are affected by
to penicillin [24]. The susceptibility rate of
clindamycin in this study was 48.75% and
its resistance rate was 51.3%. This drastic
increase in resistance rate of clindamycin
could be linked to the excessive and wrong
use of clindamycin which is readily
available over the counter. Therefore, there
is an urgent need for the re-evaluation \of
antibiogram of S. aureus for a better
understanding of its emerging and re-
emerging pattern Treatment failure is
recorded when strain carrying inducible
erm gene is treated using non-inducer
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macrolide or clindamycin [12]. Routine, In-
vitro testing to detect inducible resistance is
advocated to avoid failure in treatment [5],
by performing D- Test on a routine basis.
Out of 160 S. aureus isolated used to
conduct the  D-Test, 47(29.37%)
demonstrated iIMLSB phenotype, when
compared with similar studies [6] recorded
a lower rate of inducible
clindamycin .25.7% and. higher value was
recorded by [13] (61%). This inconsistency
may be as a result of number of samples
used and the availability of clindamycin in
the area of the study. The D-Test is the gold
standard, reliable and a simple method for
detecting iMSLB resistance to
clindamycin. Recording S. aureus as been
sensitive  to  clindamycin  without
performing D-test to determine the iMSLB
status will led to failure in treatment

The occurrence of mecA gene from isolates
in this study from clinical specimen is
17.6% and mecC 25.5%, this is alarming
and a serious health threat in healthcare
setting. This could be attributed to
accumulative genetic effect of MRSA. This
is similar to the works of [5] were mecA and
mecC were isolated from S. aureus from
clinical samples. Most of the isolates do not
have any of the mec genes tested even
though they demonstrated phenotypic
resistance to methicillin. It is therefore very
important to confirm any resistance using
molecular method for any phenotypic
resistance as only phenotypic detection
tends to give a higher rate of resistance
which could be as a result of the presence
of other genes inducing the resistance. The
occurrence of MecC genes recorded is
higher than that of mecA genes this is
similar to the woks of [25], but in contrast
to the works of Idrees et al., [16] were mecA
were more prevalent than mecC. The
occurrence of both mecA and mecC genes
recorded in this study was 7.8%. This is less
than that reported by [16] (51.7%).

The high prevalence of co-resistance of
inducible clindamycin and methicillin
resistance 23.75% is an indication of
indiscriminate use and misuse of those
antibiotics in the environment and this is
confirmed by the presence of the resistance
genes detected by PCR. Among the isolate

with co-resistance of inducible
clindamycin and methicillin resistance
genes 13.7%, 17.6, 5.9, 5.9, had mecA,
mecC ermB and ermC respectively as
shown in fig 6. Relevant authorities and the
general public should work hand in hand to
help bring a drastic stop to these super bugs
by improving on sanitation and putting
policies that will curtail the access to vital
drugs without proper prescription. Due to
lack of research on the co- resistance of
inducible clindamycin and methicillin
resistance S. aureus it is difficult to
compare this prevalence with other works.
Conclusion

This study recorded a significant
occurrence of S. aureus, with an increased
number of iIMLSB resistance among the S.
aureus isolates, which is more in urine
specimen. The increasing rate of
antimicrobial resistance has resulted to
treatment failure and consequently death.
High  co-resistance  of  inducible
clindamycin and methicilin resistance was
detected in this study. Detection of
inducible clindamycin and methicillin
resistance can contribute as one of the
mitigating factors towards treatment
failures. D-test should be incorporated
routinely in our laboratory prior to
prescription and  administration  of
clindamycin. It is also important to
genetically confirm the presence of any
phenotypic detection of resistant gene
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