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Abstract. Staphylococcus aureus causes a wide range of illnesses, from skin infections and persistent bone infec-
tions to life-threatening septicemia and endocarditis. Methicillin-resistant S. aureus (MRSA) is one of the most common
bacteria that cause nosocomial and community-acquired infections. Clindamycin is one of the most effective treatments
for several bacterial infections. Despite this, these infections may develop inducible clindamycin resistance during treat-
ment, leading to treatment failure. This study determined the incidence of inducible clindamycin resistance among
S. aureus clinical isolates. A total of 800 S. aureus strains were identified from clinical samples collected from several uni-
versity hospitals in Egypt. All isolates were examined for the presence of MRSA using cefoxitin (30 mg) and the Kirby
Bauer disk diffusion technique. The induction phenotypes of all 800 S. aureus strains were evaluated using the disk
approximation test (D test), as recommended by the Clinical and Laboratory Standard Institute. Of the 800 strains of
S. aureus, 540 (67.5%) were identified as MRSA and 260 (32.5%) were classified as methicillin-sensitive S. aureus
(MSSA). In MRSA infections, clindamycin constitutive and inducible resistance was more frequent than in MSSA infec-
tions (27.8% versus 11.5% and 38.9% versus 15.4%, respectively). Clindamycin-sensitive strains were more prevalent
in MSSA (53.8%) than in MRSA (20.4%) infections. In conclusion, the frequency of constitutive and inducible clindamycin
resistance in MRSA isolates emphasizes the need to use the D test in routine antimicrobial susceptibility testing to evalu-
ate clindamycin susceptibility, as the inducible resistance phenotype can inhibit the action of clindamycin and thus affect
treatment efficacy.

INTRODUCTION

Staphylococcus aureus is a major cause of nosocomial
and community-acquired infections, from simple skin and
soft tissue infections to life-threatening systemic infections.
The incidence of methicillin-resistant S. aureus (MRSA) is on
the rise. As antimicrobial resistance patterns increase, so do
treatment options for infections, necessitating that physi-
cians modify the antimicrobials they prescribe, including the
use of macrolide–lincosamide–streptomycin group B (MLSB)
antibiotics.1 Because of its better pharmacokinetics and phar-
macodynamics, the MLSB antibiotic clindamycin is recom-
mended for the treatment of MRSA infections.2,3 Erythromycin
induces clindamycin resistance via boosting erythromycin
ribosome methylase synthesis (erm).4 Using the disk diffusion
approach, five isolates with inducible clindamycin resistance
exhibit erythromycin resistance, but a false sensitivity to

clindamycin.5 Clinically, inducible clindamycin resistance
is a significant problem because of the difficulty in recognizing
the infections caused by these isolates using standard labora-
tory procedures.6 Inability to identify inducible clindamycin-
resistant S. aureus may result in clindamycin overdose and
therapy failure.6,7

The Clinical and Laboratory Standards Institute (CLSI)
recommends the erythromycin–clindamycin disk approxima-
tion test (D test) for the identification of the clindamycin-
resistant inducible phenotype in S. aureus isolates.8

We also wondered whether this phenotype was more com-
mon in patients with diabetes mellitus than patients who do not
have diabetes mellitus. In 2010, type II diabetes accounted for
90% of the world’s 285 million patients with diabetes mellitus.
The number of these patients is expected to increase by 2030.9

The trend of clindamycin resistance among S. aureus clini-
cal isolates was not detected by our literature research. Our
purpose was to determine the prevalence of constitutive
and inducible clindamycin resistance in clinical isolates of
S. aureus from many locations, including Al-Hussein Univer-
sity Hospital. This finding might prevent doctors from misusing
clindamycin and may enhance patient outcomes clinically.
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MATERIALS AND METHODS

This prospective study was conducted on 800 patients at
highly specialized intensive care unit (ICU) centers concerned
with infectious disease management, including the Microbiol-
ogy Unit, Clinical Pathology Department, Al-Hussein University
Hospital; National Liver Institute; and hospitals of Menoufia
University, Al-Azhar University, Helwan University, Ain Shams
University, Tanta University, Alexandria University, Suez Uni-
versity, and Shebin El-Kom Teaching Hospital for 2 years
(October 2019–October 2021). Diabetes mellitus was diag-
nosed by laboratory testing in accordance with the criteria
set by the WHO and the American Diabetes Association—
namely, a fasting blood glucose level of $ 126mg/dL or a
2-hour postprandial blood glucose level of$ 200mg/dL.9

The clinical samples (including pus, urine, blood, sputum,
endotracheal aspirates, and others) were received during the
study period from various inpatient units, such as ICUs, neo-
natal ICUs, and hospital wards, were processed according
to standard bacteriological techniques for the isolation and
identification of bacterial pathogens. Pus sources were skin
infections, surgical wound infections, orthopedic surgical
wounds, urological infections, or burns.10

Early identification of S. aureus was based on colony char-
acteristics of organisms studied on Mannitol salt agar, gram
reactions, coagulase detection on slides or in test tubes, and
catalase detection on slides.
The isolates of identified S. aureus organisms were subjected

to the following tests. First, using the disk diffusion method,
MRSA was identified phenotypically based on its resistance to
cefoxitin (30 mg) (Oxoid, Basingstoke, UK) on Muller-Hinton
agar (Oxoid). On the basis of the CLSI’s 2019 guidelines,8 the
zone of inhibition was determined, and the S. aureus bacteria
were categorized as methicillin sensitive (diameter, $ 22mm)
or methicillin resistant (diameter, # 21mm). Second, induc-
ible clindamycin resistance was found using a D test in
accordance with CLSI standards.8 A test for disk approxima-
tion was conducted. The plates were incubated after a 2-mg

clindamycin disk was put 21mm from the edge of a 15-mg
erythromycin disk. After an overnight incubation at 37�C,
three distinct phenotypes were observed. The D test was
positive for the inducible MLSB (iMLSB) phenotype. The
iMLSB S. aureus isolates were resistant to erythromycin
(zone size # 13mm) but sensitive to clindamycin (zone size
$ 21mm) and exhibited a D-shaped zone of inhibition sur-
rounding the clindamycin disk that flattened toward the
erythromycin disk (i.e., D test positive; Figure 1). Staphylo-
coccus aureus isolates exhibited resistance to erythromycin
(zone size # 13mm) and clindamycin (zone size # 14mm),
with a circular zone of inhibition around the clindamycin
(Figure 2). For the methicillin-sensitive (MS) phenotype,
S. aureus isolates exhibited a resistance to erythromycin
(zone size# 13mm) but a sensitivity to clindamycin (zone size
$ 21mm) and a circular zone of inhibition surrounding the clin-
damycin; they were negative for the D test (Figures 3 and 4).
Statistical methods. The descriptive statistics for quanti-

tative variables included the mean and SD, whereas those

FIGURE 1. Disk approximation test positive for the inducible
macrolide-lincosamide-streptogramin B phenotype. Staphylococcus
aureus isolates showed resistance to erythromycin.

FIGURE 2. Constitutive macrolide-lincosamide-streptogramin B
phenotype. Staphylococcus aureus isolates show resistance to
both erythromycin and clindamycin.

FIGURE 3. Methicillin-sensitive phenotype. Staphylococcus aureus
isolates exhibit resistance to erythromycin but sensitivity to clindamycin.
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for categorical variables included frequencies and simple
percentages. The variables that were categorical were exam-
ined using the x2 test. The Kolmogorov–Smirnov test demon-
strated that normality exists. There was no variable found to
have a normal distribution. Consequently, the Kruskal–Wallis
test was used to assess the group effect. The Dwass–Steel–
Critchlow–Fligner multiple comparison approach was used
for pairwise two-sample comparisons among the three groups.
Spearman’s rank correlation coefficients were determined. For
data analysis, version 9.4 of the SAS software was used (SAS
Institute, Cary, NC).

RESULTS

We enrolled 800 patients in our study. The patients were
12 to 70 years old; 460 were male (57.5%) and 340 were
female (42.5%). From diverse clinical specimens, 800 strains
of S. aureus were isolated then identified. Table 1 shows the
different clinical samples from which S. aureus was isolated.
Staphylococcus aureus strains were isolated most com-
monly from pus (40%), blood (27.5%), and tracheal aspirates
(15%). All S. aureus strains were tested for cefoxitin (30 mg)
sensitivity. Table 2 shows the sensitivity pattern of S. aureus
for cefoxitin. Baseline comorbidities were also recorded.
Of the 800 S. aureus strains tested for resistance to

erythromycin (15 mg) and clindamycin (2 mg) in combination
(i.e., they were tested with the D test), 180 strains (22.5%)
were positive on the D test (i.e., they were the inducible
clindamycin-resistant iMLSB phenotype; see Figure 1), 130
strains (16.25%) were negative on the D test (i.e., they

were the MS phenotype; see Figure 3), 220 strains (27.5%)
were resistant to both erythromycin and clindamycin (i.e.,
they were the constitutive MLSB [cMLSB] phenotype; see
Figure 2), and 270 strains (33.75%) were sensitive to both
clindamycin and erythromycin (i.e., they were the S pheno-
type; Figure 4). There was no isolate that showed sensitivity
to erythromycin and resistance to clindamycin (Table 3).
Table 4 showed the resistance phenotypes observed among

MRSA isolates. Of the 540 MRSA isolates, 150 (27.8%) had
iMLSB phenotypes and 210 (38.9%) had cMLSB phenotypes,
110 (20.4%) showed no resistance, and 70 (12.9%) showed
the MS phenotype. The resistance traits of the methicillin-
sensitive S. aureus (MSSA) isolates are shown in Table 5. Of
the 260 MSSA isolates, 30 (11.5%) had an iMLSB phenotype,
50 (19.3%) had the MS phenotype, 40 (15.4%) had the cMLSB
phenotype, and 140 (53.8%) showed no resistance. Table 6
showed the sample distribution among patients with diabe-
tes mellitus (62.5%) and patients without diabetes mellitus
(37.5%). In people with diabetes mellitus, MRSA infections
are prevalent and more common.

DISCUSSION

Staphylococcus aureus is one of the most prevalent
organisms that causes pneumonia, skin and soft tissue
infections, abscesses, osteomyelitis, and endocarditis in
hospitals and in the community.11,12

Throughout the duration of the study, a total of 800 S. aureus
bacteria were isolated and identified from various clinical sam-
ples. Staphylococcus aureus was isolated most often from
pus (320 isolates, or 40%), followed by blood (220 instances,
or 27.5%), tracheal aspirates (120 instances, or 15%), and
urine isolates (60 instances, or 7.5%). Similar to the findings of
Deepak et al.,13 Adhikari et al.,14 and Lyall et al.,15 pus had the
greatest rate of S. aureus isolation, followed by blood, with a
little percentage difference.

TABLE 1
Sample distribution in relation to hospital wards (N 5 800 patients)

Type of specimen

Ward type, n (%)

n %

Intensive care unit Surgical Medical

Females (n 5 135) Males (n 5 245) Females (n 5 170) Males (n 5 160) Females (n 5 40) Males (n 5 50)

Pus 15 (11.1) 25 (10.2) 134 (78.8) 146 (91.3) – – 320 40
Blood 43 (31.9) 97 (39.6) 15 (8.8) 5 (3.1) 25 (62.5) 35 (70.0) 220 27.5
Tracheal aspirate 40 (39.6) 80 (32.7) – – – – 120 15
Sputum 12 (8.9) 38 (15.5) 5 (2.9) 5 (3.1) 8 (20.0) 12 (24.0) 80 10
Urine 25 (18.5) 5 (2.0) 16 (9.4) 4 (2.5) 7 (17.5) 3 (6.0) 60 7.5

FIGURE 4. Methicillin-sensitive phenotype. Staphylococcus aureus
isolates exhibit resistance to both clindamycin and erythromycin.

TABLE 2
Cefoxitin susceptibility pattern in patients with and

without diabetes mellitus

Susceptibility
No. of
isolates % Interpretation

Resistant
(# 21-mm diameter)

540 67.5 Methicillin–resistant
Staphylococcus aureus

Diabetic 405 74 –

Nondiabetic 145 26 –

Sensitive
($ 22-mm diameter)

260 32.5 Methicillin-sensitive
S. aureus

Diabetic 95 36.5 –

Nondiabetic 165 63.5 –
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Multiple antimicrobial-resistant S. aureus is problematic
and restricts therapy choices. Clindamycin is considered a
viable option for the treatment of staphylococcal infections
because of due to its oral and parenteral availability, 90%
oral bioavailability, low cost, and excellent tissue penetra-
tion.16 It accumulates in deep abscesses and suppresses
the manufacture of S. aureus toxins.17 The S. aureus resis-
tance pathways include 23S ribosomal RNA target tissue
alteration mediated by erm genes (A, B, C, and E), resistance
mutation, and efflux pump expression.18,19 In our analysis of
800 strains of S. aureus, 540 (67.5%) were classified as
MRSA and 260 (32.5%) as MSSA. Various geographic loca-
tions have reported varying rates of MRSA prevalence, as
shown by many studies.
Toleti et al.20 reported a prevalence rate of 64.70%,

whereas Kishk et al.17 reported a prevalence rate of 61.3%.
In their research done in Jordan, Jarajreh et al.21 also
observed a greater prevalence rate of 77.5%. In contrast,
Singh et al.22 and Adhikari et al.14 observed substantially
lower rates in their studies: 37.8% and 25.1%, respectively.
Methicillin-resistant S. aureus may have developed as a

result of inappropriate infection prevention and control meth-
ods, the misuse of antibiotics, and deficient procedures in
hospital ICUs and critical care units regarding the use of uri-
nary catheters, mechanical breathing devices, and intravascu-
lar catheters. Regional and national discrepancies in MRSA
frequency may be explained sporadically by differences in the
adoption of infection prevention and control methods, moni-
toring systems, and antibiotic legislation among nations.
In our analysis, erythromycin and clindamycin resistance

were detected in 66.25% and 27.5% of Isolates, respectively.
A total of 54.5% of isolates were resistant to erythromycin,
whereas 38.6% were resistant to clindamycin, according to

Kishk et al.17 Deepak et al.13 found that erythromycin resis-
tance was widespread in 61.4% of isolates.
A trial done in India revealed that 39.14% of isolates

exhibited erythromycin resistance.23 In Iran, Mansouri and
Sadeghi24 observed a high frequency of erythromycin resis-
tance. These disparities in erythromycin resistance may be
attributable to regional differences in antibiotic policy, and
macrolide and lincosamide use rates.
Clindamycin resistance and erythromycin resistance are

often demonstrated simultaneously. When isolates seem
sensitive to clindamycin yet resistant to erythromycin, it may
be challenging to detect the iMLSB phenotype using stan-
dard laboratory techniques. If administered to patients, this
erroneous sensitivity of iMLSB isolates to clindamycin might
result in clindamycin treatment failure. Twenty-five percent
to 40% of erythromycin-resistant S. aureus isolates exhib-
ited the iMLSB phenotype, 41.5% displayed the cMLSB
phenotype, and 24.5% expressed the MS phenotype.
In the many studies carried out to evaluate clindamycin

resistance in S. aureus resistant to erythromycin, Kishk
et al.17 reported greater rates of cMLSB than iMLSB (38.6%
and 13.6%, respectively). Bansal et al.25 reported isolates
with the phenotypes iMLSB, cMLSB, and MS at 65%, 22.5%,
and 20%, respectively. Deepak et al.13 demonstrated cMLSB
resistance in 31.67% of isolates, iMLSB resistance in 21.1%
of isolates, and MS resistance in 47.20% of isolates. Regha
et al.26 found iMLSB, cMLSB, and MS phenotypes of 12.7%,
8.1%, and 41.8%, respectively. Steward et al.27 reported that
the iMLSB phenotype was most frequent, at 16.4%, followed
by the cMLSB phenotype at 12.5% and the MS phenotype
at 7.8%.
In 34.9% of MRSA strains, the cMLSB phenotype predomi-

nated, whereas in MSSA bacteria, the sensitive phenotype

TABLE 3
Different phenotypes by induction test in patients with and without diabetes Mellitus

Resistant phenotype Induction test phenotype ERY susceptibility CLI susceptibility No. of patients with diabetes Total no. of isolates %

iMLSB D test positive R S 118 180 22.5
MS D test negative R S 82 130 16.25
cMLSB R R R 176 220 27.5
No resistance S S S 124 270 33.75
CLI 5 clindamycin; cMLSB 5 constitutive macrolide–lincosamide–streptomycin group B; D test 5 disk approximation test; ERY 5 erythromycin; iMLSB 5 inducible macrolide–lincosamide–

streptomycin group B;MS5methicillin sensitive; R5 resistant; S5 sensitive.

TABLE 4
Resistant phenotypes in methicillin-resistant Staphylococcus aureus

Resistant phenotype Induction test phenotype ERY susceptibility CLI susceptibility No. of isolates %

iMLSB D test positive R S 150 27.8
MS D test Negative R S 70 12.9
cMLSB R R R 210 38.9
No resistance S S S 110 20.4
CLI 5 clindamycin; cMLSB 5 constitutive macrolide–lincosamide–streptomycin group B; D test 5 disk approximation test; ERY 5 erythromycin; iMLSB 5 inducible macrolide–lincosamide–

streptomycin group B;MS5methicillin sensitive; R5 resistant; S5 sensitive.

TABLE 5
Resistant phenotypes in methicillin-sensitive Staphylococcus aureus

Resistant phenotype Induction test phenotype ERY susceptibility CLI susceptibility No. of isolates %

iMLSB D test positive R S 30 11.5
MS D test negative R S 50 19.3
cMLSB R R R 40 15.4
No resistance S S S 140 53.8
CLI 5 clindamycin; cMLSB 5 constitutive macrolide–lincosamide–streptomycin group B; D test 5 disk approximation test; ERY 5 erythromycin; iMLSB 5 inducible macrolide–lincosamide–

streptomycin group B;MS5methicillin sensitive; R5 resistant; S5 sensitive.
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predominated (53.8%). Kishk et al.17 found that cMLSB is
prevalent in MRSA (56%). Azap et al.28 discovered that MRSA
isolates responded better to inducible resistance than MSSA
isolates (5.7% and 3.7%, respectively). Bottega et al.29 discov-
ered that MRSA had a greater prevalence of constitutive and
inducible resistance than MSSA (68.9% versus 4.5% and
10.3% versus 7.2%, respectively). This disagreement across
research about the kind of resistance shown by induction D
testing might be attributable to regional variations in the suscep-
tibility of bacteria. In addition, the use of various antimicrobials
for empirical treatment may affect the trajectory of resistance.
There is a close relationship between hyperglycemia and

infection. Increased blood glucose levels of 11.1mmol/L or
higher ($ 200mg/dL) have been associated closely with a
decrease in neutrophil activity.30,31 Antibiotic resistance rates in
patients with diabetes mellitus have been proved to be greater
than in persons without diabetes mellitus in a number of studies.
In our study, the susceptibility of MRSA to cefoxitin was 74%
among individuals with diabetes mellitus and 26% among
patients without diabetes mellitus. Seventy percent of antibiotic-
resistant bacteria in India were isolated from patients with diabe-
tes with chronic wounds. Escherichia coli, Streptococcus
pyogenes, S. aureus, Klebsiella pneumoniae, Proteus mirabilis,
Enterococcus faecalis, and Pseudomonas aeruginosa caused
asymptomatic bacteriuria in 32 patients with diabetes mellitus in
Cameroon.32 Fifty percent of the staphylococcal strains isolated
from patients with diabetes mellitus in India were resistant to
methicillin, and 33% were resistant to MLSB.33

Methicillin-resistant S. aureus infections are common among
staphylococcal infections and are on the rise in patients with
diabetes mellitus. According to French researchers, S. aureus,
the most common cause of diabetic foot infections, was
detected in 36.5% of the isolates, of which 37.4% were
MRSA.25

Standard susceptibility testing procedures cannot detect
MLSB-induced resistance. The bacteria are resistant to
erythromycin, but sensitive to clindamycin, according to rou-
tine susceptibility tests. In such instances, clindamycin treat-
ment in vivo resulted in therapeutic failure.25 The CLSI
recommended that all staphylococcal isolates be tested reg-
ularly with the D test for iMLSB.9

For the MRSA isolates in our study, the incidence of
iMLSB was 27.8% (i.e., 150 of 530 MRSA isolates). Conse-
quently, if the D test is not included in routine testing for the
identification of the iMLSB phenotype, these isolates will be
reported as clindamycin susceptible, resulting in MLSB anti-
biotic treatment failure.
The D test is usually done on erythromycin-resistant

and clindamycin-sensitive isolates. It takes another day or

18 hours for the result of the D test to become available.
Thus, there can be a delay in reporting to the clinician.25

Normal susceptibility testing methods are incapable of
revealing the iMLSB resistance mechanism, and its occur-
rence varies across hospitals and different locations. During
regular antibiotic susceptibility testing, all S. aureus clinical
isolates may be submitted to the straightforward and cost-
effective D test.

CONCLUSION

Methicillin-resistant S. aureus has become a serious global
health concern, particularly in hospitals. Because of the anti-
biotic resistance of several bacteria, hospitals must apply
proper control measures. Whether cMLSB or iMLSB, clinda-
mycin resistance inhibits MRSA treatment options.
The D test is a straightforward, reliable, economical, and

easy method for determining iMLSB resistance. To advise
clinicians on the proper use of clindamycin, we propose
including the D test in regular antimicrobial susceptibility
testing to detect clindamycin susceptibility.
Our study has some limitations. Options other than the D

test for detecting iMLSB were not studied, and the research
had a relatively small sample size.
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