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Abstract

Background. Macrolide-induced resistance to clindamycin is a well-described mechanism leading to treatment failure. Herein,
we determined the frequency and associated factors of inducible clindamycin resistance in Gram-positive cocci in a tertiary
care hospital.

Methods. A cross-sectional descriptive study was carried out between January and December 2022. p-tests were performed
as recommended by EUCAST 2021 guidelines on 100 non-duplicate clinical isolates of Gram-positive cocci to determine the
prevalence of methicillin resistance and inducible clindamycin resistance among the collected isolates.

Results. Of the 100 Gram-positive cocci isolates, 56 (56.0%), 17 (17.0%) and 27 (27.0%) were respectively coagulase-negative
staphylococci, Staphylococcus aureus and Streptococcus spp. Among Streptococcus spp., Group D Streptococci (15.0%) were the
most isolated. Methicillin-resistant Staphylococcus aureus (MRSA) represented nine (53.0%) of the S. aureus isolates. Constitu-
tive (cMLSb) and inducible clindamycin resistance (iMLSh) phenotypes were detected in 36 (36.0%) and 14 (14.0%) of the iso-
lates, respectively. S. aureus exhibited 38.4% of cMLSb and 13.7% of iMLSb. The result of multivariate analysis showed that age
groups, gender, type of samples, provenance, and bacteria, were not significantly associated with Gram-positive cocci iMLSb
phenotype.

Conclusion. The study reported for the first time a high prevalence of inducible resistance of Gram-positive cocci strains to
clindamycin in Niger Republic. This suggests the urgent need for the implementation of regular screening of these isolates and
the wise use of clindamycin in clinical practice.

DATA SUMMARY

All supporting data is provided in the manuscript. The complete datasets are available online at https://figshare.com/articles/
dataset/_b_Niger_data_b_b_Inducible_clindamycin_resistance_b_/25466677 (Doi: 10.6084/m9.figshare.25466677)[1].

INTRODUCTION

Gram-positive cocci (GPC) are one of the most common infectious agents in urinary tract infections [2]. The evolution and
increasing antibiotic resistance among the GPC, particularly the emergence and spread of methicillin-resistant Staphylococcus
aureus (MRSA) has become a grievous threat to the global public health. This has reduced the therapeutic options available for
treating these infections, forcing clinicians to modify their treatment regimens and use reserve drugs such as clindamycin, a
member of Macrolide-Lincosamide-Streptogamin b (MLSb) group of antibiotics [3, 4].

Clindamycin was developed and introduced into clinical practice in late 1960s [5]. It is a broad-spectrum antibiotic, highly
effective against several GPC including MRSA [5]. Clindamycin is a crucial component in the treatment of serious infections,
particularly when caused by pathogens resistant to other antibiotics [5]. Its long safety profile and tolerability makes it a drug
of choice against several GPC infections, especially in children where it has been used to treat serious S. aureus infections for
over 30years [6, 7]. It is also useful in certain infections caused by Streptococcus pneumoniae, Group A Streptococcus, Group B
Streptococcus, and Enterococcus spp. [8]. Absorption of clindamycin after oral administration is almost complete, giving serum
concentrations approaching those of intravenous (IV) administration [9]. However, the widespread use of clindamycin has led
to emergence of clindamycin resistant bacteria [10].

The mechanism of resistance to clindamycin has been well-described in several studies [11-15]. Mainly, this is due to constitutive
or inducible expression of genes encoding methyltransferase enzymes, the erm genes, which methylate specific adenine residues
on the 23S ribosomal RNA (rRNA), decreasing the binding affinity of clindamycin to the ribosome [12, 13]. Inducible resistance
occurs when bacterial strains are exposed to subinhibitory concentrations of macrolides, such as erythromycin, in the environ-
ment, leading to induction of erm gene expression [10, 11]. On the other hand, constitutive expression of the erm gene results in
constitutive resistance, i.e. resistance to clindamycin, even in the absence of prior exposure to macrolides [10, 11].

The prevalence of inducible clindamycin resistance varies depending on the type bacterial species and geographical regions [13].
In a systematic review summarizing the available information about the occurrence of inducible clindamycin resistance on the
entire African continent, an overall prevalence of inducible clindamycin resistance among S. aureus isolates was reported to be
19.8% (range 2.9-44.0%) [13]. This was found to be higher among MRSA isolates (3.6-77.8%) than MSSA (0-58.8%) [13]. To
the best of our knowledge, no study has investigated inducible resistance to clindamycin in Niger Republic. The study was thus
designed to determine the frequency of inducible clindamycin resistance and MRSA in clinical isolates of Gram-positive cocci
at the Hopital National Amirou Boubacar Diallo (HNABD), Niamey, Niger Republic.
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METHODOLOGY

Study design, setting and period

This cross-sectional descriptive study was carried out between January and December 2022. Samples were collected and processed
in bacteriology laboratory, Hopital National Amirou Boubacar Diallo.

Isolation, identification, and antibiotic susceptibility test

A total of 100 non-duplicate clinical isolates of Gram-positive cocci were isolated from different clinical samples. The isolated
strains were identified by standard biochemical techniques. This includes Gram-staining, coagulase and catalase tests. Antibiotic
susceptibility testing was performed using the Kirby Bauer disc diffusion method and interpreted according to EUCAST 2021
guidelines [16]. In brief, overnight culture of the test bacteria was diluted in sterile 0.85% sodium chloride solution to 0.5 McFar-
land standard and spread over the entire surface of a dried Mueller-Hinton Agar (MHA) medium (bioMérieux, Marcy I'Etoile,
France). The following antibiotics sourced from Biomérieux were then placed on the inoculated plates: erythromycin (15 pg);
clindamycin (2 pg); cefoxitin (30 pg); imipenem (10 pg); norfloxacin (10 pg); ciprofloxacin (5 pg); amikacin (30 ug); gentamicin
(10 pg); kanamycin (30 pg); doxycycline (30 pg); minocycline (30 ug); cotrimoxazole (1.25, 23.75 pg); and linezolid (10 ug). The
inoculated plates were thereafter inverted and incubated at 37 °C. The zone of inhibition formed after 16-18 h was measured and
interpreted as susceptible, intermediate or resistant according to breakpoints defined by EUCAST 2021.

Phenotypic detection of methicillin resistance

For Staphylococcus spp. isolates, methicillin resistance was detected using cefoxitin disc (30 pg) diffusion method. According to
EUCAST guidelines, isolates with cefoxitin inhibition zone size 222 mm were considered methicillin susceptible and those with
cefoxitin inhibition zone size <22 mm were considered methicillin resistant [17].

Phenotypic detection of clindamycin resistance (p-test)

All Gram-positive cocci isolates were subjected to D-test on Muller Hinton agar plate as recommended by EUCAST 2021 guide-
lines [17]. Briefly, erythromycin (15 pug) and clindamycin (2 pg) discs were placed at a distance of 12-20 mm edge to edge on a
Mueller-Hinton agar plate, previously inoculated with 0.5 McFarland standard bacterial suspensions to detect inducible resistance
to lincosamides in Gram-positive cocci.

Following 18-24h incubation at 37°C, flattening of zone (p-shaped) around clindamycin in the area between the two discs
indicated inducible clindamycin resistance (Fig. 1). Four different phenotypes were observed after testing and then interpreted:
(i) isolates, which were clindamycin sensitive and erythromycin resistant, with no apparent p-zone were interpreted as MS
phenotype (D-test negative); (ii) isolates which were clindamycin sensitive and erythromycin resistant with apparent p-zone were
interpreted as inducible clindamycin resistance phenotype (iMLSb) (D-test positive); (iii) isolates which were resistant to both
erythromycin and clindamycin interpreted as constitutive clindamycin resistance (cMLSb); (iv) isolates which were sensitive to
both erythromycin and clindamycin were interpreted as S (susceptible) phenotype.

Quality control

Quality control of the discs of clindamycin and erythromycin was performed with Staphylococcus aureus ATCC 29213, according
to EUCAST 2021 procedures [17]. Additionally, in-house Staphylococcus aureus and Streptococcus pneumoniae strains that
demonstrated positive and negative D-test reactions were used to perform quality control.

Statistical analysis

Statistical analysis was done using R software version 4.0.4. Descriptive statistics: numerical presentation of data was done
using frequency distribution tables. Logistic regression was performed to determine the associations between dependent and
independent variables. The adjusted odds ratio and the 95% confidence interval were used to measure the strength of an associa-
tion. P value was significant at <0.05.

Ethical consideration

Ethical approval was obtained from the Ethical Review Committee of the Hopital National Amirou Boubacar Diallo, Niamey,
Niger. Additionally, the study was carried out in accordance with the ethical principles of the Declaration of Helsinki on human
subjects. All the study participants were informed concerning the study verbally, and a written informed consent was obtained
from each participant.
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Fig.1.PrevalenceofMacrolide-Lincosamide-Streptograminb phenotypesofresistance.CoNS: Coagulase negative Staphylococci;MS phenotype=isolates,
which were clindamycin sensitive and erythromycin resistant, with no apparent p-zone were interpreted; iIMLSb phenotype=isolates which were
clindamycin sensitive and erythromycin resistant with apparent b-zone; cMLSb phenotype=isolates which were resistant to both erythromycin and
clindamycin; S phenotype=isolates which were sensitive to both erythromycin and clindamycin.

RESULTS

Baseline characteristics of participants

In the present study, a total of 100 clinical isolates of Gram-positive cocci from 100 study participants were included and 57.0%
(57/100) of whom were male. The mean age of the study participants was 25.7 (+25.3) years. The majority, 33.0% (33/100) of
participants were less than 5years old. Sixty-two percent (62/100) of the study participants were inpatients, and the rest 38.0%
(38/100) of patients were outpatients. Urine was the most common specimen type 77.0% (77/100), followed by pus specimens
19.0% (19/100) (Table 1).

Gram-positive cocci isolates

Out of 100 clinical Gram-positive cocci isolated, 73.0% were Staphylococcus spp. and 27.0% were Streptococcus spp. Among
Streptococcus spp., Group D Streptococci (15.0%) were the most isolated, followed by Group B Streptococci (6.0%) (Table 1).
Among Staphylococcus spp., 12.3% (9/73) were MRSA.

Prevalence of Macrolide-Lincosamide-Streptogramin b phenotypes of resistance

Out of 100 Gram-positive cocci isolates, inducible and constitutive phenotypes of clindamycin resistance were shown in 14.0 and
36.0%, respectively. Among Staphylococcus aureus isolates, 29.4% were cMLSb and 29.4% were iMLSb; whereas in Streptococcus
spp. isolates, cMLSb and iMLSb phenotypes were observed in 29.6 and 14.8%, respectively (Fig. 1).
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Table 1. Baseline characteristics of the participants and isolates

Characteristics Frequency Percentage (%)
Sex

Female 43 43.0
Male 57 57.0
Age (years)

(0-5) 33 33.0
(5-18) 19 19.0
(18-40) 18 18.0
(40-65) 22 22.0
> 65 8 8.0
Specimens

Urine 77 77.0
Pus 19 19.0
Sperm 3 3.0
Cervico-vaginal swab 1 1.0
Type of patient

Outpatient 38 38.0
Inpatient 62 62.0

Strains isolated

Staphylococcus spp. 73 73.0
- Coagulase-negative staphylococci 56 56.0
- Staphylococcus aureus 17 17.0
Streptococcus spp. 27 27.0
- Group A Streptococci 2 2.0
- Group B Streptococci 6 6.0
- Group D Streptococci 15 15.0
- Group F Streptococci 4 4.0

Methicillin susceptibility of Staphylococcus spp.

MRSA 9 12.3
MSSA 8 11.0
MRCoNS 28 38.4
MSCoNS 28 384

MRCoNS, methicillin resistant coagulase-negative staphylococci; MRSA, methicillin resistant Staphylococcus aureus; MSCoNS, methicillin susceptible coagulase-negative staphylococci; MSSA,
methicillin susceptible Staphylococcus aureus.

Associated factors with Gram-positive cocci iMLSb phenotype

In univariate (Table 2) and multivariate analysis (Fig. 2), any of the following variables, age groups, gender, type of samples,
provenance, and bacteria, were not significantly associated with Gram-positive cocci iMLSb phenotype.

DISCUSSION

Clindamycin is a useful antibiotic for the treatment of skin, soft tissue and bone infections due to its tolerability profile,
cost-effectiveness, and good tissue penetration [18, 19]. Also, recent guidelines recommend the use of clindamycin for the
treatment of toxin-mediated infections including toxic shock syndrome and necrotizing pneumonia, due to its ability to
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Table 2. Univariate analysis of factors associated with Gram-positive cocci iMLSb phenotype

Characteristics D-Test (%) 0dd ratio IC 95% Pvalue
Negative Positive

Sex

Female 38 (88.4) 5(11.6) 1

Male 48 (84.2) 9(15.8) 0.47 0.06-3.45 0.448

Age groups

(0-5) 29 (87.9) 4(12.1) 0.56 0.05-6.92 0.628

(5-18) 18 (94.7) 1(5.3) 0.19 0.01-3.02 0.252

(18-40) 15(83.3) 3(16.7) 1

(40-65) 18 (81.8) 4(18.2) 0.63 0.06-7.03 0.690

(65-80) 6 (75.0) 2(15.0) 2.22 0.05-76.53 0.657

Samples

Pus 17 (89.5) 2(10.5) 0.28 0.00-15.03 0.509

Urine 66 (85.7) 11 (14.3) 0.27 0.01-13.06 0.481

Vagina/Sperm 3(75.0) 1(25.0) 1

Provenance

Community 32(84.2) 6 (15.8) 1

Hospital 54 (87.1) 8(12.9) 0.81 0.14-4.98 0.805

Bacteria

CoNS$ 51 (91.1) 5(8.9) 0.17 0.02-1.56 0.119

MRSA 7(77.8) 2(22.2) 0.78 0.03-20.38 0.877

MSSA 5(62.5) 3(37.5) 1

Streptocoque 23(85.2) 4(14.8) 0.14 0.00-2.86 0.228

Carbapenem

Resistant 26 (86.7) 4(13.3) 0.68 0.08-5.03 0.700

Susceptible 30 (83.3) 6 (16.7) 1

Cl 95%, confident interval at 95%; CoNS, coagulase negative staphylococci; MRSA, methicillin resistant Staphylococcus aureus; MSSA, methicillin
susceptible Staphylococcus aureus.

inhibit bacterial toxin production [20-22]. However, the widespread use of clindamycin has led to an increase in Gram-
positive cocci resistance to MLS antibiotics [13, 23-25]. Reporting Gram-positive cocci, specially Staphylococcus aureus
as susceptible to clindamycin without checking for inducible resistance may on one hand result in use of inappropriate
clindamycin therapy. On the other hand negative results for inducible clindamycin resistance confirms clindamycin suscep-
tibility and provides a very good therapeutic option. To the best of our knowledge, there is no substantial data regarding
clindamycin prescription from Niger Republic. This study aimed to determine the frequency and associated factors of
inducible resistance to clindamycin in Gram-positive cocci.

Our findings showed the prevalence of inducible phenotype of clindamycin of 14.0% in Gram-positive cocci isolates, 13.7% in
Staphylococcus spp. isolates, and 14.8% in Streptococcus isolates. These findings are consistent with the previous studies [12, 14]. In
arecent systematic review, the authors found an overall estimated prevalence of 19.8% (range 2.9-44.0%) of inducible clindamycin
resistance in Staphylococcus aureus in Africa [13].

In this study, any of the variables — age groups, gender, type of samples, and provenance were not significantly associated with
Gram-positive cocci iMLSb phenotype. In contrast to the above findings, Nahar et al. [15] showed that male patients had a higher
frequency of iMLSD resistance than female.
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Fig. 2. Multivariate analysis of factors associated with Gram-positive cocci iMLSb phenotype. 95% Cl=Confident interval at 95%; CoNS=Coagulase
negative Staphylococci; MRSA=Methicillin resistant Staphylococcus aureus; MSSA=Methicillin susceptible Staphylococcus aureus.

Regarding Staphylococcus aureus, previous studies have shown a high frequency of inducible resistance MRSA [12, 14]. However,
our findings did not report significant association between MRSA and inducible resistance in multivariate analysis. Even so,
according to the authors, it should be clearly important to incorporate the methicillin resistance test and the p-zone test into the
routine antibiotic susceptibility testing in hospital settings [26].

Regarding coagulase negative Staphylococci, five (8.9%) were iMLSb phenotypes in our study. This result is consistent with
the previous studies as presented by Manandhar et al. [11], with 14.5%, and Abdollahi et al. [27], with 10.4%.

Group B Streptococcus is a continuing cause of morbidity and mortality in neonates, pregnant women, and the elderly [28]. In
this study, any of six group B Streptococcus isolates had shown iMLSb phenotype. In a study performed in pregnant mothers,
15.5% (n=7) of group B Streptococcus isolates showed iMLSb phenotype [29].

This study is limited by the fact that the genetic diversity of antibiotic resistance genes associated with inducible clindamycin resistance
was not investigated. Three major mechanisms underlie Gram-positive cocci resistance to clindamycin, including methylation of 23S
ribosomal RNA, enzymatic inactivation, and active efflux [30]. In the recent study, the most common mechanism for MLSb resistance
in S. aureus were ermA, ermB, ermC, ermE genes [13]. In group B Streptococcus, ermTR gene was significantly associated with iMLSb
phenotype [29].

Strengths and limitations: the prospective design of the study, coupled with various specimens from a tertiary hospital, significantly
bolsters the robustness of our findings. This also enables inclusion of diverse patient populations, thereby enhancing the generalizability
of our results. However, the study was constrained by the unavailability of data on specific disease conditions. This limitation hinders
our ability to correlate inducible clindamycin resistance with underlying clinical conditions. In addition, our inability to molecularly
characterize the isolates serves as another limitation. This study however provides a valuable insights into the diversity of inducible
clindamycin resistance profile of Gram-positive cocci isolates within the study population, thereby enriching our understanding of
these microbial pathogens and informing targeted intervention strategies.

CONCLUSION

This study highlighted a relatively high prevalence of inducible clindamycin resistance Gram-positive cocci isolates in Niger
Republic. Additionally, a relatively higher number of iMLSb phenotypes was observed in MRSA isolates. Despite the study
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failing to show factors associated to inducible clindamycin resistance Gram-positive cocci isolates in multivariate analysis,
there is an urgent need for the implementation of regular screening of these isolates and in the revision of clindamycin
prescription in our hospital. Ongoing studies to further assess iMLSb-positive Gram-positive cocci especially genotypic
detection of resistance genes are needed to characterize inducible clindamycin resistance and to minimize clindamycin
treatment failure.

Funding information
This research received no specific grant from any funding agency in the public, commercial, or not-for-profit sectors.

Acknowledgements
The authors would like to express their deepest gratitude to the National reference laboratory on antimicrobials resistance of Niger, for the technical
support for this study, and for giving permission to conduct this study.

Author contributions

A.Y. contributed to experimental design, routine analyses, data analysis, data interpretation and writing the first draft. M.Z.A collected samples and
collected clinical information and contributed to routine analyses and writing the first draft. H.M. contributed to routine analyses. B.S.M, S\M.S, A.0, S.A,
A.0-0,D.A, M.D, S.C, M.D, and S.B. contributed to critically reviewing the manuscript and data interpretation. E.A. and S.M. coordinated and directed the
work. All authors have read and agreed to the published version of the manuscript.

Conflicts of interest
The authors declare that they have no conflict of interest.

Ethical statement
All procedures were approved by the Research Ethics Committee of Amirou Boubacar Diallo National Hospital (HNABD/2022/014, approved on 11
January 2022).

References 12. Deotale V, Mendiratta DK, Raut U, Narang P. Inducible clindamycin

1. Yacouba A. Niger data Inducible clindamycin resistance. Figshare; resistance in Staphylococcus aureus isolated from clinical samples.
2024. https://doi.org/10.6084/m9.figshare.25466677.v1 Indian J Med Microbiol 2010;28:124-126.

2. Gajdacs M, Abrék M, Lazar A, Burian K. Increasing relevance 13. Assefa M. Inducible clindamycin-resistant Staphylococcus
of Gram-positive cocci in urinary tract infections: a 10-year aureus strains in Africa: a systematic review. Int J Microbiol
analysis of their prevalence and resistance trends. Sci Rep 2022;2022:1835603.

2020;10:17658. 14. Jarajreh D, Agel A, Alzoubi H, Al-Zereini W. Prevalence of induc-

3. Rosi E, Pescitelli L, Ricceri F, Di Cesare A, Novelli A, et al. Clin- ible clindamycin resistance in methicillin-resistant Staphy-
damycin as unique antibiotic choice in Hidradenitis Suppurativa. lococcus aureus: the first study in Jordan. J Infect Dev Ctries
Dermatol Ther 2019;32:€12792. 2017;11:350-354.

4. Vena A, Castaldo N, Magnasco L, Bavastro M, Limongelli A, et al. 15. Nahar L, Hagiya H, Nada T, lio K, Gotoh K, et al. Prevalence of
Current and emerging drug treatment strategies to tackle inva- inducible macrolide, lincosamide, and streptogramin B (induc-
sive community-associated methicillin-resistant Staphylococcus ible MLSB) resistance in clindamycin-susceptible Staphylo-
aureus (MRSA) infection: what are the challenges? Expert Opin coccus aureus at Okayama University Hospital. Acta Med Okayama
Pharmacother 2023;24:331-346. 2023;77:1-9.

5. Dhawan VK, Thadepalli H. Clindamycin: a review of fifteen years of 16. Matuschek E, Brown DFJ, Kahlmeter G. Development of the
experience. Rev Infect Dis 1982;4:1133-1153. EUCAST disk diffusion antimicrobial susceptibility testing method

and its implementation in routine microbiology laboratories. Clin

6. Venditti M, Baiocchi P, Santini C, Galetta P, Tarasi A, et al. Poten- Microbiol Infect 2014:20:255-266.

tial of clindamycin in addition to vancomycin for the treat-

ment of oxacillin-resistant Staphylococcus aureus septicemia 17. Vong 0. CASFM / EUCAST AVRIL 2021 V1.0. Société Francaise de
persisting under vancomycin therapy. Int J Antimicrob Agents Microbiologie; 2021. https://www.sfm-microbiologie.org/2021/
1995:5:123-128. 04/23/casfm-avril-2021-v1-0/

7. Condon RE, Walker AP, Sirinek KR, White PW, Fabian TC, et al. 18. Luchian |, Goriuc A, Martu MA, Covasa M. Clindamycin as an
Meropenem versus tobramycin plus clindamycin for treatment of alternative option in optimizing periodontal therapy. Antibiotics
intraabdominal infections: results of a prospective, randomized, 2021;10:814.
double-blind clinical trial. Clin Infect Dis 1995;21:544-550. 19. Sunderkotter C, Becker K. Frequent bacterial skin and soft tissue

8. Andreoni F, Ziircher C, Tarnutzer A, Schilcher K, Neff A, et al. infections: diagnostic signs and treatment. J Dtsch Dermatol Ges
Clindamycin affects group A streptococcus virulence factors 2015;13:501-524;.
and improves clinical outcome. J Infect Dis 2017;215:269-277. 20. Hodille E, Badiou C, Bouveyron C, Bes M, Tristan A, et al. Clinda-

9. Armengol Alvarez L, Van de Sijpe G, Desmet S, Metsemakers W-J, mycin suppresses virulence expression in inducible clindamycin-
Spriet |, et al. Ways to improve insights into clindamycin phar- resistant Staphylococcus aureus strains. Ann Clin Microbiol
macology and pharmacokinetics tailored to practice. Antibiotics Antimicrob 2018;17:38.

2022;11:701. 21. Wilkins AL, Steer AC, Smeesters PR, Curtis N. Toxic shock
10. Ashwini M, Ray M, Sumana K, Halami PM. Prevalence of syndrome - the seven Rs of management and treatment. J Infect

macrolide-lincosamide-streptogramin resistant lactic acid 2017;74:5147-5152.

bacteria isolated from food samples. J Food Sci Technol 22. Krutikov M, Rahman A, Tiberi S. Necrotizing pneumonia (aeti-

2023;60:630-642. ology, clinical features and management). Curr Opin Pulm Med
11. Manandhar S, Shrestha R, Tuladhar RS, Lekhak S. Inducible 2019:25:225-232.

clindamycin resistance and biofilm production among staphylo- 23. Wang H, Zhuang H, Ji S, Sun L, Zhao F, et al. Distribution of erm

cocci isolated from tertiary care hospitals in Nepal. Infect Dis Rep genes among MRSA isolates with resistance to clindamycinin a

2021;13:1043-1052. Chinese teaching hospital. Infect Genet Evol 2021;96:105127.


https://doi.org/10.6084/m9.figshare.25466677.v1
https://www.sfm-microbiologie.org/2021/04/23/casfm-avril-2021-v1-0/
https://www.sfm-microbiologie.org/2021/04/23/casfm-avril-2021-v1-0/

Yacouba et al., Access Microbiology 2024;6:000708.v4

24,

25.

26.

Goudarzi M, Kobayashi N, Dadashi M, Pantticek R, Nasiri MJ, et al.
Prevalence, genetic diversity, and temporary shifts of inducible
clindamycin resistance Staphylococcus aureus clones in Tehran,
Iran: a molecular-epidemiological analysis from 2013 to 2018.
Front Microbiol 2020;11.

Kishk RM, Anani MM, Nemr NA, Soliman NM, Fouad MM. Induc-
ible clindamycin resistance in clinical isolates of staphylococcus
aureus in Suez Canal University Hospital, Ismailia, Egypt. J Infect
Dev Ctries 2020;14:1281-1287.

Thapa D, Pyakurel S, Thapa S, Lamsal S, Chaudhari M, et al.
Staphylococcus aureus with inducible clindamycin resistance

and methicillin resistance in a tertiary hospital in Nepal. Trop
Med Health 2021;49:99.

27.

28.

29.

30.

Abdollahi S, Ramazanzadeh R, Khiabani ZD, Kalantar E. Epidemio-
logical and inducible resistance in coagulase negative staphylococci.
Glob J Health Sci 2015;8:109-119.

Raabe VN, Shane AL. Group B streptococcus (Streptococcus agalac-
tiae). Microbiol Spectr 2019;7.

Dilrukshi N, Kottahachchi J, Dissanayake T, Fernando N. Antibi-
otic sensitivity of group B Streptococcus from pregnant mothers
and its association with resistance genes. Med Princ Pract
2023;32:126-132.

Spizek J, Rezanka T. Lincosamides: chemical structure, biosynthesis,
mechanism of action, resistance, and applications. Biochem Phar-
macol 2017;133:20-28.

The Microbiology Society is a membership charity and not-for-profit publisher.

Your submissions to our titles support the community — ensuring that
we continue to provide events, grants and professional development for
microbiologists at all career stages.

Find out more and submit your article at microbiologyresearch.org




	Inducible clindamycin resistance among clinical Gram-­positive cocci in a tertiary hospital in Niger Republic
	Graphical abstract
	Abstract
	Data Summary
	Introduction
	Methodology
	Study design, setting and period
	Isolation, identification, and antibiotic susceptibility test
	Phenotypic detection of methicillin resistance
	Phenotypic detection of clindamycin resistance (﻿d﻿-test)
	Quality control
	Statistical analysis
	Ethical consideration

	Results
	Baseline characteristics of participants
	Gram-positive cocci isolates
	Prevalence of Macrolide-Lincosamide-Streptogramin b phenotypes of resistance
	Associated factors with Gram-positive cocci iMLSb phenotype

	Discussion
	Conclusion
	References


