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Abstract

Background: Nasal carriage of Staphylococcus aureus is becoming an increasing problem among healthcare workers and
community individuals
Objectives: To determine the prevalence of methicillin-resistant S. aureus (MRSA) nasal colonization and inducible clindamycin resistance (ICR) of S. aureus among healthcare workers at Soba University Hospital and community members in
Khartoum State, Sudan.
Methods: Five hundred nasal swabs samples were collected during March 2009 to April 2010. Isolates were identified using
conventional laboratory assays and MRSA determined by the disk diffusion method. The D-test was performed for detection of ICR isolates with Clinical Laboratory Standard Institute guidelines.
Results: Of the 114 S. aureus isolated, 20.2% represented MRSA. The occurrence of MRSA was significantly higher among
healthcare worker than community individuals [32.7% (18/55) vs. 6.9% (5/59)] (p=0.001). Overall the 114 S. aureus isolates
tested for ICR by D-test, 29 (25.4%) yielded inducible resistance. Significantly higher (p=0.026) ICR was detected among
MRSA (43.5%) than methicillin-susceptible S. aureus (MSSA) (20.9%).
Conclusion: MRSA nasal carriage among healthcare workers needs infection control practice in hospitals to prevent transmission of MRSA. The occurrence of ICR in S. aureus is of a great concern, D- test should be carried out routinely in our
hospitals to avoid therapeutic failure.
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Introduction
Nasal carriage of Staphylococcus aureus plays an important role in the epidemiology and pathogenesis of
infection and is becoming an increasing problem among
healthcare workers and in the healthy community individuals1,2. General populations with persistent S. aureus
nasal carriage rates at 10% to 20%,2,3 and up to 50%
are intermittent carriers3. Furthermore, carrier levels
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of 25% have been reported among hospital healthcare
workers3. S. aureus nasal colonization has been determined as an important risk factor for the development
of different types of infections ranging from skin infection to serious conditions4,5. The severity of these infections is mainly due to the presence of methicillin-resistant S. aureus (MRSA), which defined as multi-drug
resistance bacteria6. The treatment of infections caused
by multi-drug resistance bacteria, especially MRSA has
become a health problem due to limitation of therapeutic choice7.
Clindamycin, the macrolide-lincosamide-streptogramin
B (MLSB) antimicrobial group is an alternative treatment option for S. aureus infections9,8. The use of this
antimicrobial agent in the presence of erythromycin
resistance is of a great concern, since there is a possibility of induction of cross-resistance mechanism
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among members of the MLSB10. The most common
mechanism of macrolide resistance is mediated by erm
genes which encode enzymes that confer constitutive
or inducible resistance to MLSB agents in the presence
of either a macrolide or a lincosamide inducer 7,9. Clindamycin resistance among S. aureus isolates appear to
be susceptible to clindamycin in the absence of erythromycin disk during routine antimicrobial susceptibility
testing. Reporting of such results indicated to poor laboratory identification of these isolates11,12. Thus inducible resistance of such isolates can be detected by the
D-test, a disk diffusion test in which an erythromycin
disk will induce clindamycin resistance11,13. This study
aimed to determine the prevalence MRSA nasal colonization among healthcare workers at the Soba University
Hospital and community members in Khartoum State,
Sudan. In addition, to detect inducible clindamycin resistance (ICR) among MRSA and methicillin- susceptible S. aureus (MSSA) isolates.

were incubated at 37 ºC over night. Identification of
S. aureus isolate was determined on the base of colony
morphology, Gram stain, catalase production, coagulase test and DNase test14.
Antibacterial susceptibility testing
Antimicrobial susceptibility testing of S. aureus isolates
was performed by the Keby-Bauer disk diffusion method following the CLSI recommendations.13 In brief, a
suspension equivalent 0.5 McFarland standard turbidity was prepared for each isolate and inoculated onto
Mueller-Hinton agar plate (Difco Laboratories, Detroit,
USA), using a sterile cotton swab by streaking the swab
over the entire sterile agar surface 3 times. Then antimicrobial disks of cefoxitin (30μg), erythromycin (15μg)
and penicillin (30μg) were placed at the recommended
distance. All cultured plates were aerobically incubated
at 37ºC for 18 hours before the zone sizes were recorded. S. Areas ATCC 29213 (susceptible) and S. aureus
ATCC 33591 (resistant) were used as control strains.
The test result was only validated in the cases where
inhibition zone diameters of the control strains were
Materials and methods
within the performance range in accordance with the
Study design and settings
This descriptive comparative study was carried out dur- CLSI guidelines.13
ing the period from March 2009 to April 2010. Five
hundred nasal swab samples were collected equally Detection of MRSA
from the healthcare workers, including doctors, nurses A disk diffusion method with cefoxitin (30 μg) was used
and medical technologists in the Soba University Hos- to detect MRSA strains as previously described15. This
pital and from the adult community members in Khar- test was carried out immediately along with each sustoum State, Sudan. Each adult participant was selected ceptibility testing of the isolate being performed. All
randomly and asked if he or she agreed to participate the S. aureus isolates that showed cefoxitin inhibition
in the study before obtaining samples. The study was zone diameter of ≤ 20 mm were reported as MRSA
approved by the Research Council Board of Faculty strains and ≥24 mm was considered as MSSA strain16.
of Medical Laboratory Sciences, Khartoum University. The criteria was designed to exclude hospitalized D- test performance for screening of inducible
community members, while the inclusion criteria was: clindamycin resistance isolates
Community members who were apparently healthy in- Each S. aureus isolate found to be resistant to erythrodividuals.
mycin was tested for inducible resistance by 'D test' as
per CLSI guidelines16. Suspension of the isolated orSampling procedures
ganism equivalent to 0.5 McFarland standard turbidity
Nasal swab samples collected from each subject by ro- was inoculated onto Mueller Hinton agar plate (Difco
tating four times inside each anterior nares using sterile Laboratories, Detroit, USA). Clindamycin (2ug) and
cotton wool swab. The samples were transported im- Erythromycin (15ug) antimicrobial disks (Oxoid, Basmediately to the Microbiology Laboratory at the Facul- ingstoke, England) were placed at a distance of 15mm
ty of Medical Laboratory Sciences, University of Khar- (edge to edge) from each other. Quality control was
performed by S. aureus ATCC 25923. Following overtoum and were processed within two hours.
night incubation at 370C, a D-shape zone around the
Isolation and identification of S. aureus
clindamycin in the area between the two disks, the isoEach nasal swab was inoculated onto Manitol salt agar late was positive for inducible resistance17.
plate (Oxoid, Basingstoke, England). All cultured plates
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Statistical analysis
Collected data was analyzed using Statistical Package
for Social Sciences program (SPSS Inx., Chicago, IL.,
USA) Version 16. The Chi-square test was used to compare between every two variables. All p-values less than
0.05 were considered as statistically significant.

Results
The Prevalence of MRSA among healthcare workers and community individuals
Out of the 500 nasal swab samples examined, S. aureus
was detected in 22.8% (114) of the total samples. Of
these 114 positive samples, 55 isolates were collected
from the healthcare workers, while 59 isolates from the
community members. The results of antimicrobial susceptibility test of the S. aureus isolated from community members (n=55) and healthcare workers (n=59) are
given in Table 1.

Table 1: Antimicrobial susceptibility of S. aureus isolated from community members
and healthcare workers

S. aureus isolates

Antibiotic
Cefoxitin

Community member (n=59)
(% of resistant)

Healthcare worker (n=55)
(% of resistant)

4 (6.8%)

18 (32.7%)

Erythromycin

18(30.5%)

21(38.2%)

Penicillin

56(100%)

55(100%)

Overall, the 114 S. aureus isolates screened for the pres- among community individuals isolates) (Table 2). The
ence of MRSA strains, 20.2% were found to be MRSA occurrence of MRSA isolates were significantly higher
with 32.7% among health care workers and 8.5 % among the healthcare workers than in the community
individuals [32.7% (18/55) vs. 8.5% (5/59)] (p = 0.001).
Table 2: Frequency of MRSA and MSSA isolates from hospital healthcare workers
and community members at Khartoum State, Sudan
Frequency
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Source of isolates

Number of isolates

MRSA

MSSA

Healthcare worker

55

18 (32.7%)

37

Community individual

59

5 (8.5%)

54

Total

114

23 (20.2%)

91
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Detection of inducible clindamycin resistance in
MRSA and MSSA
One hundred fourteen S. aureus isolates (23 MRSA and
91 MSSA) tested for ICR by D-test, 29 (25.4%) yield-

ed inducible resistance. Of these 29 isolates, 10 were
MRSA whereas 19 were MSSA (Table 3). Inducible clindamycin resistance was found to be significantly higher
among MRSA than MSSA isolates [43.5% (10/23) vs.
20.9% (19/91)

Table 3: Distribution of inducible clindamycin resistance in MRSA and MSSA isolates
No. (%) of inducible clindamycin
resistance

Type of isolates

Number

MRSA

23

10 (43.5%)

MSSA

91

19 (20.9%)

Total

144

29 (25.4%)

Discussion
The presence of S. aureus nasal colonization among
healthcare personnel and healthy community members
known to be as a major risk factor for the development
of both community-acquired and nosocomial infections including MRSA1,7. However, determination of
colonization prevalence provides a useful estimate of
the potential for development of S. aureus infections4.
This study estimates the S. aureus nasal carriage rates
among healthcare workers in a university hospital and
among community members at Khartoum State, Sudan.
In the present study, the prevalence of S. aureus nasal colonization among healthcare workers at the Soba
University Hospital was 32.7% and that of healthy
community individuals was 6.8%. These findings are
almost similar to that previously reported in the Soba
University Hospital during the period from the 19961997 by Ahmed et al. (1998)18. These authors have estimated nasal carriage among patients and staff personnel at 26.8%. Worldwide studies have been documented
S. areas nasal colonization. In Turkey1, the nasal carriage
rates of S. aureus were 27.5% among hospital personnel
and 24.0% normal healthy subjects. In Iran19, reported
as 31.1% among healthcare workers, in France20, among
hospital employees was 33.4% prevalence, in Spain21,
among medical students was 39.3%, among Libyan
health care workers was 22%5, in Nigeria22 , reported
as 14 % among medical student, in Jordan23, the nasal
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carriage rate in healthy volunteers was 7•5% .
Colonization particularly with MRSA plays an important key factor for the development of different kinds
of staphylococcal infections ranged from minor skin
infections to soft tissue infections18,2. The carriage rate
of MRSA nasal colonization varied significantly across
different demographic features28. MSSA colonization
appeared to be influenced more readily than MRSA
colonization by many health and environmental factors
in the univariate analysis. For instance, lower frequency
of hand washing, influenza vaccination, upper respiratory tract infections, and use of antibiotics were associated with decreased incidence of MSSA colonization,
but did not influence colonization by MRSA29. Different studies have described a high prevalence of MRSA
colonization and infection among persons of low socio-economic status in the general community, may be
associated with crowding, limited access to healthcare,
or barriers to maintaining adequate hygiene28. Furthermore, the innate immunity of the host has been implicated in the mechanisms of S. aureus colonization29.
In this study, our data showed that MRSA carriage rates
were significantly higher (p=0.001) among healthcare
workers than in healthy adults from the community. This finding is in-agreement with other studies22,5,
which have been documented that the MRSA nasal
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carriage was higher among medical personnel than
non-medical personnel. Yazgi et al. (2003)1 proposed
that the colonization of the resistant strains rather than
the frequency of S. aureus colonization is more important in the hospital personnel. The primary mode of
transmission of MRSA is by direct contact, usually with
another person's hands. MRSA has also been isolated
from people's hands after touching contaminated material or equipment. Lescure et al. (2006)24 explained
that MRSA infections seen in the community can be
acquired either directly in hospitals or long-stay institutions or indirectly by contact with an MRSA carrier,
such as a family member working in a hospital, a family
member with a previous stay in the hospital, a general
practitioner, or a community nurse .
Since MRSA infections could be on the rise in the hospital units through hospital personnel carriers, good
hand hygiene practice of hospital staff is a primary
important factor to avoid dissemination of multi-drug
resistant organism in the hospital unit. In addition,
implementations of infection control measures in our
hospitals that is, understanding barriers of the spread
and transmission of MRSA carriage, are necessary to
reduce risk of subsequent infection.
Empirical therapeutic options for Staphylococcal infections in the hospital and community settings have
become more limited due to increasing the prevalence
of MRSA7,6. Clindamycin has long been the best choice
option because of its efficacy action against both MSSA
and MRSA7. Proper antimicrobial susceptibility data is
important for appropriate therapy decisions; however,
limited data is known about the prevalence of ICR in
MRSA isolates11.
In the present study, the overall prevalence ICR was 29.4
with 43.5% of MRSA and 20.9% of MSSA. In-agreement with other reports 9,8,25, our results revealed that
there were significant differences (p = 0.026) of ICR
rates between MSSA and MRSA. Elsewhere, studies
have reported ICR between both MRSA and MSSA
isolates. In a study conducted in South Africa, Shittu
and Lin, (2006)26 determined the inducible MLSB phenotype was detected in 10.8% of MSSA and 82% of
MRSA respectively. Juyal et al. (2013)13 reported among
the inducible MLSB phenotypes, 13.3% isolates were
MRSA and 28.9% were MSSA. In contrast, Patel et
al. (2006)7 found that the overall prevalence of ICR
was 52%, with 50% of MRSA and 60% of MSSA iso-
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lates exhibiting ICR. Moreover,no statistically significant difference of ICR was observed between MRSA
and MSSA strains (p=0.434) in the study by Eksi et al.
(2011)27. These findings with our current results indicate the significant occurrence of ICR between MRSA
and MSSA. Therefore, antimicrobial susceptibility data
of ICR isolates should be evaluated routinely in each
infections caused by S. aureus before starting the treatment.
Limitations
Firstly, information about estimation of variables related to demographics, past or current medical records
such as exposure to antimicrobial agents, and lifestyle
for the study groups was not available for analysis. Secondly, due to the limitation of our laboratory facilities,
identification of MRSA was carried out only through
applying a simple, reliable test that needs to be confirmed by a standardized molecular technique such as
PCR amplification of the mecA gene, which was not
applied in this study. Finally, some epidemiological factors influencing colonization of MRSA and MSSA nasal
carriage rates may not have been collected. However,
the identification of risk factors for nasal colonization
may help in the development of strategies to prevent
MRSA spreading.
Conclusion
S. aureus nasal colonization is more prevalent among
healthcare workers than community member in particular, MRSA. Beside personal hygiene practices of medical staff, regular implementation of infection control
practice, including screening of nasal carriages and microbial flora in our hospital are necessary to prevent
spread of MRSA carriage. The occurrence of ICR between MRSA (43.5%) and MSSA (20.9%) is of a great
concern, which contributed to the treatment failure of
S. aureus infections. Since the D- test is a simple assay
for the detection of ICR strains, therefore, it should be
carried out routinely in our hospital to avoid clindamycin therapeutic failure.
Acknowledgments:
The authors acknowledge all participating members
from Soba University hospital and the community for
their contribution in the study. We would like to thank
our colleagues the staff members of the microbiology department at the Faculty of Medical Laboratory
Sciences, University of Khartoum for their kind help.

African Health Sciences Vol 15 Issue 3, September 2015

References:
1. Yazgi H, Ertek M, Ozbek A, Kadanali A. Nasal carriage of Staphylococcus aureus in hospital personnel
and the normal population and antibiotic resistance of
the isolates. Mikrobiyol Bul 2003; 37(2-3):137-142.
2. Al-Rawahi GN, Schreader AG, Porter SD, Roscoe DL,
Gustafson R, Bryce EA. Methicillin-resistant Staphylococcus aureus nasal carriage among injection drug users: six years later. J Clin Microbiol 2008; 46(2):477-479.
3. Naber CK. Staphylococcus aureus bacteremia: epidemiology, pathophysiology, and management strategies.
Clin Infect Dis 2009; 48 Suppl 4:S231-7.
4. Kuehnert MJ, Kruszon-Moran D, Hill HA, et al.
Prevalence of Staphylococcus aureus nasal colonization in the United States, 2001-2002. J Infect Dis 2006;
193(2):172-179.
5. Ahmed MO, Elramalli AK, Amri SG, Abuzweda
AR, Abouzeed YM. Isolation and screening of methicillin-resistant Staphylococcus aureus from health care
workers in Libyan hospitals. East Mediterr Health J 2012;
18(1):37-42.
6. Gualdoni GA, Lingscheid T, Tobudic S, Burgmann
H. Low nasal carriage of drug-resistant bacteria among
medical students in Vienna. GMS Krankenhhyg Interdiszip 2012;7(1)
7. Patel M, Waites KB, Moser SA, Cloud GA, Hoesley CJ. Prevalence of inducible clindamycin resistance
among community- and hospital-associated Staphylococcus aureus isolates. J Clin Microbiol 2006; 44(7):24812484
8. Deotale V, Mendiratta DK, Raut U, Narang P. Inducible clindamycin resistance in Staphylococcus aureus
isolated from clinical samples. Indian J Med Microbiol
2010; 28(2):124-126.
9. Gupta V, Datta P, Rani H, Chander J. Inducible clindamycin resistance in Staphylococcus aureus: a study
from North India. J Postgrad Med 2009; 55(3):176-179
10. Chavez-Bueno S, Bozdogan B, Katz K, et al. inducible clindamycin resistance and molecular epidemiologic
trends of pediatric community-acquired methicillin-resistant Staphylococcus aureus in Dallas, Texas. Antimicrob Agents Chemother 2005;49(6):2283-2288.
11. Schreckenberger PC, Ilendo E, Ristow KL. Incidence of constitutive and inducible clindamycin resistance in Staphylococcus aureus and coagulase-negative
staphylococci in a community and a tertiary care hospital. J Clin Microbiol 2004; 42(6):2777-2779.
12. Renushri, Saha A, Nagaraj, Krishnamurthy V. Inducible Clindamycin Resistance in Staphylococcus au-

African Health Sciences Vol 15 Issue 3, September 2015

reus Isolated from Nursing and Pharmacy Students. J
Lab Physicians 2011; 3(2): 89-92.
13. Juyal D, Shamanth AS, Pal S, Sharma MK, Prakash
R, Sharma N. The prevalence of inducible clindamycin
resistance among staphylococci in a tertiary care hospital - a study from the garhwal hills of uttarakhand,
India. J Clin Diagn Res 2013; 7(1):61-65.
14. Cheesbrough M. Microbiological tests. In: District
Laboratory Practice in Tropical Countries Part II. Cambridge University Press, Cambridge; 2000. pp. 1-266.
15. Cauwelier B, Gordts B, Descheemaecker P, Van
Landuyt H. Evaluation of a disk diffusion method with
cefoxitin (30 microg) for detection of methicillin-resistant Staphylococcus aureus. Eur J Clin Microbiol Infect Dis
2004;23(5):389-392.
16. Clinical and laboratory standards institute. Performance standards for antimicrobial susceptibility testing;
Seventeenth informational supplement. Vol. 27. No.1
Clinical Laboratory Standards Institute; 2007.
17. Fiebelkorn KR, Crawford SA, McElmeel ML, Jorgensen JH. Practical disc diffusion method for detection of inducible clindamycin resistance in Staphylococcus aureus and coagulase negative Staphylococci. J
Clin Microbiol 2003; 41:4740-4 PubMed .
18. Ahmed AO, van Belkum A, Fahal AH, et al. Nasal
carriage of staphylococcus aureus and epidemiology of
surgical-site infections in a Sudanese university hospital
J Clin Microbiol. 1998; 36(12):3614-3618.
19. Rahbar M, Yaghoobi M, Kia-Darbandsari B. Prevalence of nasal carriage of Staphylococcus aureus and
susceptibility of isolates to methicillin and mupirocin
among healthcare workers in an Iranian Hospital. Infect
Control Hosp Epidemiol 2006; 27(3):323-325.
20. Eveillard M, Martin Y, Hidri N, Boussougant Y, Joly-Guillou ML. Carriage of methicillin-resistant Staphylococcus aureus among hospital employees: prevalence,
duration, and transmission to households. Infect Control Hosp Epidemiol 2004; 25(2):114-120.
21. López-Aguilera S, Goñi-Yeste MD, Barrado L,
González-Rodríguez-Salinas MC, Otero JR, Chaves
F. Staphylococcus aureus nasal colonization in medical students: Importance in nosocomial transmission.
Enferm Infecc Microbiol Clin 2013 Jan 22. pii: S0213005X(12)00445-4. doi: 10.1016/j.eimc.2012.12.005.
[ PubMed Epub ahead of print].
22. Adesida SA, Abioye OA, Bamiro BS, et al. Associated risk factors and pulsed field gel electrophoresis of
nasal isolates of Staphylococcus aureus from medical
students in a tertiary hospital in Lagos, Nigeria. Braz J
Infect Dis 2007; 11(1):63-69.

866

23. Al-Bakri AG, Al-Hadithi H, Kasabri V, Othman G,
Kriegeskorte A, Becker K. The epidemiology and molecular characterization of methicillin-resistant staphylococci sampled from a healthy Jordanian population.
Epidemiol Infect 2013; 23:1-8.
24. Lescure FX, Locher G, Eveillard M, et al. community-acquired infection with healthcare-associated methicillin-resistant Staphylococcus aureus: the role of home
nursing care. Infect Control Hosp Epidemiol 2006;
27(11):1213-1218.
25. Appalaraju B, Jayakumar S. "Inducible clindamycin
resistance in Staphylococcus aureus isolated from clinical samples". J Commun Dis 2010; 42(4):263 PubMed
-268.
26. Shittu AO, Lin J. Antimicrobial susceptibility patterns and characterization of clinical isolates of Staph-

867

ylococcus aureus in KwaZulu-Natal province, South
Africa. BMC Infect Dis 2006; 6:125.
27. Eksi F, Gayyurhan ED, Bayram A, Karsligil T. Determination of antimicrobial susceptibility patterns and
inducible clindamycin resistance in Staphylococcus aureus strains recovered from southeastern Turkey. J Microbiol Immunol Infect 2011; 44(1):57-62.
28. Gorwitz RJ, Kruszon-Moran D, McAllister SK, et al.
Changes in the prevalence of nasal colonization with
Staphylococcus aureus in the United States, 2001-2004.
J Infect Dis 2008; 197(9):1226 PubMed -1234.
29- Chen CJ, Hsu KH, Lin TY, Hwang KP, Chen
PY, Huang YC. Factors associated with nasal colonization of methicillin-resistant Staphylococcus aureus
among healthy children in Taiwan. J Clin Microbiol
2011;49(1):131 PubMed -137.

African Health Sciences Vol 15 Issue 3, September 2015

