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Background. Methicillin-resistant Staphylococcus aureus (MRSA) has created significant epidemiological, infection-control, and
therapeutic management challenges during the past three decades. Aim. To analyze the pattern of resistance of healthcare- and
community-associated MRSA in Egypt and the trend of resistance of HA-MRSA over time (2005–2013).Methods.MRSA isolates
were recovered from healthcare-associated (HA) and community-associated (CA) Staphylococcus aureus (S. aureus) infections.
They were tested against 11 antimicrobial discs and the minimal inhibitory concentration (MIC) of vancomycin was determined.
Inducible clindamycin resistance (iMLSB) was also screened using D-test. Findings. Of 631 S. aureus, MRSA was identified in 343
(76.6%) and 21 (11.5%) of HA and CA S. aureus isolates, respectively. The proportion of HA-MRSA increased significantly from
48.6% in 2005 to 86.8% in 2013 (𝑝 value < 0.001). Multidrug resistance (MDR) was observed in 85.8% of HA-MRSA and 48.6%
of CA-MRSA. Vancomycin intermediate resistant S. aureus (VISA) was detected in 1.2% of HA-MRSA and none was detected in
CA-MRSA. Among HA-MRSA strains, 5.3% showed iMLSB compared to 9.5% among CA-MRSA. Conclusion.The upsurge of the
prevalence rates of HA-MRSA over time is alarming and urges for an effective infection control strategy and continuousmonitoring
of antimicrobial use.

1. Introduction

Methicillin-resistant Staphylococcus aureus (MRSA) infec-
tion is a significant contributor to morbidity and mortality
in hospitalized patients worldwide and has been associated
with several hospital outbreaks since the late 1970s [1]. Com-
pounding the problem of healthcare-associated MRSA (HA-
MRSA) is the growing prevalence of community-associated
MRSA (CA-MRSA) raising the challenge of selecting the
optimum therapy for both HA and CAMRSA infections [2].

MRSA rates among S. aureus clinical isolates scored the
highest in Egypt compared to other African countries and to
southern and eastern Mediterranean countries [3, 4].

Vancomycin has been the cornerstone for treating
patients with HA-MRSA infection over the last 20 years
[5]. Conceivably, treatment failure in cases of MRSA infec-
tions was mainly attributed to phenotypes with reduced
susceptibility to vancomycin (RSV) which have brought van-
comycin’s utility into question [6]. Clindamycin, amember of
macrolide-lincosamide-streptogramin B (MLSB) antibiotics,
has surfaced as an efficient alternative for MRSA infections
due to its special pharmacokinetic properties especially
for penicillin allergic patients [7]. Consequently, inducible
resistance toMLSB antibiotics has emergedworldwide neces-
sitating the need to detect such resistance by a simple D-test
on a routine basis [8].
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The objective of this study was to analyze the pattern of
resistance of healthcare- and community-associated MRSA
in Egypt and to determine the trend of resistance of HA-
MRSA over time (2005 through 2013).

Data Analysis. Statistical analysis was performed using 𝑍-
score test for two population proportions.

A 𝑝 value < 0.05 was considered statistically significant.

2. Materials and Methods

This is an active prospective cohort study which took place
in 12 hospitals in Egypt from 2005 to 2013. Healthcare-
associated S. aureus (HA-S. aureus) isolates were recovered
from patients acquiring infections after ≥3 calendar days of
an admission to a health facility [9].

S. aureus strainswere isolated frompus (12), wound swabs
(23), urine (19), blood (135), bronchoalveolar lavage (123),
endotracheal tube (6), sputum (56), and unknown sources
(74).

Community-associated S. aureus (CA-S. aureus) isolates
were collected through a sentinel surveillance program for
acute febrile illnesses implemented in 12 infectious disease
hospitals in Egypt from 2005 to 2013. These isolates were
recovered from patients presenting with clinical symptoms
<3 calendar days of an admission to a health facility indi-
cating community-associated transmission [9]. They were
isolated from blood (144) and CSF (39).

All isolates were shipped to the US Naval Medical
Research Unit No. 3 (NAMRU-3) laboratories for identifica-
tion and susceptibility testing to ensure the standardization of
the techniques used and unifying the antimicrobial discs for
susceptibility testing in concordancewithClinical Laboratory
Standards Institute (CLSI) guidelines. S. aureus ATCC 25923
was used to verify the quality and accuracy of testing
procedures [10, 11].

MRSA strains were tested against 11 antimicrobial discs
(Becton Dickinson and Company, Sparks, MD, USA). The
antibiotics used and their disk potencies are shown in Table 1.

Strains showing reduced susceptibility to vancomycin
(RSV) are strains with MIC levels ≥2mg/mL, while strains
were confirmed to be VISA (vancomycin intermediate S.
aureus) or VRSA (vancomycin resistant S. aureus) when
vancomycin MIC levels were 4–8𝜇g/mL and >8𝜇g/mL,
respectively [11].

2.1.The Double Disc Susceptibility Test (D-Test). Thepresence
of inducible clindamycin resistance (iMLSB) was sought in
MRSA isolates that were erythromycin resistant and clin-
damycin sensitive (ER-R and CL-S) using the D-test [10].

3. Results

A total of 631 S. aureus isolates were collected between 2005
and 2013. Of these, 448 (71%) were HA-S. aureus and 183
(29%)wereCA-S. aureus.MRSA constituted 76.6% (343/448)
of HA-MRSA and 11.5% (21/183) of CA-MRSA.

Table 1: Resistance of MRSA strains to antimicrobial discs.

HA-MRSA (𝑛 = 343) CA-MRSA (𝑛 = 183)
Number (%) Number (%)

Ampicillin (10 𝜇g) 343 (100) 21 (100)
Penicillin (10 𝜇g) 343 (100) 21 (100)
Tetracycline (30 𝜇g) 290 (84.5) 18 (85.7)
Gentamicin (10𝜇g) 277 (80.7) 2 (9.5)
Ciprofloxacin (5 𝜇g) 242 (70.5) 2 (9.5)
Erythromycin (15𝜇g) 221 (64.4) 4 (19)
Clindamycin (2𝜇g) 191 (55.6) 0 (0)
Rifampicin (5 𝜇g) 70 (20.4) 3 (14.2)
SXT∗ (1.25 𝜇g/23.75 𝜇g) 59 (17.2) 4 (19)
Vancomycin E-test 0 (0) 0 (0)
∗SXT: trimethoprim-sulfamethoxazole.

Resistance of HA-MRSA isolates to 11 antimicrobial discs
was considerably high for most antibiotics used in the panel
ranging from 55.6% to 100%, while resistance to rifampicin
and trimethoprim-sulfamethoxazole was relatively lower
(20.4% and 17.2%, resp.) (Table 1). On the other hand, CA-
MRSA isolates showed a wider range of susceptibility to most
antibiotics with resistance rates ranging from 9% to 20%,
except for tetracycline (85%) and penicillin and ampicillin
(100% each). MDR of HA-MRSA was significantly higher
compared to CA-MRSA (85.7% and 47.6%, resp.).

The rate of HA-MRSA has significantly increased from
48.6% in 2005 to 86.8% in 2013. During the same time period,
the proportion of HA-S. aureus with RSV (MIC levels ≥
2mg/mL) has significantly increased from 4.2% (3/72) in
2005 to 25.8% (51/197) in 2013 (𝑝 < 0.001).

Susceptibility to vancomycin was detected in 80.2%
(275/343) of HA-MRSA and 95.2% (20/21) of CA-MRSA.
VISA was detected in 1.2% (4/343) of HA-MRSA while none
of CA-MRSA strains showed VISA pattern. VRSA was not
detected in either HA-MRSA or CA-MRSA (Table 2).

A total of 29 HA-MRSA and three CA-MRSA isolates
displaying CL-S and ER-R phenotype were tested using D-
test. iMLSB (D-test positive) was identified in 5.3% (18/343)
of HA-MRSA strains and in 9.5% (2/21) of CA-MRSA strains
(Table 3).

4. Discussion

In the present study, prevalence of MRSA was higher among
HA-S. aureus strains compared to CA-S. aureus strains. In
support of this, other prospective surveillance studies con-
ducted in Egypt reported similar findings [12, 13].Meanwhile,
reports emanating from Middle East countries also revealed
increasing rates in the incidence of MRSA: in Saudi Arabia
(77.5%) [14] and in Libya (54–68%) [15]. The compelling
finding in this study was the substantial increase in MRSA
prevalence over time. The prevalence rate of HA-MRSA
has almost doubled from 48.6% to 86.8% between 2005
and 2013. Similar trends were also reported from a similar
study conducted in Lebanon [16]. In contrast, successful
attempts to reduce MRSA rates were also reported fromUSA
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Table 2: Minimum inhibitory concentration (MIC) levels of van-
comycin amongst MRSA strains.

MIC (𝜇g/mL) HA-MRSA (𝑛 = 343) CA-MRSA (𝑛 = 21)
Number % Number %

<2∗ 275 80.2 20 95
3 64 18.6 1 4.7
4∗∗ 4 1.2 0 0
HA: healthcare-associated; CA: community-associated; MRSA: methicillin-
resistant Staphylococcus aureus; ∗<2 𝜇g/mL: susceptible to vancomycin;
∗∗4𝜇g/mL: VISA.

Table 3: D-test for inducible clindamycin resistance.

Phenotype HA-MRSA (𝑛 = 343) CA-MRSA (𝑛 = 21)
Number % Number %

ER-R, CL-S (D−ve) 11 3.2 1 4.8
ER-R, CL-S (D+ve) 18 5.3 2 9.5
HA: healthcare-associated; CA: community-associated; MRSA: methicillin-
resistant Staphylococcus aureus; ER: erythromycin; CL: clindamycin; R:
resistant; S: sensitive.

and Israel through implementing a multimodel intervention
including active surveillance, contact isolation, monitoring,
and universal decolonization of patients in intensive care
units [17, 18].

HA-MRSA demonstrated resistance to most antimicro-
bials used in this study with rates ranging from 55.6% to
100%. On the contrary, low resistance rates to rifampicin and
trimethoprim-sulfamethoxazole (SXT) (20.4% and 17.2%,
resp.) were observed. The high MDR of HA-MRSA iso-
lates (85%) shown was similar to data reported from other
developing countries, for example, Iran [19] and Sudan
[20]. High rate of resistance could be explained by the
response of theMRSA strains to the selection pressure created
by their constant exposure to antibiotics used in hospital
settings [20]. However, low resistance rates to rifampicin and
trimethoprim-sulfamethoxazole (SXT) (20.4% and 17.2%,
resp.) might be attributed to the limited use of rifampicin
and SXTbyEgyptian clinicians.This explanation is supported
by two studies analyzing the rationale of antibiotic use in
Egypt.The studies reported that beta lactam, macrolides, and
cephalosporins antibiotics are the most common antibiotics
prescribed for treating healthcare-associated infections in
Egyptian hospitals [21, 22].

In the current years, the problem of MRSA has been
aggravated by the spread of these resistant pathogens into
the community. The prevalence of CA-MRSA (11.5%) in the
present study is in concordance with the findings reported in
other studies conducted in Egypt [23], Saudi Arabia [14], and
India [24]. Resistant microorganisms from the community
have been a major concern worldwide due to their rapid
emergence and their potential to cause serious infections
[14]. The rate of CA-MRSA in Egypt is mostly attributed to
self-medication with antibiotics for mild bacterial or viral
infections, where a total of 23.3 to 60% of antibiotics were
received without physician prescription [25].

CA-MRSA has a wider spectrum of susceptibility com-
pared to HA-MRSA with MDR rates of 47.76% and 85.7%,
respectively. In support of this, studies from USA and India
have reported that occurrence of MDR-MRSA strains was
more prevalent in HA-MRSA than CA-MRSA indicating that
HA-MRSA strains may be the important reservoirs of MDR
strains, but nowmultidrug resistance is being slowly acquired
by CA-MRSA strains [2, 24]. The present study revealed that
more than 90% of the CA-MRSA strains were susceptible to
gentamycin, ciprofloxacin, and clindamycin, suggesting that
these drugs could provide a better option to treat CA-MRSA
infections.

Reduced susceptibility to vancomycin has shown a con-
tinuous rise from 4.2% in 2005 to 25.8% in 2013 for HA-
MRSA and the prevalence of intermediate resistance (VISA)
was 1.2% (4/343) of HA-MRSA which is similar to the rates
reported from Egypt [26] and other developing countries, for
example, Iran [27] and Sudan [20], and higher than the rate
reported from Japan [28].

The emergence and spread of resistance to vancomycin
are a threat to the already challenging therapy of MRSA and
raise an alarming situation to the clinicians in hospital as well
as in community. Alternative therapies should be considered
where vancomycin MIC is >1𝜇g/mL to avoid treatment
failure [27]. Clindamycin is one of the options that could
be used for treating patients with either HA-MRSA or CA-
MRSA. Different rates of inducible clindamycin resistance
were reported from other countries, in USA and in India
[29, 30].

In light of the previous data, reporting MRSA as sus-
ceptible to clindamycin without checking for inducible resis-
tance using D-test may result in institution of inappropriate
clindamycin therapy. On the other hand, negative result
for inducible clindamycin resistance confirms clindamycin
susceptibility and provides a very good therapeutic option
[29].

The results of the study indicate the importance of
developing policies and regulations for antibiotic use at the
country level, implementing antibiotic stewardship programs
to promote appropriate use of antibiotics, and increasing the
awareness of clinicians and the public on rational use of
antibiotics. In light of the restricted range of antibiotics avail-
able for the treatment of MRSA and the known limitations of
vancomycin, clindamycin should be considered as an alterna-
tive for themanagement of seriousMRSA infections sensitive
to clindamycin. Laboratories should start considering using
a D-test for diagnosis of inducible clindamycin resistance to
avoid treatment failure. Enhancing infection prevention and
control programs to contain HA-MRSA is crucial for Egypt.

Disclosure

Theviews expressed in this paper are those of the authors and
do not necessarily reflect the official policy or position of the
Department of the Navy, Department of Defense, or the US
Government. This work was supported/funded by USAID,
work unit no. 263-P-00-10-00005-00.The study protocol was
approved by theNavalMedical ResearchCentral Institutional



4 International Journal of Bacteriology

Review Board as nonhuman research in compliance with
all applicable federal regulations governing the protection
of human subjects. Maha Talaat and Mona El-Shokry are
contractors for the US Government and Mohamed Abdel-
Maksoud is an employee of the US Government. This work
was prepared as part of their official duties. Title 17 U.S.C.
105 provides that “copyright protection under this title is not
available for any work of the United States Government.”
Title 17 U.S.C. 101 defines a US Government work as a work
prepared by amilitary service member or employee of the US
Government as part of that person’s official duties.

Competing Interests

The authors declare that there are no competing interests
regarding the publication of this paper.

Acknowledgments

The authors thank the surveillance coordinators and the
staff members of Cairo University Hospitals, Ain Shams
University Hospitals, Alexandria University Hospitals, and
theMinistry ofHealth hospitals for their invaluable assistance
throughout the study.

References

[1] N. Cimolai, “Methicillin-resistant Staphylococcus aureus in
Canada: a historical perspective and lessons learned,” Canadian
Journal of Microbiology, vol. 56, no. 2, pp. 89–120, 2010.

[2] H. Huang, N. M. Flynn, J. H. King, C. Monchaud, M. Morita,
and S. H. Cohen, “Comparisons of community-associated
methicillin-resistant Staphylococcus aureus (MRSA) and hos-
pital-associated MSRA infections in Sacramento, California,”
Journal of Clinical Microbiology, vol. 44, no. 7, pp. 2423–2427,
2006.

[3] M. E. Falagas, D. E. Karageorgopoulos, J. Leptidis, and I. P. Kor-
bila, “MRSA in Africa: filling the global map of antimicrobial
resistance,” PLoS ONE, vol. 8, no. 7, Article ID e68024, 2013.

[4] M. A. Borg, M. de Kraker, E. Scicluna et al., “Prevalence of
methicillin-resistant Staphylococcus aureus (MRSA) in invasive
isolates from southern and eastern Mediterranean countries,”
Journal of Antimicrobial Chemotherapy, vol. 60, no. 6, pp. 1310–
1315, 2007.

[5] V. Thati, C. T. Shivannavar, and S. M. Gaddad, “Vancomycin
resistance among methicillin resistant Staphylococcus aureus
isolates from intensive care units of tertiary care hospitals in
Hyderabad,” Indian Journal of Medical Research, vol. 134, no. 11,
pp. 704–708, 2011.

[6] K. Hiramatsu, H. Hanaki, T. Ino, K. Yabuta, T. Oguri, and
F. C. Tenover, “Methicillin-resistant Staphylococcus aureus
clinical strain with reduced vancomycin susceptibility,” Journal
of Antimicrobial Chemotherapy, vol. 40, no. 1, pp. 135–136, 1997.

[7] S. Chavez-Bueno, B. Bozdogan, K. Katz et al., “Inducible
clindamycin resistance and molecular epidemiologic trends
of pediatric community-acquired methicillin-resistant Staphy-
lococcus aureus in Dallas, Texas,” Antimicrobial Agents and
Chemotherapy, vol. 49, no. 6, pp. 2283–2288, 2005.

[8] M. Lall and A. K. Sahni, “Prevalence of inducible clindamycin
resistance in Staphylococcus aureus isolated from clinical sam-
ples,”Medical Journal Armed Forces India, vol. 70, no. 1, pp. 43–
47, 2014.

[9] National Healthcare Safety Network Patient Safety Component
Manual. 17. Surveillance Definition of Healthcare-Associated
Infection and Criteria for Specific Types of Infections in
the Acute Care Setting, November, 2012, http://www.cdc.gov/
nhsn/PDFs/pscManual/17pscNosInfDef current.pdf.

[10] E. J. Baron and S. M. Finegold, Bailey And Scott’s Diagnostic
Microbiology, Mosby, St. Louis, Mo, USA, 8th edition, 1998.

[11] Clinical and Laboratory Standards Institute (CLSI), “Per-
formance standards for antimicrobial susceptibility testing:
twenty-third informational supplement,” Tech. Rep. M100-S23,
Clinical and Laboratory Standards, Wayne, Pa, USA, 2013.

[12] A. El Kholy, H. Baseem, G. S. Hall, G. W. Procop, and D. L.
Longworth, “Antimicrobial resistance in Cairo, Egypt 1999–
2000: a survey of five hospitals,” Journal of Antimicrobial
Chemotherapy, vol. 51, no. 3, pp. 625–630, 2003.

[13] S. H. Ahmed, E. A. Daef, M. S. Badary, M. A. Mahmoud, and A.
A. Abd-Elsayed, “Nosocomial blood stream infection in inten-
sive care units atAssiutUniversityHospitals (Upper Egypt)with
special reference to extended spectrum 𝛽-lactamase producing
organisms,” BMC Research Notes, vol. 2, article 76, 2009.

[14] M. M. Baddour, M. M. Abuelkheir, and A. J. Fatani, “Trends
in antibiotic susceptibility patterns and epidemiology of MRSA
isolates from several hospitals in Riyadh, Saudi Arabia,” Annals
of Clinical Microbiology and Antimicrobials, vol. 5, article 30,
2006.

[15] K. S. Ghenghesh, A. Rahouma, K. Tawil, A. Zorgani, and
E. Franka, “Antimicrobial resistance in Libya: 1970–2011,” The
Libyan Journal of Medicine, vol. 27, no. 8, pp. 1–8, 2013.

[16] G. F. Araj and S. S. Kanj, “Current status and changing trends of
antimicrobial resistance in Lebanon,” Journal Medical Libanais,
vol. 48, no. 4, pp. 221–226, 2000.

[17] M. Y. Chowers, Y. Paitan, B. S. Gottesman, B. Gerber, Y.
Ben-Nissan, and P. Shitrit, “Hospital-wide methicillin-resistant
Staphylococcus aureus control. Program: a 5-year follow-up,”
Infection Control and Hospital Epidemiology, vol. 30, no. 8, pp.
778–781, 2009.

[18] J. L. Hadler, S. Petit, M. Mandour, and M. L. Cartter, “Trends
in invasive infection with methicillin-resistant Staphylococcus
aureus, Connecticut, USA, 2001–2010,” Emerging Infectious
Diseases, vol. 18, no. 6, pp. 917–924, 2012.

[19] H. Saderi, P. Owlia, and M. R. J. Nadoushan, “Difference in
epidemiology and antibiotic susceptibility of methicillin resis-
tant and methicillin susceptible Staphylococcus aureus isolates,”
Iranian Journal of Clinical Infectious Diseases, vol. 4, no. 4, pp.
219–223, 2009.

[20] S. I. Kheder, N. A. Ali, and A. I. Fathelrahman, “Prevalence
and antimicrobial susceptibility pattern ofmethicillin resistance
staphylococcus in a sudanese surgical ward,” Pharmacology &
Pharmacy, vol. 3, no. 1, pp. 103–108, 2012.

[21] A. M. Hassan, O. Ibrahim, andM. El Guinaidy, “Surveillance of
antibiotic use and resistance in Orthopaedic Department in an
Egyptian University Hospital,” International Journal of Infection
Control, vol. 7, no. 1, 2011.

[22] A. Kandeel, W. El-Shoubary, L. Hicks et al., “Patient attitudes
and beliefs and provider practices regarding antibiotic use for
acute respiratory tract infections in Minya, Egypt,” Antibiotics,
vol. 3, no. 4, pp. 632–644, 2014.



International Journal of Bacteriology 5

[23] M. A. Guirguis, Antibiotic susceptibility pattern of gram-positive
cocci isolates from different clinical samples in Sharkia Gover-
norate with DNA study of the most resistant strains [M.S. thesis],
Microbiology and Immunology, Faculty of Medicine, Zagazig
University, Egypt, Zagazig, Egypt, 2004.

[24] T. Chadha, S. N. Kulsum, S. Adlekha, and P. C.Mailapur, “Com-
parison of antibiotic susceptibility pattern of community- and
hospital-acquired methicillin-resistant Staphylococcus aureus
with special reference to inducible clindamycin resistance in a
tertiary care hospital in southern India,”Medical Journal of Dr.
D.Y. Patil University, vol. 7, no. 4, pp. 439–442, 2014.

[25] N. A. Sabry, S. F. Farid, and D. M. Dawoud, “Antibiotic dis-
pensing in Egyptian community pharmacies: an observational
study,” Research in Social and Administrative Pharmacy, vol. 10,
no. 1, pp. 168–184, 2014.

[26] M. A. El-Daker, M. R. Meshbah, M. M. El-Naggar, E. A. Khalil,
and M. F. El-Kenawy, “The first two vancomycin resistant
staphylococcus aureus isolates I Mansoura university hospi-
tal;epidemiology and antimicrobial study,” Egyptian Journal of
Medical Microbiology, vol. 17, no. 1, pp. 31–43, 2008.

[27] A. Abdollahi, H. Moradi Tabrizi, and S. Mahfoozi, “Frequency
of pathogens and antimicrobial susceptibility of bacteria iso-
lated from bloodstream infections,” Iranian Journal of Pathol-
ogy, vol. 5, no. 3, pp. 143–149, 2010.

[28] H. Hanaki, L. Cui, Y. Ikeda-Dantsuji et al., “Antibiotic suscepti-
bility survey of blood-borne MRSA isolates in Japan from 2008
through 2011,” Journal of Infection and Chemotherapy, vol. 20,
no. 9, pp. 527–534, 2014.

[29] M. Patel, K. B. Waites, S. A. Moser, G. A. Cloud, and C.
J. Hoesley, “Prevalence of inducible clindamycin resistance
among community- and hospital-associated Staphylococcus
aureus isolates,” Journal of Clinical Microbiology, vol. 44, no. 7,
pp. 2481–2484, 2006.

[30] P. R. Vysakh andM. Jeya, “A comparative analysis of community
acquired and hospital acquired methicillin resistant Staphylo-
coccus aureus,” Journal of Clinical and Diagnostic Research, vol.
7, no. 7, pp. 1339–1342, 2013.


