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Abstract: Staphylococcus aureus continues to be one of the most difficult pathogens to treat because of its 
resistance to antibiotics. The significant prevalence of nosocomial infections caused by multi-resistant S. aureus and 
coagulase-negative staphylococci (CoNS) has been documented. Resistance to erythromycin in staphylococci is 
usually associated with resistance to other macrolides. The aim of this study was to determine the susceptibility of S. 
aureus strains isolated from nostrils of patients to erythromycin antibiotic by disc diffusion method. And detection of 
S. aureus species specific gene (sau gene) and Erythromycin resistance genes (ermA, ermB, ermC and msrA) by 
using PCR technique. A total of 50 nasal swabs samples collected from outpatients at admission to Academic 
Charity Hospital (Khartoum). The organisms isolated were 50 Staphylococci and they were classified as, 
Staphylococcus aureus 12, Staphylococcus epidermidis 26, Staphylococcus hyicus 12. All S.aureus isolates were 
positive for the presence of (S. aureus specific gene) and all the CoNS isolates were negative. All the S. aureus 
strains were sensitive to erthromycin antibiotic by using disc diffusion method. Ten out of the twelves S.aureus 
isolates were found negative for the presence of Erythromycin resistance genes (ermAb, ermB, ermC and msrA), 
when ermAb gene was found positive in 2 isolates out of 12. 
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1. Introduction 

Staphylococci (‘staph’) are a common type of 
bacteria that live on the skin and mucous membranes 
(eg. in nose) of humans. Other staphylococci, 
including S. epidermidis, are considered commensals, 
or normal inhabitants of the skin surface (Ryan and 
Ray, 2004). The anterior nares are considered to be 
the primary colonization site, and approximately 30% 
of healthy people carry this bacterium (Aída et al, 
2010). Staphylococcus aureus is a ubiquitous human 
pathogen and a common cause of invasive and life 
threatening infections. It is the most common cause 
of community-associated cellulitis and endocarditis, 
and is a common cause of bacteremia (Brian et al, 
2010). S. aureus has a formidable ability to adapt to 
varying environmental conditions and an 
extraordinary capacity to rapidly become resistant to 
virtually all antibiotics (McCallum et al, 2010). 
Resistance to antibiotics is often acquired by the 
horizontal transfer of genes from outside sources, 
although chromosomal mutation and antibiotic 
selection are also important (Gorwitz et al, 2008). 

Staphylococcus aureus strains were once nearly 
uniformly susceptible to semi-synthetic penicillinase-
resistant β-lactams (e.g. methicillin, oxacillin), the 
most commonly used class of antibiotics for skin 
infection. Widespread resistance to methicillin 
eventually developed and, by 1996, about one-third 

of S. aureus strains were no longer susceptible to this 
drug. Methicillin resistant Staphylococcus aureus, 
(MRSA) implied cross-resistance to all β-lactams 
including all penicillins and cephalosporins (Brian et 
al, 2010). Several new classes of antibiotics have 
been recently approved for use to treat multi–drug-
resistant S. aureus. Based on past history, however, it 
is likely to be only a matter of time before significant 
resistance to these drugs develops (Patrick et al, 
2007). 

Erythromycin was introduced in 1952 as the 
first macrolide antibiotic. Unfortunately, within a 
year, erythromycin-resistant (Emr) staphylococci 
from the United States, Europe, and Japan were 
described (Zhang et al, 1992). Resistance to 
erythromycin in staphylococci is usually associated 
with resistance to other macrolides. Three genes 
(ermA, ermB, and ermC) encoding 
methyltransferases responsible of resistance to 
macrolides, lincosamides and type B streptogramins 
(MLSB phenotype) by modification of the ribosomal 
target site have been found in staphylococci. The 
msrA gene displays another mechanism of inducible 
resistance to erythromycin by encoding an ATP -
dependent efflux pump. On the other hand, macrolide 
efflux is affected by a membrane protein encoded by 
the mef gene (Tarek et al, 2011). The recent 
emergence of a highly virulent community-associate 
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MRSA (CA-MRSA) and vancomycin-resistant, 
intermediate-resistant, or heteroresistant S. aureus 
further heightens public health concerns (Gillet et al, 
2002). Prevention of S. aureus infection and 
reduction of the spread of virulent and resistant 
strains are therefore of great importance. In this 
study, we examined the susceptibility of S. aureus 
strains isolated from nostrils of patients to 
erythromycin by disc diffusion method. 
Erythromycin resistance genes (ermA, ermB, and 
ermC), macrolide efflux genes (msrA) and S. aureus 
species specific gene (sau gene) were detected by 
PCR technique to compare conventional phenotypic 
methods in routine laboratory practice with an 
established molecular method. 
 
2. Materials and methods 
Isolation and identification of bacteria: 

Samples were obtained for culture from anterior 
nares using swabs from 50 individual patients at 
admission to Academic Charity Hospital (Khartoum). 
Isolation attempts were made on all samples on the 
same day of collection. At the laboratory each sample 
was direct-plated onto blood agar and mannitol salt 
agar, incubated at 35ᵒC for 24 h. 

Staphylococcus aureus was identified by Gram 
stain, catalase, slide and tube coagulase test and 

DNase test. According to procedures described by 
Cowan & Steels (Barrows & Feltham, 2003). 
Susceptibility test of isolated bacteria to 
erythromycin Antibiotic: 

Sensitivity of the different isolates to 
erythromycin antibiotic was studied by the Standard 
disc diffusion method according to criteria of the 
National Committee for Clinical Laboratory Standard 
(NCCLS, 2004). 
Molecular analysis by using PCR method: 

PCR technique used to detect Erythromycin 
resistance genes (ermA, ermB, ermC and msrA) in 
Staphylococcus aureus isolates and S. aureus species 
specific gene (sau gene).  
DNA extraction: 

About 3-5 bacterial colonies were collected 
from blood agar plate and resuspended in 300µl D.W 
in 1.5 ml Eppendorf tube using micropipettes. The 
samples were heated at 100ºC for 15 minutes, cooled 
and then centrifuged at 13000(rpm) for 10 minutes 
the supernatant was used as a template in a 25 µl 
PCR mixture (Zhang et al, 2004). 
Oligonucleotide primers: 

The oligonucleotide primers used in this study 
were synthesized and purchased from Vivantis 
Malaysia 

 
Table (I) Primers used for detection of genes encoding antibiotics resistance. 

Primer pair Sequence (5---3) Ampilcon Size bp 
ermB –for 5´-CCG TTT ACG AAA TTG GAA CAG GTA AAG GGC-3´ 335 
ermB-rev 5´-GAA TCG AGA CTT GAG TGT GC-3´ 335 
ermAb-for 5´-GTT CAA GAA CAA TCA ATA CAG AG-3´ 420 
ermAb-rev 5´-GGA TCA GGA AAA GGA CAT TTT AC-3´ 420 
msrA-for 5´-GGC ACA ATA AGA GTG TTT AAA GG-3´ 913 
msrA-rev 5´-AAG TTA TAT CAT GAA TAG ATT GTC CTG TT-3´ 913 
Sau1-for 5´-AAT CTT TGT CGG TAC ACG ATA TTC TTC ACG -3´ 107 
Sau2-rev 5´-CGT AAT GAG ATT TCA GTA GAT AAT ACA ACA-3´ 107 
 
PCR amplification: 

A single PCR assay targeting Staphylococcus 
aureus species specific gene (Sau), and macrolide 
resistance genes ( ermA, ermB, ermC and msrA) was 
used in our study. Amplification was performed by 
using the thermal cycler. It was carried out as 
follows: A PCR mixture (25 µl) contained 1µl 
forward and reverse primers (25 pmol/L), dNTP mix 
(100 µm mol/L of each), 1 U of GO Taq DNA 
polymerase (Promega, France), 5 µl green Go Taq 
buffer (5×), and 3µ L of DNA template (50 ng). PCR 
conditions included initial denaturation (5 min 94 
°C), 30 cycles of denaturation (94 °C 1 min), 
annealing (55 °C 1 min), and extension (2 min 72 
°C), and final extension (10 min72 °C). PCR 
products (5 µ L) were analyzed on 2 % agarose gel 

stained with ethidium bromide, visualized under UV 
trans illumination and photographed using Gel Doc 
XR apparatus (BioRad, USA) (Martineau et al, 2000) 
and (Lim et al, 2002). 
Detection of PCR products: The PCR products 
were analyzed on a 2% agarose gel. The gel 
electrophoresis separation method was used. A 2% 
agarose gel stained with 1µl ethidium bromide was 
prepared. 5µl of the PCR product is mixed with 3µl 
bromophenol blue dye. 1µl of a 100bp DNA 
molecular weight marker was transferred into the first 
well. In the following wells DNA samples products 
were transferred followed by –ve template. Gel 
electrophoresis was performed at 85 v for 45 min. 
and the analysis was done by using an automated gel 
photo documentation system. 
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3. Results 
Bacteriological findings: The total samples collected 
were 50 samples. The total number of Gram positive 
bacteria isolated was 50. The organisms isolated were 
Gram-positive, they were made of the genus 
Staphylococcus and they were classified as. 
Staphylococcus aureus 12, Staphylococcus 
epidermidis 26, Staphylococcus hyicus 12 (Table 2) 
Antibiotic sensitivity testing: 

All the S. aureus strains were sensitive to 
erthromycin antibiotic. 

Results of PCR Amplification Test: 
All S. aureus isoates (100%) were positive for 

the presence of (S. aureus specific gene) and all the 
CoNS isolates were negative. Ten out of the twelve 
S.aureus isolates were found negative for the 
presence of Erythromycin resistance genes (ermAb, 
ermB, ermC and msrA), when ermAb gene was 
found positive in 2 isolates out of 12 which was 
detected by PCR assay (table 3).  

 
Table (2) Results of biochemical reaction for different bacterial isoiates 

Organ. Test & No. Co Ca La Ma Mn Xy DNase NV 
S.aureus         12 +ve +ve +ve +ve +ve -ve +ve S 
S.epidermidis 26 -ve +ve +ve +ve -ve -ve -ve S 
S.hyicus          12 -ve +ve +ve -ve -ve -ve -ve S 

Co = coaglase    Ca = Catalase,    NV = Novobiocin,  La = Lactose 
Ma = Maltose   -ve =   Negative,  +ve =  Positive,    S =    Sensitive 
Mn = Mannitol        Xy = Xylose   DNase 

 
Table (3) interpretation of PCR result for all tested genes 

No of samples S.aureus gene specific msrA gene ermAb gene ermB gene erm C b gene 
12 12 0 2 0 0 

 

 
PCR product of S. aureus species specific gene (107 
bp), lane1: DNA 100bp ladder, lane 11: –ve control. 
 
4. Discussions 

In general, S. aureus is present in the noses of 
20% to 30% of healthy people (Wertheim et al, 2005) 
and in higher frequencies in crowded populations 
(Ellis et al, 2004). 

Recently, the increasing numbers of device-
related infections associated with methicillin-resistant 
staphylococci have raised awareness toward the need 
for alternative agents to prevent these infections. 

In this study the total Staphylococcus aureus 
isolated from the nasal swabs were 12 of 50 samples 
(24%), this in agreement with Fen QU et al., (2010) 
who found that there is a 16.1% to 24.6% S. aureus 
nasal carriage rate in military camps in the Beijing 

area, which is similar to rates found in general 
community-based nasal carriage studies in the United 
States, Turkey, Australia, and Malaysia (Munckhof et 
al, 2009). This indicate that numerous studies of S. 
aureus nasal carriage have been carried out in various 
geographic regions so prevention of S. aureus 
infection and reduction of the spread of virulent and 
resistant strains are therefore of great importance. 

Investigating the spread of drug resistance genes 
in staphylococci is important for controling its 
dissemination (Sekiguchi et al, 2004). Several studies 
had been done using PCR technique that identified 
antibiotic resistance genes in staphylococci 
(Strommenger et al, 2003). For appropriate therapy 
decision making, accurate susceptibility data are 
important. However, no any published articles are 
available about the prevalence of erythromycin (MLS 
phenotype) resistance of S. aureus in sudan. 

In this study we found that all the12 samples 
appear as S. aureus by ordinary bacteriological tests 
gave positive result under PCR for S. aureus species 
specific gene, this result similar to that obtained by 
Francis et al (2000), who found 100% correlation for 
species identification by PCR and classical methods. 

Several genes are implicated in erythromycin 
resistance, especially in staphylococci and 
streptococci. Simultaneous resistance to macrolides, 
lincosamides, and type-B streptogramins (MLS 
resistance) in clinical isolates is a form of acquired 
resistance due to several evolutionary variants of erm 
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genes, which encodes a 23S rRNA methylase ( 
Francis et al, 2000). 

In this study we compared erythromycin 
susceptibility testing obtained by conventional 
method (disc diffusion) with those obtained by PCR 
assay for the detection of antibiotic resistance genes. 
All the twelve S. aureus isolates were sensitive to 
erythromycine by disc diffusion method, the results 
obtained by PCR method showed that two out of 
twelve isolates were positive for ermAb gene but 
negative for all the other genes. This is in agreement 
with Zmanter et al who reported that there is no 
correlation between genotypic and phenotypic 
methods for the determination of ERM resistance 
(Zmantar et al, 2008). 

Francis et al., (2000). in their study found that 
there was 98.5% correlation between classical and 
PCR methods for erythromycin resistance. 

This type of discrepancy between the genotype 
and the phenotype results may be explained by the 
heterogeneous nature of erythromycin resistance 
suggests that numerous factors could explain the 
sensitive phenotype in these strains such factors 
include the regulation of the expression and the 
absence of host factors associated with the 
phenotypic expression of resistance (Archer et al, 
1994). We can extract the fact that we were able to 
select resistant cells from originally susceptible 
strains demonstrates that upon in vitro selection in 
the presence of increasing gradients of the 
antimicrobial agent, it is possible to select for 
resistance. Furthermore, once induced, the resistance 
phenotype was shown to be stable (Kolbert et al, 
1998). Therefore, discrepant results between 
susceptibility methods should alert microbiologists 

Based upon the results of this study, we can 
state that, in the Sudan, the occurrence of 
Staphylococcus isolates resistant to erythromycin was 
low in S.aureus nasal colonized people although the 
findings are not alarming, preventions and 
precautions must be taken to control dissemination 
and spreading of S. aureus (colonization) in the 
community especially those harboring the drug 
resistance gene. 
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