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ABSTRACT 
 

To observe the prevalence of Staphylococcus aureus a total of 1078 blood, pus 

and miscellaneous samples (sputum, swab and body fluids) were collected among 

which 478 samples exhibited bacterial growth on agar medium. Out of growth 

positive 300 pus samples, 116(38.67%) showed the growth of Gram positive 

cocci, of which 30(25.86%) were Staphylococcus aureus positive. In case of 

blood, the number of growth positive samples were 116(28.45%), of which 

33(12.12%) showed the presence of Gram positive cocci including                        

4 Staphylococcus aureus. Among the 62 growth positive miscellaneous samples, 

the number of Gram positive cocci and Staphylococcus aureus positive samples 

were 22(35.48%) and 4(18.18%), respectively. From the antibiogram of              

38 Staphylococcus aureus isolates, 26 were found multidrug resistant, showing 

resistance against two or more of the antibiotics used namely ampicillin, 

cefradine, gentamicin and ciprofloxacin, whereas all the isolates were sensitive to 

vancomycin. The MIC and MBC of these antibiotics against different 

Staphylococcus aureus isolates were determined, which were found to range from 

2µg/ml to 8µg/ml and 4µg/ml to 16µg/ml, respectively, in case of vancomycin. 

The rate of resistance against ampicillin, cefradine, gentamicin and ciprofloxacin 

were 92.1%, 60%, 58.1% and 59.35%, respectively. 
 

Key words: Prevalence, Staphylococcus aureus, Multidrug resistance, MIC and 

MBC 
 

INTRODUCTION 

Staphylococci are pathogens of man and other mammals (Todar 2008). It 

is the most frequently isolated bacterial pathogen in hospital-acquired infections 

and is a common cause of community-acquired infections, including endocarditis, 

osteomyelitis, septic arthritis, pneumonia and abscesses (Lowy 1998). S. 

aureus expresses a variety of extracellular proteins and polysaccharides, some of 
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which are correlated with virulence. Virulence results from the combined effect of 

many factors expressed during infection. Staphylococci are common causes of 

infections associated with indwelling medical devices. Some strains that infect 

hospitalized patients are resistant to most of the antibiotics used to treat 

infections(Foster 1994). S. aureus isolates from human sources confirms that they 

are normal inhabitants of skin and mucus membranes and are opportunistic 

pathogens (Mahmood et al.  2001). The emergence of pathogens with increased 

resistance to available antibacterial drug has historically been followed by 

development of “modern” antibiotics with improved activity for these resistant 

isolates (Polk 1999). Awareness of resistance pattern & likelihood of emergent 

resistance are important in proper antibiotic selection (Fish et al. 1995). 

Antibiotics are one of the largest single groups of drugs prescribed. But due to the 

misuse of antibiotics and emergence of resistant strains the treatment of S. aureus 

infections has become a problem. This research work aimed at the determination 

of prevalence of Gram positive cocci S. aureus in various clinical samples as well 

as providing a specific guideline to the treatment of infection with this 

microorganism in local patients of Chittagong, Bangladesh with the presentation 

of total scenario of antibiotic resistance among the local isolates. 

MATERIALS AND METHODS 

Samples 

This study was carried out from January 1, 2010 to June 30, 2010 on 

clinical isolates from indoor and outdoor patients in order to determine the 

prevalence of clinically significant Gram-positive cocci with special reference to 

S. aureus at Chattagram Maa-O-Shisu General Hospital, (CMOSH), Chittagong, 

Bangladesh. There were 1078 samples including blood, pus and miscellaneous 

samples (swab/sputum/ body fluid). 

 

Among the total 1078 samples, pus samples were 549 (50.92%), blood 

samples were 385 (35.71%) and miscellaneous samples from swabs, sputum and 

body fluids were 144 (13.35%). The 86 samples out of 144 miscellaneous samples 

were swabs from various body sites while 40 were from sputum and only 18 were 

from cerebrospinal fluids. 
  

 

Blood samples 

Freshly drawn, 3-5 mL blood was immediately transferred to 50 mL of 

Tryptone Soya broth (CM0129-OXOID), and incubated at 37
o
C for 24 hours. 
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Then sub-cultured on Blood Agar (CM 0055- OXOID), Chocolate agar (by 

heating Blood Agar at 63
o
C) and MacConkey Agar (CM 0007-OXOID) plates, 

and incubated for 24 hours at 37
o
C. 

 

Pus samples 

Pus samples were directly inoculated on Blood Agar (CM 0055- OXOID), 

Chocolate agar (by heating Blood Agar at 63
o
C) and MacConkey Agar (CM 

0007-OXOID) plates, and incubated for 24 hours at 37
o
 C. 

 

Miscellaneous samples 

Body fluids, sputum and swab samples were cultured on Blood agar, 

MacConkey agar and Chocolate agar and incubated for 24 to 48 hours at 37
o
C. 

After incubation, the bacterial isolates were randomly selected on the basis of 

their colony characteristics, sub-cultured and preserved for further studies. 

 

Isolation of organisms from different samples and their preservation  

Cultures of pus, blood and miscellaneous samples on Blood agar, 

MacConkey agar and Chocolate agar were observed after incubation and discrete 

and distinct colonies with respect to size, color, shape were picked up and 

transferred into agar slant. During the study period the cultures were preserved by 

subculturing periodically to keep the isolates viable and their characteristics 

unimpaired. 

  

Determination of prevalence of Gram positive cocci 

The isolated organisms were subject to Gram staining to observe their 

size, shape and arrangement. Presence of Gram positive coccoidal bacteria was 

also noted to determine their prevalence in the samples from which they were 

isolated. 
 

Determination of prevalence of Staphylococcus aureus 

Oraganisms showing gram positive characteristics and coccoid shape 

during Gram staining were further subjected to certain biochemical tests such as 

hemolysis, catalase, coagulase, DNase and mannitol fermentation tests. The 

results obtained from these tests were compared with the standard description 

given in the Bergey’s Manual of Determinative Bacteriology (9th edition) for 

species determination (Holt et al.1994). The number of Staphylococcus aureus 

positive samples was also counted to evaluate the prevalence of this organism in 

collected clinical samples. 
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Determination of antibiogram 

The sensitivity pattern of the isolates against commonly used different 

groups of antibiotics such as ampicillin, cefradine, gentamicin, ciprofloxacin and 

vancomycin was determined by disk diffusion method, using National Committee 

for Clinical Laboratory Standards (NCCLS) criteria to interpret diameter of 

inhibition zone (Bauer et al.1966). Commercially available disks were applied as 

recommended on Mueller Hinton Agar (CM0337-OXOID). 
 

Determination of multidrug resistant isolates 

The antibiograms obtained from 38 staphylococcal isolates were scanned 

for the isolates resistant to two or more of the antibiotics used. The number of 

Staphylococcus aureus isolates exhibiting multidrug resistance was calculated. 
 

Determination of MIC  

Microdilution method was used to determine the minimum inhibitory 

concentrations (MIC) of antibiotics against Staphylococcus aureus.  Serial two 

fold dilution concentrations of ampicillin, cefradine, gentamicin, ciprofloxacin 

and vancomycin active pharmaceutical ingredient (API) and their respective 

brand were made and tested against S. aureus from the clinical specimens. 
 

Determination of MBC 

Once the MIC obtained the MBC was evaluated by microdilution method 

(NCCLS. 1999).  

RESULTS AND DISCUSSION 
     

Prevalence of Gram-positive cocci 

During the study period, 300 of the 549 pus samples produce bacterial 

colonies on different agar media. Of these growth positive samples, after Gram 

staining 116 were found to contain Gram positive cocci. In case of blood samples, 

385 samples were screened during the study, out of which 116 exhibited bacterial 

growth. Presence of gram positive cocci was detected in 33 of these 116 samples.  

In case of miscellaneous (body fluids/sputum/swabs), a total of 144 samples were 

received, out of which 62 showed bacterial growth. Among these, 22 were found 

with the presence of gram-positive cocci (Table-1). The data obtained from the 

study conducted at Pakistan Institute of Medical Sciences, Islamabad is 

supportive of the present study, where a large number of Gram-positive cocci 

were isolated from various blood, pus, urine and miscellaneous samples (Farzana 

et al. 2005).  
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TABLE 1: PREVALENCE OF GRAM-POSITIVE COCCI IN VARIOUS 

CLINICAL SAMPLES 

 

Prevalence of Staphylococcus aureus 

After performing the biochemical tests, all coagulase positive isolates 

were identified as Staphylococcus aureus when the results compared with the 

standard description given in Bergey’s Manual of Determinative Bacteriology 

(9th edition) (Holt et al.1994).Out of the 116 Gram-positive cocci collected from 

pus samples during the study periods, 30 were recognized as Staphylococcus 

aureus. The number of Gram-positive cocci isolated from blood was 33 of which 

only 4 were found as Staphylococcus aureus.  Same number of Staphylococcus 

aureus isolates were detected among the 22 Gram-positive cocci isolated from the 

Miscellaneous (swab, sputum & body fluid) samples (Table-2).   
 

Studies analogous to the present one conducted in Norwegian and 

Portuguese pediatric hospitals for three years on hospital acquired infection and 

found high prevalence of Staphylococcus aureus in clinical specimens of blood, 

pus, urine and in various miscellaneous samples (Anderson et al.2000 and Sa 

Leao et al.1999). 

 

 

 

 

 

Name of the 
Sample 

No. of 
sample 

No. of 
growth 

positive 

sample 

No. of 
samples with 

Gram positive 

cocci 

% of Gram 
positive cocci 

with respect to 

growth positive 

sample 

% of Gram 
positive cocci 

with respect to 

total sample 

Pus 549 300 116 38.67% 21.13% 

Blood 385 116 33 28.45% 8.57% 

Miscellane

ous (swab, 

sputum & 

body fluid) 

144 62 22 35.48% 15.28% 
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TABLE 2: PREVALENCE OF STAPHYLOCOCCUS AUREUS IN VARIOUS 
CLINICAL SAMPLES 
  

Name of the 
Sample 

No. of 
samples 

No. of 
samples with 

Gram 

positive 
cocci 

No. of Gram 
positive cocci 

producing 

coagulase 

% of 
Staphylococcus 

aureus with 

respect to total 
Gram positive 

cocci 

% of 
Staphylococcus 

aureus with 

respect to total 
sample 

Pus 549 116 30 25.86% 5.46% 

Blood 385 33 4 12.12% 1.04% 

Miscellaneous 

(swab, 

sputum & 

body fluid) 

144 22 4 18.18% 2.77% 

 

Susceptibility Pattern of S. aureus 

The susceptibility of 38 isolates of Staphylococcus aureus were assessed 

against various antimicrobial agents by disk diffusion method (Bauer et al.1966).  

Most of the S. aureus were drug resistant and vancomycin was emerged as the 

most effective drug against these clinical isolates. There was no resistant isolate 

against vancomycin and only 4 (10.52%) isolates had intermediate sensitivity. 

Gentamicin was the second most effective drug against these isolates, with 

41.94% sensitive strains. Ciprofloxacin and cefradine were found to be effective 

antimicrobial drug against these S. aureus exhibiting 38.06% and 32.27% 

sensitivity, respectively, whereas ampicillin demonstrated only 5.26% sensitivity 

(Table-3). 
  
In the present study it is found that the increase in antibiotic resistance 

among the S. aureus isolates is alarming and many antibiotics which were once 

thought to be the first choice in the treatment of Gram-positive cocci are now 

obsolete. Although cephalosporins are now largely being prescribed for the 

treatment of both gram-positive and gram-negative bacteria for their less side 

effects & pharmacology, it has been seen that these drugs are now becoming more 

insensitive. Ampicillins showed the highest percentage of antibiotic resistance. It 

has also been seen from the present study that the glycopeptide vancomycin has 

been the only effective drug in the treatment of S. aureus infection. Farzana et al. 
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2005 and Siddiqui et al. 2002, both reported almost similar antibiotic sensitivity 

pattern of Staphylococcus aureus which were isolated from pus and wound swabs. 

They also reported more than 20% isolates from blood which were resistant to 

ampicillin, cefradine and gentamicin. 

 

TABLE 3: EFFICACY OF FIVE MAJOR GROUPS OF ANTIBIOTICS 

AGAINST S. AUREUS ISOLATES 
 

Antibiotics used No. of sensitive 

isolates 

No. of intermediate 

isolates 

No. of resistant 

isolates 

Ampicillin 2 (5.26%) 1 (2.63%) 35 (92.1%) 

Cefradine 12 (32.26%) 3 (7.74%) 23 (60%) 

Gentamicin 16 (41.9%) 0 22 (58.1%) 

Ciprofloxacin 14 (38%) 1 (2.6%) 23 (59.35%) 

Vancomycin 24 (61.9%) 14 (38%) 0 
 

Multidrug resistant Staphylococcus aureus isolates 

Among 30 isolates of S. aureus from pus multi drug resistant (MDR) 

isolates were 21 in number. While among the 4 S. aureus isolates from blood, 2 

were multi drug resistant and out of 4 S. aureus isolates from miscellaneous 

samples, 3 were multi drug resistant (Table-4). High rates of resistance with 

penicillin, aminoglycoside monotherapy and toward fluoroquinolones was 

observed in the work of Fish et al.1995. Raquel et al. 1999, DeLancaster et al. 

2000 and Gales et al. 2000 have also reported multidrug resistant S. aureus as a 

cause of nosocomial infection. 
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TABLE 4: MULTIDRUG RESISTANCE AMONG THE CLINICAL ISOLATES 

OF S. AUREUS 
 

Name of the 

Sample 

No. of S. 

aureus 

isolates 

No. of multidrug resistant 

S. aureus isolates 

Percentage of multidrug 

resistant S. aureus isolates 

Pus 30 21 70% 

Blood 4 2 50% 

Miscellaneous 

(swab, 

sputum & 

body fluid) 

4 3 75% 

 

MIC & MBC of five groups of antibiotics against clinical isolates of Staphylococcus aureus  
 

MIC and MBC of five groups of antibiotics, namely ampicillin, cefradine, 

gentamicin, ciprofloxacin and vancomycin were determined for all the 38 S. 

aureus isolates (Table 5). From the MIC of vancomycin, it was noted that most of 

the isolates were inhibited at a concentration range between 1 µg/mL and 8 

µg/mL. The MBC of vancomycin was within the range of 4 µg/mL to 16 µg/mL 

which was 1 to 2 times higher than the MIC value. These finding are in line with 

the findings of Visser et al. 1991 and Zaoutis et al.1999, who reported that MIC 

and MBC could not be assumed to be in the same range and the MBC almost 

always within the two folds of the MIC. 
 

TABLE-5:  MIC AND MBC OF FIVE TESTED GROUPS OF ANTIBIOTICS 

AGAINST THE CLINICAL ISOLATES OF S. AUREUS 
 

Antibiotics used MIC MBC 

Penicillin 8 to 2048 µg/mL 32 µg/mL to >1024 µg/mL 

Cephalosporin 8 to 2048 µg/mL 32 µg/mL to >1024 µg/mL 
 

Aminoglycosides 4 to 2048 µg/mL 16 µg/mL to >1024 µg/mL 
 

Quinolones 1 µg/mL to 128 µg/mL 4 µg/mL to 1024 µg/mL 
 

Vancomycin 2 µg/mL to 8 µg/mL 4 µg/mL to 16 µg/mL 
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