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       ABSTRACT 
Fifty clinical isolates comprising of Escherichia coli, Staphylococcus aureus, Klebsiella and Proteus   were 
collected from different local pathological laboratories and their resistant pattern against two well known 
macrolides; erythromycin and clarithromycin were studied using disc diffusion method. Klebsiella (41.67% 
against erythromycin and 58.34% against clarithromycin) and Proteus (66.67% against erythromycin and 
clarithromycin) species were found to be more resistant against the studied macrolides as compared to the rest 
of organisms. In case of Staphylococcus aureus and Escherichia.coli, resistant found were 27.78% and 23.54% 
against erythromycin and 22.23% and 35.30% against clarithromycin respectively.  It is concluded from these 
figures that microbial resistance against these macrolides are increasing in our population which is alarming and 
therefore it is recommended to physicians to prescribe these antibiotics unless no other substitute is available in 
clinical practices. 
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INTRODUCTION 
 
Antimicrobial resistance is an increasing problem that 
contributes to morbidity, mortality and increased health 
care cost (Gums 2002) with tremendous variability not 
only amongst pathogens causing various clinical 
infections in different geographic regions, but also over 
time in specific areas (Hsueh et al., 2010). Asia Pacific 
region has been the area with the highest levels of 
antimicrobial resistance amongst the five global regions 
studied (Hawser et al., 2009).  Resistance means that an 
organism ceases to be killed or inhibited by a drug  
(Duerden et al., 1998).  Human misuse of antibiotics 
plays a major role in resistance.  This problem may occur 
when antibiotics are used in every disease.  It is a 
common practice that many patients discontinue antibiotic 
therapy as soon as they feel better irrespective of the 
outcomes. These aborted treatments encourage drug 
resistance (Lewis 1995).  Another source of resistance 
against  antibiotics  is  animals.  To   prevent  diseases  
and to keep animals well, drugs are given to them and 
later they are slaughtered for food. In addition, sometimes 
antibiotics are administered at low levels in feed for long 
durations and the purpose besides other reasons is to 
increase the rate of weight gain. It should be noteworthy 
that antibiotic does not technically cause resistance, but 
allows it to happen by creating a situation where an 
already existing variant can flourish (Lewis, 1995).     
 
Although medical practices are flourishing very fast in 
this era, yet many diseases are there that needs suitable 
agents to get cured. Due to growing resistance, many 
bacterial infections even today are not being treated 

effectively.  If these infections are not treated properly 
then they may become fatal threat in the future (Paustian 
1999). 
 
Among the antimicrobial agents, macrolides group is 
widely prescribed to treat various diseases.  These are safe 
antibiotics and are useful for those patients that are 
hypersensitive to penicillins and other beta lactams 
(Strahilevitz and Hooper 2010). Like other antibiotics, 
resistance by organisms against this group has also been 
reported by many workers in other parts of the world.   
Resistant pathogens are associated with higher morbidity 
and mortality than those caused by susceptible pathogens 
therefore, the global impact of increasing resistance is a 
major concern (Isturiz 2008). Enterobacteriaceae, most 
notably Escherichia coli and Klebsiella pneumoniae, are 
among the most important causes of serious nosocomial 
and community-associated bacterial infections in people, 
and resistance of these bacteria to antimicrobial drugs is a 
serious concern (Pitout 2010). 
  
The objective of the present work was to determine the 
resistance pattern of fifty clinical isolates comprising of 
Escherichia coli, Staphylococcus aureus, Klebsiella and 
Proteus against two representative members of macrolide 
group namely erythromycin and clarithromycin which 
were selected for their wider use by disc diffusion 
method.  
 
MATERIALS AND METHODS  
      
Equipment and apparatus 
Autoclave (Model LS-2, Taiwan), Hot air oven (YCo-
NO1, Gemmy, Taiwan), Incubator (B-5028 Heraeus, *Corresponding author: e-mail: smfhassan@uok.edu.pk 
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Bremen, Germany), Balance (Model-2842, Sartorius, 
Germany) Mueller Hinton Agar (Merck), Mueller Hinton 
Broth (Merck), glassware (Pyrex, England)   
 
Collection of clinical isolates 
Clinical isolates were collected from different 
pathological laboratories located in Karachi. They are 
identified as Escherichia coli (17), Staphylococcus aureus 
(18), Klebsiella (12) and Proteus (3). 
 
Antimicrobial agents 
Standard discs of Erythromycin and Clarithromycin were 
purchased from Oxoid, UK. 
 
Preparation of media 
Mueller Hinton Agar and Mueller Hinton Broth were 
prepared and sterilized according to manufacturers 
instructions (Merck).  
 
Preparation of media plates 
Mueller Hinton Agar was poured into sterile Petri dish 
about 20-25 ml per plate. The plates were then aside on a 
flat surface and allowed to solidify for 15 minutes. 
 
Preparation of Inoculum 
The inoculation was prepared by touching the top of the 
colonies of the isolates with sterile wire loop and 
suspending in a tube containing 2-3 ml of broth.  All work 
was carried out near flame.  The tubes are then incubated 
at 37°C for few hours.   
 
Inoculation of plates 
A sterile swab was used for this purpose. Sterile swab was 
dipped into a broth suspension of organism. Excess fluid 

was removed by pressing and rotating the swab against 
the side of tube above the level of suspension. The swab 
was then steak evenly over the surface of the medium in 
three directions, rotating the plates approximately 60 
degree to ensure even distribution. After inoculation, 
surface of agar was allowed to dry. 
 
Placement of antibiotic disc 
By using sterile forcep, the appropriate antimicrobial 
discs of erythromycin and clarithromycin were placed on 
the agar surface one by one side by side.  Each disc was 
slightly pressed down to ensure its contacts with agar. 
 
Incubation of Plates 
Within 30 minutes of applying discs, the plates were 
inverted and incubated at 37°C for 24 hours. 
 
Examination of Plates 
After 24 hours of incubation, the plates were examined 
and zone of inhibition was measured.      
 
RESULTS 
 
In the present study, resistant pattern of fifty (50) clinical 
isolates of Escherichia coli, Staphylococcus aureus, 
Klebsiella and Proteus were studied using erythromycin 
and clarithromycin and the results are depicted in figs. 1 
and 2 respectively. The results revealed that 23.54% 
clinical isolates of Escherichia coli, 27.78% 
Staphylococcus aureus, 41.67% Klebsiella and 66.67% 
Proteus were resistant to erythromycin.  In case of 
clarithromycin, the results showed that 35.30% clinical 
isolates of Escherichia coli, 22.23% Staphylococcus 
aureus, 58.34% Klebsiella and 66.67% Proteus were 
resistant to clarithromycin. From these figures, it is clear 
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Fig. 1: Percentage of organisms sensitive to 
Erythromycin 

Fig. 2: Percentage of organisms sensitive to 
Clarithromycin 
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that E. coli and Klebsiella are more resistant against 
clarithromycin as compare to erythromycin but in case of 
S. aureus, it appears that erythromycin is acquiring more 
resistance as compare to its counterpart. However, in case 
of Proteus very high as compare to the rest of clinical 
isolates, yet a similar resistant pattern were observed 
against these macrolides.  
 
DISCUSSION 
 
Major factor limiting the long-term use of antimicrobial 
agents is resistance.  Before antibiotics era, many people 
died of bacterial infections caused by pathogens as 
Staphylococcus aureus, Streptococcus pyrogenes, and 
Streptococcus pneumonia. Use, abuse or misuse of 
antimicrobial agents has encouraged the evolution of 
bacteria towards resistance that often results in 
therapeutic failure (Straut et al., 1995). Prescribing 
practice of specific class of antibiotics to certain 
organisms has been found to play a critical role in 
development of resistance against that antibiotic (Metz-
Gercek et al., 2009; Costelloe et al., 2010).   Thus, 
anitmicrobial resistance findings and understanding are 
necessary to help minimize the emergence of multidrug-
resistant organisms by promoting prudent use of 
antibiotics (Anderson and Kaye 2009), for this purpose, 
the need for general public to be appropriately informed 
on use of antibiotics has been emphasized 
(Eurosurveillance editorial team 2010). 
 
Resistance to erythromycin is becoming a serious clinical 
problem (Mycek et al., 2000). Clarithromycin show cross-
resistance with erythromycin (Finkel et al., 2009). A 
study on Prevalence of antimicrobial resistance among 
gram-negative isolates in an adult intensive care unit at a 
tertiary care center shows decreased susceptibility of E. 
coli and Klebsiella, besides other organisms, to various 
antibiotics (Al-Johani et al., 2010). E. coli has recently 
represented highest prevalence of resistance against 
ampicillin and trimethoprim-sulfamethoxazole (Araújo et 
al., 2010). A recent data shows that hospital-acquired 
isolates of K. pneumoniae, rather than outpatient isolates, 
are more likely to be resistant to multiple antibiotics (Al-
Tawfiq and Antony, 2007). 
 
Several workers throughout the world has reported 
resistance of various organisms against erythromycin and 
clarithromycin. Malhotra-Kumar et al in 2007 studied the 
direct effect of antibiotic (azithromycin and 
clarithromycin) exposure on resistance in the oral 
streptococcal flora of healthy volunteers using double 
blind design. In this study, volunteers were treated with 
azithromycin,  clarithromycin or placebo and  pharyngeal 
swabs were obtained according to the protocol  (180days) 
and were assessed for macrolides resistant. Both 
macrolides significantly increased the proportion of 
macrolide-resistant streptococci compared with the 

placebo at all points studied. This study shows that 
macrolide use is the single most important factor of the 
emergence of macrolide resistance in vivo and the 
physicians prescribing these drugs should take into 
consideration the side-effects of such antibiotics 
(Malhotra-Kumar et al., 2007). 
 
In another study, erythromycin resistance in Campy-
lobacter coli from meat animals were investigated and it 
was found that it frequently encountered and could 
represent a substantial barrier to antibiotic treatment of 
human infections (Kim et al., 2006). In another work, 
resistance rates to three antimicrobials (ciprofloxacin, 
erythromycin and naldixic acid) in Camylobacter isolated 
from organicaly and intensively reared chickens in 
London were taken into consideration. Using preset 
breakpoints, all isolates from all groups of chickens were 
identified as resistant to erythromycin (Soothornchaikul et 
al., 2006).  Similarly in another research conducted by 
Yague-Guiraro et al., 2005, the activity of seven 
macrolides, clindamycin and telithromycin against 
clinical isolates of Corneybacterium species were studied 
and a high resistance were found against macrolides 
(Yague-Guiraro et al., 2005). In a long term study 
(January 1999 and December 2002), Grivera et al., 2006 
recovered 1577 isolates of S. pyrogenes from children 
with tonsillopharyngitus living in various areas of western 
Greece. Erythromycin resistance was observed in 379 
(24%) of the isolates (Grivera et al., 2006).  Antimicrobial 
susceptibility of Staphylococcus aureus and viridians 
group streptococci strains collected from the forearm and 
saliva of 30 patients at high risk of endocarditis were 
studied by Groppo et al., 2005.  Of the Staphylocccus 
strains, 50% were resistant to ampicillin, 53.3% to 
amoxicillin, 60% to penicillin G, 13.3% to 
amoxicillin/clavulanate, 20% to azithromycin, 27.6% to 
clarithromycin, 23.3% to erythromycin, 3.3% to cefazolin 
and 6.7% to clindamycin.  Regarding streptococci, 16.7% 
of the strains were resistant to ampicillin, 16.7% to 
amoxicillin, 23.3% to azithromycin, 23.3% to 
clarithromycin, 30% to erythromycin, 13.3% to cefazolin, 
26.7% to clidamycin, 16.7% to penicillin G and 3.3% to 
amoxicillin/clavulanate (Groppo et al., 2005). Drago et 
al., 2005 compared in vitro antimicrobial activity of 
several antibiotics against 287 strains of S. pyogenes by 
the broth microdilution method. Ceftibuten and Cefaclor 
showed the best antimicrobial activity while MIC values 
for telithromycin were higher against constitutively MLS 
resistant strains rather than against the other phenotypes 
(Drago et al., 2005). We in the present work also found 
resistance against macrolides and thus our study 
corroborates with the previous studies.   
 
CONCLUSION         
 
In our population, organisms are developing resistance 
against macrolides. We recommend physicians to 
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prescribe this group unless no other alternative is 
available. Also, prescribe that antimicrobial agent which 
is most effective in particular circumstances, otherwise it 
seems that treatment of some infectious diseases may 
become impossible in the near future.  
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