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Abstract: Emerging resistance against broad-spectrum antibiotics for standard empiric therapy is a global concern. 
Ceftriaxone (broad spectrum, third generation cephalosporin) is widely used in tertiary care settings to treat severe 
bacterial infections usually non-responsive to other antibiotics. The aim of the study is to evaluate the current sensitivity 
pattern of ceftriaxone (30µg/disk) among different clinical isolates. For this purpose, three hundred clinical isolates 
including Escherichia coli (25%), Staphylococcus aureus (30%), Salmonella typhi (17%) and Klebsiella pneumoniae 
(20%) were collected from different pathological laboratories of Karachi, Pakistan. The in-vitro sensitivity of different 
Gram positive and Gram-negative bacteria was determined by disk-diffusion technique using 0.5 McFarland standard. 
Results showed that ceftriaxone was highly sensitive against Escherichia coli (90%) and least sensitive against 
Klebsiella pneumoniae (65%). It is concluded that the sensitivity of ceftriaxone is progressively decreasing in 
comparison with past studies creating an alarming situation. Therefore, continuous surveillance is required to determine 
the current resistance status of clinical pathogens and for effective anti-microbial therapy. 
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INTRODUCTION 
 
Microbial resistance against antibiotics is one of the 
growing problems of 21st century and now become a 
serious health concern globally. Primarily, pathogenic 
organisms were highly susceptible against existing 
antimicrobial agents; however due to acquisition of 
genetic mutation the effectiveness of broad-spectrum 
drugs has been decreased. As a consequence of genetic 
adaptations, the prevalence of multi-drug-resistant 
infections are also been increasing in clinical settings 
including, MRSA (methicillin resistant staphylococcus 
aureus), VISA (vancomycin-intermediate S. aureus), 
VRSA (vancomycin-resistant S. aureus), ESBL (Extended 
spectrum beta-lactamase), VRE (Vancomycin-
resistant Enterococcus) and MRAB (Multidrug-
resistant A. baumannii) (Appelbaum, 2007). The major 
factors for emergence of resistance are well documented 
involving inappropriate and misuse of antibiotics (Canton 
et al., 2013), selling of antibiotics without prescription, 
use of antibiotics in livestock (Mathew et al., 2007) 
leading to the creation of resistant strains. The lack of 
microbial susceptibility results in failure of therapy and 
financial burden on health care. Regular investigation and 
global attention is required to treat the emergent threat of 
antimicrobial resistance (Zehra et al., 2010, Ali et al., 
2010). Surveillance studies have been carried out to 
identify the consumption as well as effectiveness of drugs 
in variety of treatments. This constant monitoring is 
required to establish the contemporary regimen and to 

treat different infections magnificently.  
 
Ceftriaxone was introduced in 1985 as the first extended 
spectrum, semi synthetic, third generation intravenous 
cephalosporin in clinical practices (Lamb et al., 2002). In 
contrast to the first and second-generation cephalosporin, 
ceftriaxone is more effective against Gram-negative 
bacteria. It is extensively used in treatment of skin 
infections (Gainer, 1991), soft tissues infections (Brown 
et al., 1996) joint complains (Weiland et al., 2012) and 
other infections of enterobacteriaceae. However the 
production of extended spectrum beta lactamases (ESBL) 
by enterobacteriaceae has questioned the efficacy of the 
empiric use of ceftriaxone (Song et al., 2009).  
 
Ceftriaxone is also been utilizing in tertiary care units for 
management of gynecological infections and other 
sexually transmitted diseases like gonorrhea (Hustiq et 
al., 2013). Effectiveness of the drug is also proved in 
pulmonary, blood and urine infections. Ceftriaxone is 
recommended as a first line drug for community acquired 
pneumonia (Lamb et al., 2002), and as a substitute to 
other antibiotics such as fluoroquinolones for penicillin 
resistant isolates (Heffelfinger et al., 2000, Bartlett et al., 
2000, Song et al., 2009). It is also prescribed in acute 
otitis media in children as a first single dose regimen. This 
treatment is clinically considered as significant as 
amoxicillin, cefaclor, trimethoprim/ sulfamethoxazole, 
amoxicillin/clavaulate and high dose amoxicillin/ 
clavulanate. The pneumococcal resistance against 
different broad spectrum agents has increasing steadily; *Corresponding author: e-mail: rabia_pharmacist@hotmail.com
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nevertheless most of the pneumococci are still susceptible 
to ceftriaxone (Lutter et al., 2005, Rahman et al., 2001). 
 
This study is a surveillance study, conducted to determine 
the in-vitro susceptibility pattern of ceftriaxone against 
four common pathogens i.e. Escherichia coli, 
Staphylococcus aureus, Salmonella typhi and Klebsiella 
pneumonia using disk diffusion method. 
  

MATERIAL & METHOD 
 
Collection of samples 
A total of three hundred clinical isolates were collected 
from different pathological laboratories of Karachi (Essa’s 
laboratories, Darul-Sehat hospital laboratories, Liaquat 
National hospital laboratories, Agha Khan Laboratories) 
from April 2012 to June 2013. These pathogens were 
isolated from blood, urine, stool, sputum and pus samples. 
Clinical microorganisms were identified on their colony 
characteristics in different media and through biochemical 
reactions. The isolates were inoculated in nutrient agar 
slants and then preserved at 4oC. Among Gram positive 
pathogens Staphylococcus aureus (n=90) was and from 
Gram negative the selected microorganisms were 
Escherichia coli (n=110), Salmonella typhi (n=40) and 
Klebsiella pneumoniae (n= 60).  
 

Preparation of inoculum and susceptibility plates 
Antimicrobial susceptibility of drug was determined using 
Kirby-Bauer method (Disk- Diffusion technique) 
according to CLSI (Clinical and Laboratory Standard 
Institute) guidelines (CLSI, 2012). Mueller Hinton Agar 
and broth were prepared as per instructions provided by 
manufacturer (Merck). All microbial culture tubes were 
incubated at 37ºC for 3-4 hours to develop the desired 
turbidity matched with 0.5 McFarland standard (Masood 
et al., 2008). Antimicrobial disk of ceftriaxone 30µg/disk 
(Oxoid Ltd; (Basingstoke, Hampshire, England), was 
purchased from the commercial market. Microbial culture 
suspension was streaked on Muller Hinton medium plates 
using sterile, cotton swab and antimicrobial disks were 
then placed using sterile forceps.  
 

Incubation of susceptibility plates 
These plates were incubated in an incubator (Bunden 
Schutzart, B28-04-72367) at 37oC for 18-24 hours. All 
experimental work was done near a flame to avoid 
contamination. 
 

Measurement of zones of inhibition 
Zones of inhibition appeared around the disks were 
measured by placing the scale on the back of the petri 
dishes and compared to standards provided by CLSI 
(CLSI, 2012). 
 

RESULTS 
 
The pathogens were isolated from different sources as 
mentioned in table 1. The resistance of clinical isolates 
were determined by measuring zones of inhibition 

appeared around the disks. As per recommendations of 
CLSI 2012, pathogens are classified into three categories 
Resistant(R), intermediate Resistant (IR) and Sensitive 
(S). For such differentiation breakpoints are given in the 
manual of CLSI. Physicians are more concern to sensitive 
zones only rather intermediate ones to provide effective 
therapy. Clinically organisms having intermediate 
resistance profile, exert sub-therapeutic responses leading 
to treatment of failure.  

 
Fig. 1: Percentile sensitivity of ceftriaxone (30µg) against 
clinical isolates 
 
The results of the present study showed that ceftriaxone 
(30µg), was highly susceptible against E. coli (90%). S. 
aureus was also sensitive to the drug but not to the extent 
of E. coli. However; K. pneumoniae, a gram negative 
facultative bacterium belongs to family 
Enterobacteriaceae was the least sensitive organism 
(65%). It is reported that Klebsiella organisms are 
becoming resistant to variety of antibiotic due to genetic 
adaptations. Management of community acquired 
infections caused by Klebsiella is becoming a threat to 
physicians owing to the development of extended-
spectrum beta-lactamase (ESBL) Klebsiella pneumoniae. 
 

DISCUSSION 
 
Self-medication, irrational use of antibiotics, and 
incomplete course of therapy are the leading causes of 
resistance. Ceftriaxone is a third generation antibiotic, 
commonly used in treatments of urinary tract infections, 
throat and respiratory infections. Unfortunately the 
clinical pathogens have being started to acquire resistance 
against ceftriaxone, resulting in development of 
ceftriaxone resistant salmonella infections (Dunne et al., 
2000). However; such resistance against this extended 
spectrum cephalosporin is less endemic in developed 
countries in comparison to countries of poor economic 
status. The reported modes involve in acquisition of 
resistance is efflux pump operations and production of 
potent beta lactamases (Gutmann et al., 1988, Bellido et 
al., 1989). These genetic adaptations have created a fear 
full environment and application of successful therapy is 
now become challenge to physicians. 
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In this study, the current resistance status of ceftriaxone 
against common pathogens was determined. The rationale 
of being selecting E. coli, S. aureus, S. typhi, and K. 
pneumonia is that these pathogens are causative agents of 
majority infections. As a developing country, typhoid and 
pneumonia are highly endemic in population especially 
children are the most affected group of such infections. 
Ceftriaxone is one of the broad-spectrum antibiotics 
highly prescribed to treat variety of infections. Results 
showed that E. coli and S. aureus possessed excellent 
sensitivity against drug and their susceptibility pattern 
were almost in a similar fashion. S. aureus, is responsible 
for nosocomial infections especially respiratory, blood 
and skin diseases. The findings of study confirmed that 
ceftriaxone could be successfully use in the treatment of 
staphylococcal infections. Nevertheless, the retrospective 
data indicated the development of mild resistance of S. 
aureus from 2004 to 2007 (Tan et al, 2010). 
 
In developing countries enteric fever is highly prevalent 
and accompanying with great health risks. The reported 
global mortality rate associated with enteric fever is 30% 
however; using appropriate regimen it could be reduced to 
0.5% (Cooke and Wain, 2004). Different species of 
Salmonella are responsible for this enteric fever and 
recently resistant strains of Salmonella species is started 
appearing. In present surveillance study, S. typhi showed 
optimum antibacterial activity (85%) against ceftriaxone, 
reflecting the appropriateness of prescribing the drug 
against the infections of S. typhi. The clinical 
effectiveness of the drug against this intracellular 
pathogen has also been proved by past studies (Ekinci et 
al., 2002; Masood and Aslam, 2010; Mothu et al., 2011). 
  
Ceftriaxone was widely used in the treatment of 
pneumonia and other types of chest infections. Owing to 
excessive and irrational use of newer beta lactam 
antibiotics K. pneumonia has developed resistance against 
cephalosporin (Gorbach 2001; Miriagou 2004). 
Ceftriaxone comprises of beta lactam ring but 
unfortunately organisms have become capable to produce 

lactamase enzyme responsible for the degradation of beta 
lactam ring. Strains of klebsiella and E. coli species were 
the first mentioned to have ESBLs (Lautenbach et al., 
2001). The findings of the present investigation showed 
that K. Pneumonia possessed highest resistance against 
ceftriaxone (37%) among other pathogens. 
 
Above results present the overview that ceftriaxone is still 
sensitive against many strains of gram negative and gram 
positive bacteria. The gradual decrease in the 
susceptibility of 3rd generation cephalosporin reflects the 
alarming situation in future. Therefore it is needed to 
conduct monitoring programs for antibiotic rational, 
optimal and appropriate consumption to restrain the 
increasing trend of resistance. 
 
CONCLUSION 
 
Antibiotics are the most common therapeutic agents to 
cure different life threatening infections. The present 
study revealed that ceftriaxone is sensitive against 
different clinical pathogens, but it is evident from results 
that sufficient resistance against K. Pneumoniae has 
developed. All health care providers and hospital 
administrator should concurrently develop strategies and 
work efficiently to reduce the antimicrobial resistance, 
which would directly benefits patient safety. Additionally, 
national surveillance programs should be conducted 
routinely to maintain the efficacy of regimens and to 
avoid treatment failures. 
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