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Abstract 

Background: The antibiotic co-resistance amongst ESBL producing bacteria underlines the 

detection of bacterial ESBL production and judicious use of antibiotics. 

Objective: The current study assesses the antibiotic susceptibility of clinical bacteria 

including Salmonella enterica serovar Typhi (S. Typhi), Escherichia coli (E. coli), 

Klebsiella pneumonae (K. pneumonae) and Proteus vulgaris (P. vulgaris), and detects the 

occurrence of  extended spectrum β- lactamase (ESBL) among the isolates.  

Methods: The bacterial isolates: (S. Typhi; n=3), (E. coli; n=7), (P. vulgaris;n=3) and (K. 

pneumonae; n=2) were subjected to antibiotic susceptibility against ten antibiotics by disc 

diffusion and minimum inhibitory concentration (MIC) determination. The isolates were 

tested for ESBL production by the National Committee for Clinical Laboratory Standards 

(NCCLS) screening test, double disc synergy (approximation) test (DDST) and NCCLS 

phenotypic confirmatory test (PCT).  

Results: The bacterial isolates showed resistance to four or more antibiotics by disc 

diffusion, and had wide range of MICs (2-256 μg/mL). The NCCLS screening test identified 

80 % isolates as ESBL producers, while 60 % and 73.33 % of the isolates were confirmed as 

ESBL producers by DDST and PCT, respectively.  

Conclusion: Production of ESBL and development of multidrug resistance in enteric 

bacteria may cause life-threatening infection to humans, and thus judicious use of antibiotics 

must become health care priorities in combating bacterial drug resistance.  

Keywords: Enteric bacteria, extended spectrum β- lactamase, phenotypic confirmation, 

double disc synergy, augmentin, β-lactam and non- β-lactam antibiotics, zone diameter of 

inhibition, minimum inhibitory concentration 
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INTRODUCTION 

The increasing trend of infection with the 

multidrug-resistant (MDR) bacteria makes 

empirical treatment of such infections 

difficult. The most common cause of ba- 

cterial resistance to β-lactam antibiotics is the 

production of β-lactamase enzymes, and the 

latest evolution in this fact is the emergence 

of bacterial strains capable of producing 

extended spectrum β-lactamase (ESBL) 

enzymes, which are most commonly found in 

Escherichia coli (E. coli), Klebsiella 

pneumonae (K. pneumonae) and Proteus 

vulgaris (P. vulgaris), p. mirabilis and other 

Gram-negative bacilli [1-3]. The production 

of ESBLs confers resistance at various levels 

to expanded spectrum cephalosporins. Typh- 

oid fever, caused by Salmonella enterica 

serovar Typhi (S. Typhi), is a serious form of 

enteric fever; there are sporadic reports of 

high resistance to ceftriaxone (CTR) in 

typhoidal salmonellae in which ESBLs have 

been reported [4,5]. ESBL-producing 

Enterobacteriaceae, which are increasing 

steadily and circulating worldwide [6], have 

been responsible for many outbreaks of 

infection posing a great global challenge on 

infection control issues. Thus, this is urgent 

to identify ESBL-producers in routine test in 

order to indicate the need for appropriate 

antibacterial agents, if detected [7]. However, 

ESBL producing bacteria may not be 

detectable by routine disc diffusion susce 

-ptibility test, leading to inappropriate use of 

antibiotics and treatment failure. Further, the 

higher degree of antibiotic co -resistance 

amongst ESBL producing bacteria suggested 

the importance of detecting ESBL production 

and prudent use of antibiotics [1,8,9]. 

Therefore, accurate detection of ESBL prod- 

ucers, their treatment strategies and infection 

control policies are of paramount importance.  

The current study  

ascertains the occurrence of antibiotic 

resistance and detection of ESBL production 

(by three different disc diffusion methods) 

among clinical bacterial isolates including 

Salmonella enterica serovar Typhi (S. Typhi), 

Escherichia coli (E. coli), Klebsiella pneu- 

monae (K. pneumonae) and Proteus vulgaris 

(P. vulgaris). 

 

MATERIALS AND METHODS  

Antibiotic susceptibility testing 

The antimicrobial susceptibility testing wa- 

s done by disc diffusion, according to the 

CLSI criteria, on Mueller–Hinton agar (MHA; 

Hi-Media, India), in order to determine the 

resistance patterns of the test isolates: S. 

Typhi (n=3), E. coli (n=7), K. pneumonae 

(n=2) and P. vulgaris (n=3), which were 

obtained from the Department of Micro 

-biology, Malda Medical College and 

Hospital, Malda (India). The disc contents of 

antibiotics tested include ampicillin (AM; 10 

µg), chloramphenicol (CHL; 30 µg), 

trimethoprim (TMP; 5 µg), tetracycline (TC; 

30 µg), nalidixic acid (NX; 30 µg), 

ciprofloxacin (CP; 5 µg), amikacin (AK; 30 

µg) and gentamicin (GM; 10 µg) (Hi-Media, 

India). The minimum inhibitory concen 

-tration (MIC) values of the above antibiotics 

for the isolates were determined by agar 

dilution method. Escherichia coli ATCC 

25922 was used as the control strain.  

 

Test for ESBL production  

NCCLS screening test  

The isolates were screened for ESBL prod 

-uction by the disc diffusion method, 

according to the CLSI guidelines [10], using 

antibiotic discs: cefotaxime (CFT; 30 μg/disc) 

and CTR (30 μg/disc). The isolates showing 

zone diameter of inhibition (ZDI) ≤ 25 mm  
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for CTR, and ≤ 27 mm for CFT were 

considered as potential ESBL producers [10], 

and were selected for confirmation of ESBL 

production. 

Double disc synergy (approximation) test 

The double disc synergy test (DDST) was 

performed by placing augmentin disc 

[amoxicillin (AMX; 20-μg) + clavulanate 

(CA; 10-μg)], and 30-µg disc of third 

-generation cephalosporin (CFT disc and ⁄ or 

CTR disc), 20 mm distance center to center 

on the surface of Mueller-Hinton agar (MHA) 

plate, which was inoculated evenly (using a 

sterilized cotton swab) with 108 CFU/ml 

bacterial suspension in Mueller-Hinton broth 

(MHB), prepared from an overnight culture.  

An enhancement of inhibition zone of any 

one of the third-generation cephalosporin 

discs tested towards the augmentin disc (after 

18-20 h incubation at 35 °C) was interpreted 

as positive for ESBL production [11,12]. 

 

NCCLS phenotypic confirmatory test 

The phenotypic confirmatory test (PCT) 

was performed following disc diffusion 

method with CFT−CA (30 μg - 10 μg) / 

CTR−CA (30 μg - 10 μg) combined and CFT 

(30 μg) / CTR (30 μg) alone, placed at a 

distance of 25 mm, center to center, on a 

MHA inoculated with the test bacterial strain. 

After an incubation for overnight at 37 oC, a 

≥ 5 mm increase in ZDI for “CFT−CA” 

combination disc, compared to CFT disc 

alone, confirmed ESBL production [10,13].  

 

RESULTS 

The antibiotic resistances of the test 

bacterial isolates are shown in Table 1. The 

all isolates of E. coli showed resistance to NX 

and CP, while P. vulgaris and K. pneumonae 

had 100 % resistance to NX, CP, AK and GM; 

K. pneumonae isolates additionally showed 

resistance to AM. The S. enterica serovar 

Typhi showed 100 % resistance to CHL, and 

100 % sensitivity to CP, AK and GM. The 

MIC range of antibiotics tested for the 

isolates were: AM (4-32 µg/mL), CHL 

(4-256 µg/mL), TMP (2-64 µg/mL), TC 

(4-128 µg/mL), NX (8-128 µg/mL), CP (2-16 

µg/mL; excluding S. Typhi, which had CP 

MICs  0.05 µg/mL), AK and GM (2-32 

µg/mL). The NCCLS screening test overall 

identified 80 % isolates as ESBL producers, 

while 60 % and 73.33 % of the isolates were 

confirmed as ESBL producers by DDST and 

PCT, respectively (Table 2). Having ZDI 

11-16 mm for CFT and 9-16 mm for CTR, 

the all isolates of E. coli (100 %), K. 

pneumonae (100 %) and P. vulgaris (100 %) 

were found as the potential ESBL producers 

by NCCLS screening test; the S. Typhi were 

screened as non-ESBL producers. The DDST 

identified E. coli (85.71 % ), K. pneumonae 

(50 %) and P. vulgaris (66.66 %) as the 

ESBL producers, while PCT (NCCLS) found 

ZDI increment of ≥ 5 mm for 100 % isolates 

of K. pneumonae and P. vulgaris, and for 

85.71 % isolates of E. coli.  

 

DISCUSSION 

According to Kumar et al
 
[14], the study 

analysis of 336 confirmed ESBL isolates 

revealed the predominance of ESBL pro
 

-duction among E. coli (63.7 %) compared to 

K. pneumoniae (14 %) and Proteus spp. 

(4.2 %). The ESBL production was also 

found higher in E. coli (n=65; 67.7 %) when 

compared to K. pneumoniae (n=50; 63.3 %)
 

and Proteus spp. (n=12; 57.1%)
 
[9]. It has 

been reported that out of 101 isolates, 68 

(67.3 %) were ESBL producers, among 

which 49 were identified as E. coli and 19 K. 

pneumonia
 
[15]. Aruna and Mobashshera

 
[3]

 

identified 36 (49.32 %) out of 95 E. coli
 

isolates as the ESBL producers, however,
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