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Abstract
An effective strategy to combat against the specific mechanism of resistance showed by the extended spectrum beta lactamase 

(ESBL) producing gram negative bacilli (GBN) is to use beta-lactamase inhibitor in combination with beta lactam antimicrobial drugs 
against these isolates of GNB’s. The treatment of patients suffering with severe infections due to ESBL producers can be achieved 
by proper studies showing analysis and comparison of available options of combinations of drugs. The current study compares the 
in vitro activity of ceftazidime alone with ceftazidime/sulbactam in combination against such isolates of ESBL producing GNB’s, the 
major threat for the hospitalized patients especially in developing and under developed countries. 

Conclusion: The study concludes that ceftazidime although being an effective third generation cephalosporin, but due to emergence 
of resistant strains is losing the effectivity and hence the need to use a better option of combination of beta-lactam antibiotic with a 
beta-lactamase inhibitor such as ceftazidime/sulbactam. 
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Introduction
In today’s world an important public health hazard amongst developed as well as developing countries are hospital acquired infec-

tions (HAI). The reasons of large number of causality in hospitalized patients are due to HAI [1], which is prevalent upto 18.6% according 
to a survey depending on population and definitions of HAI used [2]. 

A range of gram negative organisms are mostly responsible for HAI like lower respiratory tract infections, urinary tract infections, 
pneumonia, wound infections, blood stream infections, surgical site infections and sepsis. The commonly isolated organisms are now are 
usually Acinetobacter, Pseudomonas, E. coli, Klebsiella, Enterobacter, etc [3-8]. 

The increasing drug resistance among such gram negative isolates due to particular reasons [9-11]. 

Due to its proven safety, efficacy, broad spectrum activity a well characterized pharmacokinetic and pharmacodynamics properties. 
In our clinical settings, the routinely used β-lactam antibiotics are third generation cephalosporins, such as ceftazidime, cefotaxime and 
ceftriaxone [12]. 

In 1980’s ceftazidime was introduced in clinical use due to broad spectrum activity against gram positive cocci (GPC) and gram nega-
tive bacilli (GNB). The activity against GNB has become compromised over a period of time due to the ESBL producing pathogens. These 
ESBL producing pathogens has become a grave problem in hospital acquired infection patients today [13]. Such a wide spread dissemi-
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nation of bacterial drug resistance to a variety of β-lactam antibiotics possess a serious threat to effective use of these antibiotics, low 
permeability, and over expression of efflux pump and biofilm formation [14]. 

Current resistance to ceftazidime ranging from 30 - 71% [9,15,16] according to various surveillance reports across globe. In such 
scenario theoretical combination therapy should be reinforced. When there is no other drug to treat. The current trend is to use β-lactam 
antibiotics in combination with β-lactamase inhibitor such as sulbactam [17]. 

Sulbactam a β-lactamase inhibitor competitive irreversible and has effective inhibitory activity against clinically important plasmid 
mediated β-lactamase which are frequently responsible for transferable drug resistance [18]. Including India sulbactam a β-lactamase in-
hibitor is approved in many countries to be used in combination with β-lactam antibiotics [19]. Treating infections of ESBL producing GNB 
isolates with ceftazidime in combination with β-lactamase inhibitor like sulbactam would be a strong basis of rational therapeutics [18]. 

Study suggests combination of β-lactamase inhibitor and β-lactam antibiotics should be encouraged for further in vivo studies as that 
may come up with a better therapeutic outcome for HAI patients and to save life of such patients suffering with life threating infections. 

Materials and Methods 
The study was carried out at Dr. Vithalrao Vikhe Patil Foundation’s Medical College and Hospital, Ahmednagar, Maharashtra. Study 

period was October 2012 to January 2013. 

Methodology

Samples were selected randomly and multiple but different isolates from single specimen were also considered. 

Inclusion criteria

Sr. No. Nature of Specimens Total Number of Clinical Specimens 
(N = 186)

Growth in Total Number of Specimens 
(N = 72) (%)

1 Pus 58 30 (16.30%)
2 Urine 45 16 (8.70%)
3 Fluid 28 12 (5.98%)
4 Sputum 28 12 (5.98%)
5 Blood 27 03 (1.63%)

Total 186 (100%) 72 (39.13%)

Table 1: Distribution of randomly selected clinical specimens including gram positive and gram negative isolates.

All the specimens were cultured and isolates were identified by standard methods of identification [20]. Isolates for production of 
enzyme Extended Spectrum Beta Lactamase (ESBL) were determined by applying ceftazidime and ceftazidime/clavulanic acid discs as 
per the CLSI guidelines [21]. The antimicrobial drug sensitivity detection testing was carried out as per the standard guidelines of CLSI 
using the Kirby Bauer’s disc diffusion method. The discs of ceftazidime and ceftazidime/sulbactam combination were provided by Venus 
Remedies Ltd., Baddi (H.P.). These discs were manufactured by Hi-Media Laboratories, Mumbai as per the CLSI standard parameters. 

Methodology of testing

The disc of ceftazidime and ceftazidime/sulbactam combination each contain 30 µg of respective antibiotics. The break points for 
antimicrobial sensitivity testing interpretation of ceftazidime were according to CLSI guideline and that of the ceftazidime/sulbactam 
was provided by Venus Research Center. 
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All the isolates were lawn cultured using inoculums matched with Mac-Farland’s standard tube no. 5, for the turbidity match of inocu-
lum. Muller-Hinton Agar (MH Agar) plates were used for performing the antimicrobial drug sensitivity detection testing by Kirby Bauer’s 
disc diffusion method. All plates were kept for incubation at 370C for 18 hrs. ATCC E. coli strain No. 35218 and ATCC strain No. 27853 of 
Pseudomonas aeruginosa were used as internal quality control strains. After end of incubation phase all plates were examined and zone 
of inhibition readings were taken under three headings: 

A. Sensitive: Showing wide zone of inhibition of growth of test isolate indicating sensitivity. 

B. Intermediate Sensitive: Showing narrow zone of inhibition of growth of the test isolate indicating intermediate sensitivity. 

C. Resistant: Showing no zone of inhibition of growth up to margins of the disc of the test isolates indicating resistance. 

Note: For convenience intermediate sensitive strains were also included into resistant strains. 

All readings were noted according to reference ranges provided by manufactures for both the antibiotics. 

Results and Observations

This table shows the total distribution of isolates of gram negative bacilli from all clinical specimens. Table 2, explains that from total 
186 clinical specimens 66 i.e. 35.48% isolates were of gram negative organisms. Out of these 66 (35.48%) 19 isolates (28.78%) were of 
E. coli and Klebsiella pneumoniae respectively, 16 (24.24%) isolates were of Pseudomonas aeruginosa, 5 (7.57%) isolates of Acinetobacter 
spp., 4 (6.06%) isolates were of Citrobacter frundii, 2 (3.03%) isolates were of Proteus mirabilis and 1 (1.57%) of Proteus vulgaris were 
isolated. 

Table 3, explains about the isolates of GNB’s isolated from all clinical specimens were about 66 i.e. 35.48%. 

Sr. No. Isolates Pus N = 27 Urine N = 16 Fluid N = 13 Sputum N = 9 Blood N = 00 Total N = 66
1 Pseudomonas aeruginosa 07 02 04 03 00 16
2 Acinetobacter spp. 01 01 02 01 00 05
3 E. coli 09 06 03 01 00 19
4 Klebsiella pneumoniae 07 04 03 04 01 19
5 Proteus mirabilis 01 01 00 00 00 02
6 Proteus vulgaris 00 01 00 00 00 01
7 Citrobacter frundii 02 01 01 00 00 04

Total 27 16 13 09 01 66

Table 2: Number of gram negative organisms isolated from clinical specimens.

Sr. No. Nature of 
Specimens

Total Number of  
Specimens (N = 186) (%)

Total Number of Gram Negative 
Bacilli Isolated (N = 66) (%)

Total Number of ESBL Producing Gram 
Negative Bacilli Isolated (N = 38) (%)

1 Pus 58 (31.18) 27 (46.55) 18 (66.66)
2 Urine 45 (24.19) 16 (35.55) 13 (81.25)
3 Fluid 28 (15.05) 13 (46.42) 02 (15.38)
4 Sputum 28 (15.05) 09 (32.14) 05 (55.55)
5 Blood 27 (14.51) 01 (3.70) 00 (00.00)

Total 186 (100) 66 (35.48) 38 (57.57)

Table 3: Distribution of isolates detection producing ESBL and without production of ESBL in total gram negative isolates from all 

specimens.
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Total number of pus specimens were 58 i.e. 31.18% out of total 186 specimens included in the study. Out of these 58 i.e. 31.18% of 
pus specimens GNB were isolated from total 27 i.e. 46.55% of specimens and out of these 27 i.e. 46.77% isolates of pus GNB total 18 i.e. 
66.66% GNB were detected to be ESBL producer pathogens. 

Out of 186, urine specimens included were 45 specimens i.e. 24.19%, in these 45 i.e. 24.19% of GBN isolated from total 16 specimens 
i.e. 35.55% and among these 16 GNB isolates i.e. 35.55% total 13 i.e. 81.25% isolates were detected as ESBL producing pathogens. 

Total 28 body fluid as well as sputum specimens out of 186 specimens of study group were received during study period and out of 
28 i.e. 15.05% specimens of body fluid 13 i.e. 46.42% were showed growth of GNB and out of these 13 i.e. 46.42% of GNB’s total 02 were 
detected as ESBL producers i.e. 15.38%. While in the sputum total 09 were isolates of GNB i.e. 32.14% and out of these 09 i.e. 32.14% total 
05 were detected as ESBL producer i.e. 55.55%. 

Total specimens for blood culture received during study period were 27 i.e. 14.51% out of 186 specimens. Out of these 27 i.e. 14.51% 
specimens only a single specimen is grown with GNB i.e. 3.70% and the same was not detected as a ESBL producer one.

Out of total 66 isolates of GNB amongst all the 186 specimens. This table 4 describes about distribution of organism wise isolates as 
well as organism wise ESBL producers. 

Sr. No. Isolates Total Number of Isolates 
(%) (N = 66)

Total Number of Isolates Detected as ESBL Producers 
(%) (N = 38)

1 Pseudomonas aeruginosa 16 (24.24) 07 (18.42%)

2 Acinetobacter spp. 05 (7.57) 02 (5.26)
3 E. coli 19 (28.78) 14 (36.84%)
4 Klebsiella pneumoniae 19 (28.78) 11 (28.94)
5 Proteus mirabilis 02 (3.03) 01 (2.63)
6 Proteus vulgaris 01 (1.51) 01(2.63)
7 Citrobacter frundii 04 (6.06) 02 (5.26)

Total 66 (100) 38 (57.57)

Table 4: Distribution of number of ESBL producing gram negative bacilli (GNB) isolated from clinical specimens.

Out of the 66 (100%) gram negative bacilli isolates, 38 (57.57%) were detected as ESBL producer amongst which E. coli and Klebsiella 
pneumoniae isolates were total 19 (28.78%) respectively and 14 (36. 84%) of E.coli and 11 (28. 94%) of Klebsiella pneumoniae were de-
tected as ESBL producer. 

Amongst 66 (100%) gram negative bacilli isolates, 16 (24.24%) were the isolates of Pseudomonas aeruginosa. In 16 (24.24%) of these 
isolates 07 (18.42%) were detected as ESBL producer. 

Isolates of Acinetobacter spp. and Citrobacter frundii were 05 (7.57%) and 04 (6.06%) respectively and in both the organisms 02 i.e. 
(5.26%) isolates were detected with the production of enzyme ESBL. 

Amongst the Proteus mirabilis and Proteus vulgaris isolates 02 (3.03%) and 01 (1.51%) respectively, only 01 i.e. (2.63%) were detected 
as ESBL producer. 

Table 5, describes about the resistance pattern of the isolates shown towards ceftazidime alone and ceftazidime/sulbactam combina-
tion out of total 38 (57.57%) of 66 gram negative isolates detected as ESBL producer. Amongst all these 38 (100%) isolates 31 (81.57%) 
had showed resistance to ceftazidime alone and 10 (26.31%) were detected as resistant to ceftazidime/sulbactam combination. 
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Sr. No. Isolates Total Number of Isolates 
Detected as ESBL Producer 

(N = 38) (%)

Total Number of Isolates 
Showed Resistance to 

Ceftazidime Disc (30 µg) 
(N = 31) (%)

Total Number of Isolates Showed 
Resistance to  

Ceftazidime/Sulbactam  
Combination (30 µg) (N = 10) (%)

1 Pseudomonas aeruginosa 07 (18.42) 05(71.42) 01 (14.28)
2 Acinetobacter spp. 02 (5.26) 02 (100) 01 (50)
3 E.coli 14 (36.84) 13 (92.85) 03 (21.42)
4 Klebsiella pneumoniae 11 (28.94) 09 (81.81) 04 (36.36)
5 Citrobacter frundii 02 (5.26) 02 (100) 01 (50)
6 Proteus mirabilis 01 (2.63) 00 (00) 00 (00)
7 Proteus vulgaris 01 (2.63) 00 (00) 00 (00)

Total 38 31 10

Table 5: Resistance pattern of isolates to ceftazidime alone and ceftazidime/sulbactam in combination.

Pseudomonas aeruginosa isolates 05 (71.42%) were showed resistance to ceftazidime alone whole 1 (14.28%) only had shown resis-
tance to ceftazidime/sulbactam combination. 

Amongst 2 (5.26%) isolates of Acinetobacter spp. 2 (100%) showed resistance to ceftazidime alone while only o1 (50%) had showed 
resistance to ceftazidime/sulbactam combination. 

E. coli isolates detected as ESBL producer were 14 (36. 84%) amongst total 38 (100%) isolates of ESBL producer of GNB. In these 14 
(100%) isolates 13 (92.85%) showed resistance to ceftazidime alone and among the 14 (100%) ESBL producer of E. coli only 3 (21.42%) 
had showed resistance to ceftazidime/sulbactam combination. 

Total 9 (81.81) isolates of Klebsiella pneumoniae showed resistance to ceftazidime alone while 4 (36.36%) showed resistance to 
ceftazidime/sulbactam combination, 2 (100%) isolates of Citrobacter frundii were detected as resistant to ceftazidime alone in them 1 
(50%) detected as resistant to ceftazidime/sulbactam combination. 

In the isolates of Proteus mirabilis and Proteus vulgaris total 1 (2.36%) respectively detected as ESBL producer the isolates showed 
susceptibility towards both the drugs ceftazidime and ceftazidime/sulbactam combination. 

Discussion
The greatest achievements of modern medicine is discovery and development of antimicrobial agents, but in today’s world this 

achievement and its effectiveness is being challenged by microbes due to their ability to re-emerge with new form of enzyme and drug 
resistance characters such as mutation [22,23]. 

In our study shows increased susceptibility to ceftazidime/sulbactam combination by all the ESBL producing gram negative isolates. 
This susceptibility may be due to the sulbactam significantly potentiating ceftazidime against gram negative isolates [1]. 

Similar findings have been reported by Manu Chaudhary., et al. [1], that about 93.4% susceptibility to ceftazidime/sulbactam shown 
by Pseudomonas aeruginosa, while 86.3% by E. coli, whereas in our study the 14.28% isolates shown resistance to ceftazidime/sulbactam 
combination while 21.42% of E. coli isolates showed resistance to this combination. 

Wahid., et al. [18], demonstrated 34.29% of resistance to the combination of ceftazidime/sulbactam while in our study this resistance 
is 26.31% only. Which shows a reduced rate of resistance amongst the isolates as the pervious study was our piolet study and the reduc-
tion in rate of resistance may be due to the awareness amongst the hospital staff about hospital acquired infections after publishing the 
first data. 
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Zang and Li [24], also reported that combination of sulbactam and ceftazidime at the ratio of 1:1, ceftazidime resistant isolates become 
sensitive to ceftazidime/sulbactam combination, this pattern of susceptibility has also been seen in our study. 

Kolayl., et al. [25], states that ceftazidime/sulbactam may be a reasonable alternative to carbapenems in empirical regimen. 

Study denotes toward high resistance to ceftazidime alone amongst all the ESBL producing GNB’s, this finding is similar to the previ-
ous studies reported, in which also it is reported that susceptibility of third generation cephalosporin is decreased against Pseudomonas 
and other non-fermenters like Acinetobacter spp. as well as amongst the isolates of Enterobacteriaceae family like E. coil, Klebsiella pneu-
moniae, Citrobacter frundii, etc. One of the most important reasons for this resistance in various mechanisms of resistance is exhibited by 
GNB’s is ESBL production [26-29]. 

Kumar., et al. [23] documented resistance of 35.55% by ESBL producing E. coli while in our study this resistance is 21.42% which is in 
well accordance with the study. 

Conclusion
From the above study data, it is evident that ceftazidime alone losing the combat against the ESBL producing resistant strains isolated 

in hospital setting responsible for hospital acquired infections. Hence the need for effective treatment option and this option could be the 
Beta-lactam and Beta-lactamase inhibitor like ceftazidime/sulbactam combination. This combination has showed an enhanced in vitro 
activity against all the ESBL producing isolates in comparison with ceftazidime alone. Therefore ceftazidime/sulbactam can be a better 
option for treatment especially isolates resistant to third generation cephalosporins. 

So to conclude this combination could be a better alternative only after successful clinical trials. And also similar studies should be 
encouraged to overcome the present situation of combating against the resistant strains in hospital settings. 
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