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Introduction: Surgical site infections (SSI) constitute a major public health problem worldwide and are 
the second most frequently reported nosocomial infections. They are responsible for increasing the 

treatment cost, length of hospital stay and signicant morbidity and mortality. determine Surgical site infections with Aim: 
Metallo Beta Lactamase producing Enterobacteriaceae with special reference to NDM producing Klebsiella 
pneumoniae.  Samples were collected using sterile cotton swabs from 241 patients clinically Materials and Methods:
diagnosed of having SSIs and were processed as per standard microbiological techniques. Antimicrobial susceptibility testing 
was done using modied Kirby-Bauer disc diffusion method. This cross sectional study was conducted for a period of six 
months (November 2020 to December 2022) in the Department of Microbiology at a tertiary care hospital of central India. 
Results: Out of total 241 samples, 220(91.29%) yielded bacterial growth. Klebsiella pneumoniae (22.27%) was the commonest 
organism followed by Escherichia coli (18.11%). During the study period, all the 15 MBL producing K. pneumoniae isolates were 
screened for carbapenemase production on the basis of their reduced susceptibility to Meropenem using Xpert® Carba-R 
assay. Out of these 15 K. pneumoniae screen positive isolates, 11 were from pus, 4 isolates were from wound swab. All the 
screening positive isolates (n =15) were found to be positive for blaNDM gene by Xpert® Carba-R assay. Four out of 15 isolates 
were found to be positive for blaOXA-48 and blaNDM. The rate of SSI observed in this study was comparable to Conclusion: 
other similar studies, however we observed a higher degree of antimicrobial resistance. The emergence of blaNDM-1and OXA-
48 harboring Enterobacteriaceae is of concern because such isolates exhibit resistance to drugs commonly used to treat gram-
negative infections. Adherence to strict infection control measures, maintenance of proper hand hygiene and optimal 
preoperative, intraoperative and postoperative patient care will surely reduce the incidence of SSIs.
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Surgical Site Infections (SSIs) are one of the most common 
causes of nosocomial infections and are a common 
complication associated with surgery, with a reported 
incidence rates of 2-20%[1]. Surgical Site infections (SSIs) 
criteria, developed by Centre for Disease Control and 
Prevention (CDC)[2] denes SSls as "Infections related to the 
operative procedure that occur at or near the surgical incision 
(incisional or organ/space) within 30 days of an operative 
procedure or within one year if an implant is left in place”. 

The pathogenesis of SSI has been associated both with the 
endogenous contamination such as skin ora and exogenous 
contamination by healthcare personnel or contaminated 
surgical instruments[3].  Despite the technical advances in 
infection control and surgical practices, SSI still continue to be 
a major problem, even in hospitals with most modern 
facilities[3] . SSI is most important cause responsible for 
increasing the treatment cost, length of hospital stay and 
signicant morbidity and mortality[4].

Recent years there has been a growing prevalence of 
Enterobacteriaceae with evolving  trends of antimicrobial 
resistance as a cause of serious infections which is being 
documented worldwide[5]. Klebsiella pneumoniae is known to 
cause several healthcare-associated infections, including 
SSIs. The emergence of carbapenem-resistant strains, 
particularly those harboring NDM and OXA-48 genes, is a 
growing concern worldwide, with India being one of the 
epicenter [6,7].

This study aimed to determine Surgical site infections with 
Metallo Beta Lactamase producing Enterobacteriaceae with 

special reference to NDM producing Klebsiella pneumoniae.

MATERIAL AND METHODS: 
This was a descriptive (Cross-sectional) study conducted in 
the Department of Microbiology at a tertiary care centre in 
Central India  from November 2020 to December 2022 with 
approval from institute ethical committee and informed 
consent was obtained from the subjects.
 

A total of 241 samples were collected from SSI cases with 
complaint of pain, swelling, redness, discharge, delayed or 
non-healing wound and processed as per standard 
microbiological techniques[8].

Antimicrobial susceptibility testing was performed as per 
CLSI 2020[9]. Carbapenem resistance genes in Klebsiella 
pneumoniae was detected by using Xpert® Carba-R (real-
time PCR) assay[10,11,12]

RESULTS: 
Out of 241 samples from SSI cases, 220 (91.29%) were culture 
positive among which 175 were monomicrobial while 90 
organisms were isolated from polymicrobial growth.

Most common isolated organism was Klebsiella pneumoniae 
59 (22.27%), followed by E. coli 48(18.11%), Proteus mirabilis  
16(6.03%), and Citrobacter freundii four (1.50%). 32.08% of 
organisms were non fermenters  and  20.01% were gram 
positive organisms (Tab.1)
 

Table 1: Distribution Of Organisms Isolated From Ssi Cases.
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Sr. No Isolated organisms Total number of isolates 
(%)

1 Klebsiella pneumoniae 59(22.27)
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CoNS: Coagulase Negative Staphylococcus

Among Klebsiella pneumoniae isolates, least resistance 
28.81% was  found for Imipenem and Meropenem. Among 
Cephalosporins, Cefepime and Cefoxitin showed less  
resistance than other Cephalosporins i.e 54.24 % and 45.76 % 
respectively. (Tab.2)

Ta b l e  2 :  A n t i m i c r o b i a l  R e s i s t a n c e  A m o n g 
Enterobacteriaceae Group.

-#: Intrinsic resistance as per CLSI guidelines

Among E. coli isolates, 22.92% were found to be resistant to 
Imipenem and Meropenem and 25% to Piperacillin 
tazobactam. Among Cephalosporins; maximum resistance 
was seen towards Cefuroxime i.e 70.83%, Cefotaxime and 
Ceftazidime showed resistance to 66.67% isolates, For (Tab.3) 
Proteus mirabilis isolates, all the isolates were sensitive to 
Imipenem and Meropenem followed by Piperacillin-
Tazobactam i.e.18.75 % isolates showed resistance. 37.5% 
P.mirabilis isolates were found to be resistant to Amikacin. 
Among Citrobacter freundii, 1(25%) isolate was resistant to 
Imipenem and Meropenem. (Tab.2)

Klebsiella pneumoniae was the predominant ESBL producer 
19(32.20%) and AmpC producer 6(10.17%) followed by  E.coli, 
of which 14 (29.17%) were ESBL and 4(8.33 %) were AmpC 
producers. Only one isolate of Proteus mirabilis was detected 
as ESBL producer.

Among Enterobacteriaceae, Klebsiella pneumoniae 
15(25.42%) was predominant  MBL producer followed by E. 
coli 9(18.75%) (Fig.4)
 
During the study period, all the 15 MBL producing K. 
pneumoniae isolates were screened for carbapenemase 
production on the basis of their reduced susceptibility to 

Meropenem using Xpert® Carba-R assay. Out of these 15 K. 
pneumoniae screen positive isolates, 11 were from pus, 4 
isolates were from wound swab. (Tab.6)

All the screening positive isolates (n =15) were found to be 
positive for bla  gene by Xpert® Carba-R assay. Four out of NDM

15 isolates were found to be positive for bla and blaOXA-48 NDM. 
(Tab.6)

DISCUSSION: 
Infection of wounds after surgical operations is a real risk 
associated with any surgical procedure and represents a 
signicant burden in terms of patient morbidity and mortality.
Out of total 265 isolated organisms from culture positive SSI 
cases,  most common organism isolated was Klebsiella 
pneumoniae, 59(22.27%) which is comparable to the  study 

 conducted by Verma et al[13] and Anusha et al[14] who 
reported 13.04% and 19.8% Klebsiella pneumoniae 
respectively.(Tab.1)

Among Enterobacteriaceae group of organisms, all the 
isolates showed least resistance towards Imipenem, 
Meropenem followed by Piperacillin-Tazobactam.

In present study, few 17(28.81%) isolates of Klebsiella 
pneumoniae  were resistant to Imipenem and Meropenem  
while 26(44.07%) isolates were resistant to Piperacillin-
Tazobactam and 24(40.68%) to Amikacin. Similar ndings 
were reported by Budhani et al[15] who reported maximum  
sensitivity to Imipenem (76.5%) followed by Piperacillin-
Tazobactam (74.6%) respectively. Klebsiella pneumoniae 
isolates in present study has shown less resistance to 
Cefepime 32(54.24%)  and Cefoxitin 27(45.76%) as compared 
to other cephalosporins. According to study conducted by 
Negi et al[3] Klebsiella species showed highest sensitivity 
towards Piperacillin and Imipenem and maximum resistance 
towards Ceftazidime, Ciprooxacin, Amoxicillin and 
Gentamicin.(Tab.2)

Among the MBL producing 24 isolates, Klebsiella pneumoniae 
15(25.42%) was the predominant MBL producer followed by 
E.coli 9(18.75%).This nding is comparable to study, by 
Sanjay et al[16] who reported 13.22 % of MBL producers 
among gram negative isolates. (Fig.1)

Figure 1: Distribution Of Mbl Producers In Enterobacteriaceae

In the present study, further detection of Carbapenem 
resistance genes in Klebsiella pneumoniae was done by using  
Xpert Carba-R assay. Out of 15 MBL producing  K. 
pneumoniae screen positive isolates, 11 isolates were from 
pus samples, 4 isolates were from wound swab. All the 
screening positive isolates (n =15) were found to be positive 
for bla  gene by Xpert Carba-R assay. Four out of 15 isolates NDM

were found to be positive for bla  and bla . NDM OXA-48 (Tab.3)

Table 3. Distribution Of Resistant Genes In Mbl Producing K. 
Pneumoniae Isolates ( N=15)

Bora et al[17]reported bla in pus samples in Klebsiella NDM 

pneumoniae.  Pano-Pardo et al[18] reported bla in OXA-48 
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2 Escherichia coli 48(18.11)

3 Pseudomonas aeruginosa 46(17.36)

4 Acinetobacter baumannii 39(14.72)

5 Staphylococcus aureus 36(13.59)

6 Proteus mirabilis 16(6.03)

7 CoNS 12(4.53)

8 Enterococcus faecalis 5(1.89)

9 Citrobacter freundii 4(1.50)

Total 265

Grou
ps

Antimicrobia
l agent

Klebsiella 
pneumoni
ae n=59 
(%)

E. coli
n=48 
(%)

Proteus 
mirabilis
n=16 (%)

Citroba
cter
freundii
n=4 
(%)

Grou
p A

Ampicillin -# 41(85.42) 12(75) -#

Gentamicin 30(50.85) 27(56.25) 8(50) 2(50)

Tobramycin 27(45.76) 21(43.75) 7(43.75) 1(25)

Grou
p B

Amikacin 24(40.68) 16(33.33) 6(37.5) 1(25)

Amoxiclav 27(45.76) 21(43.75) 8(50) -#

Piperacillin- 
Tazobactam

26(44.07) 12(25) 3(18.75) 1(25)

Cefuroxime 46(77.97) 34(70.83) 11(68.75) -#

Cefepime 32(54.24) 20(41.67) 8(50) 1(25)

Cefoxitin 27(45.76) 26(54.17) 6(37.5) -#

Cefotaxime 36(61.02) 32(66.67) 9(56.25) 2(50)

Ciprooxacin 27(45.76) 22(45.83) 8(50) 1(25)

Imipenem 17(28.81) 11(22.92) 0 1(25)

Meropenem 17(28.81) 11(22.92) 0 1(25)

Piperacillin 46(77.97) 34(70.83) 12(75) 3(75)

Grou
p C

Ceftazidime 36(61.02) 32(66.67) 10(62.5) 2(50)

Chloramphen
icol

27(45.76%) 21(43.75) 10(62.5) 2(50)

Tetracycline 34(57.63) 29(60.42) 8(50) 1(25)

Total MBL producing
K. pneumoniae 
isolates

bla gene NDM  

only
Both bla gene and    NDM  

blaOXA-48 gene

15 11 4
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Klebsiella pneumoniae causing surgical site infections. There 
is  emerging trend of K. pneumoniae isolates co-harbouring 
bla  and bla genes[6,7]. The presence of multiple NDM OXA-48 

resistance genes and mechanisms was previously 
reported[19].  However,  recent studies shows that 
d i s s e m i n a t i o n  o f  b l a  a n d  b l a a m o n g N D M O X A - 4 8  

Enterobacteriaceae isolates is mediated by the rapid spread 
of broad host-range conjugative plasmids[20]. 

Carbapenem-resistant isolates co-producing multiple 
carbapenemase genes tend to be extremely high resistant 
and this leads to limitation in treatment options. These 
ndings may be considered as an alarming threat to the 
healthcare workers in the hospital settings. The results of our 
present study therefore conrmed the need for continually and 
routinely screening for K. pneumoniae strains especially those 
producing bla  and bla genes to rapidly detect and NDM OXA-48 

avoid the dissemination of those strains.

CONCLUSIONS: 
Despite the modern aseptic procedures followed in the 
hospital, SSI remains as a serious problem for patients and 
surgeons. Rise in prevalence of gram negative organisms 
showing increase in antibiotic resistance is to be considered 
as a potential threat in upcoming years. In sight of the 
increasing  incidence of MBL and MDR reported in this study , 
there is a need for continuous monitoring to determine the 
resistant pattern of the common isolates. 

Carbapenem resistant K. pneumoniae have been considered 
as one of the greatest threats to the global health care. It has 
been observed that all the screening positive isolates were 
found to harbour bla NDM gene, and four isolates harbour bla 
OXA-48 gene. Therefore, the early detection of the resistant 
gene possessing K. pneumoniae isolates with any reduced 
susceptibility to the carbapenems is indispensable for the 
choice of the most appropriate antibiotic therapy and the 
implementation of efcient infection control measures. 

The emergence of blaNDM and OXA-48 harboring 
Enterobacteriaceae is of concern because such isolates 
exhibit resistance to drugs commonly used to treat gram-
negative infections  and have shown a propensity to spread 
rapidly. Therefore, there is the need for active surveillance of 
carbapenemase-encoding genes as major step to controlling 
the menance.
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