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Abstract-  
Introduction- Klebsiella pneumoniae have been identified as an important common pathogen for nosocomial pneumonia (7 to 14% of all 
cases), septicaemia (4 to 15% of all cases), wound infections (2 to 4% of all cases), neonatal septicaemia (3 to 30% of all cases). It also 
causes bacteremia and hepatic infections and have been isolated from a number of unusual infections including endocarditis, primary gas-
containing mediastinal abscess, cholecyctitis, diarrhoea, peritonitis, crepitant myonecrosis, pyomyositis, necrotizing fasciitis, osteomyelitis, 
meningitis. β-lactam antimicrobial agents are most common treatment option for such infections. 
Results and observations- 986 Clinical isolates of Klebsiella pneumonia were isolated from blood (254), urine (241), respiratory specimens 
(206), pus (215) and body fluids (70). Among 986 clinical isolated of K. pneumoniae 718 (72.81%) isolates were from inpatients (IPD) admit-
ted in various wards of hospital and 268 (27.18%) were found to be out patients department (OPD). A significant difference in antimicrobial 
susceptibility was observed with 3rd–generation cephalosporins between hospital and community strains. Of the 986 isolates of K. pneu-
moniae 284 (28.80%) were confirmed as ESBLs producers by phenotypic detection methods of ESBLs. Among 284 ESBLs 236 (83.09%) 
were hospital isolates while 48 (16.90%) were from community settings. Among 986 K. pneumoniae isolates 34 (3.44%) strains showed 
production of KPCs by phenotypic detection methods of KPCs. Out of 34 KPCs producers 26 were from hospital isolates and 8 were from 
community isolates. Hospital isolates were major ESBLs and KPCs producers.  
Conclusion- There is a serious need to accentuate on the rational use of antimicrobials and strictly adhere to the concept of the “reserve 
drug” to minimize the misuse of available antimicrobials. In addition regular antimicrobials susceptibility surveillance, knowledge and its ap-
plication is essential to reduced current drug resistance rate in hospital as well as in community.  
Key words- Klebsiella pneumonia, Extended spectrum β-lactamases, Klebsiella pneumonia carbapenemases, community isolates, hospital 
isolates. 

International Journal of Microbiology Research 
ISSN: 0975-5276 & E-ISSN: 0975-9174, Volume 4, Issue 6, 2012 

Introduction 
Klebsiella pneumoniae (K. pneumoniae) is clinically the most im-
portant member of Klebsiella genus of Enterobacteriaceae. 
Klebsiella pneumoniae have been identified as an important com-
mon pathogen for nosocomial pneumonia (7 to 14% of all cases), 
septicaemia (4 to 15% of all cases), wound infections (2 to 4% of 

all cases), neonatal septicaemia (3 to 30% of all cases) [1]. It also 
causes bacteremia and hepatic infections and have been isolated 
from a number of unusual infections including endocarditis, prima-
ry gas-containing mediastinal abscess, cholecyctitis, diarrhoea, 
peritonitis, crepitant myonecrosis, pyomyositis, necrotizing fasciit-
is, osteomyelitis, meningitis. They are also important opportunistic 
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pathogens [2,3]. Clinical isolates of K. pneumoniae are generally 
resistant to a wider range of antibiotics, and virtually always natu-
rally resistance to ampicillin and amoxycillin. β-lactam antimicrobi-
al agents are most common treatment option for such infections. 
The persistent exposure of bacterial strains to a multitude of β-
lactam has induced dynamic and continuous production and mu-
tation of β-lactamases in these bacteria, expanding their activity 
even against newly developed β-lactam antibiotics and called as 
extended spectrum β-lactamases (ESBLs). K. pneumoniae and E. 
coli are remain the major ESBL-producing organisms isolated 
worldwide which are recommended to be routinely tested for and 
reported by CLSI (Clinical Laboratory Standards Institute) guide-
lines [4,5]. 
ESBL prevalence rates among Indian hospitals vary greatly. First 
documentation of ESBL producing strains was made available on 
15 strains of K. pneumonia in a medical centre at Vellore, South 
India [2]. The exact magnitude of the problem posed by ESBLs in 
Indian hospitals is not known in view of the fact that most of the 
laboratories routinely don’t detect them. Carbapenem antibiotics, 
such as meropenem and imipenem have been the corner stone of 
drug treatment for serious infections caused by ESBls but devel-
oped a novel mechanism of resistance to carbapenem known as 
Klebsiella pneumoniae carbapenemases (KPCs) [6-9]. KPCs were 
first reported in 2001 in clinical isolate of Klebsiella pneumoniae 
from North Carolina [6-9]. Enzymes present in KPCs producing 
bacteria are also inactivate all penicillins, cephalosporins, azet-
reonam fluoroquinolones, aminoglycosides and most important 
carbapenems [9-12].  
Several outbreaks have been documented by KPC including 
North Carolina, China, S. America, France, Israel. The plasmid 
that harbors the KPC resistance gene has transmitted to other 
Gram negative bacteria from Enterobacteriaceae like Klebsiella 
oxytoca, Escherichia coli, Serratia marcinens and non-fermenter 
group Pseudomonas spp [13-16]. Colistin and tigecycline are two 
drugs that have activity against KPCs with restrictions. Colistin 
causes neurotoxicity and nephrotoxicity while in vivo tigecycline 
use in such infections is not effectual due to its low drug blood 
levels [17-19]. Since ESBLs pose a major problem for clinical 
therapeutics, so it is obligatory to identify the prevalence of these 
strains in hospitals and characterize their epidemiology to control 
the spread of these strains to determine suitable preventive 
measures and treatment policies, the present study was undertak-
en in Pad. Dr. D. Y. Patil Medical College Pimpri-Pune-18.  
 
Materials and Methods 
The study was approved by the Institute Ethical committee and 
conducted between Jan 2006 to December 2011. The clinical 
specimen were obtained from inpatients and outpatients of the 
hospital, received from various specialties like medicine, surgery, 
obstetrics and gynecology, pediatrics, orthopedics, plastic sur-
gery, dermatology, neurology, nephrology, cardiology and inten-
sive care units. The repeat isolate from the same patient were 
excluded from the study. Clinico-demographic data of study pa-
tients was noted. The specimens were processed according to 
standard conventional bacteriological methods and bacterial path-
ogens were identified and confirmed by standard biochemical 
tests [20].  
 

Antibiotic Susceptibility Tests- The Kirby- Bauer method rec-
ommended by the CLSI guidelines (2005) was used for antimicro-
bial susceptibility testing [20-22].  
 
Detection of Extended Spectrum β-Lactamases-Screening 
Test (CLSI, 2005) 
Initially screening test for ESBL production was done as part of 
routine susceptibility testing. Two antibiotic discs, ceftazidime (30 
μg) and cefotaxime (30 μg) were used for screening for ESBLs. 
Plates with Mueller- Hinton Agar (MHA) were prepared and inocu-
lated with the test organism (turbidity corresponding to 0.5 McFar-
land’s standard) to form a lawn culture. The above discs were 
applied on the surface of the agar. The plates were incubated at 
37 º C overnight and sensitive pattern and resistant pattern were 
recorded by reading the zone diameter of the test organism. If a 
zone diameter of ≤ 22mm for Ceftazidime and ≤27 mm for cefo-
taxime was recorded these strain were considered “Suspicious” 
for ESBL production [20-22].  
 
Double Disk Approximation Test (DDAT) 
Bacterial suspension equivalent to 0.5 McFarland standards tur-
bidity for testing ESBL production test were prepared. A sterile 
swab was dipped into standardized inoculum and the soaked 
swab was rotated against the upper inside wall of the tube to ex-
press excess fluid. The entire surface of the MHA was swabbed to 
form a lawn culture and the inoculum was allowed to dry for a 
minute with lid in place. With sterile forceps, Ceftazidime disk was 
placed on the agar plate near the centre giving a centre to centre 
distance of 15 mm Ceftazidime/clavulonic acid (30µg/10µg). The 
plates were inverted and incubated at 37ºC for 16-18 hours. Each 
plate was examined for enhancement of zone of inhibition for 
ceftazidime disk at the side facing Ceftazidime/clavulonic acid 
disk. If the strain was an ESBL producer, then the zone around 
ceftazidime disk was extended towards Ceftazidime/clavulonic 
acid disk. ATCC Escherichia coli -25922 were used as negative 
control and ATCC K. pneumoniae -700603 was used as positive 
control [23-25]. 
 
Detection of Metallo β-Lactamases by Imipenem-EDTA-
Double Disk Synergy Test 
The IMP-EDTA combined disk test was performed as described 
by Yong et al. Test organisms were inoculated on to plates with 
MHA as recommended by the CLSI guidelines. Two 10 μg 
imipenem disks (Hi Media, Mumbai India) were placed on the 
plate, and appropriate amounts of 10 μL of 0.5 M EDTA solution 
were added to one of them to obtain the desired concentration 
(750 μg). The inhibition zones of the imipenem and imipenem-
EDTA disks were compared after 16 to 18 hours of incubation at 
35°C. In the combined disc test, if the increase in inhibition zone 
with the Imipenem and EDTA disc was ≥ 7 mm than the 
Imipenem disc alone, it was considered as MBL positive [24-26].  
 
Results and Observations 
986 Clinical isolates of Klebseilla pneumonia were isolated from 
blood (254), urine (241), respiratory specimens (206), pus (215) 
and body fluids (70). Year wise and specimen wise distribution are 
shown in Table 1.The repeat isolates were excluded from the 
study. Among 986 clinical isolated of K. pneumoniae 718 

International Journal of Microbiology Research 
ISSN: 0975-5276 & E-ISSN: 0975-9174, Volume 4, Issue 6, 2012 

Increasing Incidence of Multidrug Resistance Klebsiella pneumoniae Infections in Hospital and Community Settings 



Bioinfo Publications   255 

 

(72.81%) isolates were from inpatients (IPD) admitted in various 
wards of hospital and 268 (27.18%) were found to be out patients 
department (OPD). A significant difference in antimicrobial sus-
ceptibility was observed with 3rd –generation cephalosporins be-
tween hospital and community strains. Antimicrobial susceptibility 
pattern of all clinical isolates was presented in Table 2. Amoxycil-
lin showed decreased susceptibility in hospital isolates (17.40%) 
and higher susceptibility in community isolates (64.17%). De-
creased susceptibility was also observed in tetracycline (17.54%) 
and co-trimaxazole (19.91%) in hospital isolates while co-
trimaxazole showed high susceptibility in community isolates i.e. 
(63.43%). In case of aminoglycosides, amikacin showed fair sus-
ceptibility both to hospital and community isolates i.e. 58.12% and 
63.43% respectively. Gentamicin showed susceptibility 46.23% in 
hospital isolates and 56.71% in community isolates while amikacin 
showed better susceptibility than Gentamicin i.e. 58.21% and 
63.43% in hospital and community isolates respectively.  

 
Table 1. Year Wise and Specimen Wise Distribution of Klebseilla 

pneumoniae from Clinical Isolates 

 
Table 2- Antimicrobial Susceptibility of Clinical Isolates of  

Klebsiella pneumoniae 

*Ceftazidime + Calvulanic acid disc susceptibility testing were 
done on only ceftazidime resistance strains. Imipenem + EDTA 
disc susceptibility testing were done on only Imipenem resistance 
strains. 
 
All isolates were screened for detection of ESBLs and KPCs and 
shown in Table 3 and Table 4. Of the 986 isolates of K. pneumoni-
ae 284 (28.80%) were confirmed as ESBLs producers by pheno-
typic detection methods of ESBLs. Among 284 ESBLs 236 
(83.09%) were hospital isolates while 48 (16.90%) were from com-
munity settings. Among 986 K. pneumoniae isolates 34 (3.44%) 
strains showed production of KPCs by phenotypic detection meth-

ods of KPCs. Out of 34 KPCs producers 26 were from hospital 
isolates and 8 were from community isolates. Hospital isolates 
were major ESBLs and KPCs producers. Year wise and sample 
wise distribution was depicted in Fig. 1. All 34 KPCs producing 
isolates were susceptible to tigecycline and polymixin B. 
 

Table 3- Detection of ESBL Producers by Screening Test and 
Confirmatory Test. 

 
Table 4- Ward Wise Distribution of Patients With ESBL and KPCS 

Producers Positive Isolates 

Fig. 1- Year Wise and Sample Wise Distribution of ESBL Produc-
ing Clinical Isolates of K. pneumonia. 

 
Discussion  
In recent years a significant increase in ESBL producing K. pneu-
moniae in hospitalized patients are problematic throughout world. 
Epidemiological data showed great variation in prevalence in Eu-
ropean and Asian countries [27-29]. The emergence of the 
Klebsiella pneumoniae carbapenemases in K. pneumoniae and 
other Gram-negative bacteria, usually on a background of multi-
drug resistance, has led to difficult therapeutic choices. Among 
available antibiotics, tigecycline and the polymyxin B are the most 
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Year Blood Urine Pus Sputum Others Total 

2007 38 30 20 21 9 118 

2008 44 32 24 28 20 148 

2009 58 45 38 35 11 187 

2010 69 62 63 56 10 260 

2011 45 72 70 66 20 273 

Total 254 241 215 206 70 986 

Name of 
antibiotics 

Hospital isolates [n=718
(72.81%) ] 

Community isolates [n= 268
(27.18%)] 

  Susceptibility (%) Resistance (%) Susceptibility (%)  Resistance (%) 

Amikacin 418 (58.21) 300 (41.78) 170 (63.43) 98 (36.56) 

Amoxycillin 125 (17.40) 593 (82.59) 172 (64.17) 96 (35.82) 

Cefotaxime 305 (42.47) 413 (57.97) 220 (82.08) 48 (17.91) 

Ceftriaxone 421 (58.63) 297(41.36)  202 (75.37) 66 (24.62) 

Ciprofloxacin 341(47.49) 377 (52.50) 212 (79.10) 56 (20.89) 

Cotrimaxazol 143 (19.91) 575 (80.08) 170 (63.43) 98 (36.56) 

Ceftazidime 460 (64.06) 258 (35.93) 209 (77.98) 59 (22.01) 

*Ceftazidime 
+ Calvulanic 
acid( n=258) 

236 (91.47) 22(3.06) 48 (81.35) 11 (18.64) 

Gentamycin 332 ( 46.23) 386 (53.76) 152 (56.71) 116 (43.28) 

Imipenem 618 ( 86.07) 100 (13.92) 233 (86.94) 35 (13.05) 

*Imipenem + 
EDTA(n=100) 

26 (26) 74(74) 8 (22.85) 27 (77.14) 

Tetracycline 126(17.54) 592 (82.45) 98 (36.56) 170 ( 63.43) 

Specimen 
ESBL producers by 
screening test 

ESBL producers by DDAT 
(confirmatory test) 

Non-ESBL 
producers 

Blood 83 74 180 

Urine 77 64 177 

Pus 61 53 162 

Sputum 58 61 145 

Others 38 32 38 

Total 317 284 702 

Ward 
Positive isolates  
(n = 986) 

ESBL producers  
(n = 284) 

KPCs  
producers 

Surgery 153 62 6 

Medicine 135 47 6 

I.C.U. 51 30 1 

N.I.C.U.  33 12 3 

P.I.C.U. 17 8 1 

Pediatrics 40 17 1 

Pulmonary medicine 106 25 2 

OBGY 75 13 2 

Urology 55 12 2 

Orthopedics 53 10 2 

Out patients 268 48 8 

TOTAL 986 284 34 
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frequently active against these organisms in vitro. Optimal therapy 
of infections due to these bacteria may involve maximization of 
antibiotic dose as well as their use in combination [30-32]. 
KPC-producing K. pneumonia are also being reported more often. 
The first case of KPC-producing K. pneumoniae infection was 
reported in 2005 in France and had a US origin [33-35]. The first 
outbreak of KPC-producing K. pneumoniae outside the United 
States was in Israel [12]. In South America, dissemination of KPC-
producing K. pneumoniae was initially reported in 2006 in Colom-
bia [12] and then in Brazil and Argentina [12, 34]. KPC enzymes 
have also been identified in P. aeruginosa isolates from Colombia 
[14,16]. In the People’s Republic of China, KPC enzymes in sev-
eral enterobacterial species are being increasingly reported [16]. 
Finally, in Europe a few cases of KPC-producing K. pneumoniae 
infection have been described, but in Greece, outbreaks have 
occurred [12,14,34]. In Europe, different variants of KPCs (KPC-2 
and KPC-3) have been described [16].  
The current study demonstrates a prevalence of ESBLs and KPCs 
production by K. pneumoniae i.e. 28.80% and 3.44% respectively. 
K. pneumoniae with ESBLs production were more prevalent in 
Latin America (45%), followed by the Western pacific region 
(24%), Europe (22%), the United State (7.6%) and Canada (4.9%) 
[6, 12]. In Middle East, Saudi Arabia (12.2%), Lebanon (20%), 
Egypt (37.5%), Israel (79%), and Turkey (50%), Jordan (80%) [3] 
and Pakistan (36%) [10]. The acquisition of the multi drug re-
sistant K. pneumoniae infection in our data showed that lower 
extreme of age, who have underdeveloped immunity and are 
therefore more likely susceptible to infections with opportunistic 
pathogens such as K. pneumoniae. In all ICUs, prevalence of 
ESBL and KPCs producers were also elevated because of their 
debilitated conditions, likely to need ventilatory assistance, and 
had greater exposure to various antimicrobial agents. Other risk 
factors such as male gender, intravascular and urinary catheteri-
sation, mechanical ventilation, prior surgery. Most of these pa-
tients have been previously hospitalized at other institutions and 
subjected to different therapies including prenatal antibiotics. Be-
cause of the complicated nature of their conditions, many patients 
admitted have prolonged hospitalizations, several invasive proce-
dures, and extensive antibiotic treatments.  
All these factors may contribute to the patient’s acquisition of mul-
tidrug resistant bacteria.   
KPCs and ESBLs producers were found to be parallel resistant to 
broad spectrum antimicrobials classes, indicating that co-transfer 
of a genes accounting for resistance to these antibiotics. Various 
studies have reported increased isolation and increased rates of 
nosocomial infections with ESBL producing K. pneumoniae in 
their neonatal and pediatrics patients both from developed and 
developing countries [2,12,18,35].  
Our study presents bacteraemic isolates from medicine and sur-
gery wards were more likely to be associated with ESBLs and 
KPCs production as compared to non bacteraemic isolates [14]. 
Urinary isolates also have greater percentage in association of 
ESBLs and KPCs production. Nitrofurantoin showed excellent 
susceptibility to urinary isolated. All KPCs producing isolates from 
our data showed susceptibility to tigecycline and polymyxin B in 
vitro antimicrobial susceptibility testing. Most published experi-
ence of treatment of infection due to KPC-producing organisms is 
with tigecycline, a polymyxin (polymyxin B or colistin), or their 

combination, with variable reported outcomes. Monotherapy, how-
ever, may be associated with persistent infection and the emer-
gence of antibiotic resistance. Recurrence of an empyema due to 
a KPC-producing K. pneumoniae during treatment with tigecycline 
was associated with an increase in MIC from 0.75 to 2.0 μg/mL 
[34]. Elemam and colleagues [8] recently reported two patients 
with infections due to K. pneumoniae isolates resistant to all anti-
biotics tested, including tigecycline and polymyxin B, with both 
isolates having developed progressive increases in the MIC to 
polymyxin B during treatment with this antibiotic [27, 30].  
Our data have certain limitations, as collected data were not from 
programmed survey of drug resistance but obtained from routine 
analysis of specimens submitted to the laboratory therefore is 
subjected to sampling bias. Secondly phenotypically confirmed 
ESBLs and KPCs isolates should have confirmed by molecular 
methods with specific primers to do characterization for under-
standing their molecular epidemiology and clinical outcome. Nev-
ertheless, despite these limitations these observations provide 
some insight into the epidemiology and the clinical importance of 
this new threat: namely ESBLs and KPC-producing K. pneumoni-
ae. 
 
Conclusion 
To manage the burden of ESBL-producing pathogens, suitable 
infection control interventions should be implemented for all pa-
tients who are infected or colonized with ESBL and KPCs produc-
ing bacteria. These interventions include effective hand hygiene 
and instituting contact precautions for all colonized and infected 
patients. However there is a serious need to accentuate on the 
rational use of antimicrobials and strictly adhere to the concept of 
the “reserve drugs” to minimize the misuse of available antimicro-
bials. In addition regular antimicrobials susceptibility surveillance, 
knowledge and its application is essential to reduced current drug 
resistance rate in hospital as well as in community.  
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