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Abstract:  
Background: Isolates of Klebsiella pneumoniae resistant to Carbapenem appears to be most commonly 
transmitted by hospitalized patients. This may cause infections which lead to mortality.. 
Objective: To investigate the molecular characterization of carbapenem-resistant Klebsiella pneumoniae 
isolates from various clinical samples. 
Materials and Methods: The present study was conducted in Pacific Medical College and Hospital. Udaipur, 
Rajasthan, india.156 consecutive non-repetitive, clinically significant isolates of Klebsiella pneumoniae from 
various clinical specimens was included in the study. In our study we included clinical samples i.e Urine, Bron-
chial aspirate, Blood, Pus, Pleural fluid and Sputum. Clinical samples were collected aseptically and transport to 
Microbiology lab. For the isolation of Klebsiella pneumonia specimens were inoculated onto Nutrient agar, 
Blood agar and MacConkey agar plates. All plates were incubated aerobically at 37°C and observed    for micro-
bial growth at 24 and 48 hours.        
Results: Our study indicates that out of 156 isolates of Klebsiella pneumonia, 78 (50%) were isolated from 
urine samples, 18 (11.53%) were isolated from bronchial aspirate samples. 32 (20.51%) were isolated from spu-
tum culture, 10 (6.41%) were isolated from pleural fluid. 10 (6.41%) were isolated from blood culture, 8 
(5.12%) were isolated from pus culture. Highest resistance pattern of Klebsiella Pneumonia was observed 
against Erythromycin (66.66%) followed by Polymixin B (65.38%), Ampilcilin (61.53%), Amikacin (58.97%) 
and Gentamycin (53.84) respectively. 
Conclusion: Our research highlighted high incidence rates for carbapenem-resistant Klebsiella pneumoniae in 
our tertiary care hospital. Klebsiella pneumoniae increases resistance to the carbapenem group of antimicrobials 
by producing carbapenemase. For the reservoir of resistance, carbapenemase non-producing isolates act to MBL 
and KPC production, which were associated with increased mortality and morbidity and can spread within 
healthcare settings and communities.  
Keywords: Klebsiella pneumonia, carbapenemase, Resistant. 
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the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0) and the Budapest Open Access 
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Introduction 

Carbapenem-resistant Klebsiella pneumoniae 
(CRKP) comprise a set of Gram-negative bacteria 
that cause serious nosocomial infections, including 
pneumonia, meningitis, liver abscess, wound and 
urinary tract infections, especially in immune-
deficient patients. A World Health Organization 
report on antimicrobial resistance disclosed that 
CRKP has a worldwide geographic distribution, 
and that the prevalence of CRKP among Klebsiella 
pneumonia isolates exceeds 50%.Antibiotic 
resistance has become a serious global threat, this 
is mainly due to misuse, overuse of antibiotics and 
non-compliance with infection control 
protocols.[1,2,3] Carbapenems are used to treat 
severe infections caused by multidrug-resistant 

Enterobacteriaceae (including Klebsiella 
pneumonia). The emergence of carbapenemases 
and extended-spectrum beta-lactamases (ESBL) in 
K. pneumoniae has reduced bacterial sensitivity to 
almost all beta-lactams.[4] In recent times, 
development of antimicrobial resistance is rapidly 
changing, and the impending public health 
challenges these may cause in many health sectors 
need worldwide coordinated interventions. Many 
deaths have occurred as a result of this in Europe 
and the European Centre for Disease Prevention 
and Control (ECDC) had estimated that 25,000 
people may die each year from infections related to 
antimicrobial resistance. 

http://www.ijpcr.com/
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Material and Method: 

The present study was conducted in Pacific 
Medical College and Hospital. Udaipur. 

Sample size: 156 consecutive non-repetitive, 
clinically significant isolates of Klebsiella 
pneumoniae from various clinical specimens were 
included in the study. 

Isolation of Klebsiella pneumonia by adopting 
standard protocol: In systematic screening 
program for isolation of Klebsiella pneumonia 
clinical samples were collected from Inpatient 
Department (IPD) and Outpatient Department 
(OPD).  

In our study we included clinical samples i.e Urine, 
Bronchial aspirate, Blood, Pus, Pleural fluid and 
Sputum. Clinical samples were collected aseptical-
ly and transport to Microbiology lab. For the isola-
tion of Klebsiella pneumonia specimens were inoc-
ulated onto Nutrient agar, Blood agar and Mac-
Conkey agar plates. All plates were incubated aer-
obically at 37°C and observed for microbial growth 
at 24 and 48 hours.  

Antibiotic sensitivity Testing: In our research 
study total 156 isolates of Klebsiella Pneumonia 
were screened in the antibiotic susceptibility 
testing. The sensitivity or resistance of the 
organism was determined in accordance with the 
parameters provided by the Clinical and Laboratory 
Standards Institute (CLSI). 

Carbapenem resistance was confirmed by the 
phenotypic method. 

Detection of carbapenem resistant group by 
phenotypic method: The Klebsiella pneumoniae 
isolates that were resistant to Imipenem+EDTA as 
per CLSI interpretative Criteria (MIC ≥ 4) were 
subjected to phenotypic tests to find out 
carbapenemase production. The different 
phenotypic methods used are:  

1. Modified Hodge Test (MHT)  

2. Combined disc Test (CDT) 

1. Modified Hodge Test 

The Modified Hodge Test was performed 
according to CLSI guidelines. 0.5 Mcfarland 
standard suspension of Escherichia coli (ATCC 
25922) was prepared and then diluted with saline in 
1in 10 ratio. This diluted inoculum was swabbed on 
to Mueller Hinton agar to make a lawn culture as 
for disc diffusion method. The plate was allowed to 
dry for 3-10 minutes. Imipenem+EDTA disc was 
placed on the center of the plate. By using a 
standard inoculating loop, 3- 4 colonies of 
Klebsiella pneumoniae that grown overnight was 
taken and streaked as a straight line from the edge 
of the Imipenem+EDTA disc to the edge of the 
plate. The length of the streak was about 20- 25 
mm. The plate was incubated overnight at 37°C. 

2. Combined Disc Test (CDT)  

The Carbapenem resistant isolates were screened 
for Metallo Beta Lactamase by the combined disc 
(Imipenem 10µg +EDTA) method. The Mueller 
Hinton Agar plate was inoculated with 0.5 
Mcfarland suspension of test organism as lawn 
culture. Two discs – Imipenem (10 μg) and 
Imipenem / EDTA (10μg /750μg) (HiMedia) were 
placed on the plate 30mm apart from each other. 
Plates were incubated at 37°C for 16-18 hours. The 
zone of inhibition for the Imipenem and Imipenem-
EDTA discs were compared after 16 to 18 hours of 
incubation.  

Result 

As per our research protocol we analyzed 1000 
clinical samples i.e Urine, Bronchial aspirate, 
Blood, Pus, Pleural fluid and Sputum. Out of which 
156 samples were identified as Klebsiella 
pneumoniae on the basis of their specific 
characteristic features. These 156 samples of 
Klebsiella pneumoniae were further processed to 
check the antimicrobial resistant pattern. 

 

Table 1: Prevalence of Klebsiella pneumoniae isolate from various clinical samples 
 No. of sample tested  No. of isolates of Klebsiella pneumoniae  Prevalence 
 1000  156  15.6 % 
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Figure 1: Prevalence of Klebsiella pneumoniae in various clinical samples 

  
As table 1 and Figure 1 clearly indicated that from various clinical samples the prevalence of Klebsiella 
pneumoniae was 15.6 % 
 

Table 2: Number of Isolated Klebsiella pneumonia from different types of clinical samples 
S.No. Type of Clinical Sample Number of Isolated Klebsiella pneumonia Percentage 
1 Urine 78 50% 
2 Bronchial aspirate 18 11.53 
3 Sputum 32 20.51% 
4 Pleural fluid 10 6.41% 
5 Blood 10 6.41% 
6 Pus 8 5.12% 
 

 
Figure 2: Number of Isolated Klebsiella pneumonia from different types of clinical samples 
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Number of isolated Klebsiella pneumonia from 
different types of clinical samples: Our study 
clearly indicates that out of 156 isolates of 
Klebsiella pneumonia, 78 (50%) were isolated from 
urine samples, 18 (11.53%) were isolated from 
bronchial aspirate samples. 32 (20.51%) were iso-
lated from sputum culture, 10 (6.41%) were isolat-

ed from pleural fluid. 10 (6.41%) were isolated 
from blood culture, 8 (5.12%) were isolated from 
pus culture. (Table/ Figure 2) Our study clearly 
showed that the prevalence of Klebsiella Pneumo-
nia was higher in urine samples and was found 
lower in Pus. 

 
Table 3: IPD and OPD wise distribution of Klebsiella Pneumonia 

S.N. IPD department  Percentage   OPD department Percentage 
1.  107  68.58 %  49  31.42 % 
 

 
Figure 3: IPD and OPD wise distribution of Klebsiella Pneumonia 

 
Study Clearly reveled that maximum Klebsiella 
Pneumonia were isolated from IPD paitents as 
compare to OPD patients. Our findings clearly 
showed that the maximum number of Klebsiella 
pneumoniae was found in the urine samples in the 
IPD department. Bronchial aspirate and pleural 
fluid samples were collected from the IPD 
department only rest all samples i.e sputum; blood 
and pus were collected from both departments IPD 

as well as OPD. IPD and OPD wise distribution of 
Klebsiella Pneumonia: In our research study we 
find 156 of Klebsiella Pneumonia, Out of 156 
samples 107 which belong from indoor department 
that forms 68.58 percentage of sample and 
outpatients department contains 49 samples which 
form 31.41 percentage of total sample. (Table/ 
Figure 3) 

 
Table 4: Sample wise distribution of Klebsiella Pneumonia in IPD and OPD area 

S.No. Clinical Sample Department 
IPD OPD 

1 Urine (N = 78) 42 36 
2 Bronchial aspirate (N = 18) 18 0 
3 Sputum (N = 32) 24 8 
4 Pleural fluid (N = 10)  10 0 
5 Blood (N = 10) 7 3 
6 Pus (N = 8) 6 2 
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Figure 4: Sample wise distribution of Klebsiella Pneumonia in IPD and OPD area 

      
Maximum prevalence of Klebsiella pneumoniae 
was found in urine sample, less prevalence of 
Klebsiella pneumoniae was found in rest of the 
samples i.e. sputum, blood and pus. Since bronchial 
aspirate and pleural fluid samples were collected 
only in the IPD area, the prevalence of Klebsiella 

pneumoniae in them was found to be low. (Table / 
Figure 4)Sex wise distribution of Klebsiella 
Pneumonia in IPD and OPD area: Our study clearly 
revealed that maximum prevalence of Klebsiella 
Pneumonia was found in male patients as compared 
to female patients. 

 
Table 5: Sex wise distribution of Klebsiella Pneumonia in IPD and OPD area 

S.N. Sex  Department (IPD - N= 107)  Department (OPD - N=49) 
IPD Percentage OPD Percentage 

1. Male 76 71.02 28 57.14 
2. Female 31 28.97 21  42.85 
 

 
Figure 5: Sex wise distribution of Klebsiella Pneumonia in IPD and OPD area 
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The findings of the study revealed that the 
maximum prevalence of Klebsiella pneumoniae 
was found to be 71.02% in male patients in IPD, 
similarly the prevalence of Klebsiella pneumoniae 
was found to be 28.97% in female patients in IPD 
while the prevalence of Klebsiella pneumonia in 

OPD was 57.14% in male patients and 42.85% in 
female patients.  
Our study clearly shown that maximum prevalence 
of Klebsiella Pneumonia infection was seen in age 
group 41-60 followed by 21-40, >61 and 0-20 
respectively.

 
Table 6: Age wise distribution of patients with Klebsiella Pneumonia infection 

S.no Age Prevalence Klebsiella Pneumonia Percentage 
1 0-20  15 9.61 
2 21-40  31 19.87 
3 41-60  85 54.48 
4 >61  25 16.02 

 

 
Figure 6: Age wise distribution of patients with Klebsiella Pneumonia infection 

  
Data obtained from the study clearly indicates that 
the maximum number of Klebsiella Pneumonia was 
found in age group 41-60 while the minimum 
prevalence of of Klebsiella Pneumonia was found 
in the age group 0-20. Antimicrobial sensitivity 
pattern of Klebsiella Pneumonia: In our research 

study total 156 isolates of Klebsiella Pneumonia 
were screened in the antibiotic susceptibility 
testing. The sensitivity or resistance of the 
organism was determined in accordance with the 
parameters provided by the Clinical and Laboratory 
Standards Institute (CLSI).

 
Table 7: Antibiogram of Klebsiella Pneumonia (N=156) isolate from various clinical sample 

 Antibiotics Antibiotic 
disc concen-
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Number 
of re-
sistant 
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Percentage 
of resistant 
isolates 
(%) 

Number 
of sensi-
tive iso-
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Percentage 
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(%)  Group Name 

Aminiglycosides Amikacin 30 92 58.97 64 41.02 
Gentamicin 10 84 53.84 72 46.15 
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Cephalosporin Cefoxitin 30 52 33.33 104 66.66 

Cefixime+EDTA 30 28 17.94 128 82.05 
Ceprofloxacin 5 48 30.76 108 69.23 
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Penicillin & Beta 
lactamase inhibi-
tor 

Ampicillin 10 96 61.53 60 38.46 
Amoxycillin + 
Clavulanic Acid 
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Piperacillin + 
Tazobactam 

100/10 58 37.17 98 62.82 

Carbapenem Meropenem 10 53 33.97 103 66.02 
Ertapenem 10 59 37.82 97 62.17 
Imipenem 10 35 22.43 121 77.56 
Imipenem + 
EDTA 

10/750 18 11.53 138 88.46 

Polymixin Polymyxin B 300 102 65.38 54 34.61 
 

 
Figure 7: Antibiogram of Klebsiella Pneumonia (N=156) isolate from various clinical sample 

  
Our study clearly revealed that Klebsiella Pneumo-
nia isolated from various clinical samples showed 
different resistant pattern against different antibiot-
ics.   

Highest resistance pattern of Klebsiella Pneumonia 
was observed against Erythromycin (66.66%) fol-
lowed by Polymixin B (65.38%), Ampilcilin 
(61.53%), Amikacin (58.97%) and Gentamycin 
(53.84) respectively. Antibiotic Amoxycillin + 
Clavulanic acid showed 46.79% resistant pattern 
while Ertapenem showed 37.82% respectively. 
Similarly antibiotic Piperacillin + Tazobactum 
showed 37.17% and Erythromycin showed 37.17% 
resistant pattern. Antibiotic Meropenem showed 

33.97%, Cefoxitin showed 33.33%, Ciprofloxacin 
showed 30.76% and Levofloxacin showed 29.48% 
resistant pattern respectively. Resistant pattern 
showed by Imipinem was 22.43% while Cefexime 
+ EDTA showed 17.94% and lowest résistance 
pattern was found in Imipenem + EDTA i.e 
11.53% respectively. Carbapenemase Detection by 
Phenotypic Methods: According to our findings, 18 
Klebsiella pneumoniae showed resistance against 
Imipenem +EDTA. 

To confirm carbapenem resistance, Klebsiella 
pneumonia, which showed resistance to 
imipenem+EDTA by disk diffusion method, was 
tested by E-test to determine MIC values.

  
Table 8: MIC of Klebsiella pneumoniae by E-test 

MIC of Imipenem+EDTA  Number of Isolates  Percentage 
Susceptible ( ≤ 1) 8 44.44 
Intermediate (2) 0 0 
Resistant ( ≥ 4) 10 55.55 
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Figure 8: MIC of Klebsiella pneumoniae 

  
Our findings clearly showed that out of 18 
resistance isolates of Klebsilla pneumonia 8 
isolates had susceptible and within MIC range and 
10 isolates were showed resistance and not within 
the MIC value.  

None of the isolates showed intermediate. All the 
10 carbapenem resistance Klebsilla pneumonia was 
tested for the presence of carbapenemase enzyme 

by phenotypic methods i.e Modified Hodge Test 
(MHT) and Combined Disc Test (CDT). 

(Table 8/ Figure 8) 

1. Modified Hodge Test (MHT)  

Carbapenem resistance Klebsilla pneumonia was 
further tested by Modified Hodge Test (MHT) to 
check the production of carbapenemase enzyme.

 
Table 9: Modified Hodge Test (N=10) 

Modified Hodge Test  Number of isolates  Percentage 
Positive  6 60 
Negative  4 40 
Total  10 100 
  

 
Figure 9: Modified Hodge Test 
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Findings from our result clearly indicate that among the 10 isolates of Klebsilla pneumonia 6 were showed 
positive result while 4 isolates were negative for Modified Hodge Test.(Table/Graph 9) 

2. Combined Disc Test (CDT) 

Carbapenem resistance Klebsilla pneumonia was further screened by the combined disc (Imipenem+EDTA) 
method. 
 

Table 10: Combined Disc Test 
Combined Disk Test  Number of isolates Percentage 
Positive  7 70 
Negative  3 30 
Total  10 100 
 

 
Figure 10: Combined Disc Test 

  
 Findings from our result clearly indicate that among the 10 isolates of Klebsilla pneumonia 7 were showed 
positive result while 3 isolates were negative for Combined Disc Test. (Table / Figure 10) 
  

Table 10: Comparison of phenotypic test in detection of carbapenemas 
Phenotypic Test  Positive Isolates  Negative Isolates  Total Isolates 

 Number  Percentage  Number  Percentage 
Modified Hodge Test 6 60 4 40  10 
Combined Disc Test 7 70 3 30  10 
  

Positive Negative Total
                 Number of isolates 7 3 10
Percentage 70 30 100
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Figure 10: Comparison of phenotypic test in detection of carbapenemas 

  
Comparison of phenotypic test in detection of 
carbapenemas: Findings from the study showed 
that 6 (60%) isolates of Klebsilla pneumonia 
positive for Modified Hodge Test and 7 (70%) 
isolates showed positive for Combined Disc Test. 
So it is found that Combined Disc Test has 
identified maximum number of carbapenemase 
producing Klebsilla pneumonia with a sensitivity of 
70%. Among the phenotypic tests combined disc 
test has detected more number of carbapenemases 
than MHT. 

Discussion 

Klebsiella pneumoniae are the significant causes of 
nosocomial infections and carbapenems are 
considered as the drug of choice in such cases. 
Nowadays Carbapenem resistance in Klebsiella 
pneumoniae is an emerging problem and is a cause 
of concern because many of them are found to be 
resistant to most other antibiotics also.  

Klebsiella pneumoniae has been identified as one 
of the most popular causes of infections developed 
in hospitals and the community [5]. The appearance 
of, MDR and hvKP strains, as well as their rapid 
clinical propagation, is particularly concerning [6] 
because their resistance propagation is associated 
with mobile genetic components, which may 
additionally hold virulence factors, such as the 
capsule, siderophores, fimbriae, and 
lipopolysaccharides (LPS) [7]. Therefore, when 
highly pathogenic bacteria develop antibiotic 
resistance, the situation deteriorates [8]. Therefore, 
we analyzed the frequency of carbapenem-resistant 
Klebsiella pneumoniae in our tertiary care hospitals 
to better understand its dangers. Our findings show 

that, 78 (50%) were isolated from urine samples, 18 
(11.53%) were isolated from bronchial aspirate 
samples. 32 (20.51%) were isolated from sputum 
culture, 10 (6.41%) were isolated from pleural 
fluid. 10 (6.41%) were isolated from blood culture, 
8 (5.12%) were isolated from pus culture. Our 
results are similar to those of a study conducted at 
Al-Azhar University, Egypt [9]. Additionally, 
further research carried out in Uganda concluded 
that most K. pneumoniae isolates were obtained 
from urine. However, a study in New York 
conducted by Parrott et al. [10] confirmed that most 
Klebsiella pneumoniae isolates were recovered 
from blood culture, followed by wound swabs. 
Additionally, Palmeiro et al. [11] found that blood 
specimens yielded the highest number of isolates. 
Furthermore, Sedighi P et al. [12] found that throat, 
urine, and tracheal swabs were the most prevalent 
samples, while wound, blood, sputum, and abscess 
cultures showed the least amounts of isolates. This 
variation in results may be explained by variations 
in sample type and case count, sampling 
conditions, sampling times, sampling locations, 
sampling countries, and patient general health. In 
our research study we find that, Out of 156 
Klebsiella Pneumonia 107 which belongs from 
indoor department that forms 68.58 percentage of 
sample and outpatients department contains 49 
samples which form 31.41 percentage of total 
sample. Study clearly indicated that IPD patients 
were more prone to Klebsiella Pneumonia 
infection. 

The findings of the study revealed that the 
maximum prevalence of Klebsiella pneumoniae 
was found to be 71.02% in male patients in IPD, 
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similarly the prevalence of Klebsiella pneumoniae 
was found to be 28.97% in female patients in IPD 
while the prevalence of Klebsiella pneumonia in 
OPD was 57.14% in male patients and 42.85% in 
female patients. Our study clearly shown that 
maximum prevalence of Klebsiella Pneumonia 
infection was seen in age group 41-60 followed by 
21-40, >61 and 0-20 respectively. Our study clearly 
revealed that Klebsiella Pneumonia isolated from 
various clinical samples showed different resistant 
pattern against different antibiotics. Highest 
resistance pattern of Klebsiella Pneumonia was 
observed against Erythromycin (66.66%) followed 
by Polymixin B (65.38%), Ampilcilin (61.53%), 
Amikacin (58.97%) and Gentamycin (53.84) 
respectively. Antibiotic Amoxycillin + Clavulanic 
acid showed 46.79% resistant pattern while 
Ertapenem showed 37.82% respectively. Similarly 
antibiotic Piperacillin + Tazobactum showed 
37.17% and Erythromycin showed 37.17% 
resistant pattern. Antibiotic Meropenem showed 
33.97%, Cefoxitin showed 33.33%, Ciprofloxacin 
showed 30.76% and Levofloxacin showed 29.48% 
resistant pattern respectively. Resistant pattern 
showed by Imipinem was 22.43% while Cefexime 
+ EDTA showed 17.94% and lowest résistance 
pattern was found in Imipenem + EDTA i.e 
11.53% respectively. 

The Carbapenem resistant isolates were screened 
for carbapenemase producers by MHT and CDT. 
Among 10 isolates 6 were positive for Modified 
Hodge Test and 4 were shown negative result. 
Similarly among 10 isolates 7 were positive for 
Combined Disk Test and 3 were shown negative 
result. Result clearly revealed that among the two 
phenotypic tests combined Disc Test has identified 
maximum number of carbapenemase producing 
Klebsiella pneumoniae with a sensitivity of 70%. 

Conclusion 

Our research highlighted high incidence rates for 
carbapenem-resistant Klebsiella pneumoniae in our 
tertiary care hospital. Klebsiella pneumoniae 
increases resistance to the carbapenem group of 
antimicrobials by producing carbapenemase. For 
the reservoir of resistance, carbapenemase non-
producing isolates act to MBL and KPC 
production, which were associated with increased 
mortality and morbidity and can spread within 
healthcare settings and communities. Simultaneous 
detection of these resistance patterns of MBL and 
KPC-producing Klebsiella isolates can be 
controlled by early detection and antibiotic policies 
by curtailing the injudicious use of antibiotics.  

The cross-transmission of multidrug resistant 
organisms would prevent the emergence and 
implementation of antimicrobial stewardship. 
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