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PREVALENCE OF ESBL IN Klebsiella Sp. AND ITS 

ANTIBIOTIC RESISTANCE PATTERN FROM 

VARIOUS CLINICAL SAMPLES IN A TERTIARY 

CARE HOSPITAL 

 

ABSTRACT 

Background: Klebsiella infection presents a global medical challenge because it is an important 

opportunistic GNB in health care institutions. The isolation and identification of resistance 

pattern of Klebsiella infections helps in selection of appropriate antibiotics, reducing the 

morbidity and mortality of patients and reducing the spread of resistant strains in the community 

Objective: The present study was carried out to investigate the prevalence of ESBL in Klebsiella 

species and its antibiotic resistance pattern from various clinical samples. 

Method: Specimens like urine, blood, sputum, pus, wound swab, tracheal aspirates  

Microbes from urine, blood, sputum, pus, wound swab, and tracheal aspirates after preparation and 

cultivation, and isolationwere cultured and organisms were identified by Gram’s staining and 

various biochemical reactions. Antibiotic susceptibility testing was done including third generation 

of cephalosporins and the resistant were done by Double disc synergy test (DDST) and Combined 

disc diffusion test (CDDT). 

Result: Klebsiella pneumoniae subsp. aerogenes (48%) was the most common species isolated 

followed by Klebsiella oxytoca (46%), Klebsiella pneumoniae subsp pneumoniae (6%). Among 

100 isolates of Klebsiella spp., 53(53%) isolates were ESBL producers. Of the 53(53%) ESBL 

isolates, 46(46%) isolates showed ESBL production by double disk synergy test and 51(51%) by 

combined disk diffusion test.  

Conclusion: Most of Klebsiella ESBL positive isolates were observed in pus sample. 

Combined disc diffusion test demonstratedis more effectivitye than double disc diffusion test. 

So, CDDT being simple and cheaper method should be included in the microbiology 

laboratories as a routine test for early deduction of ESBL producing organisms in specimen 

from critically ill patients. 

KEYWORDS: Klebsiella, ESBL, Antibiotic susceptibility testing, CDDT, OPD, DDST 

 

1. INTRODUCTION 
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Genus Klebsiella under Enterobacteriaceae family has some medically very important species 

like Klebsiella pneumoniae and Klebsiella oxytoca. They are one of the frequent extended 

spectrum beta-lactamase (ESBL) producers among gram-negative bacteria.
[1]

 As there is no 

centralized national data in India, the prevalence of ESBL producing Klebsiella spp. is obtained 

from various scattered publication across the country. This diverges widely from 10.10% to 

87.00%, so it is important to do periodic surveillance at each institutional level to monitor the 

prevalence of ESBL producers and take measures to contain their spread.This study will help to 

identify the Prevalence of ESBL producing Klebsiella spp. and their susceptibility pattern in a 

tertiary care hospital.
 [2]   

The majority of Enterobacteriaceae strains are residing in the intestine 

of human and animals and few species are found in water and soil. The human pathogens, 

including Escherichia coli and Klebsiella pneumoniae are playing critical roles since they cause 

various types of infections, such as bacteremia, infection in central nervous system, urinary tract 

infection (UTI), diarrhea and severe hospital-acquired infection.
 [3] 

Phenotypic confirmatory test 

using both Ceftazidime/ Ceftazidime-Clavulanic acid (CAZ/CAC) (30/10µg) used to confirm 

presence of ESBL among isolates positive on screening. The screening will be interpreted as 

positive as per guidelines of Clinical and Laboratory Standards Institute (CLSI). 
[4]

 Hospital 

colonization by ESBL producing Klebsiella spp. is usually a complex phenomenon involving 

many different mechanisms. Severity of illness, prolonged hospital stay, ICU, urinary or arterial 

catheterization, mechanical ventilation and intubation this includes under specific risk factors.
[5] 

Hence the present study was undertaken to study the Prevalence of ESBL in Klebsiella species 

and their Antibiotic Resistance pattern from various clinical samples. 

 

2. MATERIAL AND METHODS 

The present study of “Prevalence of ESBL producing Klebsiella spp. in various clinical samples” 

was carried out in the department of Microbiology, Krishna Institute of Medical Sciences and 

Krishna Hospital and Medical Research Centre, Karad, during the period from Nov. 2019 to Nov. 

2021. Researchs are done in the laboratories, not department 

2.1. Study Period  

The study was conducted from Nov. 2019 to Nov. 2021. 

2.2. Study design 

 Prospective, Observational study. 

2.3. Sample size: 

 As per the study undertaken by Dr. Jigar Gunsani and et al., in the Department of Microbiology, 

Adani, Gujarat, Institute of Medical Sciences, Bhuj, Kutch, Gujarat, India, showed the prevalence 

of bacteria in their study was at 49.46%. Thus, referring to their prevalence rate in below formula 

used to calculate sample size, 

Formatted: Font color: Red

Formatted: Font color: Red

Formatted: Font color: Red

Formatted: Font: Italic

Formatted: Font color: Red

Formatted: Font color: Green

Formatted: Font color: Red



 

 

n = 4pq/L
2
 , L = 10% 

Where, 

p = Prevalence (49.46%) and q = 100-p = 100-49.46 = 50.54 

L = allowable error (10) 

n = 4⁭×49.46×50.54 

              100 

n = 99.98 = 100 

Thus, to fit the size of sample in given study, sample size taken was 100 samples. 

2.4. Study population: 

100 Klebsiella spp. were non repetitive isolates from various sample collected from all age groups 

and both the sexes admitted to Krishna Hospital and Medical Research Centre Karad, which is a 

tertiary care hospital from Dec. 2020 to April 2021. 

2.5. Inclusion criteria 

▪ Isolates of Klebsiella spp. from all clinical samples received in the laboratory were included.  

• Patient of both sexes included. 

2.6. Exclusion criteria 

Isolates other than Klebsiella spp. from clinical sample were excluded.  

2.7. Data collection 

• Data were collected from the patients included in the study using a preformed structured 

questionnaire.  

• Details such as name, age, sex, address, IPD no etc. and other information like date of admission, 

clinical diagnosis, and duration of hospitalization were collected. 

2.8. Specimen collection 

Clinical samples including pus, sputum, wound swab, blood, urine and body fluids from patients 

with active infection were received from hospitalized patients i.e., surgical, medical, intensive care 

unit and outpatient department. 

2.9. Processing of sample 

2.9.1. Culture – All clinical specimens received in the laboratory were inoculated on following 

culture media. 

• Blood agar 

• Mac Conkey agar  

• Nutrient agar 

2.9.2. Colony morphology  

Formatted: Font color: Green

Formatted: Font color: Red



 

 

● Mac Conkey agar – mucoid lactose fermenting colonies. 

● Nutrient agar – mucoid, with smooth surface, large sized greyish white and opaque colonies 

without any pigmentation without any specific odor. 

● Blood agar – mucoid, circular colonies without hemolysis. 

● mentioned nothing about isolation 

 

2.9.3. Microscopy – Gram stain  

● Smears were heat fixed. 

● Covered with Gentian violet for 1 min. 

● Washed and covered with Gram’s iodine for 30 seconds. 

● Washed and decolorized with Acetone. 

● Washed and counterstained with Safranin for 30 seconds. 

● Washed with water, dried and observed under oil immersion 100X. 

2.9.4. Biochemical characteristics of Klebsiella species 

• This are still being used for species identification of isolated bacteria from clinical samples. 

• Klebsiella is non-motile and usually produce a prominent acidic polysaccharide-based capsule  

• Biochemical characterization done for the identification of Klebsiella species 

Test procedure  

2.9.4.1. Nitrate reduction test 

● Nitrate broth was inoculated with test culture and incubated for 96 hours. 

● Immediately before use, mix equal volumes of solution A (sulfanilic acid) and (a- naphthy -

lamine) to give test reagent. 

● Add 0.1 ml of the test reagent to test culture. 

● A red colour developing within 3 minutes indicated the presence of nitrate and hence the ability of 

the organism to reduce nitrate. 

2.9.4.2. Indole test  

● Peptone water broth was inoculated with test culture and incubated for 48 hours at 37
0
c. 

● 0.5ml of Kovac’s reagent was added and shaken gently. 

● A red color in the alcohol layer indicated a positive reaction. 
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● Kovac’s reagent was prepared by dissolving 10g of p-dimethly-amino benzaldehyde in 150ml of 

amyl alcohol. Later 50ml of concentrated hydrochloric acid was added slowly. 

2.9.4.3. Methyl red test 

● Glucose phosphate peptone water was inoculated with the young test culture and incubated at 37
0
c 

for 48 hours. 

● Five drops of methyl red reagent were added and mixed. 

● Formation of bright red color was taken as positive reaction and development of yellow colour was 

taken as negative reaction. 

● If the results after 48 hours were equivocal, the test was repeated with cultures that have been 

incubated for 5 days. 

● Methyl red solution was prepared by dissolving 0.1g of methyl red in 300ml of ethanol and 200ml 

of distilled water. 

2.9.4.4. Voges – Proskauer test 

● Glucose phosphate peptone water was inoculated with young agar test culture and was incubated at 

37
0
c or 30

0
c for 48 hours. Specify 

● 1ml of 40% potassium hydroxide and 3ml of 5% solution of a-naphthol in absolute ethanol were 

added. 

● A positive reaction was indicated by the development of a pink color in 2-5min., becoming 

crimson in 30min. 

● The tube was shaken at intervals to ensure maximum aeration. 

2.9.4.5. Citrate utilization test 

● Simmons’ citrate medium – A modification of Koser’s medium with agar and indicator added. 

● Simmons’ citrate medium was inoculated with saline suspension of the organism to be tested and 

was incubated at 37
0
c for 96 hours. 

● A positive reaction was indicated by blue color and streak of growth. A negative reaction, if 

original green colour and no growth were seen. 

  

●  

2.9.4.6. Urease test 
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● Christensen’s medium was inoculated heavily over the entire slope surface with the test culture and 

incubated at 37
0
c and examined after 4 hours and after overnight incubation. 

● Urease positive cultures change the colour of the indicator to purple pink. 

2.9.4.7. Triple Sugar iron agar test 

● TSI medium contains 10 parts lactose; 1 part glucose and peptone. Phenol red ferrous sulphates 

serve as indicators of acidification and H2S formation, respectively. 

● With a straight inoculation needle, top of well- isolated colony was touched and inoculated into 

TSI media by first stabbing through the center of the medium to the bottom of the tube and then 

streaking the surface of the agar slant and was incubated 35c in ambient air for 18 to 24 hours. 

The results were interpreted as follows: 

 

1. Alkaline slant/ No change in butt (K/ No change) - glucose, lactose and  sucrose Non-

utilizers. 

2. Alkaline slant / Acid butt (K/A) non-utilizers- glucose fermentation only. 

3. Acid slant /Acid butt (A/A) - glucose, sucrose and/or                  Lactose fermenter. 

A black precipitate in the butt indicated production of ferrous sulphide and H₂ S gas. Bubbles 

or cracks in the tube indicated the production of CO₂ or H₂.  

C o l l e c t i o n  o f  s p e c i m e n s ,  p r e p a r a t i o n ,  i s o l a t i o n  a n d  a l l  m e t h o d s  

d e s c r i b e d  a b o v e  h a v e  n o  c i t a t i o n s .  

 

3. ANTIMICROBIAL SUSCEPTIBILITY TEST 

Antimicrobial susceptibility testing of isolates was performed on Mueller Hinton agar using the 

Kirby-Bauer disc diffusion method as recommended by Clinical and Laboratory Standard Institute 

(CLSI 2020.)  

Control used was:  

❑ Klebsiella pneumoniae ATCC 700603  

3.1. Inoculums Preparation 

 Four to five colonies of the same morphology were selected from an agar culture plate. With a 

sterile bacteriological loop, the growth was inoculated into broth medium which was incubated for 

3 to 5 hours to achieve a turbid suspension. This was compared with 0.5 McFarland standards. 

3.1.1. 0.5 McFarland Turbidity standard preparation 

This was prepared by adding 0.05ml of 1% anhydrous BaCl2 to 9.95 ml of 1% H2SO4 in a test 

tube, which was sealed and kept in refrigerator. 
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3.2. Inoculation and incubation 

The sensitivity to common antibiotics was done by Kirby Bauer disc diffusion method 

recommended by CLSI 2020.                                                           

Control strains used were  

Positive control: -Klebsiella pneumoniae ATCC 700603 

Negative control: -Escherichia coli ATCC 25922. 

A swab was submerged in bacterial suspension and was inoculated on Mueller Hinton agar plate. 

The surface of the plate was swabbed in three directions so that there was even and completes 

distribution of the inoculums. Within 15 minutes of inoculation, antibiotic discs were applied using 

a sterile forceps. The antimicrobial discs used were procured from Himedia, were dispensed onto 

the surface of the inoculated agar plate using sterile forceps. Each disc was pressed down to ensure 

complete contact with the agar surface. Then plates were inverted for incubation as accumulation 

of moisture leads to interference in test interpretation. Incubation was at 37ºC for 24 hrs after 

which, the zone of inhibition was measured by using zone measuring scale and interpreted as per 

the CLSI standards.  

Table 1: Antibiotic for Klebsiella species 

Antibiotics Disc content Sensitive ( 

%) 

Intermediate ( 

%) 

Resistant% 

Amikacin 30 ug 17 15-16 14 

Ciprofloxacin 5 ug 26 22-25 21 

Cefepime 30 ug 25 19-24 18 

Piperacillin/Tazobactam 100/10 ug 21 18-20 17 

Imipenem 10 ug 23 20-22 19 

Cotrimoxazole 1.25/23.75 ug 16 11-15 10 

Cefotaxime 30 ug 26 23-25 22 

Ceftazidime 30 ug 21 18-20 17 

 

3.3. Detection of extended spectrum beta lactamse (ESBL) production  

3.3.1. Screening method:  

Multi drug resistant gram-negative bacilli will be were subjected to various tests for the detection 

of ESBL. Gram negative bacilli isolatesd will be suspected to be an ESBL producer if it will be 

were resistant to the following drugs: Aztreonam (30ug) =27mm, Cephotaxime (30ug) =27mm, 
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Cefodoxime (10ug) =21mm, Ceftazidime (30ug) =22mm, and Ceftriaxone (30ug) =25mm.                                                                                    

Confirmation of ESBL production will be tested in gram negative bacilli by phenotypic methods. 

3.3.2. Phenotypic methods:  

Control strains: 

Positive control: - Klebsiella pneumoniae ATCC 700603  

Negative control: - Escherichia coli ATCC 25922 

3.3.2.1. DOUBLE DISC SYNERGY TEST:  

Inoculums of test and control organism will be were prepared and matched with turbidity 0.5 

McFarland standard.  

• Test and control organism will be inoculated on Muller-Hinton agar plates. 

• Ceftazidime 30 ug disc and an Amoxicillin + Clavulanic acid (20ug + 10 ug) disc will be placed 20 

mm apart, centre to centre and incubated aerobically, at 370 c for 16-18 hrs. 

• ESBL production: Zone of inhibition around the Ceftazidime disc increases towards the Clavulanic 

acid disc, in an ESBL producer.  

• Present in reported speech and cite appropriate literature. 

3.3.2.2. COMBINED DISC DIFFUSION TEST:  

• Inoculums of test and control organism will be prepared and matched with turbidity 0.5   

McFarland standard. 

• Test and control organism will be inoculated on Muller-Hinton agar plates.  

• Pairs of disks containing extended spectrum Cephalosporin, Cefotaxime (CETX SD040 Lot 

138760) Ceftazidime (CEZ SD062 Lot 139007) and with Clavulanic acid (CEC30/40 SED 724 Lot 

139010 CAC30/10 SD 207 Lot 139121) will be placed on opposite sides. Zones of inhibition will 

be measured following incubation at 370C for 16-18 hrs. 

• ESBL production: Test organism is an ESBL producer if, the zone of inhibition around the 

combination disc is at least 5mm larger than that of the Cephalosporin alone. 

Present in reported speech and cite appropriate literature. 

4. OBSERVATION AND RESULT 

Over a period of 1-year, bacterial isolates obtained from patients admitted in various medical, 

surgical and intensive care units were studied in the Department of Microbiology Laboratory?, 

Krishna Institute of Medical Sciences, Deemed University, Karad. 
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TABLE 2: - Age and gender wise distribution of Klebsiella 

 

 

 

 

 

 

 

 

 

 

Age group 

(year) 

Male 

(n)% 

Female 

(n)% 

Total 

(n) 

Percentage 

( % ) 

0- 20 9 (13.04) 11(35.48) 20 20 

20-40 20 (28.98) 9 (29.03) 29 29 

40-60 34(49.27) 9(29.03) 43 43 

>60 6(8.69) 2(6.45) 8 8 

Total (n) 
69 

(69) 

31 

(31) 
100 100 



 

 

Present your table  appropriately, see table 1. for example.  

 

Table 2 shows:  

• Age and gender wise distribution of Klebsiella - Maximum isolates were from 40-60 age group, 

49.27%, followed by 20-40 age group, 28.98%, 0-20 age group, 13.04%, >60 age group, 8.69%.  

• In females, maximum isolates were from 0-20 age group, 35.48%, followed by 20-40 age group, 

29.03%, 40-60 age group, 29.03%, >60 age group, 6.45%.  

• In males, maximum isolates were from 40-60 age group, 49.27%, followed by 20-40 age group, 

28.98%, 0-20 age group, 13.04%, >60 age group, 8.69%. 

• Demographic characteristics should have been better presented, chats unnecessary. 

Table 3: Biochemical characteristics of Klebsiella species: 

      Species Iodole Gas VP Cit. Ure. Lac. Mal. 

Klebsiella pneumonia 

Subsp pneumonia 

- + - + + + + 

Klebsiella pneumonia 

Subsp aerogenes 

- + + + + + + 

Klebsiella oxytoca + + + + + + + 

9 

20 

34 

6 

11 
9 9 

2 

0-20 20-40 40-60 >60 

Age and Gender wise distribution of Klebsiella 

Male Female 
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Klebsiella pneumonia 

subsp ozaenae 

- V - V - v - 

 

TABLE 4: Sample wise distribution of Klebsiella: 

 

 

 

 

 

 

 

Table  4 shows sample wise distribution of Klebsiella. Majority of the isolates were from Pus 39 

(39%) followed by Urine 25(25%), Sputum 13 (13%), Body fluids 11 (11%), Tracheal aspirates 8 

(8%), Blood 2 (2%), CSF 2 (2%)  

 

TABLE 5: - Distribution of samples obtained from different indoor departments of hospital. 

39% 

25% 

13% 

11% 

8% 2% 

2% 

Distribution of Klebsiella isolates from various clinical samples

Specimens Total Percentage % 

Pus 39 39 

Urine 25 25 

Sputum 13 13 

Body fluids 11 11 

Tracheal aspirates 8 8 

Blood 2 2 

CSF 2 2 

Total (n) 100 100% 

IPD Wards 

 

Samples 

(n) 

Percentage 

( % ) 

Medicine 51 54.25 



 

 

re-arrange the tables, combine table 4, 5, 6 and change numenclature 

 

 

 

Table 5 shows distribution of samples obtained from different department of IPD section of 

hospital. Maximum isolates were from Medicine 51 (54.25%) followed by Surgery 25 (26.59%), 

CVTS 14(14.89%), Pediatric NICU 3 (3.19%), Cardio 1 (1.06%).  

 

TABLE 6: - Distribution of samples obtained from different departments of outdoor section 

of hospital.  

54% 

27% 

3% 
1% 

15% 

Distribution of samples obtained from different department of IPD 

Medicine 

Surgery 

Pediatric(NICU) 

Cardio 

CVTS 

Surgery 25 26.59 

CVTS 14 14.89 

Pediatric (NICU) 3 3.19 

Cardio 1 1.06 

Total 94 100 

OPD Wards 

 

Samples 

(n) 

Percentage 

( % ) 
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Table 6 shows distribution of samples obtained from different department of OPD section of 

hospital. Maximum isolates were from OBGY 3 (50%), followed by Medicine 2 (33.33%), 

Surgery1 (16.66%). 

 

TABLE 7: - Distribution of Klebsiella from ICU  

33% 

50% 

17% 

Distribution of Klebsiella from different dept. among OPD patients. 

Medicine 

OBG 

Surgery 

OBG 3 50 

Medicine 2 33.33 

Surgery 1 16.66 

Total 6 100 

ICU Ward 

 

Samples 

(n) 

Percentage 

( % ) 

Medicine 34 53.96 

Surgery 25 39.68 



 

 

 

 

 

Table 7 shows distribution of Klebsiella from ICU. Maximum isolates were from Medicine 34 

(53.96%), followed by Surgery 25 (39.68%), NICU 3 (4.76%), OBGY 1 (1.5%).  

 

TABLE 8: - Distribution of Klebsiella isolated in different department of hospital  

40% 

54% 

1% 

5% 

Distribution of Klebsiella from ICU 

Surgery 

Medicine 

OBG 

NICU 

NICU 3 4.76 

OBG 1 1.5 

Total 63 100 

IPD/OPD Wards 

 

Samples 

(n) 

Percentage 

( % ) 

Medicine 51 51 

Surgery 37 37 

OBG 5 5 

Pediatric (NICU) 3 3 

CVTS 3 3 



 

 

 

 

 

Table 8 shows distribution of Klebsiella isolates in different departments of hospital. Maximum 

isolates were from Medicine 51 (51%) followed by Surgery 37 (37%), OBG 5 (5%), Pediatric 3 

(3%), CVTS 3 (3%), Cardio 1 (1%).  

 

TABLE 9: Distribution of total isolates of Klebsiella by Combined disk diffusion test  

51 

37 

5 
3 3 

1 

0 

10 

20 

30 

40 

50 

60 

Distribution of Klebsiella  in different departments of hospital  

Series1 

Cardio 1 1 

Total 100 100 

Test 
Numbers  

(n) 

Percentage  

( % ) 

ESBL Positive 51 51 

ESBL Negative 49 49 



 

 

 

 

 

In this method of detection of ESBL producing Klebsiella, out of 100 samples 51 (51%) were 

ESBL producers and 49(49%) were non ESBL producers. 

TABLE 10:Gender wise distribution of ESBL by combined disk diffusion test  

ESBL Positive 

51% 

ESBL Negative 

49% 

Detection of ESBL by Combined disc difussion test 

ESBL Positive 

ESBL Negative 

Total 100 100 

Gender 
ESBL Positive 

(%) 

ESBL Negative 

(%) 

Male 41(80.39%) 28(57.14%) 

Female 10(19.60%) 21 (42.85%) 

Total 51 (100%) 49 (100%) 



 

 

 

 

 

Above graph shows gender wise distribution of Klebsiella. Highest number of ESBL production 

was observed in male’s i.e.  41(80.39) %, followed by females i.e., 28(57.14%) and non-ESBL 

producer 10(19.60%) in males and in females 21(42.85%)  

TABLE 11: Age wise distribution of ESBL by combined disk diffusion test  

Age group 

ESBL Positive ESBL Negative 

Number  

(n) 
Percentage (%) 

Number 

 (n) 
Percentage (%) 

0-20 14 27.45 6 12.24 

20-40 12 23.52 17 34.69 

40-60 20 39.21 23 46.93 

>60 5 9.80 3 6.12 

Total 51 100 49 100 

41 

28 

10 

21 

ESBL POSITIVE ESBL NEGATIVE 

Gender wise distribution of ESBL by combined disk diffusion test 

MALE  

FEMALE 



 

 

 

Out of 51 isolates of ESBL positive, highly affected age group was 40-60, showed 20 (39.21%) 

ESBL positive, followed by 0-20 age group showed 14 (27.45%) ESBL positive, 20-40 age group 

showed 12(23.52%) and in >60, 5 (9.80%).  

Out of 49 ESBL negative isolates, 23(46.93%) were observed in age group 40-60, followed by 20-

40 age group which showed 17(34.69%) ESBL negative, 0-20 age group showed 6(12.24%) ESBL 

negative, >60 age group showed 3(6.12%) ESBL negative.  

 

 

 

 

 

 

14 

12 

20 

5 
6 

17 

23 

3 

0-20 20-40 40-60 >60 

Age wise distribution of ESBL by combined disk diffusion test 

ESBL POSITIVE ESBL NEGATIVE 



 

 

TABLE 12: Age and gender wise distribution of ESBL positive by combined disk diffusion 

test.  

Age group 
CDDT Positive CDDT Negative 

Male (%) Female Male Female 

0-20 8(19.51%) 6(60%) 1(3.57%) 5(23.80%) 

20-40 11(26.82%) 1(10%) 9(32.14%) 8(38.09%) 

40-60 19(46.34%) 1(10%) 15(53.57%) 8(38.09%) 

>60 3(7.31%) 2(20%) 3(10.71%) 0(0%) 

Total 41(100%) 10(100%) 28(100%) 21(100%) 

(%) as above will make the table neat 

 

8 

6 

1 

5 

11 

1 

9 
8 

19 

1 

15 

8 

3 
2 

3 

0 
0 

2 

4 

6 

8 

10 

12 

14 

16 

18 

20 

 Positive Male Positive Female Negative Male Negative Female 

Age and gender wise distribution of Combined disk diffusion test 

0-20 20-40 40-60 >60 
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Maximum ESBL positive isolates observed in males, were in age group 40-60, ESBL positive rate 

19 (46.34%), followed by age group 20-40 showing 11(26.82%), age group 0-20, 8(19.51%) ESBL 

positive isolates. In males the lowest group of ESBL positive isolates was in >60 showing 

3(7.31%) isolates.  

In females, ESBL positive isolates observed in the age group 0-20, was 6(60%), followed by age 

groups >60 ,2(20%), age group 20-40 and 40-60 both showed 1(10%) of ESBL positive.   

Maximum ESBL negative isolates observed in males, were in age group 40-60, ESBL negative 

rate 15 (53.57%), followed by age group 20-40 showing 9(32.14%), age group >60 was 3(10.71%) 

ESBL negative isolates. In males, the lowest group of ESBL negative isolates was in age group 0-

20, showing 1(3.57%) isolate.  

In females, ESBL negative isolates observed in the age group 20-40 and 40-60 were 8(38.09%), 

followed by age groups 0-20,5(23.80%), with no ESBL negative isolates in the age group >60.  

TABLE 13: Distribution of ESBL by double disc synergy test.  

 

 

 

 

 

 

 

merge table 12, 13 and 14  

 

Test 
Numbers  

(n) 

Percentage  

( % ) 

ESBL Positive 46 46 

ESBL Negative 54 54 

Total 100 100 
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Out of 100 isolates of Klebsiella, 46 (46%) were ESBL positive and 54 (54%) ESBL negative 

isolates.  

TABLE 14: Gender wise distribution of ESBL by double disk synergy test. 

 

 

ESBL POSITIVE 

46% 
ESBL 

NEGATIVE 

54% 

Distribution of ESBL by double disk synergy test 

ESBL POSITIVE 

ESBL NEGATIVE 

Gender ESBL Positive ESBL Negative 

Male 38 (82.60%) 31 (57.40%) 

Female 8 (17.39%) 23(42.59%) 

Total 46 (100%) 54(100%) 



 

 

 

Out of 46 ESBL positive isolates, maximum ESBL positive isolates were observed in males 

38(82.60%) and in females 8(17.39%). Maximum ESBL negative isolates were observed in 

females 31 (57.40%), followed by males 23(42.59%)  

 

TABLE 15: Age wise distribution of ESBL by double disc synergy test. 

Age group 

ESBL Positive ESBL Negative 

Number  

(n) 
Percentage (%) 

Number 

 (n) 

Percentage 

 ( % ) 

0-20 13 28.26 3 5.55 

20-40 10 21.73 7 12.96 

40-60 18 39.13 19 35.18 

>60 5 10.86 25 46.29 

Total 46 100 54 100 
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Maximum ESBL positive isolates were observed in age group 40-60, 18(39.13%), followed by 0-

20 age group showing 13(28.26%), 20-40 age group showed 10(21.73%) ESBL positive isolates, 

minimum ESBL positive isolates were observed in >60 age group showing 5(10.86). 

Maximum ESBL negative isolates were observed in age group >60, 25(46.29%), followed by 40-

60 age group showing 19(35.18%), minimum ESBL negative isolates 3 (5.55%) were observed in 

20-40 age group.  

 

 

 

 

 

 

 

 

 

13 

10 

18 

5 

3 

7 

19 

25 

0-20 20-40 40-60 >60 

Age  wise distribution of ESBL by double disk synergy test 

ESBL Positive ESBL Negative 



 

 

TABLE 16: Age and gender wise distribution of ESBL producer by double disk synergy test.  

 

Age group 

ESBL POSITIVE ESBL NEGATIVE 

Male Female Male Female 

0-20 8(21.05%) 5(62.5%) 1(3.22%) 6(26.08%) 

20-40 10(26.31%) 0(0%) 10(32.25%) 9(39.13%) 

40-60 17(44.73%) 1(12.5%) 17(54.83%) 8(34.78%) 

>60 3(7.89%) 2(25%) 3(9.67%) 0(0%) 

Total 38(100%) 8(100%) 31(100%) 23(100%) 

 

 



 

 

 

Maximum ESBL positive isolates by DDST observed in male are in age group 40-60 showed 

17(44.73%) ESBL positive, followed by age group 20-40 showed 10(26.31%), in age group 0-20 

showed 8(21.05%) and in the age group >60 showed 3(7.89%).  

In females, maximum ESBL positive age group was 0-20 showed 5(62.5%) ESBL positive 

isolates, followed by age group >60 showed 2(25%), age group 40-60 showed 1(12.5%) ESBL 

positive isolates. The age groups 20-40 showed no (0%) ESBL positive isolates.  

Maximum ESBL negative isolates by DDST observed in males were in age group 40-60 showed 

17(54.83%) ESBL negative, followed by age group 20-40 showed 10(32.25%), in age group >60 

showed 3(9.67%) and in the age group 0-20 showed 1(3.22%).  

In females, maximum ESBL negative age group was 20-40, showed 9(39.13%) ESBL negative 

isolates, followed by age group 40-60 showed 8(34.78%), age group 0-20 showed 6(26.08%) 

ESBL negative isolates. The age groups >60 showed no (0%) ESBL negative isolates.  
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TABLE 17: Comparison of double disk synergy test (DDST) and combined disk diffusion test 

(CDDT)  

Result Double disc synergy test 
Combined disk diffusion  

test 

ESBL Positive 46 (46%) 51(51%) 

ESBL Negative 54 (54%) 49(49%) 

Total 100(100%) 100 (100%) 

 

 

The   ESBL positive isolates by combined disc diffusion test was 51(51%) and by double disc 

synergy test, 46 (46%). ESBL negative isolates by combined disc diffusion test was 49(49%) and 

by double disc synergy test, 54 (54%).  
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TABLE 18: Comparison of double disk synergy test (DDST) and combined disk diffusion test 

(CDDT) with screening test  

 

 

 

The   ESBL positive isolates by screening test was 51%, combined disc diffusion test was 51(51%) 

and by double disc synergy test 46 (46%). ESBL negative isolates by screening test was 49%, 

combined disc diffusion test was 49(49%) and by double disc synergy test 54 (54%).  
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Screening test DDST CDDT 

Comparison of DDST and CDDT with screening  test 

ESBL Positive ESBL Negative 

Result 

 

Screening Test 

 

Double disc synergy  

test 

Combined disk 

diffusion test 

ESBL Positive 51(51%) 46 (46%) 51(51%) 

ESBL Negative 49(49%) 54 (54%) 49(49%) 

Total 100 (100%) 100(100%) 100 (100%) 



 

 

TABLE 19: Antibiotic susceptibility pattern of Klebsiella in various clinical samples.  

 

Antibiotics Sensitive% Intermediate% Resistant% 

Amikacin 60(60%) 1(1%) 39(39%) 

Ciprofloxacin 24(24%) 0(0%) 76(76%) 

Cefepime 29(29%) 0(0%) 71(71%) 

Piperacillin/Tazobactam 69(69%) 1(1%) 30(30%) 

Imipenem 96(96%) 1(1%) 3(3%) 

Cotrimoxazole 16(16%) 1(1%) 83(83%) 

Cefotaxime 6(6%) 1(1%) 93(93%) 

Ceftazidime 12(12%) 0(0%) 88(88%) 

 

The bacterial isolates were tested against antimicrobial agents and their resistance pattern was 

observed. Klebsiella showed maximum sensitivity to Imipenem 96(96%) followed by 
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Piperacillin/Tazobactam 69(69%), whereas, maximum resistance was to Cefotaxime 93(93%), 

followed by Ceftazidime 88(88%), followed by Cotrimoxazole 83(83%).  

 

TABLE 20: Comparative study of antibiotic susceptibility pattern in both ESBL producer 

and ESBL non-producer.  

Antibiotics 

ESBL producer ESBL non producer 

Sensitive Intermediate Resistant Sensitive Intermediate Resistant 

Amikacin 33 1 17 27 0 22 

Ciprofloxacin 8 0 43 16 0 33 

Cefepime 12 0 39 17 0 32 

Piperacillin/ 

Tazobactum 
36 1 14 33 0 16 

Imipenem 49 0 2 47 1 1 

Cotrimoxazole 7 0 44 9 1 39 

Cefotaxime 0 1 50 6 0 43 

Ceftazidime 0 0 51 12 0 37 



 

 

 

The bacterial isolates were tested against antimicrobial agents and their resistance pattern was 

observed. ESBL producing Klebsiella showed maximum sensitivity to Imipenem 49(98%), 

followed by Piperacillin /Tazobactam 36(72%), whereas, maximum resistance was to Ceftazidime 

51(51%), followed by Cefotaxime 50(50%) in ESBL producers. The bacterial isolates were tested 

against antimicrobial agents and their resistance pattern was observed.  ESBL non producing 

Klebsiella showed maximum sensitivity to Imipenem 47(94%), followed by Piperacillin 

/Tazobactum33 (66%), whereas, maximum resistance was to Cefotaxime 43(86%), followed by 

Cotrimoxazole 39(78%), in non-ESBL producers.  
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TABLE 21: Distribution of Klebsiella spp.  

Species Number of isolates 

(n) 

Percentage 

% 

Klebsiella pneumonia subsp 

Aerogenes 

48 48 

Klebsiella pneumonia subsp 

pneumonia 

 

6 6 

Klebsiella oxytoca 

 

46 46 

Total 

 

100 100 

 

 

Klebsiella pneumonia subsp aerogenes 48% was the most common species isolated, followed by 

Klebsiella oxytoca 46% and Klebsiella pneumonia subsp pneumonia 6%.   
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TABLE 22: Comparative study of Klebsiella spp. for ESBL producer and ESBL 

nonproducer.  

Species ESBL positive ESBL negative 

CDDT DDST CDDT DDST 

Klebsiella pneumonia subsp 

aerogenes 22 19 26 29 

Klebsiella oxytoca 

 28 26 18 20 

Klebsiella pneumonia subsp 

pneumonia 1 1 5 5 

 

Out of 48(48%) Klebsiella pneumonia subsp aerogenes, 22 were positive by CDDT and 19 by 

DDST, whereas 26 ESBL were negative by CDDT and 29 by DDST. Out of 46 (46%) Klebsiella 

oxytoca, 28 were positive by CDDT and 26 by DDST, whereas 18 ESBL were negative by CDDT 

and 20 by DDST.  Out of 6(6%) Klebsiella pneumonia subsp pneumonia, 1 was positive by CDDT 

and 1by DDST, whereas 5 ESBL were negative by CDDT and 5 by DDST.  
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 Fig.5 Growth on Chocolate agar Fig.6 Growth on Blood agar 

Fig.3 Positive for ESBL detection test Fig.4 Growth on Mac Conkey agar 

Fig.1 Gram negative bacilli 

 

Fig.2 Antibiotic susceptibility pattern 



 

 

                 

  

 

 

 

                                 

 

 

 

Fig.7 Biochemical reaction of Klebsiella                  

pneumoniae subsp aerogenes 

Fig.8 Biochemical reaction of Klebsiella 

pneumoniae  subsp pneumoniae 

Fig.9 Biochemical reaction of 

Klebsiella oxytoca 



 

 

5. DISCUSSION 

The spread of ESBL producing bacteria has become strikingly rapid worldwide, indicating that 

continuous monitoring systems and effective infection control measures are absolutely required. 

The therapeutic options for the infections which are caused by these organisms have also become 

increasingly limited. A number of nosocomial outbreaks which were caused by ESBL producing 

organisms, have been reported in the United States. Although most of the outbreaks were limited 

to high-risk patient care areas such as ICUs, oncology units etc., the first report of an outbreak in 

nursing homes appeared in the literature in the year 1999.  Therefore, now days, the threat of 

ESBL producing isolates is not limited to ICUs or tertiary care hospitals only. Some authors feel 

that ESBL screening is not likely to affect patient outcome and hence is neither necessary nor 

cost effective for laboratories. They also observed good clinical outcome with Cephalosporins 

for treatment of infections with ESBL producing organisms. This is an argument against routine 

screening for ESBL production. The cross-sectional study was conducted in the Department of 

Microbiology, Krishna Institute of Medical College, Karad.The present study includes 100 

clinically significant, consecutive, non-duplicate ESBL producing Klebsiella isolates. 

Chart 1: Comparative study showing sex distribution  

Authors Year Males (%) Females (%) 

Nema Shashwati et al
71 

2014 52.54 43.86 

Dr. Sunilkumar Biradar et. al
72 

2015 62 38 

Juliano Lacava Pereira et al
73 

2019 26.4 8 

Nitisha Malik et al
74 

2019 72.2 27.2 

N Padmini et al
75 

2019 59.25 44 

Present study 2021 69 31 

As we can see, in above studies conducted by Nema Shashwati et al, Dr. Sunilkumar Biradar, 

Juliano Lacava Pereira et al, Nitisha Malik et al and N Padmini et al, predominance of males has 

been observed. In the present study, we observed that the males were in majority 69% and females 

were 31%. The ratio of males to females was 2.2: 1.  

Our study was mostly comparable with Nitisha Malik et al where males affected were 72.2% & 

females affected were 27.2%. Also, other studies have observed the predominance of males over 

females.  

As the ESBL infection spreads through bodily contact & contaminated surface contacts, this can be 

the very reason that males predominated the study. In Indian rural areas, women are less likely go 

outside as compared to men. Also, urinating in unsafe areas (public toilets, outdoor areas) is mostly 



 

 

common in males. This makes them more vulnerable to contaminated surface contacts and thus to 

ESBL infections.  

Chart 2: Distribution of Klebsiella spp. in various clinical specimens 

Sr. 

No. 

Species Dr. M. Sathiya 

et al 
76 

% 

Present study 

% 

1 Klebsiella pneumoniae subsp aerogenes 

 

48 48 

2 Klebsiella oxytoca 

 

46 46 

3 Klebsiella pneumoniae subsp pneumoniae 

 

6 6 

In this study, the most common isolated species was Klebsiella pneumoniae subsp aerogenes 

(48%), followed by Klebsiella oxytoca (46%), and Klebsiella pneumoniae subsp pneumoniae (6%). 

This is similar to the study conducted by Dr. M. Sathiya where Klebsiella pneumoniae subsp 

aerogenes (48%), followed by Klebsiella oxytoca (46%), and Klebsiella pneumoniae subsp 

pneumoniae (6%). However the most commonly isolated species was Klebsiella pneumoniae subsp 

aerogenes as mentioned in Greenwood (18
th

 edition) and Mackie and Mc Cartney (14
th

 

edition).Klebsiella pneumoniae  subsp aerogenes was the most common species isolated Klebsiella 

(48%), hence responsible for the majority of Klebsiella infections and therefore supported the fact 

that it is the most virulent of all the Klebsiella (8) and hence the commonest etiologic agent of both 

community and hospital acquired infections.  

 

 

 

 



 

 

Chart 3: Comparison of Combined disk diffusion test 

Author Year ESBL Detection (%) 

Dr Gaurav Dalela et al
77 

2012 61.6 

Rajendra Karadiya et al
78 

2016 53.8 

Dr Saroj Hooja et al
79 

2017 53.5 

Assudani H. et al
80 

2019 50.76 

Present Study 2021 51 

In present study, ESBL production calculated using Combined disk diffusion test was 51%. The 

study by Dr. Gaurav Dalela et al noted 61.6%. ESBL production. Rajendra Karadiya et al observed 

53.8%. ESBL production, Dr. Saroj Hooja et al studied ESBL production as 53.5%. Vikas Gautam 

et al studied ESBL production as 42%. The findings of our study using Combined disk diffusion 

test was 51% ESBL production and comparable to the study by Assudani H. et al documenting 

50.76%. ESBL production.  

Chart 4 Comparison of Double disk synergy test 

Author Year ESBL Detection (%) 

Gaurav Dalela et al
77 

2012 57.5 

Rajendra Karadiya et al
78 

2016 52.7 

Dr Saroj Hooja et al
79 

2017 47.9 

A. Lalrutdiki et al
81 

2018 25.41 

Vikas Gautam et al
82 

2019 30 

Assudani H. et al
80 

2019 46.15 

Present study 2021 46 

In present study ESBL production, using double disk synergy test as 46%. Study by Gaurav Dalela 

et al noted 57.5%. ESBL production, study of Rajendra Karadiya et al observed 52.7%. ESBL 

production, Dr Saroj Hooja et al studied ESBL production as 47.9%. Study by A. Lalrutdiki et al 

noted ESBL production in 25.41%. ESBL production, Vikas Gautam et al studied ESBL 

production as 30%. The findings of our study double disk synergy test as 46% are comparable to 

the study by Assudani H. et al documenting 46.15%. ESBL production.  

 

 



 

 

Chart  5 Comparison of double disk synergy test and combined disk diffusion test  

Author Year ESBL Detection (%) 

DDST CDDT 

Dr Gaurav Dalela et al
77 

2012 57.5 61.6 

Rajendra Karadia et al
78 

2016 52.7 58.3 

Dr Saroj Hooja et al
79 

2017 47.9 53.5 

Vikas Gautam et al
82 

2019 30 42 

Assudani H. et al
80 

2019 46.15 50.76 

Present Study 2021 46 51 

Two techniques were used in the present study to confirm ESBL producing Klebsiella species, 

namely, double disk synergy test and combined disk diffusion test. In present study ESBL 

production calculated using double disk synergy test was 46% and combined disk diffusion test 

51%. Double disk synergy test (DDST) failed to detect ESBL in four isolates which showed ESBL 

production by combined disk diffusion test (CDDT). There is no instance of a DDST- positive and 

CDDT- negative ESBL producers. This implies that CDDT is more sensitive in detecting ESBL 

production than DDST. Looking at all other authors and in the present study, it is confirmed that 

CDDT is more sensitive than DDST for detection of ESBLs. Study by Dr Gaurav Dalela et al 

noted ESBL production by DDST as 57.5% and by CDDT as 61.6%. A study of Rajendra Karadia 

et al observed ESBL production by DDST 52.7% and by CDDT as 58.3%. Dr Saroj Hooja et al 

studied ESBL production by DDST as 47.9% and by CDDT as 53.5%.  A study of Vikas Gautam 

et al observed ESBL production by DDST 30% and by CDDT as 42%. The findings of our study 

i.e. ESBL production by DDST was 46% and by CDDT was 51% and comparable to the study of 

Assudani H. et al documenting ESBL production by DDST as 46.15% and by CDDT as 50.76%.  

Comparative study showing distribution of Antimicrobial Susceptibility Testing 

In the present study the bacterial isolates were tested against antimicrobial agents, and their 

susceptibility pattern was observed.  In our study, we observed that the antibiotic sensitivity pattern 

revealed that the maximum sensitivity was to Imipenem (97%) and Piperacillin/Tazobactam 

(70%). Similarly, in a study from Coimbatore, all the members of Enterobacteriaceae were found 

to be susceptible to Imipenem and Piperacillin/Tazobactam. In both the studies, Amikacin also 

showed good activity against gram negative bacteria as compared to other antibiotics. Therefore, 

Imipenem is the most active drug for the treatment of infections which are caused by ESBL 

producers, followed by Piperacillin/Tazobactam and Amikacin.  

Cefotaxime have been proposed as the indicators of ESBL production as compared to Ceftazidime. 

All of the other isolates showed resistance to Cefotaxime.  So, Cefotaxime is a better indicator for 

the detection of ESBL production. In the study of Neema Shashwati et al 
84

 maximum sensitivity 



 

 

was seen to Imipenem (100%) and Piperacillin/Tazobactam (89.28%). Study by Mehdi 

Yousedipour et al 
93

 noted maximum sensitivity to Imipenem (72.2%) and Taslima Yasmin 

showed maximum sensitivity to Imipenem (92.9%).  

The present study, sensitivity pattern of Imipenem (97%) was comparable with the study carried 

out by Karuna Kayastha et al 
93

 with 89.7% sensitivity. In the present study, high resistance rate 

was seen for Cefotaxime 93(93%) followed by Ceftazidime 88(88%), followed by Cotrimoxazole 

83(83%). Study by Karuna Kayastha et al
 93

 showed maximum resistance to Cefotaxime (100%). 

 Chart 6 ESBL production in Klebsiella spp.  

Author Year ESBL detection % 

Gaurav Dalela et al
77 

2012 61.6% 

Meeta Sharma et al
83 

2013 52.49% 

Neema Shashwati et al
84 

2014 48.27% 

Amit Kumar Singh et al
85 

2015 51.1% 

Dr. Saroj Hooja et al
79 

2017 58.3% 

A. Lalruatdiki et al
81 

2018 50.16% 

Mehdi Yousefipour
86 

2019 55.4% 

Nitisha Malik et al
87 

2019 33% 

Assudani H. et al
80

 2019 49.99% 

Karuna Kayastha et al
93 

2020 28.2% 

D. Bhattacharya et al
88 

2020 42.10% 

Neeti Mishra et al
89

  2021 53.9% 

Gopal Lal Meena et al
90

  2021 51.4% 

Present Study 2021 53% 

Those in the same year can be merged 

In the present study ESBL production were noted in 53(53%).  A study of Gaurav Dalela et al 

observed 61.6%. ESBL production. Study by Meeta Sharma et al noted ESBL production in 

52.49%. Neema Shashwati et al studied ESBL production in 48.27%. Study by Amit Kumar Singh 

et al noted ESBL production in 51.1%.  Dr. Saroj Hooja et al observed ESBL production in 58.3%; 

A. Lalruatdiki et al studied ESBL production in 50.16%. A study of Mehdi Yousefipour et al 

observed ESBL production in 55.4%. Study by Nitisha Malik et al noted ESBL production in 33%. 

A study of Assudani H. et al observed 49.99% ESBL production; Karuna Kayastha et al studied 
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ESBL production in 28.2%. Study by D. Bhattacharya et al noted ESBL production in 42.10% and 

Gopal Lal Meena et al observed ESBL production in 51.4%. The findings of our study showing 

53% ESBL production are comparable to the study by Neeti Mishra et al documenting 53.9% 

ESBL production and Meeta Sharma et al documenting 52.49%.  

Tables are actually unnecessary, if it must be used then the followed passages shouldn’t be a 

repetition of the contents 

6. CONCLUSION  

In the present study ESBL prevalence was 53%. A moderately high prevalence of ESBL producing 

Klebsiella species was observed and confirmed in the urine, sputum, pus, CSF and blood.  Routine 

detection of ESBL producing microorganisms is required to be done by each laboratory by the 

standard detection methods so as to control the spread of these infections and also to institute 

proper therapeutic strategies.   A strict hospital infection control policies and a prudent anti-

microbial use regimen, are to be adopted by the physicians. It is essential and mandatory to have a 

regular and routine monitoring of ESBL producing clinical isolates in clinical laboratories. For the 

detection of ESBL, the phenotypic confirmatory disc diffusion test is simple, sensitive, and cost 

effective. However, there is a need to emphasize on the rational use of antimicrobials and strictly 

adhere to concept of “reserve drugs” to minimize the misuse of available antimicrobials. In 

addition, regular antimicrobial susceptibility surveillance is essential.  
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