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ABSTRACT 
 
Background & objectives: Several outbreaks of neonatal septicemia by extended spectrum beta lactamases (ESBL) 
producing isolates are not uncommon & are associated with increased mortality. Moreover, detection of ESBL in 
isolates that produce Amp C beta lactamases is problematic. So, clinical laboratories need to develop quick screening 
methods for detection of ESBL producing strains.  

Materials & methods: Out of 600 samples of blood culture from neonatal intensive care unit (NICU) patients, 54 
Klebsiella pneumoniae were tested for ESBL by screening & confirmatory tests recommended by clinical laboratory 
standard institute (CLSI). In addition, double disk synergy test (DDST), modified double disk synergy test 
(MDDST), direct modified three dimensional tests (DMTDT) & indirect modified three dimensional tests (IMTDT) 
were evaluated for optimum detection of ESBL in Amp C producing isolates. 

Results: From 54 Klebsiella pneumoniae, 48 were screen positive for ESBL by CLSI criteria. ESBL detection was 
confirmed in 44 isolates. Phenotypic confirmatory disk diffusion method (PCDDT) by CLSI detected ESBL in 
41/48 isolates. DDST using amoxicillin-clavulanic acid detected the same in 36/48 cases. MDDST using cefepime 
& piperacillin-tazobactam detected ESBL in 44/48 cases, including 3 isolates having Amp C enzyme which was 
confirmed by modified three dimensional tests for Amp C enzyme. DMTDT detected only 4 isolates with ESBL 
production. IMTDT detected all 44 ESBL producing isolates.  

Conclusion: The prevalence of ESBL producing Klebsiella pneumoniae in our NICU was 81.48%. MDDST & 
DMTDT seem to be superior to PCDDT, DDST & IMTDT for detection of ESBL in Amp C producing isolates.  
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INTRODUCTION 

In spite of great advances in the antimicrobial therapy, 
neonatal life support measures and the early detection 
of risk factors, septicemia continues to be a major 
cause of mortality and morbidity among neonates 
around the world. 1 The most common organisms 
responsible for these infections are multidrug resistant 
gram negative bacilli, particularly members of the 
family Enterobacteriacae & non fermenting gram 
negative rods.2 Several outbreaks of septicemia by gram 
negative isolates have been reported & phenomenon of 
isolation of extended spectrum beta lactamase 
producing isolates is not uncommon & is associated 

with increased mortality. Moreover, treatment of the 
infection caused by ESBL producers is complicated not 
only due to resistance to extended spectrum 
cephalosporins, but also because many ESBL genes are 
present on large plasmid which contain genes encoding 
resistance to many other antibiotics including 
aminoglycosides, chloramphenicol, sulphonamides and 
tetracyclines.3,4It is common practice to institute early 
empirical therapy with broad spectrum antibiotics in 
patients presenting with clinical features suggestive of 
septicemia or bacteremia.5 Further, as report of blood 
culture isolation & susceptibility are usually available 
after 72 hours or more, any delay in the initiation of 
correct empirical therapy or improper choice of 
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antimicrobials cannot be justified.3Given the severity of 
septicaemia, such empirical therapy may be justified but 
the specific therapy based on the antibiogram of the 
isolate will definitely improve the therapeutic outcome.5 
Therefore, this study was designed to investigate the 
prevalence of ESBL producing Klebsiella pneumoniae 
in neonatal septicemia; to compare the reliability of 
various methods for the ESBL detection including 
those which can be used in the isolates possessing both 
ESBL and AmpC enzymes & to observe antimicrobial 
susceptibility pattern of ESBL & non ESBL producing 
isolates which would enable formulation of appropriate 
antimicrobial policy for such patients.  
 

MATERIALS & METHODS 

A total of 63 clinical isolates of Klebsiella spp. isolated 
from 600 samples of blood culture, from the suspected 
cases of the neonatal septicemia admitted in the 
neonatal intensive care unit at our teaching institute in 
Ahmedabad, Gujarat, West India during a period of 
February 2009 to July 2009 were included in this study.  

Identification of the all isolates was done by standard 
methods and the antibiotic susceptibility was 
determined by Kirby-Bauer disk diffusion method as 
per CLSI recommendations. 3 Following tests are used 
for determination of ESBL activity. 

Screening test and phenotypic confirmatory disc 
diffusion test (PCDDT) 

These were applied as per CLSI guidelines by using 
control strains of Escherichia coli ATCC 25922 (Beta – 
Lactamase negative) and Klebsiella pneumoniae ATCC 
700603 (ESBL positive). 3 

Double disk synergy test (disk approximation test) 

This test was done by using a disc of augmentin (20μg 
amoxicillin + 10μg clavulanic acid) and discs of 
cefpodoxime (30μg), ceftazidime (30μg) and 
cefotaxime (30μg); which were placed around 
augmentin disc keeping the distance of 16 to 20 mm 
from it. (centre to centre). The organisms were 
considered to be producing ESBL when the zone of 
inhibition around any of these cephalosporin discs 
showed a clear-cut increase towards the augmentin 
disc.6  

Modified double disk synergy test (MDDST) 

The original double disk synergy test was modified for 
detecting ESBL in Amp C producing clinical isolates. A 
disc of augmentin was placed in the centre; then discs 
of cefpodoxime (30μg), ceftazidime (30μg), cefotaxime 
(30μg), aztreonam(30ug) and cefepime (30μg) were 
kept around it at distance ranging between 16 and 20 
mm from the augmentin disc (centre to centre), and a 
disc of piperacillin-tazobactam (100/10μg) was placed 
at a distance ranging between 22 and 25 mm from the 
cefepime disc. The organisms were considered to be 
producing ESBL when the zone of inhibition around 
cefepime or any of the extended-spectrum 
cephalosporin discs showed a clear-cut increase 

towards the piperacillin-tazobactam disc or augmentin 
disc. 6  

Modified three dimensional tests (MTDT) 

(i) Direct modified three dimensional test 
(DMTDT) 

MHA plates were inoculated with test strains matching 
0.5 McFarland turbidity standards as described for disk 
diffusion test and a disc of ceftazidime, ceftriaxone, 
cefotaxime or aztreonam was placed in the center of 
the plate. A well of 4 mm (diameter) was punched at a 
distance of 2 mm from the antibiotic disc. The 
inoculum (30µL) of the test strain preadjusted to 5.0 
McFarland standards was seeded into the well. Heart 
shaped distortion of zone of inhibition with growth of 
test organism appearing behind the well and reaching 
the well was indicative of an ESBL production.7  

(ii) Indirect modified three dimensional test 
(IMTDT) 

It is same as DMTDT except, MHA plates were seeded 
with the inoculum of a standard sensitive strain (E. coli 
ATCC 25922) adjusted to 0.5 McFarland standard 
instead of test strain. Heart shaped distortion of zone 
of inhibition around the β -lactam disc was indicative 
of an ESBL production. 7  

Modified three-dimensional testwas used for detection 
of AmpC β-lactamase in ESBL positive isolates with 
reduced susceptibility to cefoxitin (≤18mm).6 

 

RESULTS & OBSERVATIONS 

A total of 600 blood culture samples from NICU 
patients suspected of having septicemia were processed 
for the detection of Klebsiella pneumoniae organism 
with ESBL production. Out of 600 cases, growth was 
obtained in 266 blood culture samples. (Gram positive 
cocci-86, Gram negative bacilli-170 & candida species-
10). Among these 266 samples, Klebsiella species were 
isolated in 63 samples from which Klebsiella 
pneumoniae were isolated in 54 cases, and remaining 9 
were other Klebsiella species (6 were Klebsiella oxytoca 
and 3 were Klebsiella ornithinolytica). Table 1 shows 
resistance pattern of Klebsiella pneumoniae.  

Table 1: Bacteriological profile of neonatal 
septicemia 

Organism isolated Positive isolates 
(n=266) (%) 

Staphylococcus coagulase negative 73 (27.44)
Klebsiella species 63 (23.68)
Pseudomonas aeruginosa 42 (15.78)
Acinetobacter species 37 (13.90)
E. coli 26 (9.77) 
Candida species 10 (3.75) 
Staphylococcus aureus 08 (3.00) 
Streptococcus species 03 (1.12) 
Proteus vulgaris 01 (0.37) 
Morganella species 01 (0.37) 
Enterococus species 01 (0.37) 
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likewise, DDST, using amoxiclav as inhibitor of ESBL, 
showed positive result in only 38 isolates (81.81%). So 
among these two methods, PCDDT was more sensitive 
than DDST. This was also shown by the study done by 
MKR Khan et al at New Delhi in 2008.6 Here, 
decreased sensitivity of both the tests can be explained 
by the presence of strains which produce both ESBL & 
inducible AmpC enzymes. Clavulanic acid which was 
used in the standard tests for ESBL detection (PCDDT 
& DDST) act as inducers of high level AmpC 
production and it led to resistance to 3rd generation 
cephalosporins as well 3rd generation 
cephalosporins+clavulanic acid. So even if ESBL was 
present, it would not be detected and resulted in false 
negative test. 6  

In MDDST, we had used piperacillin- tazobactam as 
ESBL inhibitor. Another modification in the original 
double disc synergy test was use of 4th generation 
cephalosporins & optimum spacing of drugs for 
detection of synergy. If Amp C was present, cefepime 
would be sensitive so synergy could be seen with 4th 
generation cephalosporins & inhibitor antibiotic. 6 

Tazobactam & sulbactam were less likely to induce 
AmpC B-lactamase.So, simultaneous Amp C induction 
did not occur. So piperacillin- tazobactam or ampicillin- 
Sulbactam remained sensitive in susceptibility testing & 
synergy could be seen with 3rd generation 
cephalosporins or 4th generation cephalosporins & 
piperacillin- tazobactam or ampicillin- sulbactam. 6 This 
MDDST had identified all 44 (100%) ESBL positive 
isolates. It could also identified 3 other isolates, which 
were not detected by standard tests (PCDDT & 
DDST).Thus it had 100% sensitivity & specificity for 
detection of ESBL. A study of MKR Khan et al had 
similar findings, in which DDST was positive in 25/40 
isolates, MDDST was positive in 40/40 isolates, 
PCDDT was positive in 39/40 isolates. 6 

The presence of inducible AmpC enzyme in 3 isolates 
were confirmed by the MTDT by using cefoxitin disc.6 

DMTDT could identify only 4 (9.09%) ESBL positive 
isolates while IMTDT identified all 44 ESBL positive 
isolates. Thus it was most sensitive (100 %) among all 
other tests. It was superior in detecting ESBL than 
PCDDT & DDST in our study as well as in other 
studies also. A study carried out by T Menon et al at 
Chennai in 2003 had shown that out of total 70 
isolates, 14 were ESBL positive. DDST had identified 
2/14 (14.2%) & MTDT had identified 12/14 (85.7%) 
which was well corelated with our study. 7 Thus, 
PCDDT& DDST should be used in the isolates which 
produce only ESBL but are not useful for detection of 
ESBL in isolates producing AmpC enzyme like 
Enterobactor, Serratia, Citrobacter and now with 
Klebsiella species also. 

Prevalence of ESBL in Klebsiella pneumoniae in NICU 
in our study was 81.48%. Susceptibility pattern of 
ESBL positive isolates showed that all 2nd generation 
cephalosporins, 3rd generation cephalosporins and 
aztreonam were resistant. The cefepime was resistant in 
3 isolates. The imipenem was sensitive in all ESBL 

producing isolates. Amoxiclav was sensitive in 41 cases 
while piperacillin- tazobactam was sensitive in 32 cases. 
Co-resistance to other group of drugs was noted in 
ESBL producing organisms. Tetracycline showed 
95.45% of resistance while cotrimoxazole showed 
79.54% of resistance. In addition to imipenem, good 
activity against ESBL producing Klebsiella pneumoniae 
was noted by amikacin & moxifloxacin. Amikacin was 
sensitive in 29 cases while moxifloxacin was sensitive in 
39 cases. So depending on the sensitivity pattern, these 
drugs can be given to the serious neonatal septicemic 
patient. Amikacin and higher quinoloners are good 
alternatives and they will also provide some economic 
relief to the patients. Imipenem drug should be 
reserved for the future resource. Continued monitoring 
of the susceptibility pattern of the organisms is 
necessary in clinical settings to detect true burden of 
the antibiotic resistance for proper disease 
management. 

 

REFERENCES 

1. Guerina NG. In: Manual of Neonatal Care, 4th ed. (Eds.) 
Cloherty JP, Stark AR (Lippincott-Raven, Philadelphia) 1998; 
271-299. 

2. Calil R, Marba ST, Tresoldi AT. Reduction in colonization and 
nosocomial infection by multiresistant bacteria in neonatal unit 
after institution of educational measures and restriction in the 
use of cephalosporins. Infect Control Hosp Epidemiol 
2001;29:133-8 

3. CLSI, Performance Standards for Antimicrobial Disk 
Susceptibility Tests; Approved Standard- 7th edition, 2000. 

4. Monald ES; cross ref of Alhussain et al Pakistan J Med Res 

5. Murty DS, Gyaneshwari M. Blood cultures in paediatric patients: 
A study of clinical impact. Indian J Med Microbiol 2007;25:220-4 

6. Mkr Khan1, Ss Thukral, R Gaind, Evaluation of a Modified 
Double-Disc Synergy Test for Detection of Extended Spectrum 
Β-Lactamases in Ampc Β-Lactamase-Producing Proteus 
mirabilis. Indian Journal of Medical Microbiology, (2008). Pg. 58-
61 

7. Menon T, Bindu D, Kumar C, Nalini S, Thirunarayan Ma. 
Comparison of Double Disc and Three Dimensional Methods to 
Screen for Esbl Producers in a Tertiary Care Hospital. Indian J 
Med Microbiol 2006; 24:117-20 

8. S Ananthan, A Subha Cefoxitin Resistance Mediated By Loss Of 
A Porin In Clinical Strains Of Klebsiella Pneumoniae & E.Coli., 
Indian Journal Of Medical Microbiology, (2005)23(1):20-23). 

9. Ghai OP, Gupta P, Pani VK. Neonatal Sepsis. In O P Ghai 
Textbook of Pediatrics. 5th ed. Mehta Publisher 2001:141-142.  

10.  Agnihotri N, Kaistha N, and Gupta V. Antimicrobial 
Susceptibility of Isolates from Neonatal Septicemia. Jpn. J. 
Infect. Dis. 2004; 57: 273-275.  

11.  Mathur M, Shah H, Dixit K, Khambadkone S, Chakrapani A, 
Irani S. Bacteriological profile of neonatal septicemia cases. J 
Postgrad Med. 1994, 40: 18-20.  

12.  I Roy, A Jain, M Kumar, Sk Agarwal, Dept. Of Paediatrics (Mk), 
Bacteriology of Neonatal Septicaemia In A Tertiary Care 
Hospital Of Northern India, Indian Journal Of Medical 
Microbiology, (2002), Pg. 156-159. 

13.  Babypadmini S, Appalaraju B. Extended spectrum -lactamases in 
urinary isolates of escherichia coli and klebsiella pneumoniae - 
Prevalence and susceptibility pattern in a tertiary care hospital. 
Indian J Med Microbiol (2004);22:172-4. 



 
 

NATIONAL JOURNAL OF MEDICAL RESEARCH   print ISSN: 2249 4995│eISSN: 2277 8810 

Volume 2│Issue 3│July – Sept 2012   Page 353 
 
 

14.  Bhattacharjee A, Sen Mr, Prakash P, Gaur A, Anupurba S. 
Increased Prevalence Of Extended Spectrum Β Lactamase 
Producers In Neonatal Septicaemic Cases At A Tertiary Referral 
Hospital. Indian J Med Microbiol 2008;26:356-60  

15. Varsha Gupta, Nidhi Singla & Jagdish Chander, Government 
Medical College Hospital, Chandigarh, Detection Of Esbls Using 
Third & Fourth Generation Cephalosporins In Double Disk 
Synergy Test, Indian J Med Res 126, Nov 2007, P486-487 

16. Amita Jain & Rajesh Mondal,, Detection Of Extended Spectrum 
B-Lactamase Production In Clinical Isolates Of Klebsiella Spp., 
Indian J Med Res 127, April 2008, P 344-346 

17. Brendan D. Crowley, Extended-Spectrum B-Lactamases (Esbls) 
In Blood Culture Isolates Of Klebsiella Pneumoniae, Journal of 
Antimicrobial Chemotherapy (2001) 

18. C Rodrigues, P Joshi, Sh Jani, M Alphonse, R Radhakrishnan, A 
Mehta, Detection Of -Lactamases In Nosocomial Gram 
Negative Clinical Isolates 

19. D. Turner, T. Wiles, M. Votta And J. Reuben Bd Biosciences, 
Detection Of Esbl Producing E.Coli And Klebsiella In The 
Phoenix™ Automated Microbiology System.  

20. Jain A, Roy I, Gupta MK, Kumar M, Agarwal SK. Prevalence of 
Extended spectrum-β -lactamase producing gram negative 
bacteria in septicaemic neonates in a tertiary care hospital. J Med 
Microbiol 2003; 52 :421-5. 

21. Mathur P, Tatman A, Das B, Dhawan B. Prevalence of extended 
beta lactamase producing gram negative bacteria in a tertiary care 
hospital. Indian J Med Res 2002; 115 :153-7.  

22. S Hosoglu, Extended-Spectrum Beta-Lactamases In Ceftazidime-
Resistant Escherichia Coli And Klebsiella Pneumoniae Isolates 
In Turkish Hospitals, Indian Journal Of Medical Microbiology, 
2007,Page : 346-350  

23. Shobha K.L,Ramachandra L,Rao G ,Majumder S, Rao S P. 
Extended Spectrum Beta-Lactamases (Esbl) In Gram Negative 
Bacilli At A Tertiary Care Hospital, (2009 February) ,Pg. 1307 – 
1312 

24. Suthan Srisangkaew, Malai Vorachit,, The Optimum Agent For 
Screening And Confirmatory Tests For Extended-Spectrum 
Beta-Lactamases In Escherichia Coli And Klebsiella pneumoniae 
In Ramathibodi Hospital, Thailand (2003) J infect Dis 
antimicrob agents. 

  


