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ABSTRACT
Extended spectrum beta-lactamases (ESBL) are usually associated with multiple drug
resistance, including beta-lactam and non-beta lactam antibiotics. Microorganisms producing
ESBLs have been reported in many countries. But the prevalence and phenotyphic
characteristics among clinical isolates may vary between geographical areas. Only a few reports
are available on the prevalence of ESBL producing Enterobacteriaceae in the pus and wound
swab cultures in our country so, in this study we aimed to examine (i) the prevalence of
ESBL producers among the members of Enterobacteriaceae in post operative wound infection.
(ii) to determine the antibiotic susceptibility pattern of all the isolates (ESBLs) and
non-ESBLs).
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Method: Bacterial isolates from pus, wound swabs in the CSI Mission General Hospital,
Tiruchirapalli S. India were identified by conventional methods. Antimicrobial susceptibility
was done by Kirby-Baur disc diffusion method. Isolates resistant to any one of the
cephalosporins were tested for ESBL production by double disc synergy test method.

Results: A total of 247 gram negative bacteria were isolated. The common enterobacteriaceae
isolated and the rates of ESBL producers in our study were as follows E.coli (n = 122), 26%;
Klebsiella species (n = 31), 29%; pseudomonas species (n = 25), 10.5%, Aeromonas species
(n = 28), 14.2%; Proteus species (n = 12), 9% Morganella (n = 6) ; 16.6%; Serratia (n = 8), 0%;
Citrobacter (n = 13), 1%, Acinetobacter (n = 5) 0%.

Conclusion: Our study shows the presence of extended spectrum beta lactamases producing
Enterobacteriaceae in the post operative wound infection. Most of the isolates were resistant
to ampicillin, cefuroxime, fluoroquinolones, cotrimoxazole and tetracycline. Overall amikacin
(86%), ticarcilin / clavulonic acid (72%) and piperacillin / tazobactam (83%) were the most
effective antibiotics.

Introduction

Extended spectrum betacalactamase (ESBL) is
recognised world wide as a problem in hospitalised
patients (1). ESBL are the plasmid coded enzymes,
produced by certain bacteria, which possess the
property of hydrolysing the cephalosporins of third
generation (Cefotaxime, Ceftazidime, Ceftriaxone) and
fourth generation (Cefepime, Cefpirome) along with
aztreonam, broad spectrum penicillins and
structurally related beta-lactams, but have no effect
on Cephamycins (Cefoxitin and Cefotetan),
Carbapenems imipenem and related compounds.

In 1983, the first reported extended spectrum
betalactamase (ESBL) producer occurred in
K.pneumoniae (3) followed by the detection of an
ESBL producer in E.coli in 1987 (4) so named for

their ability to hydrolyse extended spectrum
cephalosporins, these plasmid mediated
beta-lactamases are mostly descendants of the TEM-1
and TEM-2 and SHV-1 enzymes (5), (6). The
prevalence of ESBL among clinical isolates varies
between countries and institutions. In the United
States, occurrence of EBSL production in
Enterobacteriaceae ranges from 0-25%, depending on
the institution, with the national average being
around 3% CDC national nosocomial infections
surveillance.

In Europe, the prevalence of ESBL production
among isolates of enterobacteriaceae varies greatly
from country to country.

ESBL producers have been found in not only
in the E.coli and Klebsiella but also in many other
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genera, including other members of the family
enterobacteriaceae such as Citrobacter, Enterobacter,
Morganella, Proteus, Aeromonas, Pseudomonas,
Providencia, Salmonella and Serratia species (7).

Only a few reports are available on the
incidence of ESBL producing enterobacteriaceae in
post operative wound infection in our country so the
present study was carried out in the Department of
Microbiology of our hospital.

Materials and Methods
This retrospective study included 585 patients

who underwent surgical treatment (abdominal,
vascular and orthopedic) during the 15 months period
(March 2004 - May 2005).

The samples from pus, wound swab, aspirated
fluids and soft tissue were received from the patients
(inpatients / outpatients) of our hospital were
processed for the isolation and identification of
bacterial pathogens according to the standard
microbiological methods (8).

Antibiotic susceptibility for these isolates was
done by Kirby Bauer’s Method (9) using antibiotic
disks from Hi-media, Mumbai. Antibiotics used for
Gram Negative bacilli were Ampicillin (10 μg),
Chloramphenicol (30 μg), Gentamycin (10 μg),
Norfloxacin (10μg), Ciprofloxacin (5 μg), Ceftazidime
(30 μg), Amikacin (30 μg), Ofloxacin (5 μg),
Cefoperazome (75 μg), Ceftizoxime (30 μg),
amoxycillin - Clavulanic acid (10 μg), Piperacillin /
Tazobactam (100/10 μg), Imipenem (10 μg), Ticarcillin
/ Clavulanic acid (75 / 10).

For staphylococcus penicillin (10 U), oxacillin
(1 μg), Vancomycin (30 μg), and Linezolid (30 μg) were
also used.

The diameter of the zones of inhibition of
growth was recorded and interpreted as sensitive,
Intermediate or Resistant based on the NCCLS
guidelines (10).

Screening for ESBL production
The organism was swabbed onto a Mueller

Hinton Agar Plate. Antibiotic discs of amoxycillin -
clavulanic acid (20/10 μg) and cefotaxime (30 μg) were
placed at a distance of 15 mm apart and incubated.
Organism that showed a clear extension of cefotaxime
inhibition zone towards the disc containing
clavulanate was considered as ESBL producer.

NCCLS Confirmatony test
While performing antibiotic testing ceftazidime

(30 μg) and ceftazidime / clavulanic acid (30/10 μg)
were placed on Mueller Hinton agar and incubated.

Organism was considered as ESBL producer if there
was 5 ≥ mm increase in zone diameter of ceftazidime
/ clavulanate disc and that of ceftazidime disc alone.
Escherichia coli ATCC 25922 (ESBL negative)
Pseudomonas aeruginosa ATCC 27853 (ESBL
Negative) and Klebsiella pneumoniae ATCC 700603
(ESBL positive) strains were used as control
organisms.

Results

A total of 247 gram negative bacilli were
isolated.

Of the 585 clinical pus samples. 410 samples
showed the growth of bacteria and no growth was
seen in 175 cultures.

Among the 247 gram negative bacteria, the
ESBL producing phenotype was found most
frequently among E.coli (n = 36), Klebsiella species

Table 1: Pathogens isolated from Pus and
wound swabs

Organism No
isolated

Percen
tage

Gram positive cocci

Staphylococcus aureus 137 33

Coagulase negative S.aureus 8 2

MRSA 29 6.8

Sub total 174

Gram negative bacilli

Escherichia coli. 122 29

Aeromonas species 28 6.7

Acinetobacter species 5 1.1

Pseudomonas species 25 6

Klebsiella pneumoniae 26 7.3

K. Oxytoca 5

Citrobacter freundii 8 3

C. diversus 5

Proteus mirabilis 8 2.8

P. vulgaris 4

Morganella margannii 6 1.4

Serratia liquefaecienes 5 1.1

Subtotal 247

Total 421

100 Indian Journal of Applied Microbiology Vol. 6 No. 1



(K.pneumoniae (n = 10), K. Oxytoca (n = 2)),
Aeromonas species (A. hydrophila (n = 8), A. Sobria
(n = 2), Pseudomonas aeruginosa (n = 6), Citrobacter
freundii (n = 2), Proteus mirabilis (n = 2), and
Acinetobacter baumanni (n = 1).

All the isolates were tested by using the
combination disks, and 69 (28%) isolates were
confirmed as being ESBL producers. The ESBL
phenotype was least prevalent among Citrobacter,
Proteus and Acinetobacter species.

No ESBL production was observed in
Morganella and Serratia species in our studies. It
was found that gram positive organisms
predominated in the etiology of the wound infection.

Discussion

In our study the prevalence of Gram positive
and Gram negative bacteria were almost similar. The
most common aerobes isolated in our study were
Staphylococcus aureus, Escherichia coli, Klebsiella,
Aeromonas, Pseudomonas, Acinetobacter, Citrobacter,
Proteus, Morganella and Serratia species.

The following observations were made from
Table 2.

More than 75% of the Enterobacteriaceae
tested were resistant to ampicillin at the same time
only a few were resistant to the combination of
Amoxycillin-Clavulanic acid, Piperacillin-Tazobactam
and Ticarcillin / clavulanic acid. This finding suggests
that the resistance observed was due to mainly the
production of beta lactamage by the organisms.

All Staphylococcus aureus strains isolated from
the wound infection were resistant to penicillin. This
ineffectiveness of penicillin in Staphylococcus aureus
has been reported by others also (16, 17, 18).

The methicillin resistance was frequently high
among Staphylococcus aureus isolates in both
hospitalised as well as out patients. Overall 17% of
MRSA was observed in our study. For all S. aureus
including MRSA Linezolid (100%), Cefotaxime (96%),
Amikacin (93%) and Piperacillin / tazobactam were
effective drugs.

ESBL detection in gram negative bacteria

Identifying organisms that are ESBL producers
is a major challenge for the clinical microbiology
laboratory. Cefpodoxime and ceftazidime have been
proposed as indicators of ESBL production as
compared to cefotaxime and ceftriaxone. Hence an

Table 2: Sensitivity Pattern of Common Aerobic bacterial isolates

S.
No. Antibiotics E.coli

(n = 122)
Klebsiella spp

(n = 31)
Aeromonas 
spp (n = 28)

Pseudomonas
spp. (n = 25)

S. aureus
(n = 174)

1. Ampicillin 20 (16.3%) 5 (16%) - (0%) - (0%) 20 (11.4%)

2. Amikacin 101 (83%) 25 (81%) 26 (93%) 8 (32%) 162 (93.1%)

3. Cefotaxime 84 (68%) 23 (74%) 16 (57%) 13 (52%) 168 (96.3%)

4. Ceftazidime 64 (52%) 12 (38.7%) 22 (79%) 18 (72%) 42 (24%)

5. Cefuroxime 44 (36%) 23 (74%) 8 (29%) 6 (24%) 129 (74%)

6. Clindamycin -- -- -- -- 150 (86%)

7. Cotrimoxazole 80 (66%) 20 (64.4%) 15 (54%) 8 (32%) 65 (37.3%)

8. Ciprofloxacin 85 (70%) 18 (58%) 10 (36%) 10 (40%) 138 (79%)

9. Erythromycin -- -- -- -- 72 (41.3%)

10. Gentamycin 89 (73%) 14 (45%) 12 (43%) 8 (32%) 106 (61%)

11. Norfloxacin 20 (16.3%) 8 (26%) 4 (14%) 5 (20%) 93 (53.4%)

12. Tetracycline 38 (31%) 6 (19%%) 6 (21%) 9 (36%) 83 (48%)

13. Penicillin -- -- -- -- 28 (16%)

14. Piperacillin / Tazobactam 94 (77%) 19 (68%) 19 (68%) 23 (92%) 165 (95%)

15. Cefoperazone sulbactam 74 (60%) 14 (50%) 14 (50%) 12 (48%) 148 (85%)

16. Ticarcillin / Clavulanic acid 91 (75%) 18 (64%) 18 (64%) 16 (64%) 160 (92%)
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institution where only cefotaxime and ceftriaxone are
used in the routine sensitivity may have difficulty in
detecting ESBLs (19). So in our institution we used
all the four indicators for the detection of ESBL.

Five Acinetobacter species were isolated from
the pus and wound swab culture. Of these four were
A. baumannii and one was A. lwoffi. All the five
Acinetobacter species were multi drug resistant
strains. They are recently emerged as a nosocomial
pathogen and an important cause of morbidity and
mortality mainly among debilitated patients (22).

Anuradha D and Brook I, reported that
Staphylococcus spp., group D Streptococci,
Pseudomonas and other Enterobacteriaceae were
recovered from pus and wound swabs (20, 21).

Recently Aeromonas species has been
recognised as causing infection in wounds (23, 24,
25). We isolated these bacteria from 28 patients as
a sole causative agents. Of the 28 isolates 22 were
A. hydrophila and 6 were A. sobria. Most of the
strains were resistant to ampicillin, cefuroxime but
are sensitive to amikacin, ceftazidime and piperacillin
/ tazobactam.

Most of the P. aeruginosa isolates were
resistant ciprofloxacin and other quinolones, but only
a few isolates were resistant to (N = 3) netilmycin.
All the isolates were susceptible to imipenem,
piperacillin / tazobactam and ceftazidime.

The susceptibility data in this study suggests
that some antibiotics would have very limited use for
the prophylaxis or empirical treatment of wound
infections.

For example, most of the gram negative
bacteria were resistant to ampicillin, cefazolin and
cefuroxime. While the majority of Staphylococcus
strains were resistant to penicillin and ampicillin.

In conclusion, this study demonstrated the high
prevalence of ESBLs in post operative wound
infection. Because these β- lactamases are shown to
significantly affect therapeutic outcomes,it is critical
that clinical laboratories be able to detect their
occurrences and to screen various antimicrobials that
are effective against them. From our data, we can
suggest that Imipenem, amikacin and piperacillin /
tazobactam were found to be effective drugs against
these multi drug resistant β-lactamase producers.
Careful monitoring and rapid detection of these
β-lactamase producers are essential.
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