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Abstract
In the present study, multi-drug resistant isolates of Escherichia coli and Pseudomonas aeruginosa were
obtained from different clinical specimens and were subjected to molecular typing to detect the genes encoding
oxacillinases in these isolates. Subsequently, antibacterial activity of drugs was tested against selected clinical
isolates. Two hundred forty six isolates including 98 of E. coli and 148 of P. aeruginosa were collected from clinical
specimens of different centers across India. Out of 246, 123 isolates showed weak synergy for ceftazidime or
cefepime and imipenem or clavulanate and were considered as oxacillinase producers. Polymerase chain reaction
(PCR) was performed to identify the variants of oxacillinases genes. Our results show a great diversity of occurance
of oxacillinase (OXA) genes among clinical isolates. OXA-48 and OXA-10 were more prevalent in both E. coli (32.6%
OXA-48; 16.3% OXA-10) and P. aeruginosa (OXA-48 32.4%; 27.0%) as evident by PCR. The incidence of other
OXA genes in E. coli and P. aeruginosa varied from 4.0 to 12.1%. Of the tested drugs, cefepime plus sulbactam was
found to be the most efficacious antibacterial agents with 81.6 to 89.2% susceptibility. Cefepime plus tazobactam
was second most active antibacterial agent with 46.9 to 56.7% susceptibility. Surprisingly, imipenem plus cilastatin
showed susceptibility to less than 45% isolates.
From the above results, it is evident that cefepime plus sulbactam has enhanced in vitro antibacterial activity
compared to cefepime alone imipenem plus cilastatin and cefepime plus tazobactam combination in oxacillinases.
One significant finding of this study was that cefepime was found to be effective only against the isolates caring
OXA-1 and OXA-2 but was found to be resistant to OXA-10, OXA-23, OXA-24, OXA-48, OXA-51 and OXA-58 genes;
whereas cefepime in combination with sulbactam was found to be effective against most of these OXA genes in
comparison to tazobactam combination.

Keywords: Cefepime; Cefepime plus sulbactam; Oxacillinases;
Resistant; Susceptibility
Introduction
The wide spread occurrence and dissemination of extendedspectrum-β-lactamases (ESBLs) among the gram negative organisms
has been recognized as major public threats [1]. According to Ambler
molecular classification, β-lactamases are divided into four groups
naming class A, B, C and D according to their amino acid sequence [2].
Of these classes, class D β-lactamases or OXA-types are of great concern
as they are encoded by genes which are transmissible and account for
most of the resistance to β-lactams [3,4]. The OXA-type β-lactamases
are also known as oxacillinases (OXA β-lactamases) due to their ability
to hydrolyze oxacillin much faster than penicillin, benzylpenicillin [5].
Similar to class A and C β-lactamases, OXA type-β-lactamases
possess an active-site serine [6,7] and comprise the second large family
of β-lactamases, preceded by TEM (came from the patient’s name,
Temoniera) and SHV (sulfhydryl variable) [8]. OXA type-β-lactamase
falls into five groups (groups I–V). The OXA group I includes OXA-5,
7, 10, 13 and its extended spectrum derivatives (OXA-11, 14, 16, 17,
19). Group II includes OXA-2, 3, 15 and 20. Group III includes OXA1, 4, 30 and 31, whereas, group IV and group V include only OXA-9
and LCR-1 respectively. Earlier most OXA-types belonged to OXA-I
or OXA-II derivatives [9]. Later by next dacade higher variants of oxa
were reported, where common class D OXA-derivative were derived
from OXA-10 by single or double base mutation [10].
Most of the OXA enzymes are embeded in the bacterial
chromosome, but many of the oxacillinase genes are part of gene
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cassettes within class 1 integrons [6,11] which are commonly linked
with plasmids or transposons facilitating the spread of OXA genes
among bacteria [6]. The main reason behind the spread of OXA gene is
associated with the dissemination of a single Incl/M type transferrable
conjugative plasmid of 62 kb [12] by which the resistance transfers
from one strain to another [13]. Interestingly, not all OXA enzymes
are ESBLs, infact some of them are plain oxalinases, some have ESBL
phenotype and some are carbapenemases. In recent years, OXA enzyme
with carbapenemase activity have increased substantially. Moreover,
these enzymes are widely dispersed in some clinically relevant species,
such as Acinetobacter baumannii [14], Pseudomonas aeruginosa [15], K.
pneumoniae [16] and E. coli [5]. However, the OXA type-β-lactamases,
oxacillinase predominantly identified in P. aeruginosa [17].
The bacterial isolate carring higher variants of OXA exhibit high
level of resistance not only to β-lactams including cephalosporins,
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Results

cephamycins, monobactams and carbapenems but also to
fluoroquinolone and aminoglycosides [12,18]. Treatment of infections
caused by such bacteria harboring oxacillinases is becoming very
difficult. As far as authors know, there is scanty information on the
frequency of occurrence, prevalence and distribution of OXA in
India. In view of increasing resistance and failure of drugs to higher
variants of OXA, there is a dire need of alternate therapies, and novel
combinations of drugs. Current study was carried out to investigate
the prevalence of OXA-β-lactamases among E. coli and P. aeruginosa
clinical isolates collected from different centres across India between
March 2011 to September 2013 and to study susceptibility of commonly
used antibacterial drugs against these clinical isolates.

All the isolates were confirmed to be E. coli (98) and P. aeruginosa
(148). Table 2 demonstrates distribution of the isolates in terms
of sample sources. This shows that maximum E. coli isolates were
recovered from tracheal aspirates (36) followed by urine (24), blood
(22) and pus (16). For P. aeruginosa the greatest number of isolates
were identified from pus (54) followed by tracheal aspirates (42) wound
(28) and blood (24). Of the 246 isolates, 123 isolates (P. aeruginosa 74
and E. coli 49) were phenotypically found to be oxacillinase of Ambler
class and were subjected to PCR for genotypic typing of OXA.

Materials and Methods

Prevalence of OXA variants

Antibacterial agents

All isolates were exposed to genotypic typing and results showed
that out of 49 E. coli isolates, 16 (32.6%) isolates were confirmed to
be positive for OXA-48; 8 (16.3%) isolates were OXA-10 positive; 5
(10.2%) of each of isolate were positive for OXA-1, OXA-2, OXA-51
and OXA-58; 3 (6.1%) isolates were OXA-24 positive and 2 (4.0%)
isolates were positive for OXA-23. Among 74 isolates of P. aeruginosa,
OXA-48 was detected in 24 (32.4%) isolates; 20 (27.0%) isolates had
OXA-10; 9 (12.1%) isolates were found to carry OXA-1; OXA-23
was evident in 5 (6.7%) isolates. The prevalence of OXA-2, OXA-24,
OXA-51 and OXA-58 was 5.4% (Table 3). Overall, OXA-48, followed
by OXA-10 was the more prevalent in both E. coli and P. aeruginosa
compared to other OXA variants. All the OXA positive isolates were
used for susceptibility study.

The antibacterial agents tested included cefepime alone, imipenem
plus cilastatin, cefepime plus sulbactam, cefepime plus Tazobactam. All
these antibacterial agents were reconstituted with water for injection
except cefepime plus sulbactam which reconstituted with solvent
provided with the package.

Bacterial strains
One hundred forty eight clinical isolates of P. aeruginosa and ninety
eight isolates of E. coli were collected from a variety of clinical samples
of blood, pus, wound, urine and tracheal secretion from various
Indian hospitals and identified by conventional methods as described
earlier [19]. Prior to use, these isolates were inoculated into cationadjusted Mueller–Hinton broth (MHB; Hi-Media, Mumbai, India),
and incubated at 37°C for overnight. The overnight grown cultures
were then adjusted to 0.5 Mac-Farland standard with MHB. All the
isolates were subjected for a double disc synergy test using ceftazidime
or cefepime and β-lactamase inhibitors (imipenem or clavulanate). The
bacterial isolates failed to produce a synergy between ceftazidime or
cefepime and imipenem or clavulanate were considered to be probable
oxacillinase producers [20].

DNA isolation
DNA from all isolates was extracted as described previously [21].
Five ml of each at concentration of 1010 colony forming unit (cfu)/ml
was used for the DNA isolation. DNA purity and concentrations were
measured with spectrophotometer (260/280).

Characterization of isolates for OXA variants
DNA of all the probable oxacillinase producers of P. aeruginosa
(74) and E. coli (49) isolates was exposed to PCR test to detect presence
of different variants of OXA genes using the primers designed earlier.
The primers sequence used in this study are shown in Table 1. PCR
amplification was performed in a total volume of 20 µl containing 200
pg of DNA, 0.5 mM of dNTPs, 1.25 µM of each primer and 1.5 U of
Taq polymerase (Banglore Genei). PCR amplification was done using
Eppendorf thermocycler (Germany). The amplicon was analyzed on
1% (w/v) agarose gel supplemented with ethidium bromide.

Antimicrobial susceptibility study
Antimicrobial susceptibility study was carried out according to
norms of Clinical and Laboratory Standard Institute guidelines (CLSI)
[22]. Results were interpreted based on CLSI break points. E. coli
(NCTC 13302) served as a control for the susceptibility study.
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Bacterial strains

Antimicrobial susceptibility study
Cefepime plus sulbactam emerged as the most efficacious
antibacterial agents against different variants of OXA producing
Primer Primer sequences (5'-3')

Amplicon (base pair) References

OXA-1 F-AGCCGTTAAAATTAA GCC C
R- CTTGATTGAAGGGTTGGGCG

908

[38]

OXA-2 F-GCCAAAGGCACGATAGTTGT
R-GCGTCCGAGTTGACTGCCGG

700

[2]

OXA-10 F-TCTTTCGAGTACGGCATTAGC
R-CCAATGATGCCCTCACTTTCC

760

[39]

OXA-23 F-GATCGGATTGGAGAACCAGA
R-ATTTCTGACCGCATTTCCAT

501

[40]

OXA-24 F-GGTTAGTTGGCCCCCTTAAA
R-AGTTGAGCGAAAAGGGGATT

246

[40]

OXA-48 F-GCTTGATCGCCCTCGATT
R-GATTTGCTCCGTGGCCGAAA

281

[41]

OXA-51 F-TAATGCTTTGATCGGCCTTG
R-TGGATTGCACTTCATCTTGG

353

[40]

OXA-58 F-CGATCAGAATGTTCAAGCGC
R-ACGATTCTCCCCTCTGCGC

528

[42]

F, sense primer; R, antisense primer
Table 1: Primers for characterization of OXA variants in E. coli and P. aeruginosa
isolates.
Clinical specimens

E. coli

P. aeruginosa

Blood

22

24

Pus

16

54

Wound

-

28

Tracheal aspirates

36

42

Urine

24

-

Total

98

148

Table 2: Collection of E. coli and P. aeruginosa from various clinical specimens.
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organisms. For E. coli 81.6% isolates were susceptible to cefepime plus
sulbactam against 46.9% susceptible to cefepime plus tazobactam,
36.7% isolates susceptible to imipenem plus cilastatin and only 20.4%
isolates were susceptible to cefepime alone.
Only 8.1% of the isolates were resistant to cefepime plus sulbactam
as compared to 20.4% to cefepime plus tazobactam and >59% were
resistant to imipenem plus cilastatin and cefepime alone. Of the P.
aeruginosa 89.2% isolates were susceptible to cefepime plus sulbactam
and 56.7% to cefepime plus tazobactam, 44.6% isolates were susceptible
to imipenem plus cilastatin with <25% susceptibility to cefpime
alone. Similar to E. coli, P. aeruginosa was also exhibited less activity
toward imipenem plus cilastatin or cefepime, and >48% of the isolates
demonstrated resistance to both drugs. The detailed susceptibility of
each OXA positive isolate is shown in the Table 4.

Discussion
E. coli and P. aeruginosa have emerged as important pathogens
because they rapidly evolve resistance towards antibacterial agents and
pose a threat by limiting the therapeutic options. The pathogens are
involved in a variety of nosocomial infections including urinary tract
infections (UTI) [23], blood stream infections [24], pneumonia [25,26],
lower respiratory tract infections [27] and wounds [28]. The majority
of clinically relevant oxacillinases are acquired enzyme whose genes
are embedded on plasmids of gram negative pathogens (Pseudomonas,
Acinetobacters and Enterobacteriaceae) contained within integeron
or transposons and have been reported widely [5-6,11,17]. To date,
Antibiotic resistant

121 variants of class D-β-lactamases have been identified of which 45
exhibit carbapenemase activity [15] representing an emerging cause
of antibiotic resistance to beta lactams including carbapenem [29].
In contrast, our study reported only two variants were susceptible to
imipenem cilastatin out of eight variants studied.
In the present study, the maximum number of E. coli isolates were
recovered from tracheal aspirates (36.6%) followed by urine (24.5%),
blood (22.4%) and pus (16.3%). These results are comparable with an
earlier report where 20.4% and 19.8% E. coli isolates were recovered
from pus and blood, respectively [30]. However, current study shows
high prevalence of E. coli with OXA variants in tracheal aspirates and
low prevalence in urine compared to 18.1% and 41.6% isolates from
tracheal aspirates and urine, respectively [30]. Our study showed that
the highest number of clinical isolates of P. aeruginosa was obtained
from pus (36.5%) followed by tracheal aspirates (28.4%), wound
(19%) and blood (16.2%). These results showed lower prevalence of
P. aeruginosa as compared to earlier reports where incidence of P.
aeruginosa was found to be 47.8%, 23.5% and 29.7% in blood, sputum
and pus, respectively [31]. This high variability of recovery of clinical
isolates from different clinical specimens is probably due to the
variability of number of clinical specimens from where clinical isolates
were recovered.
Our PCR results showed that among the oxacillnases, OXA-1,
OXA-2, OXA-10, OXA-23, OXA-24, OXA-48, OXA-51 and OXA-58
were found in these isolates. Moreover, the present study identified
that the majority of the strains had OXA-48 and OXA-10 which are

E. coli

P. aeruginosa

Blood

Pus

Urine

Tracheal aspirates

Blood

Pus

Wound

Tracheal aspirates

OXA-1

1

2

1

1

2

3

1

3

OXA-2

1

-

2

2

-

2

1

1

OXA-10

2

2

2

2

3

7

4

6

OXA-23

1

1

-

-

1

2

-

2

OXA-24

1

1

1

-

1

2

-

1

OXA-48

5

-

3

8

4

9

4

7

OXA-51

-

1

2

2

1

1

2

-

OXA-58

-

1

1

3

-

1

2

1

11

8

12

18

12

27

14

21

Total

Table 3: Distribution of OXA variants among clinical specimens of E. coli and P. aeruginosa.

Antimicrobial agents
Cefepime

Cefepime plus sulbactam

Cefepime plus tazobactam

Imipenem plus cilastatin

Susceptibility
patterns

E. coli

OXA Variants

% response behaviour of isolates
P. aeruginosa

OXA Variants

S

20.5

OXA-1. OXA-2

17.6

OXA-1. OXA-2

I

16.3

OXA-10

27

OXA-10

R

63.3

OXA-23,OXA-24, OXA-48, OXA-51, OXA-58

55.4

OXA-23,OXA-24, OXA-48, OXA-51, OXA-58

S

81.6

OXA-1. OXA-2, OXA-10, OXA-23, OXA-24,
OXA-48

89.2

OXA-1, OXA-2, OXA-10, OXA-23, OXA-24,
OXA-48
OXA-51,

I

10.2

OXA-51

5.4

R

8.1

OXA-58

5.4

OXA-58

S

46.9

OXA-1. OXA-2, OXA-10, OXA-23, OXA-24

56.7

OXA-1. OXA-2, OXA-10, OXA-23, OXA-24

I

32.6

OXA-48

32.4

OXA-48

R

20.4

OXA-51, OXA-58

10.8

OXA-51, OXA-58

S

36.7

OXA-1, OXA-2, OXA-10

44.6

OXA-1, OXA-2, OXA-10

I

4.1

OXA-23

6.7

OXA-23

R

59.2

OXA-24, OXA-48, OXA-51, OXA-58

48.6

OXA-24, OXA-48, OXA-51, OXA-58

Where S= susceptible, I=intermediate, R=resistant
Table 4: Antibiotic susceptibility of E. coli and P. aeruginosa clinical isolates.
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comparable to the results of other studies [5,10,32-34]. In a study
performed in Korea reported the prevalence of OXA-10 was 13.1% in
P. aeruginosa [33] while in another study the prevalence of OXA-10
was 0.6% suggesting the great variability of OXA in different countries.
Our data showed that majority of the strains were resistant to
cefepime (55.4 to 63.3%) and to imipenem plus cilastatin (48.6 to
59.2%). The lack of susceptibility to these two drugs is a cause for
concern. It is noteworthy to state that cefepime and imipenem plus
cilastatin were found to be effective only to early variants of OXA but
showed resistant to higher variants of OXA genes.
It has been reported that the isolates harbouring OXA genes
showed resistance to carbapenems but remains susceptible to
cephalosporins. Very recently, a study from India reported the
reduced susceptibility of carbapenems to OXA isolates [35]. Our study
showed that OXA expressing isolates which were earlier resistant to
cefepime became susceptible to cefepime after addition of β-lactamase
inhibitors, sulbactam or tazobactam. Moreover addition of sulbactam
with cefepime was found to be more effective compared with cefepime
plus tazobactam against OXA positive isolates. Sulbactam has been
reported superior to clavulanic acid and tazobactam and may represent
an alternative treatment option for infections due to multiresistant
organisms [36]. It has reported that sulbactam has good intrinsic
antimicrobial activity against multidrug-resistant Acinetobacter
strains at concentrations readily achievable in human serum and
may therefore have some therapeutic implications in the treatment
of infections caused by multidrug-resistant A. baumannii infections
whereas tazobactam and clavulanic acid were only moderately active
or inactive [37].

Conclusion
From the above results, it is evident that cefepime plus sulbactam
has enhanced in vitro antibacterial activity compared to cefepime alone,
cefepime plus tazobactam, or imipenem plus cilastatin in oxacillinases.
One significant finding of this study was that both cefepime and penem
was found to be effective only against the isolates carrying OXA1 and OXA-2 but found to be resistant to higher variants of OXA
genes. Overall, extensive surveillance study of OXA-type producing
gram-negative organisms should be conducted in India to make the
awareness about the prevalence of different variants of OXA which are
spreading in India and leading resistance to antibiotics.
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