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ABSTRACT

The present study was aimed to characterise Klebsiella oxytoca obtained from nostrils of camels (Camelus
dromedarius) with special reference to antibiotic resistance pattern. Total 68 samples of infected camels were examined
and out of these, 33 (48.53%) were found to be positive for K. oxytoca, which were further confirmed phenotypically
and genotyped by species specific primer based on pehX gene of 344bp amplicon size. The isolates were characterised
for biochemical properties and analysed to evaluate the susceptibility against 26 antimicrobials. It was found that
100% isolates were resistant to eight antibiotics namely amoxycillin, ampicillin, bacitracin, clindamycin, oxacillin,
rifampicin, sulfadiazine and vancomycin, while all isolates were completely sensitive to cefepime and imipenem.
Variable resistance patterns were recorded for other studied antibiotics.
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K. oxytoca is ubiquitous in the environment and
is an opportunistic pathogen that can be cultured
from the skin, mucous membranes, oropharynx
and intestines as well as a variety of tissues from [-
clinically affected humans and animals (Stojowska
and Krawczyk, 2016). In animals, Klebsiella are
mostly associated with sepsis, urinary tract infections,
meningitis and mastitis (Chander et al, 2011). Antibiotic
resistance and virulence of K. oxytoca is poorly
understood (Herzog et al, 2014; Darby et al, 2014).

K. oxytoca exhibits both natural resistance to
penicillins and has acquired various chromosomal and
plasmid associated genetic mechanisms of antibiotic
resistance, thus hampering disease management and
it also has the enzymes such as extended spectrum
B-lactamases (ESBL) and carbapenemases that have
a role in resistance to P-lactam antibiotics and other
antibiotics (Fenosa et al, 2009). Thus, investigation
undertaken in present study becomes important not
only in terms of biochemical profile but also to analyse
the antibiotic resistance pattern of K. oxytoca.

Materials and Methods

Sample collection

A total of 68 deep nasal swab samples were
collected from nostrils of camels with nasal discharge,

high temperature, loss of appetite and pneumonic
clinical signs. Samples for bacteriology were placed
in polythene bags and kept in flask containing ice
and taken to the laboratory as early as possible
(Cheesebrough, 2000).

Isolation and identification

All samples were subjected to cultivation
on Simmon’s citrate agar with 1% inositol (SCIA),
MacConkey agar (MCA) and Eosin methylene blue
(EMB) agar followed by various other biochemical
tests (Van Kregten et al, 1984). The phenotypically
identified isolates were further confirmed
genotypically on the basis of pehX gene amplification
with amplicon size of 344bp including forward
primer (5" GAT ACGGAG TAT GCC TTT ACG GTG
-3’) and reverse primer (5'- TAG CCT TTA TCA
AGC GGA TAC TGG -3'). The PCR reactions were
carried out as described earlier by (Kovtunovych et
al, 2003) using Promega (USA) gene amplification
kit and thermocycler (Mastercycler® nexus gradient)
conditions were: Initial denaturation step of 2 min at
95°C, followed by 30 amplification cycles (94°C, 20s;
59°C, 20s; 72°C, 30 s) and a final elongation step of 10
min at 72°C. The PCR products were separated in an
8% native Polyacrylamide gel electrophoresis PAGE

SEND REPRINT REQUEST TO S.K. SHARMA email: drsharmask01@hotmail.com

Journal of Camel Practice and Research

August 2020/ 173



(Sambrook and Russel, 2001). The gel was analysed
under UV light (Azure 300 Chemi docu system).

Investigation of antibiotic susceptibility pattern

Total 26 antibiotics (Hi-Media) of various
groups were examined for antibiotic susceptibility
pattern of confirmed Klebsiella oxytoca isolates by
disc diffusion method as per technique described
by Kirby-Bauer method (Bauer et al, 1966) by using
Mueller-Hinton agar. The log phase cultures were
spread evenly on Meuller Hinton agar plates and
antibiotic discs were aseptically placed on the agar
surface. Samples were incubated aerobically for
18-24 hours at 37°C and the zones of inhibition were
measured to the nearest millimetre. After inhibition
zone measurement, organisms were classified as
Sensitive (S), Intermediate sensitive (I) or Resistant (R)
as per defined by CLSI (2017).

Results and Discussion

Out of 68 samples, 33 isolates were obtained
after growth on Simmon’s citrate agar (SCAI) with
1% inositol, where they showed yellow mucoid dome
shaped colonies, all isolates were further confirmed
by growth on Eosin Methylene Blue (EMB) agar
where 100% isolates showed dark mucoid colonies
without metallic sheen, expressed pink mucoid
lactose fermenting colonies on Mac-Conkey agar and
exhibited yellow mucoid colonies on Bromo Cresol
Purple (BCP) agar. The phenotypically identified
isolates were confirmed on the basis of pehX species
specific gene primers with amplicon size of 344bp,
which confirmed all isolates as Klebsiella oxytoca (Fig.1).
In the present study, 100% isolates were observed
with typical IMViC pattern of K. oxytfoca viz. +-++.
All the isolates were able to reduce the nitrates and
utilise the malonate including hydrolysation of the
aesculin and decarboxylation of the lysine. To study
the phenotypic expression of antibiotic resistance,
antibiogram of the K. oxyfoca isolates were carried out,
against the selected 26 commonly used antibiotics in
veterinary therapeutics. Out of the total antibiotics,
cefepime and imipenem were most effective with
100% efficacy while amoxycillin, ampicillin, bacitracin,
clindamycin, oxacillin, rifampicin, sulfadiazine and
vancomycin were found to be least effective. In the
studied isolates, more than 90.0% sensitivity was
observed for norfloxacin and gentamicin while for
other sensitivity ranged from 36.3% to 87.8%.

Being ubiquitous, Klebsiella oxytoca has shown
their presence in water, soil and on plants (Podschun
& Ullmann, 1998). This bacteria has also been detected
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on the mucosal membranes of both healthy and
diseased mammals including human (Darby et al,
2014), animals, poultry (chicken) and has also been
reported in various reptiles such as green anoles,
garter snakes reptile, wild tuatara and green turtles
by different scientists (Goldstein et al, 1981; Santoro
et al, 2006; Gartrell et al, 2007; Nthenge et al, 2008;
Jackson, 2016).

Similar to present study, Santoro et al (2006)
observed that 31.0% of green turtles were positive
for K. oxytoca. Similarly, 20% & 17.0% occurrence
was reported in garter snakes and green anoles by
Goldstein et al (1981), Jackson (2016), respectively.
However, lower prevalence (3.0%) was reported by
Gartrell et al (2007) in wild tuatara. Present study
as well as past studies such as haemorrhagic colitis
(diarrhoea) in hospitalised patients (Cheng et al, 2012;
Rath and Padhy, 2014), pneumonia, urinary tract and
skin infections (Herzog et al, 2014) suggests certain
adaptations on part of opportunistic K. oxytoca strains
that are not only infecting animals but also humans
as well.

Biochemical profile of Klebsiella isolates in
present study is similar to profiles observed by Davis
et al (1987), Rath and Padhy (2014) and Trivedi et al
(2015) in various studies. However, few variations
were also reported by Monnet and Freney (1994)
who pointed out that 97.0% isolates were positive
for indole production. Further, looking into the
variability pattern of other biochemical tests such
as positive gelatin liquefaction (Power and Calder,

100bp

M:- 100bp Ladder
Column 1-5: — Positive K. oxytoca isolate with
344bp species specific amplicon

Fig 1. pehX species specific gene based genotyping of Klebsiella
oxytoca (344bp) isolates (8% native PAGE)
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1983), growth on 10°C (Kovtunovych et al, 2003) and
negative citrate utilisation (Trivedi et al, 2015), the
genotypic characterisation becomes significant. In
the present study all isolates were characterised as
K. oxytoca with species specific pehX gene. Similar to
present study, Chander et al (2011) and Kovtunovych
et al (2003) have also found that this genotypic method
has good repeatability, sensitivity and specificity.

Similar to present study, other researchers
have also reported good efficacy of third generation
cephalosporins, B-lactamase inhibitor combinations,
fluoroquinolones, trimethoprim-sulfomamides,
gentamicin and carbapenem antibiotics (Brisse and
Duijkeren, 2005; Rath & Padhy, 2014). Similarly,
complete resistance to ampicillin and other beta
lactams was reported by Trivedi et al (2016) in human
clinical samples (Darby et al, 2014) in lab animals
and non-human primates isolates and (Nthenge et al,
2008) also detected similar resistance pattern among
K. oxytoca isolates obtained from chicken samples. In
agreement to present study, ciprofloxacin and colistin
efficacy was reported by Labrador & Araque (2014)
and Singh et al (2016) for K. oxytoca isolates of human
origin. However, indifferent to present study Singh
et al (2016) observed some resistance for imipenem,
meropenem, gentamicin and ciprofloxacin among
human isolates. Labrador and Araque (2014) have
also detected similar resistance pattern and further
explained that the strains of K. oxytoca are resistant
to amino-penicillins and carboxy-penicillins due to
the production of P-lactamases and other similar
enzymes. In present study and also reported in earlier
studies (Darby et al, 2014; Sato et al, 2015) K. oxytoca
has been observed with resistance to many antibiotics
such as beta lactams, fluoroquinolone, cephalosporins,
aminoglycosides etc.

Conclusion

Klebsiella oxytoca exists with variable phenotypic
characteristics and genotypic confirmation with
species specific primers based on pehX gene may be
an important tool for molecular epidemiology as
well as field diagnostics. Looking into the scarcity of
literature of K. oxytoca with special reference to camel,
this study suggests further genotypic characterisation
of K. oxytoca isolates including investigation
of virulence genes as well as study of antibiotics
resistance dynamics of animal origin isolates.
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