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Abstract: Klebsiella pneumoniae, an important biofilm forming organism found to be responsible for a wide range of infections
especially when they grow as biofilm..Biofilm formation facilitates their survival in a hostile environment of host immune system and
antimicrobials .ESBL producing K.pneumoniae isolates had a greater ability to form biofilm than non biofilm producing isolates. As
there is hardly any literature found regarding the correlation between biofilm production and drug resistance in respect to ESBL
production by the isolates of K.pneumoniae in Dakshina Kannada District, Karnataka, the present study has been conducted. A total of
347 isolates of K.pneumoniae collected between June 2012 and October 2014 were characterized according to standard microbiological
procedures. Detection of biofilm was done by tissue culture plate method. Antimicrobial susceptibility pattern of the bio film producing
strains was determined by the standard Kirby Bauer disc diffusion method and presumptive ESBL production by double disk synergy test
(DDST). Results: Out of a total of 347 clinical isolates of Klebsiella pneumoniae, 167 isolates (48.13%)were found to be biofilm
producers .Out of a total of 183 resistant strains of isolates of K.pneumoniae screened, 93(50.81%) were ESBL producers and
70(75.26%) of 93 ESBL producers were biofilm producers. ESBL producing Klebsiella pneumoniae isolates (75.26%) had an

exceptional capacity to form biofilm, in comparison with non ESBL forming K.pneumoniae(24.74%).
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1. Introduction

Klebsiella pneumonia, an important opportunistic pathogen
liable for wide range of hospital acquired and community
acquired infections to the patients especially when they are
on indwelling devices, on which these organisms grow as a
biofilm. * The virulence factors like capsule |,
lipopolysaccharide and type 1 or type 3 fimbriae are
responsible for K.pneumoniae to form biofilm.* Biofilm
consists of group of microorganisms embedded in a
extracellular polysaccharides matrix, which make them to
adherent to biotic and abiotic surfaces in order to escape the
activity of defense mechanism of the host, killing effect of
antibiotic therapy and also the action of disinfectants."
Klebsiella pneumonia is an important bacteria responsible
for the formation of biofilm and cause various infection
which make them one of the eight most important
nosocomial pathogen .''The raise in the global spread of
resistance towards antibiotics mostly in hospital area among
K.pneumoniae strains is observed especially when they form
biofilm . * The required concentration of antibacterial
substances in order to kill the organism may increase the
level up to 1000 folds when they grow as biofilm." Bacterial
motility, surface adhesions, availability of key nutrients,
chemotaxis towards surface and presence of surfactants are
some factors which influence biofim formation. Certain
other factors like, temperature, pH also have been shown to
influence biofilm formation by microorganisms in different
conditions. '* According to National Institutes of Health, «
more than 60% of all microbial infections are caused by
biofilms.” Although the percentage quoted is high, it seems
correlates when considering the infections caused by them
such as middle ear infections of children,UTI, dental plaque,
catheter infections , gingivitis etc. recur and difficult to
treat.® The tissue culture plate method was opted to
determine biofilm formation.It is a reliable and quantitative

method to detect biofilm formation.! Klebsiella pneumonia,
responsible for serious outbreaks of multi drug resistant
diseases due to un controlled usage of antibiotics. Various
mechanisms of resistance towards antibiotics are enzymatic
inactivation of antibiotics ,altered target site, alteration of
metabolic pathway and decreased porin permeability. '* Beta
lactam antibiotics show drug resistance mainly due to
enzymatic inactivation or alteration of antibiotics. '° The
enzymatic inactivation of antibiotics in order to show
resistance to third generation cephalosporins in case of
K.pneumoniae is mainly by the production of extended
spectrum beta lactamase enzymes (ESBLs).

Extended spectrum B-lactamases are beta lactamase enzymes
able to hydrolyze the effects of penicillins and broad-
spectrum cephalosporins. But the hydrolyzing effect is
interfered by the presence of beta lactamase inhibitors. One
of the phenotypic method of testing of ESBLs is double disk
synergy test (DDST). Double disk synergy test is a test
which could be adopted in any of the laboratory as a routine
diagnostic test due to its low cost and easy management.
Studies have shown that there is a liaison between ESBL
production and the biofilm formation of K. pneumoniae
isolates. It has been understood that very few studies have
been conducted in order to evaluate the correlation between
biofilm formation and ESBL production among
K.pneumoniae in Dakshina Kannada District. Since the
literature showed the increased occurrence of ESBL
production among the strains of K.pneumoniae and also
biofilms are more connected to ESBL producers than to non
ESBL producers.**® The present study was conducted to
know the resistance pattern of K.pneumoniae towards
various antibiotics, ESBL production among the resistant
strains of K.pneumoniae and to determine the correlation
between biofilm formation and ESBL production among the
resistant strains of K.pneumoniae.
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2. Methodology

Study Population: The proposed study was carried out in
the Department of Microbiology, KVG Medical College and
hospital, Sullia, Karnataka. A total of 347 isolates collected
between June 2012 and October 2014 were studied for
biofilm formation and its correlation to anti microbial
resistance pattern and ESBL production.

Phenotypic Identification:

The isolates of K.pneumoniae were identified according to
standard  microbiological ~procedures.”  Antimicrobial
Susceptibility Tests: '’

Antibacterial susceptibility pattern of all isolates of
K.pneumoniae were determined by the standard Kirby Bauer
disc diffusion method. The Muller-Hinton agar plate was
inoculated with a suspension of K.pneumoniae adjusted to
0.5 McFarland turbidity standards,(1x10°  cfu/ml).The
antimicrobial disks used were ceftazidime (30pg),
cefotaxime (30pg), ceftriaxone(30png), amikacin(30pg),
ciprofloxacin (5pug), gentamicin (10pg), meropenem (10 pg)
and ertapenem(10 pg). The plates were incubated overnight
at 37°C. The zones of inhibition were measured and
interpreted comparing with the standard measurement chart.

Detection of ESBL production by Doule disk synergy
test’:The disk containing Amoxicillin — clavulanate was
placed at the centre of the lawn culture made on Muller
Hinton Agar (MHA)plate inoculated with each of the
isolates of K.pneumoniae found to be resistance towards any
one or all the antibiotic disks of ceftazidime, cefotaxime and
ceftriaxone. The discs of ceftazidime, cefotaxime and
ceftriaxone each having a disc concentration of 30ug were
placed around the central amoxicillin — clavulanate disc at a
centre to centre distance of 30 mm .The plate was incubated
at 37°C for 24 hrs. If there was any enhancement of zone of
inhibition between any one of the cephalosporin disks with
the central disk the isolate was considered as ESBL
producer.

Biofilm formation: Tissue culture plate method(TCP) was
chosen to detect the biofilm formation.

Ten milliliter of trypticase soybroth containing 1% glucose
was taken to inoculate each isolates of K.pneumoniae and
incubated at 37° C for 24 hours. The growth were then
suspended in to fresh medium in 1:100 dilution. Two
thousand micro liters of diluted cultures were filled in

different polystyrene wells and incubate at 37° C for 24
hours. The contents of each well were removed after
attaining required time of incubation by gentle tapping. The
wells were washed with 0.2 ml of phosphate buffer saline
and the wells were fixed by 2% sodium acetate and stained
by 0.1% crystal violet. The stain was washed and optical
density was measured at wavelength of 580nm. '

Interpretation:
Mean O D values  Adherence  Biofilm formation
<0.120 MNone MNone/'weak
0.1200240 Mhoderate Moderate
=0.240 Strong High
3. Results

Out of a total of 347 clinical isolates of Klebsiella
pneumoniae, 167 isolates (48.13%)were found to be biofilm
producers and 180(51.87%) biofilm non producers. A total
of 183 resistant strains of isolates of K.pneumoniae
screened, 93(50.81%) were ESBL producers and
70(75.26%) of 93 ESBL producers were biofilm producers.
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Figure 1: Showing occurrence of biofilm among
K.pneumoniae

Table 1: The susceptibility pattern of clinical isolates of
K.pneumoniae(n=347)
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Antibiotics Susceptibility Resistance
cefotaxime 182(52.45%) 165(47.55%)
ceftazidime 149(42.94%) 198(57.06%)
ceftriaxone 190(54.75%) 157(45.25 %)
ciprofloxacin 199(57.35%) 148(42.65%)
gentamicin 243(70.02%) 104(29.98%)
amikacin 295(85.02%) 52(14.98%)
ertapenem 329(94.81%) 18(5.19%)
meropenem 340(97.98%) 7(2.02%)
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Figure 2: Occurrence of antibiotic resistance among K.pneumoniae

Table 2: Resistance pattern of biofilm positive and negative
isolates of K.pneumoniae

Resistance
S. No |Antibiotics| Biofilm positive Biofilm negative
isolates, n=198 isolates n=149
1 CTX 114(57.57%) 51(34.22%)
2 CAZ 130(65.65%) 68(45.63%)
3 CTR 112(56.56%) 46(30.87%)
4 CIP 106(53.53%) 42(28.18%)
5 G 64(32.32%) 42(28.18%)
6 AK 46(23.23%) 8(5.36%)
7 ETP 9(4.54%) 9(6.04%)
8 MEM 4(2.02%) 3(3.14%)

4. Discussion

Bacteria producing biofilm are accountable for many non
compliant infections and are difficult to destroy and treat .
They show antibiotic resistance by preventing them in to the
cell due to the mechanisms like decreased growth rate,
expression of drug resistance genes and restricted
penetration of antibiotic in to biofilms . ' Biofilm forming
bacteria can combat antibiotic concentration 10-10000 folds
higher than the essential concentration needed to hinder the
growth of free floating bacteria."

Out of a total of 347 Klebsiella pneumoniae isolated from
our study, 167 isolates (48.13%) were biofilm producers and
180(51.87%) biofilm non producers. The study conducted
by Pramodhini et al showed 55.9%pbiofilm production
among K.pneumoniae. ° Another study conducted by
Thiyagarajan revealed 50% biofilm production among the
strains of K.pneumoniae.”® Whereas the study conducted by
Ruchi A Tayal et al suggested only 18% of biofilm
production among the strains of K.pneumoniae. Biofilm
producer exhibited the highest resistance to ceftazidime
(65.65%) followed by cefotaxime ((57.57%),
ceftriaxone(56.56%), ciprofloxacin (53.53%), gentamicin
(32.32%), amikacin (23.23%), ertapenem (4.54%) and
meropenem (2.02%). The non biofilm producers showed
highest resistance to ceftazidime (45.63%) followed by
cefotaxime ((34.22%), ceftriaxone(30.87%), ciprofloxacin
(28.18%), gentamicin (28.18%), ertapenem (6.04%)
amikacin (5.36%), and meropenem (3.14%).Klebsiella
pneumonia is one of the most important biofilm forming
bacteria. This study showed the higher percentage of
resistance towards various antibiotics predominantly among

biofilm producers rather than non biofilm formers.
Supporting our study Samia Beellifa et al observed that, the
response of biofilm-growing strains showed higher
incidence of antibiotic resistance than the non biofilm
producing counterparts. ‘%A study conducted by Ruchi A
Tayal et al showed the isolates of Klebsiella producing
biofilm was multi drug resistantant and extend susceptibility
to imipenem only. > Mean while the results of present study
suggested that, bio film formation reduces the efficacy of
certain antimicrobial agents, whereas its effect is minimal on
others. The findings were similar to those reported by other
authors.*'” Biofilms are more connected to ESBL producers
than to non ESBL producers. *° Extended spectrum beta
lactamase producing K.pneumoniae isolates had a greater
ability to form biofilm than non biofilm producing isolates.
Extended spectrum beta lactamases are plasmid mediated
beta lactamases involved under the mechanism of drug
resistance among the Enterobacteriaceae family due to the
selective pressure imposed by extensive use of 3rd
generation cephalosporins.” Our study showed that, out of a
total of 183 resistant strains of isolates of K.pneumoniae
screened, 93(50.81%) were ESBL producers and
70(75.26%) of 93 ESBL producers were biofilm producers.
A study by Pramodhini et al showed 94.4% of ESBL strains
of K.pneumoniae . ° In another study, Ariadnna Cruz-
Coérdova etal observed that, 100% of Klebsiella pneumoniae
formed biofilm to varying degrees and ESBL positive strains
of Klebsiella pneumoniae strains formed extensive
biofilms.” But the study done by Hemachandran et al
showed 31% biofilm production among K.pneumoniae.'®

5. Conclusion

The present study showed that there was high antibiotic
resistance shown by K.pneumoniae for third generation
cephalosporins. It also proved that, ESBL producing
Klebsiella pneumoniae isolates had an exceptional potential
to form biofilm in comparison with non ESBL forming
K.pneumoniae.
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