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ABSTRACT

Background: Enserobacter spp. are important emerging causes of
nosocomial and community-acquired infections. Biofilm formation is an
important virulence factor of Enterobacter spp. Formation of biofilm by
Enterobacter spp. often results in multidrug-resistant chronic infections.
Aim:This study aimed to phenotypically determine biofilm formation in
Enterobacter spp. isolated from vatious specimens in the laboratory, and to
correlate this biofilm formation with the patterns of antimicrobial
resistance observed in the isolated Enterobacter. Materials and Method:
From September 2018 to July 2019, this study was conducted in the
Microbiology department of Bangladesh Medical University (BMU) in
Dhaka, Bangladesh. A total of 50 laboratory isolates of Enterobacter from
various clinical specimens were collected and evaluated for biofilm
production using the Tissue Culture Plate (TCP) method. Additionally,
the isolates were tested for antimicrobial susceptibility using the Kirby-
Bauer disc diffusion method. The study also assessed the antimicrobial
resistance patterns of biofilm-producing and non-producing isolates.
Results: Among the 50 Enserobacter isolates, 32 (64%) were found as
biofilm producers phenotypically. The rates of antimicrobial resistance
were higher in biofilm-producing isolates of Ewnterobacter compared to
those that do not produce biofilms. Resistance rates were relatively
higher among the group of antibiotics known as cephalosporins.
Resistance rates to cefoxitin, cefixime, cefuroxime, and ceftazidime were
81%, 66%, 63%, and 50%, respectively, in biofilm-producing isolates. In
contrast, the rtesistance rates were 72%, 50%, 33%, and 33%,
respectively, in non-biofilm-producing isolates. A relatively low level of
resistance was observed against gentamicin, amikacin, netilmicin,
meropenem, and piperacillin-tazobactam. Conclusion: The production
of biofilm is a significant virulence factor of Eunterobacter spp., playing a
crucial role in pathogenesis and resistance to antimicrobial agents.
Detection of biofilm by the tissue culture plate method can be
established as a routine laboratory test. This would guide the physicians
to presctibe appropriate antibiotics and to take other necessary measures
to combat biofilm-related infections.

Keywords: Antimicrobial resistance, Bangladesh, Biofilm, Enterobacter,
Virulence factot.

INTRODUCTION

Enterobacter species are Gram-negative bacteria that belong to the family
Enterobacteriaceae.. The bacterium comprises part of the normal flora
of the gastrointestinal tract of 40%—-80% of the human population and
is widely distributed in the environment!.Enferobacter sppcan cause
opportunistic infections, including respiratory tract infection, urinary
tract infection, wound infection, skin and soft tissue infection,
ophthalmic infections, and bloodstream infections. They are especially
known for causing infections related to catheters, as they have been
observed forming biofilms on indwelling catheters in hospitalized
patients>>.
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A biofilm is a group of microbial cells that
securely adheres to a surface and is
encased in a matrix predominantly made of
polysaccharides* Biofilms ~ enhance  the
survival of bacterial populations in hospital
settings and inside patients, which
increases the likelihood of hospital-
acquired infections™. According tothe
National Institutes of Health (NIH),
biofilms are accountable for over 65% of
hospital-acquired infections and 80% of all
other microbe-related infections.

The present study aimed to phenotypically

assess biofilm production among
50 Enterobacter spp. isolates and
to determine its association with

antimicrobial resistance. Understanding the
pathogenecity of Enferobacter sppis crucial,
as bacteria in biofilms show greater
resistance against antimicrobial agents.
Several  factors contribute to  this
resistance, including reduced absorption of
antibiotics ~ through  biofilm  matrix,
transferof  resistance  through  genes
amongst populations of bacteria in
biofilms, metabolic inactivity of bacteria
within biofilms, and inactivation of drugs
by multiple mechanisms, etc” .

Consequently, effective treatment of
biofilm-related infections is often highly
challenging. Therefore, this study aimed to
phenotypically analyse the production of
biofilm by 50 Ewnterobacter isolates by
utilizing the TCP method.The relationship
between the production of biofilm and
antimicrobial resistance was also evaluated.

MATERIALS AND METHOD

This cross-sectional study was conducted
at the Department of Microbiology and
Immunology, BMU, from September 2018
to July 2019.

Collection and  identification of
organisms:

Enterobacter isolates were collected from
various clinical specimens, including urine,
pus, wound swabs, sputum, blood, and
body fluids, at the Laboratory of

Microbiology Department, BMU. The
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Enterobacter were identified based on
their colony morphology and biochemical
tests.

Detection of biofilm production using
the TCP Method:

TCP is a quantitative test for biofilm
detection,which was conducted following
the methods outlined by Toledo®. ATCC
strain 700603 Klebsiella pnenmoniae was used
as a positive control, and fresh Brain Heart
Infusion Broth (BHIB) was utilized as a
negative control for biofilm formation.

Day 1: Three to four well-isolated identical
colonies of Enterobacter from MacConkey
agar were inoculated in a test tube
containing 10 mL of BHIB containing
0.25% glucose and were incubated
aerobically at 37° C for 18 hours without
shaking.

Day 2: The culture in BHIB was then
diluted by adding fresh BHIB containing
0.25% glucose. The ratio was 1 to 40.
Thesterile flat-bottom polystyrene
microtiter  plate  (Greiner  Bio-One
International, Kremsmunster, Austria)
contains 96 wells, and each of the wells
was filled with 200 ul of the diluted broth
culture of each test organism in triplicate.
As a positive control, the ATCC strain
700603, Klebsiella pnenmoniae,;was incubated,
diluted, and then added to the microtiter
plate in the same manner.As a negative
control, sterile BHIB was added” The
microtiter plate was then kept in the
incubator at 37°C for 24 houts.

Day 3: The contents of each well in the
microtiter plate were flicked off by gently
tapping on a blotting paper in an inverted
position. Fach well was washed three
times with 200 ul of Phosphate buffer
solution (PBS) with a one-minute interval
during each washing step. Following every
washing step, the wells were emptied by
gently tapping on an absorbent paper to
remove any residual buffer. The microtiter
plate was dried in an inverted position, and
200 ul of 2% formalin was added to each
well for fixation of adherent material. The
plate was stored in the refrigerator at 4° C
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for one hour. Then the solution was
flicked off and blotted. Then, staining of
the wells was done with 200 ul per well of
1% Crystal violet (CV) for 15 minutes.
Following this, and wells were washed
with deionized water in order to remove
any excess stain. Then the Crystal Violet
was solubilized by adding 200ul ethanol-
acetone (in an 80:20 v/v ratio) to each
well.

Calculation of optical density (OD)
value:

The interpretation of the formation of
biofilm was done following the criteria of
Stepanoviclo.

Each test was performed three times, and
the average optical OD values were
calculated for all tested strains, the positive
control, and the negative control.

The cut-off value (ODc) was of three
standard deviations (SD) above the mean
OD of the negative control: ODc =
average OD of negative control + (3XSD
of negative control).

The final OD value of a tested strain is
expressed as (OD = average OD of a
strain - ODc). ODc value is calculated for
each microtiter plate. If the OD value was
negative, it was presented as zero.Any
positive OD  value was considered
indicative of biofilm production.

TCP is a quantitative and dependable
method to identify  biofilm-forming
organisms. When compared to the Tube
Method (TM) and Congo Red Agar (CRA)
methods, the TCP methodis recommended
as a general screening technique for
identifying biofilm-producing bacteria in
laboratoties.

Antimicrobial susceptibility test:

The disk diffusion method was applied for
antimicrobial susceptibility testing of the
isolated organisms, employing the “Kirby-
Bauer method”"". Mueller-Hinton agar and
commercially available antibiotic discs
from Oxoid Ltd (UK) were utilized. The

disc contents and the zones of inhibition
were  analyzed according to  the
recommendations of  the Clinical
Laboratory Standards Institute (CLSI,
2019)".

RESULTS

A total of 50 Enferobacterstrains were
obtained from various clinical specimens.
Among these, 34 (68%) Enterobacter were
obtained from urine, 7 (14%) from blood,
4 (8%) from wound swab, and 1(2%)
isolate each from pus, sputum, tracheal
aspirate,  Cerebrospinal ~ Fluid, and
peritoneal  fluid. The majority of
Enterobacter were isolated from urine (Table

1.

Out of 50 Ewnterobacter isolates, 32(64%)
were found as biofilm producers and 18
(36%) were non-biofilm producers by the
tissue culture plate method (Figure 1)

Enterobacter  that form biofilms were
isolated from various clinical
specimens.. The majority of the Enterobacter
(n=34) were obtained from urine, out of
which 22(64.7%) were biofilm producers.
Out of 7 blood isolates 5(71.4%) were
biofilm producers (Table 2)

Table 3 shows the antimicrobial resistance
pattern of biofilm-producing isolates and
non-biofilm-producing isolates of
Enterobacter spp. The rates of resistance
were generally higher in biofilm producers
for nearly all tested antibiotics.
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Table-1: Distribution of FEnterobacter spp. isolates among different clinical
specimens (n=50)

Type of sample No. of isolates (%)
Urine 34 (68%)
Blood 7 (14%o)
Wound swab 4 (8%)

Pus 1 2%)
Sputum 1 2%)
Tracheal aspirate 1 (2%)

CSF 1 2%)
Peritoneal fluid 1 (2%)

Total 50

n=Number of Enterobacter isolates

Non biofilm
producer,18(36%)

Biofilm producer,
32(64%)

Figure 1: Shows the rate of biofilm production in Enterobacter spp. isolates (n=50)

Table 2: Detection of biofilm formation of Enterobacter spp in different clinical
specimens (n=50)

Type of specimen Biofilm producing isolates n(%)
Urine (n=34) 22 (64.7)

Blood (n=7) 5(71.4)

Wound swab (n=4) 3 (75)

Pus (n=1) 1 (100)

CSF (n=1) 00

Sputum (n=1) 00

Body fluid (n=1) 00

Tracheal aspirate (n=1) 1 (100)

n=Number of Enterobacter isolates
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Table 3: Antimicrobial resistance pattern of biofilm-producing and non-biofilm
producing Enterobacterspp. Isolates (n=50)

Biofilm-producing | Non-biofilm producing| Total
Antimicrobial agent resistant isolates n (%) isolates n (%) n (%)
n=32 n=18 n=50
Ceftazidime 16 (50) 6 (33) 22 (44)
Cefuroxime 20 (63) 6 (33) 26 (52)
Cefoxitin 26 (81) 13(72) 39 (78)
Cefixime 21 (606) 9 (50) 30 (60)
Ceftriaxone 16 (50) 6 (33) 22 (44
Co-trimoxazole 11 (34) 6 (33) 17 (34)
Ciprofloxacin 12 (38) 5 (28) 17 (34)
Nalidixic acid 17 (53) 6 (33) 23 (40)
Nitrofurantoin 18 (56) 9 (50) 27 (54)
(Urinary isolates only)
Gentamicin 9 (28) 5 (28) 14 (28)
Amikacin 9 (28) 10 (56) 19 (38)
Aztreonam 13 (41) 6 (33) 19 (38)
Meropenem 7 (22) 7 (39) 14 (28)
Netilmicin 9 (28) 4 (22) 13 (26)
Piperacillin-tazobactam 11 (34) 3(17) 14 (28)
Ticarcillin-clavulanate 21 (66) 7 (39) 28 (50)

n=Number of Enterobacter isolates

DISCUSSION

Enterobacter are found as normal flora of
the gastrointestinal tract, and they are also
found as commensals in the surrounding
environment. In recent years, Enferobacter
has become a significant cause of
infections acquired in hospital settings.

The majority of the Ewnferobacter isolates,
34(68%), were obtained from urine,
followed by 14% from bloodin this study.
This finding is similar to the finding
reported in Iran, where 51.6% Ewnterobacter
were obtained from wurine and 11.9%
Enterobacter were obtained from blood". In
this study, a high rate of biofilm
production (64%) was observed among the
Enterobacter isolates.

Among the biofilm-positive isolates, 22
(68.8%) were isolated from urine samples,
followed by 15.6% from blood, 9.4% from
wound swabs, and 3.1% from pus and
tracheal aspirate, i.e., urinary isolates have
the highest percentage of biofilm
production. This may be because biofilms
form on catheters, causing catheter-
associated urinary tract infections. Bacteria
also adhere to uroepithelium, forming
biofilm'* Hassan et al.reported 94 % of
urinary  Enterobacter isolates as biofilm
producers”®. Sabir et al. reported in another
study that 87.5% of the urinary Enterobacter
were biofilm producers'.
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This study examined the relationship
between biofilm formation and
antimicrobial resistance. It was found that
biofilm-producing isolates exhibited higher
rates of antimicrobial resistance compared
to those that did not produce biofilm.
Notably, higher resistance rates were
observed in the cephalosporin group of
antibiotics. The resistance rates recorded
for cefoxitin, cefixime, cefuroxime, and
ceftazidime in biofilm-producing isolates
were 81%, 66%, 63%, and 50%,
respectively. Whereas, in non-biofilm
producing isolates, the rates of resistance
were  72%, 50%, 33% and 33%
respectively. Relatively lower resistance
rates were observedin the Aminoglycoside
group, as well as in meropenem and
piperacillin-tazobactam,for both biofilm-
producing and non-producing bacteria.
Nabhar et al also noted higher resistance to
antimicrobial in biofilm producing bacteria
in comparison to the non-biofilm
producing isolates'” .1t is well evident that
biofilm raises drug resistance by slow
penetration, altered growth rate, reduced
metabolism, and altered gene expression.
Some organisms also express biofilm-
specific resistance genes not required for
biofilm formation but promote antibiotic
resistance'™"”.

CONCLUSION

Enterobacter is emerging as an important
health concern owing to its increasing rate
of infection,especially among hospitalized
patients.  Biofilm  production is an
important virulence factor of Ewnterobacter
spp., contributing  significantly to its
pathogenesis and remarkable antimicrobial
resistance. Therefore, newer therapeutic
approaches and antibiotics with antibiofilm
activity are essential to confront these
pathogens. The Tissue culture plate
method is recommended for use as a
screening technique for detecting biofilm
in the laboratories. This would be helpful
to prescribe an appropriate combination of
antibiotics  to  treat  biofilm-related
infections.
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