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Background: Biofilm formation is an important virulence factor expressed by Acinetobacter
baumannii. It shields and protects microbial cells from host immune responses, antibiotics, and
other anti-infectives. Its effects on Acinetobacter baumannii infection treatments notwith-
standing, important environmental factors that influence its formation have not been fully
investigated.

Methods: Biofilm formation was assessed using the qualitative modified Congo red assay and
quantitative microtiter plate methods. The combined effect of temperature, medium and shear
force was determined by measuring adherence (ODs;9 nm) in microtiter plate after incubation
at 26°C, 30°C, and 37°C when biofilm-grown cells were cultured in the presence of minimal
nutrient medium (EAOB) and nutrient-rich medium (TSB) without or with agitation at 50 rpm.
Antibiotics susceptibility of meropenem, imipenem, and ciprofloxacin were tested with Kirby-
Bauer disc method. P<0.05 was considered statistically significant in all the tests.

Results: A noticeable variation in adherence was observed among the isolates cultured with
both media. Biofilm forming capacity of the isolates range from 0.09-0.33. The majority of the
isolates had their relative biofilm-forming capacity significantly (p<0.05) higher than the positive
control, Acinetobacter baumannii ATCC 19606. The biofilm biomass during growth in nutrient-
rich medium (TSB) without shaking was significantly different (p<0.05; Tukey’s test) among the
three temperatures tested compared with when it was cultured in EAOB without shaking. A
positive correlation was observed between biofilm formation and resistance to imipenem
(r=0.2889; p=0.05). There was a statistically significant difference among the median of the
three source groups (p<0.05) compared with the median between the source groups.
Conclusion: This observation extended further the view that 4. baumannii biofilm forma-
tion is enhanced when nutrient-poor medium is used at room temperature (26°C) with or
without agitation compared to growth at 37°C.

Keywords: Acinetobacter baumannii, biofilm, incubation temperature, growth medium,
agitation, isolate source, antibiotic, resistance, hospital-acquired, infections

Introduction

Acinetobacter baumannii is considered a threat to microbial infection treatment in
hospitals and other related settings because it is resistant to almost all known last resort
antibiotics and other anti-infective agents.' The survival in desiccated environments and
tolerance to human immune response when aggregated into biofilm have, nonetheless,
promoted scientific research interest in the last decade.” Microbial biofilm life-form is
different from their planktonic counterpart in that it increases the structural fitness
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advantage needed to resist the access of anti-infective to their
target sites, creating physiochemical concentration gradients
across the constituting microbes, thereby triggering differen-
tial gene expression and regulation among the microbes.’
Biofilm is an independent aggregate of bacteria and it appears
to be the most common form of bacterial life.* Biofilms are
found growing everywhere across the surface and they con-
stitute a huge problem when they are located inside the human
body.™® Free floating bacteria can easily be killed by human
white blood cells, antibiotics, and anti-infectives but, when in
biofilm life-form, the bacteria are completely protected.”

Alterations in physicochemical factors within microbial
environment enable changes in some phenotypic and geno-
typic features that promote microbial virulence and biofilm
formation.® Biofilm formation is triggered when bacterial
cells produce quorum chemicals and conduct cell-to-cell
communication in a cell density-dependent manner during
change in environmental factors such as temperature, qual-
ity of growth medium, and the dynamic state of the envir-
onment which either encourages or discourages initial
bacterial attachment.” ! Moreover, change in environmen-
tal factors can modify the microbial physiological condi-
tions within the constituting microbial cells in biofilm and
influence microbial interaction and other cell properties.'?

Microbial adhesion to substratum depends on the phy-
sicochemical properties of the substratum which in turn
could be modified by temperature and nutrient composi-
tion of the growth medium matrix.'*'* For instance,
microbial polysaccharides undergo transition from a dis-
ordered state at higher temperature to an ordered state at
lower temperature, and this, therefore, can affect aggrega-
tion of bacterial cells into biofilm.'> The physical strength
and density of microbial biofilm could equally be influ-
enced by fluid shear: static or dynamic conditions.'® The
hydrodynamics in biofilm formation influences not only
the rate of attachments and detachments of microbial cells
but also biofilm structure in most bacteria cells.'”

A. baumannii is among the non-fermentative Gram-nega-
tive microbes and has its gene expression and regulation
influenced by the existing ecological niche through selective
adaptation.'® Some virulence-associated genes have been
shown to vary in both the level and extent of expression
and regulation at various microbial environments and life
forms.'”! For example, biofilm-associated protein (Bap)
and pili assembly gene (Csu) are vital gene products required
for biofilm production in most bacteria and have been
reported to be lost or variant in some strains of 4. baumannii
due to the environmental adaptation.”*** Other microbial

species have been shown to form biofilm at specific environ-
ments such as aquaculture environment, human bronchial
cavity and object surfaces.”*2°

A. baumannii causes diverse infections at different ana-
tomical sites such as hospital-acquired infections, skin and
soft tissue infections, nosocomial meningitis, cystic fibrosis,
periodontitis, septicemia, and urinary tracts infections.?” =’
Some of these infections may be caused by a single bacterial
species, but more often are caused by a complex and diverse
community of microorganisms and result into chronic infec-
tion due to the establishment of biofilm life form thereby,
leading to high levels of morbidity and mortality, gross
economic loss, and a prolonged stay in hospital.>

Although 4. baumannii is an important pathogen in the
intensive care units of hospital, and have been isolated
from wound and chronic infections, the processes leading
to its biofilm formation have not been completely
explained. The present study thus aimed to investigate
the ability of A. baumannii isolated from hospital environ-
ments to form biofilm using a microtitre plate adherence
and modified Congo red assays. In addition, the combined
influence of growth medium, incubation temperature, and

fluid shear in A. baumannii were also examined.

Methods

Ethics

Exemption (BREC reference number EXM063/19) of the
the project protocol was granted by the Biomedical
Research Ethics Committee (BREC) of the University of
KwaZulu-Natal).

Isolation And Identification

Effluent water samples from three sampling points (final
effluent collection point, main ward collection point, and
pathology lab collection point) from Applebosh (Hospital
A): a rural primary healthcare center and Greys (Hospital
B): an urban primary healthcare center, respectively, were
filtered through a 0.45um membrane filter (Millipore,
Billerica, MA, USA) and incubated at 37°C for 24 hours
on Acinetobacter selective agar: Leed Acinetobacter
Medium (LAM) agar.®' Isolates were sub-cultured onto a
general-purpose medium (Muller-Hinton agar), incubated
at 42°C for 24 hours and streaked back on LAM agar for
confirmation. Preliminary colony selection from plates
was carried out by Gram staining, oxidase, and catalase

production tests.
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Selection Criteria

A total of 118 mucoid pink colonies which appeared as short
pink rods, catalase positive and oxidase negative, were further
screened for the presence of plasmids using alkaline lysis
method. The plasmid harboring strains (n=71) were stored in
15% glycerol-Luria-Bertani broth frozen stock and kept at
—80°C for further molecular analysis. All isolates were main-
tained on Tryptic Soy Agar (TSA) plates and stored at 4°C for
short-term use. The type strain A. baumannii ATCC 19606
(American Type Culture Collection, Manassas, VA, USA)
was used as a reference strain in all assays.>

Qualitative Biofilm Examination: Modified
Congo Red Assay (CRA)

The biofilm formation ability of the isolates (n=71) was first
determined by the modified Congo red assay method as
previously reported.”® The composition of the growth med-
ium was as follows: brain heart infusion broth (37 g/L),
sucrose (50 g/L), agar bacteriological (10 g/L) were auto-
claved separately with Congo red dye (8 g/L). The solidified
medium plate was punched with 48-punch pin dipped onto
200 pL of overnight broth cultures of different bacterial
strains in a 96-well microtiter plate and incubated at 37°C.
The presence of black, brown, and red colonies around each
punch point indicated strong, moderate, and weak biofilm
production of the individual isolates, respectively. Type
strains Staphylococcus aureus ATCC 12600, which was
previously reported as a strong biofilm producer, and
Staphylococcus epidermidis ATCC 12228 were used as
positive and negative reference strains, respectively.”

Determination Of Antimicrobial
Susceptibilities

The antimicrobial susceptibility of imipenem, meropenem,
and ciprofloxacin, which were previously associated with
biofilm formation in Acinetobacter baumannii, were tested
by Kirby-Bauer disc diffusion method (Oxoid, UK). The con-
centrations of the discs (expressed in pg) were: imipenem
(10), meropenem (10), and ciprofloxacin (5). The petri dishes
were incubated at 37°C for 24 hours. The diameters of the
inhibition zone were measured and used to classify the bacteria
as susceptible, intermediate, or resistant to each antibiotic. The
results were interpreted according to the CLSI guidlines.>*

Measurement Of Microbial Adherence
The isolates were cultured overnight in tryptic soy broth
(TSB) at 37°C for 24 hours and the biofilm-forming ability,

measured as the level of adherence to microtiter plate, was
determined by modified microtiter plate assay.>* In brief, 10
pL of cell suspension containing 1.0 McFarland prepared in
TSB/enriched Anacker and Ordal’s broth (EAOB) was
inoculated into 96-well round-bottom polystyrene plates.
The suspension was made up with 90 puL of growth medium
(TSB and EAOB) and 100 pL of sterile distilled water.*® The
plates were incubated for 24 hours at different temperatures
(26°C, 30°C, 37°C) without or with agitation at 50 rpm. After
incubation, the plates were washed thrice with 250 pL sterile
distilled water and 200 pL of methanol for 5 minutes. The
plates were allowed to dry in an inverted position and the
attached biofilm was stained with 150 pL of 2% Hugo’s
crystal violet solution for 10 minutes. The stain was washed
out using gentle running tap water. The remaining stain was
solubilized with 150 puL 33% (v/v) glacial acetic acid and the
absorbance at 570 nm was considered as a measure of the
biofilm biomass.*® The experiments were done in triplicate
for each strain. Growth media (TSB and EAOB, respec-
tively) without bacterial cells were used as negative control,
while A. baumannii ATCC 19606 was used as a positive
control.** Biofilm production was interpreted as the level of
absorbance and the values were averaged and interpreted.’’
The optical density (OD) cut-off value was established as
three standard deviations (SD) above the mean OD of the
negative control: ODc=average OD of negative control (un-
inoculated growth media). The isolates were classified as
OD<ODc=non-adherent, ODc<OD<(2xOD()
(2x0OD¢)<OD<(4xOD¢)=moderately

24,37

follows:
=weakly adherent;
adherent and (4xOD¢)<OD=strongly adherent.

A second method of expressing biofilm-forming ability for
each Acinetobacter baumannii isolate was to calculate the
relative biofilm capacity to the average value of all the isolates
as follows:

Relative biofilm capacity,

71
= [Ax — Ao]/ [;(An —4,)/7]

where Ax=absorbance at 570 nm for isolates x, and

Ao=absorbance for un-inoculated growth medium.>®

Statistical Analysis

The statistical significant difference (p<0.05) as a result of the
change in the physicochemical factors (temperature, medium,
and agitation) in the microtiter adherence assay and the biofilm
formation capacity of the isolates from different sources were
determined by repeated measure one-way analysis of variance
by ranks (ANOVA) and non-parametric Kruskal-Wallis test,
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respectively, using Sigmaplot 14.0 software and confirmed
with GraphPad Prism 5.0 (GraphPad Software, San Diego,
CA, USA). The means between the groups were separated by
the Tukey’s pairwise multiple comparison test. Linear correla-
tion and Fisher’s exact test were used to determine the relation-
ship between the biofilm forming capacity of the isolates and
their resistance to one or more of the three antibiotics tested;
and this was confirmed by comparing the median of each
group with Mann—Whitney U-test. Statistically significant

difference is assumed when p<0.05 in all the tests.

Results

Qualitative Biofilm Assay (CRA)

On modified CRA, biofilm-forming strains formed black
colonies, whereas non-biofilm forming strains developed
strong red colonies (Figure 1). Moderate biofilm producing
isolates showed light red to brown pigmentation (Figure 1).
Both reference strains A. baumannii ATCC 19606 and S.
aureus ATCC 12600 were observed to be biofilm formers,
whereas S. epidermidis ATCC 12228 was observed to be a
non-biofilm producing strain. Among the tested 4. bauman-
nii isolates (n=71), 16 (22.54%) were strong biofilm produ-
cers (complete black to slight black), and 32 (45.07%) were
moderate biofilm formers (brown), while 23 (32.39%) were

non-biofilm formers (strong red) (Table 1).

Figure | Description of the colony colours when cultured on CRA. Black colonies
indicated strong biofilm producers; Brown/slight dark colonies indicated weak
biofilm producers; and Dark red colonies indicated non-biofilm producers.

Microtiter Adherence Assay

The adherence of the tested isolates (n=71) obtained
with polystyrene round-bottom microtiter plates following
incubation at 26°C, 30°C, and 37°C for 24 hours under static
or dynamic conditions in nutrient-rich (TSB) or nutrient-poor
(EAOB) media was determined (Table 2; Figures 2A-D),
respectively. A noticeable variation in adherence was

Table | Biofilm Formation of Acinetobacter baumannii Isolates (n=71) Following Incubation at 26°C, 30°C and 31°C Under Dynamic or

Static Conditions in Nutrient-Rich (TSB) or Nutrient-Poor (EAOB) Media, Respectively

Physicochemical Non-Adherent Weak Adherent Moderate Adherent Strong Adherent Total
factor
N (%) | Average N (%) Average N (%) Average N (%) Average N (%) Average

OD tSD OD = SD OD t SD OD %t SD OD = SD
26°C EAOB 0 0 8 (11.3) 0.09 £ 0.0l | 38 (53.5) 0.17 £0.02 | 25 (35.2) 0.25 £0.02 | 71 (100) | 0.19+0.02
dynamic
26°C EAOB static 0 0 1 (1.4) 0.09 + 0.01 | 31 (43.7) 0.18 +£0.02 | 39 (54.92) | 0.25+0.01 | 71 (100) | 0.22 +0.01
26°C TSB dynamic 0 0 0 0 65 (91.5) 0.25+0.01 | 6 (85) 0.30 £ 0.01 | 71 (100) | 0.26 +0.01
26°C TSB static 0 0 0 0 48 (67.6) 0.27 £ 0.01 | 23 (32.4) 0.29 £ 0.01 | 71 (100) | 0.28 +0.01
30°C EAOB 0 0 10 (14.1) | 0.10 £ 0.0l | 53 (74.6) 0.19+0.02 | 8(I1.3) 0.28 £0.02 | 71 (100) | 0.18+0.02
dynamic
30°C EAOB static 3 (4.23) 0.1 +0.01 | 28 (39.4) 0.18 £ 0.02 | 40 (56.3) 0.25+0.01 | 71 (100) [ 0.22 +0.02
30°C TSB dynamic 0 0 2 (2.8) 0.10 £ 0.02 | 69 (97.2) 025+002 | 0 0 71 (100) | 0.24 +0.02
30°C TSB static 0 0 26 (36.6) | 0.22 + 0.02 | 45 (63.4) 026 +0.01 | 0 0 71 (100) | 0.24 +0.01
37°C EAOB static 3(42) | 0.10+0.00 | 26 (36.6) | 0.16 £ 0.0l | 42 (59.27) | 0.25+0.02 | 0 0 71 (100) | 0.21 +0.01
37°C EAOB static 0 0 11 (15.5) | 0.15+0.01 | 54 (76.1) 0.23 £0.01 | 4 (5.6) 0.30 £0.01 | 71 (100) | 0.21 +£0.02
37°C TSB dynamic 2(28) | 0.10 £0.02 | 23 (324) | 0.20 £ 0.01 | 46 (64.8) 026 +0.01 | 0 0 71 (100) | 0.23 +0.02
37°C TSB static 3(42) | 01000l [ 56(78.9) | 021 £0.02 | 12 (16.9) 028 £001 | O 0 71 (100) | 0.22 +0.02

Notes: Biofilm formation assay data is the mean of three independent experiments carried out in triplicate SD after growth in minimal (EAOB) and rich (TSB) media
at 26°C, 30°C, and 37°C under dynamic and static conditions, respectively.
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Table 2 Biofilm Formation, Biofilm Forming Capacity At Different Temperatures, Growth Media, And Antibiotic Susceptibility Of
Acinetobacter baumannii Isolates

Isolate ID Source Biofilm-Forming Capacity ODs70 nm Congo Red | Antibiotic
Sucsceptibility
EAOB TSB
26°C 30°C 37°C 26°C 30°C 37°C 37°C IMP MEM CIP

Media - 0.05+0.00 | 0.06+0.01 | 0.08+0.01 | 0.07+0.01 | 0.12+0.02 | 0.13+0.01

ATCC 19606 | + 0.2140.03 | 0.22+0.02 | 0.2240.03 | 0.25+0.01 | 0.2140.02 | 0.16+0.04 S S |
FA008 Final effluent | 0.27+0.00 | 0.26£0.00 | 0.28+0.01 | 0.30+£0.00 | 0.26+0.02 | 0.25+£0.02 | Black R R R
PL482 Pathology lab | 0.25+0.02 | 0.27£0.01 | 0.21+£0.00 | 0.26+0.01 | 0.25+0.04 | 0.25+0.03 | Brown R R R
MW422 Mainward 0.22+0.01 | 0.21£0.01 | 0.15+0.01 | 0.25+0.00 | 0.22+0.01 | 0.14+£0.02 | Red R R R
PL450 Pathology lab | 0.21+0.01 | 0.23+0.01 | 0.21+0.02 | 0.28+0.00 | 0.27+0.01 | 0.19+0.04 | Brown R R R
FA007 Final effluent | 0.27+0.00 | 0.28+0.01 | 0.30+0.01 | 0.29+£0.00 | 0.25+0.02 | 0.25+0.02 | Black R R R
PL476 Pathology lab | 0.20+0.02 | 0.21+0.02 | 0.20+0.00 | 0.28+0.00 | 0.27+0.00 | 0.18+0.01 | Brown R R R
MWI18I Mainward 0.25+0.01 | 0.25+0.00 | 0.31+0.00 | 0.30+0.00 | 0.27+0.00 | 0.21+£0.04 | Brown | R R
MW186 Mainward 0.2940.04 | 0.28+0.00 | 0.30+0.01 | 0.27+0.01 | 0.29+0.01 | 0.20+0.03 | Brown R R S
FA108 Final effluent | 0.21+0.01 | 0.22+0.01 | 0.23+0.05 | 0.30+0.03 | 0.25+0.03 | 0.23+0.02 | Brown R R R
FAI13 Final effluent | 0.29+0.01 | 0.284+0.00 | 0.21+0.05 | 0.28+0.00 | 0.23+0.04 | 0.25+0.01 | Brown R R R
MW419 Mainward 0.23+0.02 | 0.23+0.00 | 0.22+0.01 | 0.27+0.01 | 0.22+0.01 | 0.18+0.02 | Red R R R
FG148 Final effluent | 0.24+0.01 | 0.20£0.11 | 0.22+0.01 | 0.25+£0.02 | 0.13+0.06 | 0.16+0.02 | Red R S S
FG359 Final effluent | 0.22+0.01 | 0.25£0.04 | 0.26+0.02 | 0.28+0.00 | 0.27+0.01 | 0.18+0.03 | Brown R S S
FA38 Final effluent | 0.28+0.02 | 0.24£0.01 | 0.23+0.01 | 0.274+0.01 | 0.25+0.06 | 0.28+0.01 | Brown R S S
PL470 Pathology lab | 0.18+0.01 | 0.21£0.00 | 0.19+0.02 | 0.27+£0.00 | 0.25+0.01 | 0.15£0.01 | Red R R |
FA68 Final effluent | 0.194£0.02 | 0.18+0.04 | 0.22v0.01 0.294+0.01 | 0.27+0.00 | 0.25+0.01 | Brown R R R
FA00I Final effluent | 0.24+0.01 | 0.22+0.01 | 0.31+0.00 | 0.28+0.01 | 0.26+0.01 | 0.25£0.01 | Black R I S
FG377 Final effluent | 0.29+0.00 | 0.29+0.00 | 0.25+0.01 | 0.29+0.00 | 0.27+0.01 | 0.25+0.03 | Red R R S
FG127 Final effluent | 0.11+0.02 | 0.14£0.03 | 0.14+0.02 | 0.29+0.01 | 0.27+0.00 | 0.21+£0.00 | Red R R R
PL520 Final effluent | 0.12+0.00 | 0.12+0.02 | 0.13+0.01 | 0.28+0.01 | 0.27+0.01 | 0.19+0.01 | Red R R R
FA56 Final effluent | 0.25+0.01 | 0.27+0.01 | 0.21+0.02 | 0.26+0.01 | 0.22+0.00 | 0.27+0.01 | Black R R R
PL517 Pathology lab | 0.11+0.01 | 0.10£0.00 | 0.14+0.01 | 0.29£0.01 | 0.27+0.01 | 0.16£0.02 | Brown R R S
MW440 Mainward 0.194£0.03 | 0.16+0.09 | 0.11+0.03 | 0.28+0.01 | 0.24+0.02 | 0.13+0.01 | Red R S S
FA009 Final effluent | 0.27+0.01 | 0.27+£0.01 | 0.30+0.00 | 0.30+0.00 | 0.28+0.01 | 0.27+0.01 | Black R R R
MW 187 Mainward 0.24£0.00 | 0.25+0.02 | 0.25+0.01 | 0.29+0.00 | 0.27+0.00 | 0.22+0.02 | Brown R | S
FG361 Final effluent | 0.31+0.09 | 0.25£0.01 | 0.23+0.00 | 0.28+0.00 | 0.23+0.0l | 0.23+0.0l | Brown R R |
PL480 Final effluent | 0.19+£0.01 | 0.18+0.03 | 0.24+0.02 | 0.27+0.00 | 0.24+0.02 | 0.23+0.00 | Red R R |
PL467 Pathology lab | 0.24+0.00 | 0.25+0.02 | 0.25+0.01 | 0.29+0.00 | 0.27+0.00 | 0.22+0.02 | Red R R R
PL530 Pathology lab | 0.22+0.01 | 0.24£0.01 | 0.22+0.01 | 0.27+£0.01 | 0.25+0.00 | 0.21£0.02 | Red R S S
FA42 Final effluent | 0.21+0.00 | 0.24+0.01 | 0.28+0.01 | 0.29+0.00 | 0.25+0.03 | 0.22+0.01 | Brown R | R
PL448 Final effluent | 0.13+0.01 | 0.10£0.00 | 0.15+0.01 | 0.26+0.01 | 0.25+0.00 | 0.09+0.00 | Red R | |
FA30 Final effluent | 0.17£0.02 | 0.22+0.01 | 0.22+0.04 | 0.27+0.01 | 0.22+0.01 | 0.27+0.01 | Brown R R R
FA41 Final effluent | 0.22+0.04 | 0.174£0.02 | 0.22+0.02 | 0.28+0.01 | 0.25+0.01 | 0.28+0.01 | Brown R | |
FA89 Final effluent | 0.23+0.03 | 0.24£0.01 | 0.29+0.01 | 0.29+£0.00 | 0.25+0.01 | 0.23+0.00 | Black R I S
FA99 Final effluent | 0.24+0.01 | 0.25£0.01 | 0.29+0.02 | 0.28+0.01 | 0.19+0.01 | 0.17£0.01 | Red R R S
PL460 Pathology lab | 0.19+0.01 | 0.17£0.01 | 0.15+0.01 | 0.24+0.01 | 0.22+0.00 | 0.21£0.02 | Red R | S
MW420 Mainward 0.1940.02 | 0.23+0.01 | 0.21+0.01 | 0.30+0.00 | 0.23+0.01 | 0.21+£0.02 | Red R S S
FA88 Final effluent | 0.16+0.00 | 0.17+£0.05 | 0.20+0.03 | 0.29+0.01 | 0.23+0.00 | 0.10+0.02 | Red R | |
MWwW184 Mainward 0.14+0.01 | 0.13+0.04 | 0.16+0.01 | 0.30+0.00 [ 0.27+0.01 | 0.19+0.01 | Brown R | S
FA29 Final effluent | 0.18+0.03 | 0.25£0.01 | 0.20+0.01 | 0.294+0.00 | 0.25+0.02 | 0.241+0.03 | Brown R R |
PL494 Pathology lab | 0.19+0.00 | 0.21+0.01 | 0.29+0.01 | 0.29+0.00 | 0.29+0.01 | 0.31+0.01 | Black R S S
PL466 Pathology lab | 0.16+£0.01 | 0.18+£0.01 | 0.16+£0.03 | 0.27+0.01 | 0.24+0.02 | 0.22+0.01 | Red R R |
FA34 Final effluent | 0.22+0.01 | 0.25£0.02 | 0.24+0.01 | 0.30£0.01 | 0.26+0.01 | 0.26+0.10 | Black R R R
MW416 Mainward 0.22+0.01 | 0.21+0.03 | 0.18+0.02 | 0.22+0.02 | 0.20+0.01 | 01.9+£0.03 | Brown R | |
MWwa447 Mainward 0.18+0.01 | 0.14£0.00 | 0.17+0.05 | 0.26+0.01 | 0.26+0.01 | 016+£0.00 | Red R R |

(Continued)
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Table 2 (Continued).

Isolate ID Source Biofilm-Forming Capacity ODs79 nm Congo Red | Antibiotic
Sucsceptibility
EAOB TSB
26°C 30°C 37°C 26°C 30°C 37°C 37°C IMP MEM CIP

FAI8 Final effluent | 0.22+0.01 | 0.2240.01 | 0.25+0.02 | 0.28+0.00 | 0.20+0.01 | 0.21+0.03 | Brown R R R
PL508 Pathology lab | 0.18+0.02 | 0.17+0.01 | 0.15+0.01 | 0.28+0.01 | 0.24+0.02 | 0.22+0.0l | Brown R R R
FA14 Final effluent | 0.26+0.01 | 0.25£0.02 | 0.22+0.01 | 0.27+0.01 | 0.25+0.03 | 0.28+0.00 | Brown R R R
PL449 Pathology lab | 0.17+0.02 | 0.17£0.01 | 0.14+0.01 | 0.26+0.00 | 0.24+0.00 | 0.14+0.01 | Red R R R
FA002 Final effluent | 0.19£0.02 | 0.23+0.01 | 0.21+0.01 | 0.30+0.00 | 0.23+0.01 | 0.21+0.02 | Black R S S
FA006 Final effluent | 0.24+0.00 | 0.26+0.00 | 0.30+0.02 | 0.29+0.00 | 0.26+0.01 | 0.25+0.02 | Black R S |
PL446 Pathology lab | 0.28+0.01 | 0.24+0.01 | 0.23+0.01 | 0.28+0.02 | 0.22+0.05 | 0.26+0.0l | Brown R R S
PL487 Pathology lab | 0.25+0.02 | 0.26+0.01 | 0.30+0.01 | 0.29+0.00 | 0.25+0.01 | 0.20+0.02 | Brown R S S
FGI21 Final effluent | 0.3240.02 | 0.28+0.00 | 0.20+0.03 | 0.29+0.02 | 0.30+0.01 | 0.21+0.02 | Black R R |
FA12 Final effluent | 0.30+0.00 | 0.30+0.02 | 0.31+0.01 | 0.30+0.01 | 0.29+0.01 | 0.28+0.01 | Black | | |
MWI192 Mainward 0.25+0.03 | 0.25+0.01 | 0.25+0.00 | 0.28+0.01 | 0.27+0.00 | 0.22+0.01 | Brown R R |
FA73 Final effluent | 0.20+0.03 | 0.21£0.09 | 0.18+0.03 | 0.28+0.00 | 0.22+0.02 | 0.24+0.05 | Black R | |
FA2I Final effluent | 0.18+0.00 | 0.19+0.01 | 0.15+0.01 | 0.25+0.02 | 0.22+0.01 | 0.17+0.01 | Brown S S S
MWI179 Mainward 0.31+0.01 | 0.29£0.01 | 0.12+0.02 | 0.30£0.03 | 0.31+0.02 | 0.21£0.01 | Brown R R |
MW190 Mainward 0.16+0.03 | 0.13£0.01 | 0.19+0.00 | 0.29+0.01 | 0.26+0.01 | 0.25£0.01 | Brown R | |
FA14 Final effluent | 0.26+0.01 | 0.25+0.02 | 0.22+0.01 | 0.274+0.01 | 0.25+0.03 | 0.28+0.00 | Brown | | |
PL479 Pathology lab | 0.15+0.02 | 0.16£0.00 | 0.17+0.01 | 0.27+0.00 | 0.26+0.00 | 0.22+0.01 | Red R S S
MW400 Mainward 0.25+0.03 | 0.26+0.02 | 0.26+0.01 | 0.28+0.00 | 0.22+0.01 | 0.21+£0.05 | Black R R R
FA35 Final effluent | 0.28+0.01 | 0.29+0.01 | 0.27+0.01 | 0.28+0.03 | 0.31+0.02 | 0.33+0.01 | Black R R S
FGI16 Final effluent | 0.09+0.01 | 012+0.01 | 0.11+0.02 | 0.28+0.01 | 0.25+0.01 | 0.25+0.09 | Brown R S S
FG378 Final effluent | 0.23+0.02 | 0.26+0.01 | 0.21+0.01 | 0.27+0.00 | 0.21+0.03 | 0.20+0.01 | Red R S S
FA28 Final effluent | 0.28+0.01 | 0.24+0.02 | 0.23+0.00 | 0.27+0.00 | 0.23+0.01 | 0.28+0.00 | Brown R R S
Mw437 Mainward 0.16+0.01 | 0.14£0.01 | 0.10+0.01 | 0.23£0.01 | 0.20+0.01 | 0.26£0.01 | Brown R S S
MW397 Mainward 0.25+0.01 | 0.24+0.01 | 0.27+0.00 | 0.29+0.00 | 0.23+0.02 | 0.24+£0.05 | Black R | S
FA106 Final effluent | 0.17+0.01 | 0.23+0.04 | 0.17+0.03 | 0.27+0.01 | 0.24+0.01 | 0.15+0.01 | Red R R S
PL471 Pathology lab | 0.22+0.01 | 0.23+0.01 | 0.22+0.01 | 0.27+£0.01 | 0.25+0.01 | 0.27+£0.01 | Red R R R

Notes: Biofilm formation assay is the mean of three independent experiments carried out in triplicateSD following growth in minimal (EAOB) and rich (TSB) at 26°C, 30°

C, and 37°C without shaking, respectively.

Abbreviations: IMP, Imipenem; MEM, Meropenem; CIP, Ciprofloxacin; R, Resistance; I, Intermediate; S, Susceptible; Black, Strong biofilm formation; Brown, moderate
biofilm formation; Red, weak biofilm formation using congo red assay method; EAOB, Anacker and Ordal’s broth; TSB, Tryptic soy broth.

observed among the isolates cultured with EAOB, with
values ranging from 0.09+0.01 (isolate FG116) to 0.32
+0.02 (isolate FG121), at 26°C, from 0.10+0.00 (isolate
PL448) to 0.30+0.02 (isolate FA012) at 30°C, from 0.10
+0.01 (isolate MW437) to 0.31+0.01 (isolates FAO0OI,
MWI181 and FA012) and among the isolates cultured with
TSB, with values ranging from 0.22+0.02 (isolate MW416)
t0 0.30+0.02 (isolate FG121, MW179, FA012, and FA034) at
26°C, from 0.1340.06 (isolate FG148) to 0.3140.02 (isolates
MW179 and FA035) at 30°C, and from 0.10+0.02 (isolate
FA088) to 0.33+0.01 (isolate FA35) at 37°C, respectively
(Table 1). The isolates with their adherence and relative
biofilm-forming capacity <0.1 (media ODs7¢ nm), respec-

tively, were considered non-biofilm formers (Table 3).

Hence, 8/71 (11.27%) of the isolates were observed to be
non-biofilm formers in the presence of either EAOB or TSB.
All the isolates showed noticeable adherence only in nutri-
ent-poor (EAOB) medium at 26°C without agitation, while
98.59% (70/71) were able to adhere with both nutrient-poor
and nutrient-rich TSB. None of the isolates (0%) and 1/71
(1.41%) of the isolates adhered in EAOB or TSB alone,
respectively (Table 2).

Less than 25% of the isolates had their biofilm biomass
below 0.27, 0.25, and 0.22 at 26°C, 30°C, and 37°C, respec-
tively, and 0.22, 0.22,and 0.20 at 26°C, 30°C, and 37°C,
respectively at static conditions when cultured in nutrient-
poor and nutrient-rich media, respectively (Figures 2A-D). A
statistically significant difference (p<0.05) in adherence was
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Figure 2 Biofilm formation of Acinetobacter baumannii at various growth conditions. (A) The measures of adherence to microtiter plates (ODs7o nm) during growth at 26°
C, 30°C, and 37°C in nutrient-rich medium (TSB) without shaking were significantly different (p<0.05; Tukey’s test) among the three temperatures tested, indicating that the
variance in their means cannot be by chance but by the temperature. (B) Growth at the same nutrient-rich medium (TSB) with shaking only caused significant variation in the
means (p=0.05) between groups 26°C and 37°C. (C) Biofilm-forming ability within the groups (26°C and 37°C) and (30°C and 37°C), respectively, were significantly
different (p<0.05; Tukey’s comparison test) but not among the three groups when cultured in minimal medium (EAOB) with shaking. (D) There is no significant difference
(p>0.05) among the three groups when cultured in EAOB without shaking, indicating that biofilm growth was optimized at this condition.

observed when the isolates were assayed under static/dynamic
conditions in nutrient-poor and nutrient-rich media, indicating
that the variations among the means of the group was as a result
of variable incubation temperatures (Table 2). Agitation alone
did not significantly affect adherence if the medium was
unchanged (p>0.05). The majority of the isolates had their
relative biofilm-forming capacity significantly (p<0.05) higher
than the positive control, 4.baumannii ATCC 19606 (Figures
3A-C). While 4. baumannii ATCC 19606 preferred EAOB to
TSB for adherence at 30°C, 48/71 (67.61%) of biofilm-

forming isolates were strongly adherent in both TSB and/or
EAOB, respectively. The relationship between adherence and/
or biofilm-forming capacity and resistance to imipenem was
only statistically significant (r=0.2889; alpha=0.05) at 30°C
when cultured in EAOB without agitation (Table 3).

Distribution Of Biofilm-Formers In
Various Hospital Sources And Wards

All the tested isolates were obtained from final effluent 36/
71 (50.70%), the pathological lab 19/71 (26.76%), and the
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Table 3 Relative Biofilm-Forming Capacity Of Individual Acinetobacter baumannii Isolates From Hospital Effluent Water

Isolate ID EAOB TSB
26°C 30°C 37°C 26°C 30°C 37°C
ATCC 19606 0.97+0.002 0.98+0.002 1.00+0.002 0.83+0.003 0.91+0.001 1.00+0.002
FA008 1.30+0.003 1.21+0.003 1.46+0.003 1.09+0.002 1.09+0.002 1.46+0.003
PL482 1.17+0.003 1.27+0.003 0.96+0.002 0.92+0.002 1.02+0.002 0.96+0.002
MW422 0.97+0.002 0.95+0.002 0.55+0.001 0.87+0.002 0.75+0.001 0.55+0.001
PL450 0.96+0.002 1.03+0.002 0.93+0.002 0.97+0.003 1.2140.002 0.93+0.002
FA007 1.32+0.003 1.33+0.003 1.60+0.003 1.05+0.003 1.01£0.002 1.60+0.003
PL476 0.86+0.002 0.93+0.002 0.89+0.002 1.02+0.003 1.17+0.002 0.89+0.002
MWI18I 1.17+0.003 1.16+0.003 1.63+0.003 1.10+0.002 1.19+0.002 1.63+0.003
MWI86 1.45+0.003 1.33+0.003 1.56+0.003 0.97+0.003 1.32+0.002 1.56+0.003
FA108 0.96+0.002 1.00+0.002 1.08+0.002 1.07+0.002 1.01+0.002 1.08+0.002
FAL13 1.39+£0.003 1.36+0.003 0.93+0.002 0.98+0.002 0.85+0.002 0.93+0.002
MW419 1.06+0.003 1.06+0.002 1.03+0.002 0.94+0.002 0.76+0.001 1.03+0.002
FG148 1.13£0.003 0.89+0.002 1.02+0.002 0.87+0.003 0.06+0.000 1.02+0.002
FG359 0.98+0.002 1.20+0.003 1.28+0.003 1.00+0.002 1.13+0.002 1.28+0.003
FA038 1.38+0.003 1.11£0.003 1.10£0.002 0.93+0.003 0.99+0.002 1.10£0.002
PL470 0.78+0.002 0.93+0.002 0.77+0.002 0.95+0.003 1.03+0.002 0.77+0.002
FA068 0.81+0.002 0.73%0.002 0.98+0.002 1.03+0.003 1.16+0.002 0.98+0.002
FAQOI 1.14+0.003 1.02+0.002 1.62+0.003 1.02+0.003 1.11+£0.002 1.62+0.003
FG377 1.43+0.003 1.43+0.003 1.22+0.002 1.03+0.003 1.15£0.002 1.22+0.002
FG127 0.37+0.001 0.50+0.001 0.47+0.001 1.05+0.002 1.14+0.002 0.47+0.001
PL520 0.39+0.001 0.41+0.001 0.41£0.001 1.00+0.003 1.16+0.002 0.41£0.001
FA056 1.19+0.003 1.29+0.003 0.96+0.002 0.91+0.003 0.75+0.001 0.96+0.002
PL517 0.33+0.001 0.28+0.001 0.42+0.001 1.03+0.003 1.15£0.002 0.42+0.001
MW440 0.84+0.002 0.65+0.002 0.27+0.001 0.99+0.003 0.93+0.002 0.27+0.001
FA009 1.29+0.003 1.28+0.003 1.54+0.003 1.09+0.003 1.24+0.002 1.54+0.003
Mw187 1.11+0.003 1.20+0.003 1.24+0.002 1.05+0.003 1.17+0.002 1.24+0.002
FG361 1.55+0.004 1.14+0.003 1.07+0.002 0.97+0.003 0.88+0.002 1.07+0.002
PL480 0.81+0.002 0.73+0.002 1.17+£0.002 0.96+0.003 0.94+0.002 1.17£0.002
PL467 1.11+0.003 1.20+0.003 1.24+0.002 1.05+0.003 1.17+0.002 1.24+0.002
PL530 0.99+0.002 1.12+0.003 1.02+0.002 0.93+0.003 1.02+0.002 1.02+0.002
FA042 0.95+0.002 1.10+0.003 1.42+0.003 1.05+0.003 1.04+0.002 1.42+0.003
PL448 0.49+0.001 0.29+0.001 0.53+0.001 0.89+0.003 1.01+0.002 0.53+0.001
FA030 0.72+0.002 1.00+0.002 1.00+0.002 0.97+0.003 0.76+0.001 1.00+0.002
FA041 0.98+0.002 0.72+0.002 1.03+0.002 1.02+0.003 1.00+0.002 1.03+0.002
FA089 1.08+0.003 1.10+0.003 1.50+0.003 1.03+0.002 1.05+0.002 1.50+0.003
FA099 1.11+0.003 1.15+0.003 1.51+0.003 0.98+0.002 0.57+0.001 1.51+0.003
PL460 0.82+0.002 0.68+0.002 0.54+0.001 0.82+0.003 0.78+0.001 0.54+0.001
MWwW420 0.82+0.002 1.05+0.002 0.93+0.002 1.08+0.003 0.83+0.001 0.93+0.002
FA088 0.62+0.001 0.69+0.002 0.86+0.002 1.05+0.003 0.87+0.002 0.86+0.002
MwW184 0.54+0.001 0.46+0.001 0.61+0.001 1.08+0.003 1.19+0.002 0.61+0.001
FA029 0.76+0.002 1.16+0.003 0.86+0.002 1.03+0.003 1.01+0.002 0.86+0.002
PL494 0.80+0.002 0.96+0.002 1.51+0.003 1.07+0.002 1.30+0.002 1.51+0.003
PL466 0.67+0.002 0.73+0.002 0.57+0.001 0.93+0.003 0.93+0.002 0.57+0.001
FA034 0.99+0.002 1.15+0.003 1.18+0.002 1.08+0.002 1.07+0.002 1.18+0.002
MW416 1.01+0.002 0.92+0.002 0.74+0.001 0.69+0.002 0.64+0.001 0.74+0.001
Mw447 0.74+0.002 0.52+0.001 0.66+0.001 0.91+0.003 1.07+0.002 0.66+0.001
FAOI8 1.01+0.002 1.00+0.002 1.21+0.002 1.01+0.00 0.59+0.001 1.21+0.002
PL508 0.74+0.002 0.71%0.002 0.50+0.001 0.98+0.002 0.96+0.002 0.50+0.001
FAO 14 1.22+0.003 1.18+0.003 0.98+0.002 0.93+0.002 0.99+0.002 0.98+0.002
(Continued)
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Table 3 (Continued).

Isolate ID EAOB TSB
26°C 30°C 37°C 26°C 30°C 37°C
PL449 0.71+0.002 0.69+0.002 0.42+0.001 0.88+0.003 0.93+0.002 0.42+0.001
FA002 0.82+0.002 1.05+0.002 0.93+0.002 1.08+0.003 0.83+0.001 0.93+0.002
FA006 1.10+0.003 1.22+0.003 1.60+0.003 1.05+0.002 1.13+0.002 1.60+0.003
PL446 1.34+0.003 1.09+0.003 1.05+0.002 0.99+0.003 0.81+0.001 1.05+0.002
PL487 1.15+0.003 1.24+0.003 1.56+0.003 1.06+0.003 1.04+0.002 1.56+0.003
FGI21 1.57+0.004 1.35+0.003 0.89+0.002 1.02+0.003 1.40+0.003 0.89+0.002
FAOI2 1.45+0.003 1.46+0.003 1.61+0.003 1.08+0.002 1.34+0.002 1.61+0.003
MW192 1.16+0.003 1.17+0.003 1.20+0.002 0.98+0.003 1.15£0.002 1.20+0.002
FA073 0.89+0.002 0.93+0.002 0.76+0.002 1.02+0.002 0.77+0.001 0.76+0.002
FAO2I 0.77+0.002 0.82+0.002 0.53£0.001 0.84+0.003 0.77+0.001 0.53£0.001
MWI179 1.54+0.004 1.43+0.003 0.30+0.001 1.10£0.003 1.51+0.003 0.30+0.001
MWI190 0.62+0.001 0.44+0.001 0.82+0.002 1.05£0.002 1.09+0.002 0.82+0.002
FA004 1.22+0.003 1.18+0.003 0.98+0.002 0.93+0.003 0.99+0.002 0.98+0.002
PL479 0.57+0.001 0.61£0.001 0.65+0.001 0.95+0.003 1.11+£0.002 0.65+0.001
MW400 1.21£0.003 1.21£0.003 1.31£0.003 1.02+0.003 0.79+0.001 1.31£0.003
FA035 1.39+0.003 1.43+0.003 1.38+0.003 1.00+0.003 1.51+0.003 1.38+0.003
FGl16 0.26+0.001 0.36+0.001 0.23+0.000 1.01£0.003 1.02+0.002 0.23+0.000
FG378 1.06+£0.003 1.23+£0.003 0.91+0.002 0.97+0.003 0.70+0.001 0.91+0.002
FA028 1.331£0.003 1.12+0.003 1.06£0.002 0.78+0.003 0.84+0.002 1.06£0.002
MW437 0.65+0.002 0.50+0.001 0.19+0.000 1.04£0.003 0.64+0.001 0.19+0.000
MW397 1.21£0.003 1.09+0.003 1.39+0.003 0.96+0.003 0.82+0.001 1.39+0.003
FA106 0.70+0.002 1.04+0.002 0.67+0.01 9.54+0.003 0.96+0.002 0.67+0.001
PL471 0.97+0.002 1.07+0.002 1.01£0.002 0.94+0.000 1.00£0.002 1.01£0.002
Note: Relative biofilm-forming capacity was determined using equation described by Van Houdt et al®
main hospital ward 16/71 (22.54%) from two tertiary care  known antibiotics and survival in  desiccated

centers. The proportion of strong biofilm producers from
the main ward was 2/16 (12.5%), pathological lab 1/19
(5.26%), and final effluent 13/36 (36.11%) using modified
Congo red method (Figure 1). Biofilm biomass (ODsy
nm) among the various sources were compared by non-
parametric Kruskal-Wallis test. There was a statistically
significant difference among the median of the groups (p-
value=0.0492). However, comparing the median ODs7,
nm between the groups indicated that there was no sig-
nificant difference between the final effluent and the main
ward (p>0.05) (Dunn’s test). Analysis of the biofilm form-
ing capacity of the isolates obtained from various sources
revealed a statistically significant difference in ODs;o nm
between the pathology lab and final effluent (p<0.05)
(Figure 4).

Discussion

A. baumannii is a continued threat to microbial infection
treatment, especially in the intensive care units in
hospitals.*® This is due to its resistance to almost all

environments.*® Acinetobacter spp have also been isolated
from diverse environments such as hospital environments,
ventilators, and water systems.*' ™ The presence of bac-
teria in hospital effluents have been identified as a reser-
voir of several resistance determinants and have been
placed on a watch list as one of the major distributors of
novel virulence, resistance, structural and regulatory
genetic determinants which may impact on their ability
to form biofilm.** In the current study, we investigated for
the first time the combined effect of physicochemical
factors on the ability of Acinetobacter baumannii to pro-
duce biofilm.

The ability of 4. baumannii to form biofilm appear to
depend on several factors which can inter-affect each other.
This was shown by a noticeable variation in adherence
among the isolates when cultured in nutrient rich (TSB)
and nutrient poor (EAOB) media. Although all the isolates
were able to form biofilm in one or more cultural growth
conditions, microbial biofilm formation appeared to be
more favorable in the presence of nutrient-poor medium
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Figure 3 Description of the relative biofilm-forming capacity at different growth condi-
tions (temperature, medium type, and hydrodynamics). There was wide variability in the
relative biofilm-forming capacity of the isolates when cultured in nutrient-poor medium
(EAOB), unlike in nutrient-rich medium (TSB). (A) More than 25% (above Q) of the
isolate of the isolates maintained their relative biofilm forming capacity above 1.23
(shaking) and 1.20 (no shaking) in EAOB, while it was |.12 (with shaking) and I.11 (no
shaking) in TSB, respectively. (B) More than 50% (median value) of the isolates had their
relative biofilm forming capacity above the positive reference strain (0.98; Table 2) when
cultured in EAOB at 30°C without shaking. (C) More than 50% of the isolates had their
capacity below 1.0 when cultured in EAOB at 37°C with or without shaking.

Isolate Sources

Figure 4 The biofilm forming capacity of the isolates according to their sources.
There was a statistically significant difference (p<0.05) in adherence among the
groups. However, using Dunn’s multiple comparison test to separate the means, it
was observed that only the sources from final effluent A and the pathology lab were
significantly different (p=0.0492).

(EAOB) (Table 2). A previous study also reported that A.
baumannii biofilm formation was strongly impaired in rich
growth medium.** In another study, minimal medium sup-
plemented with glucose and amino acids was used to com-
pare the early stage of biofilm to a mature biofilm and it was
observed that a nutrient starved environment favors mature
biofilm formation.*® This observation is extended further by
showing that there seemed to be enhancement in biofilm
formation when nutrient-rich medium was used at room
temperature (26°C) with or without agitation compared to
growth at 37°C. However, in the present study, isolates
generally showed a preference for nutrient-poor medium
when incubated at 30°C without agitations during biofilm
cultivation (p<0.05) (Table 2). It is not surprising that
agitation during microbial growth had a minimal influence
on biofilm formation since it was previously suggested that
it decreased molecular orderliness required for the forma-
tion of vital structural proteins required to form a mature
biofilm, ' although it was previously reproted that a thresh-
old value of shear stress enhanced biofilm formation.*’
The maximum microbial adherence to 96-microtiter plates
at 30°C was previously reported.**** Although another study
reported an increase in the expression of virulence factors such
as OmpA and PaaC which contribute to biofilm formation at
37°C, it further established that Acinetobacter biofilm forma-
tion is more favorable at 28°C due to upregulation of Csu
operon.” It is therefore interesting to observe in the current
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study that the combined effect of lower incubation tempera-
ture, minimal growth medium, and reduced shear force can
optimize Acinetobacter biofilm formation. The findings of the
present study gives credence to the opinion that biofilm for-
mation is a physiological response of bacteria to external
stress.”! The capacity for biofilm formation was shown to be
higher in microtiter plates when compared with modified
Congo red assay method. However, all the isolates (n=16)
that showed strong biofilm formation in Congo red assay
were also strong biofilm producers at 30°C with EAOB in
microtiter plate assay. Previous studies have also demonstrated
that the CRA method has low accuracy but is very cheap and
easy to perform and visualize.*** The indication for black
pigmentation in strong biofilm formers has been explained to
be due to the production of exopolysaccharide (Figure 1A).
This was in sharp contrast with moderate and weak biofilm
formers which appeared brown and red, respectively (Figures
1B and C). It is also interesting to note from this study that the
relative biofilm formation capacity of the weakest (0.06; iso-
late FG148) and the strongest (1.63; isolate MW181) biofilm
formers were different by a factor of 27.17 indicating that the
isolates have great in vitro biofilm-forming capacity (Table
3).*7 This assumption was also explained further since the
majority of the isolates have their relative biofilm forming
capacity greater than that of the positive reference strain, 4.
baumannii ATCC 19606 at one or more growth conditions
(Figures 3A-C).

Although previous studies have reported the associa-
tion of biofilm formers with multidrug-resistance in A.
baumannii, it appeared in the current study that there
was similarity in the rate of resistance to meropenem
and ciprofloxacin among biofilm-formers and non-biofilm
(Table 4). However, a positive correlation exists between
imipenem resistance and adherence to microtiter plates
(p<0.05). This has also been reported by other researchers
who have correlated resistance to imipenem to biofilm
formation.’>>* In the present study, the association
between biofilm formation in 4. baumannii and resistance
to ciprofloxacin and meropenem cannot be established, as
was previously reported.”® However, it appeared that the
rate of resistance in biofilm formers and non-biofilm for-
mers were the same (Table 4). Intriguingly, in this study, a
significant difference in adherence among the isolates from
different sources was found, although the difference was
not statistically significant between some groups (p<0.05).
This finding is in contrast to a previous study which
reported that the isolate source and the clonality contrib-
uted insignificantly to the capacity of bacterial cells to
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produce biofilm in vitro.’®>” Other studies have since
reported variation in the biofilm forming capacity of bac-
terial cells isolated from different hospital wards and body
location which, hence, paid credence to this finding.>®>’
Hence, it is desired that extensive investigations be carried

out in this regard.

Conclusions

We have shown the combined effect of incubation tem-
perature, growth media, and flow state of microbial envir-
onment, as well as discussed the influence of carbapenems
and isolation site on the ability of A. baumannii to form
biofilm in vitro. Low incubation temperature significantly
optimizes biofilm production in both nutrient-rich and
nutrient-poor media without agitation. However, 4. bau-
mannii prefers minimal nutrient media to produce high
biofilm biomass, although this property appears to be
strain-dependent. An increase in adherence at limiting
environmental conditions suggests that biofilm formation
is an adaptation property in A. baumannii.
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