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Biofilms are complex, sessile microbial communities that are problematic in clinical
settings due to their association with survival and pathogenicity of bacteria. The
biofilm formation supporting conditions for zoonotic serovars of Salmonella and
avian pathogenic E. coli (APEC) from poultry have not been well studied yet.
Clinical isolates of zoonotic Salmonella and APEC from poultry were evaluated for
biofilm formation in four media at 37°C and 40°C after incubation of 48 and 72 hrs.
The biofilms formed in 96 well plates were visualized and quantified with a new
module of Aklides system using fluorescence microscope coupled with automated
VideoScan Technology. After 72 hrs, brain heart infusion at 40°C and RappaportVassiliadis Soya broth at 37°C were found most suitable for APEC and Salmonella
biofilm formations respectively. The new information will be useful for further
biofilm associated studies particularly for evaluation of antibiofilm compounds and
contribute in infection control.
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INTRODUCTION

economic losses by decrease in egg production, reduced
growth and even mortality (Dar et al., 2017). The biofilmassociated bacteria can be more resilient to antibiotics and
host immune system (Vestby et al., 2020), and also the
extracellular substances produced by Salmonella biofilms
are hypothesized to prevent pathogen clearance (Hahn and
Gunn, 2020). There is variability among different serovars
of Salmonella and APEC regarding biofilm formation on
different surfaces. There is limited information regarding
biofilm formation potential of different zoonotic serovars
of Salmonella and APEC in different growth conditions.

Biofilms are defined as a population of bacterial cells
producing an extracellular polysaccharide matrix (EPM)
that helps in their persistence against harsh environmental
conditions. Biofilms formed by multiple bacterial species,
particularly on medical devices, cause different infections
and pose a great threat to health. Poultry is among major
industries of Pakistan and the resistance against the
antimicrobials used at poultry farms is due to multiple
factors including biofilm formation by the prevailing
bacteria. Among the zoonotic bacteria of poultry, avian
pathogenic E. coli (APEC) and Salmonella spp. are very
important. APEC causes substantial economic losses
because it is responsible for different respiratory and other
systemic diseases at poultry farms (Kabir, 2010).
Different zoonotic serovars of Salmonella enterica (S.
Typhimurium, S. Enteritidis and S. Infantis) cause
infections in poultry as well as in humans through food
products. Salmonella infections in poultry cause great

MATERIALS AND METHODS
Clinical isolates from poultry: S. Typhimurium
(n=10), S. Infantis (n=10), S. Enteritidis (n=4), (originally
isolated from Faisalabad, Pakistan) and APEC (n=16)
were taken from glycerol stock cultures of the
Brandenburg University of Technology CottbusSenftenberg (BTU, C-S), Germany. These isolates were
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revived in Luria-Bertani (LB) broth by incubating
overnight at 37°C. The bacterial identification was
performed
using
CHROMagarTM
Orientation
(MASTGRP, Germany) plates and the confirmation was
done by Matrix-assisted laser desorption/ionization timeof-flight mass spectrometry (MALDI-TOF-MS) analysis
(microflex LT/SH; Bruker Daltonic, Germany) following
standard procedures (Wajid et al., 2019). The biofilm
formation assay of these isolates was performed in four
different growth media including Rappaport-Vassiliadis
Soya (RVS) Peptone broth (Oxoid, UK, CM0866), tryptic
soy broth (TSB) (Oxoid, UK, CM0129), Brain Heart
Infusion (BHI) broth (Oxoid, UK, Cat# CM1135) and
M63 broth (minimal medium). The overnight bacterial
growth of each isolate was diluted 1:100 in respective
media (RVS, TSB, BHI and M63) and 100 µL of the
suspension was dispensed in respective wells of the 96well polystyrene microtiter plate (Greiner, Germany, Cat
# 655161). The assay was performed at two different
incubation temperatures viz. 37°C and 40°C for two
different incubation times viz. 48 hrs and 72 hrs. Each
isolate was tested in triplicate wells for each media and
the assay was performed twice. E. coli strain K-12
MG1655 F’tet traD served as positive control while the
negative control wells only contained sterile media. After
incubation, the 96 well plates were aspirated and each
well was washed with 100 µL of 0.9% NaCl to remove
the non-adherent bacteria. A 50 µL volume of SYTO9
(5µM) green fluorescent nucleic acid stain (Thermo
Scientific, Cat# S34854) was added in each well and
incubated in dark for 10 min. A washing step was
performed with 100 µL of 0.9% NaCl. Finally, the 100 µL
of 0.9% NaCl was added in each well except wells B1, C1
and D1 (left blank for addition of fluorescent reference
beads). In each reference well (B1, C1 and D1), 100 µL of
coumarin/rhodamine-coded
reference
microbeads
(PolyAn GmbH, Berlin, Germany) suspended in 0.9%
NaCl were added. Each plate was analyzed for biofilm
formation using fluorescence microscope coupled with the
VideoScan Technology (Schiebel et al., 2017). For the
VideoScan, a modified module of Aklides system was
used for live imaging of the bacterial biofilms in
fluorescein isothiocyanate (FITC) fluorescent channel and
the FastFluoScan software was used to measure
fluorescence intensities of the biofilms. The system after
taking images of each well, also gave the corresponding
fluorescence values of each well and an overall picture of
the whole plate as described previously (Awan et al.,
2019, Schiebel et al., 2017). The representative images
made during the study are shown in Fig. 1. After data
analysis based on the Stepanovic method (three standard
deviation descriptive statistics), the bacterial isolates were
classified into four respective groups: non-biofilm
producers, weak biofilm producers, moderate biofilm
producers and strong biofilm producers (Stepanović et al.,
2000).
RESULTS AND DISCUSSION
All the APEC isolates, when grown in BHI media
showed strong or moderate biofilm formation at both
temperatures and the quality of biofilm formation
improved with the increase in incubation time. However,
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in TSB and M63 broths, the APEC isolates formed a
varying degree of biofilms at 40°C after 72 hrs of
incubation but not in RVS broth. The S. Typhimurium and
S. Infantis isolates showed strong biofilm production at
37°C in all the four media particularly after 72 hrs and the
maximum biofilm formation was observed in RVS media
at all conditions. In BHI medium, strong biofilm was
formed by S. Infantis at 40°C after 72 hrs while in M63
medium, strong biofilm formation was observed at 37°C
after 48 hrs of incubation. All S. Enteritidis isolates
formed strong or moderate biofilms in all enriched and
minimal media at 37°C after 72 hrs except one isolate
which showed weak biofilm formation in RVS medium.
The biofilms formed by the APEC and Salmonella
isolates used in the study are shown in Fig. 2.

Fig. 1: Biofilm detection by VedioScan Technology: The microscopic
images of (a) Flourescence reference beads, (b) Strong biofilm, (c)
Moderate biofilm, (d) Weak biofilm and (e) No biofilm.

There is a strong prevailing presumption that the
formation of microbial communities is associated with
their pathogenicity and the bacteria residing in biofilms
are main cause of persistent and chronic infections.
Furthermore, the antibiotics currently available are
ineffective to target biofilm related infections due to their
higher levels of minimum inhibitory concentrations (MIC)
and minimum bactericidal concentrations (MBC)
approaching to the minimum toxic concentrations (MTC).
Hence, it is critically important to design and screen new
anti-biofilm molecules that can work independently or
synergistically with other antimicrobials. We have
recently developed the VideoScan Technology and
optimized it for fast and high throughput screening of
biofilms formed by E. coli (Schiebel et al., 2017),
Pseudomonas (Awan et al., 2019) isolates and now for
recently isolated (Wajid et al., 2019) zoonotic serovars of
Salmonella.
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Fig. 2: Biofilm formation by APEC and Salmonella under different conditions: (A) APEC at 37°C, B) APEC at 40°C, (C) Salmonella at 37°C and (D)
Salmonella at 40°C. The letters A is abbreviated for APEC, T for S. Typhimurium, E for S. Enteritidis, I for S. Infantis and PC for positive control.

The observed strong biofilm formation by Salmonella
in RVS media is in line with the previous report (Chandra
et al., 2017) where RVS has been found to support
Salmonella growth. It is therefore understandable that no
strong biofilm was produced by APEC isolates in RVS
media. We observed weak or no biofilm production by
Salmonella in BHI media (Fig. 2). However, we found
BHI (enriched) and M63 (minimal) media at 40°C for 72
hrs incubation as most suitable conditions for biofilm
formation by the APEC isolates. The BHI and M63 media
has been previously reported as suitable for biofilm
production by the APEC isolates (Skyberg et al., 2007).
This study revealed the high biofilm formation potential
among APEC isolates and moderate biofilm formation
potential among Salmonella isolates suggesting APEC as
better survivor in the environment.

Overall, the automated Aklides system using
fluorescence microscope coupled with VideoScan
imaging technology was found as an excellent tool for fast
and high throughput screening of biofilm formation by
Salmonella and APEC isolates. This tool can further be
utilized to screen a number of bacteria to find the
optimum biofilm forming conditions including different
media, incubation temperatures, surface materials and
time durations. The particular advantage of this technique
is visualization and imaging of the produced biofilms that
make the technique preferable over crystal violet staining.
A next step should be testing biofilm formation under
natural conditions: drinking water, temperatures like at
poultry farms, on grains of sand or on metals used for
water tubes, cages etc. The new information regarding
optimum conditions for biofilm formation by APEC and
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Salmonella can be utilized in further biofilm-associated
studies including the screening of different existing or
novel anti-biofilm compounds alone and/or in
combination with various antimicrobials.
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