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Abstract

The goal of this research is on antibiotic resistance and biofilm formation of Escherichia coli on
different surfaces. 37 E.coli isolates were obtained from K.A.P. Viswanatham Government Medical
College, Tiruchirappalli, Tamil Nadu, India. Biochemical assays were used to re-confirm all the isolates.
Ampicillin, Cefepime, Cefotaxime, Co-trimoxazole, Tetracycline and Levofloxacin showed substantial
levels of resistance. Meropenem, Tigecycline, and Colistin showed the least amount of resistance.
75.6% of the E.coli strains were multidrug resistant (MDR). Biofilm formation of E.coli was higher in
TSBG than in TSB in all (polystyrene, polypropylene, glass and stainless steel) surfaces. It is evident that
the presence of glucose or any sugar substrate promotes biofilm development, resulting in notable
antibiotic resistance. This situation is hazardous to human health.
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INTRODUCTION

E. coli is a gram negative, facultative
anaerobic, versatile bacterium, mostly found in
the lower intestine of humans and endothermic
animals. They colonize in the host and in the
environment.! They are the first bacterial species
to colonize the gut right after birth.? Most
strains of E. coli are usually beneficial and this
commensal E. coli hardly causes disease excluding
immunocompromised host, and conditions such as
in peritonitis.? It causes pneumonia, appendicitis,
gastrointestinal infections, septicemia, and
meningitis.* Antibiotic resistance is a potentially
significant threat to human health worldwide,
over the last few decades.? It is expected that, by
2050, E. coli infections might contribute to 30% of
10 million multi-drug infections annually.> World
Health Organization (WHO) had declared that
antimicrobial resistance (AMR) is one among the
top ten public health threats globally and death due
to AMR will increase from 7,00,000 to 10 million
per year globally.®’. Antimicrobial resistance
occurs when there is a high increase of resistance
to antibiotics by the bacteria. E. coli has the ability
to colonize various environments and this led to an
advantage of acquiring antibiotic resistance from
other bacteria within its environment.?

Another major issue in healthcare is
formation of biofilm, which contributes to 65% of
bacterial infections. E. coli is a complex microbe
which also leads to diarrhoea, biliary and urinary
tract infections in humans and in animals.®®° Few of
these infections are suspected to prevail as biofilm-
associated infections.’® Moreover, E. coli biofilms
play a major role in other serious human diseases
like prostatitis, and catheter-associated infections
and otitis media.'**® Biofilms are aggregates
in which cells are ingrained within a matrix of
extracellular polymeric substance adhere to each
other or to an inert or living surface.*!* It leads
to an increase in antibiotic resistance by allowing
cells to persist. Antibiotic resistance determinants
are transferrable to other isolates of E. coli, also
to other bacteria within the gastrointestinal tract
and to acquire resistance from other organisms.*®
A detailed study of biofilm helps in developing
methodologies to withstand biofilm formation.
Various studies disclose the connection between

biofilm formation and antibiotic resistance. Studies
on quantification of biofilm formation on various
surfaces are still not sufficient. The present study
was undertaken to screen antibiotic susceptibility,
and biofilm formation of E. coli on various surfaces.

MATERIALS AND METHODS

Collection of Strains

37 clinical strains were collected from
K.A.P. Viswanatham Government Medical College,
Tiruchirappalli, Tamil Nadu, India. All bacterial
isolates were subjected to a series of confirming
tests.

Confirmation of Bacterial Isolates

The collected strains were grown on
tryptic soya agar (TSA) (Himedia, India) for
overnight at 37°C and transferred to MacConkey
agar to study the morphological characterization
and finally proceeded for the biochemical
confirmation analysis.'®

Antibiotic Susceptibility Test

All confirmed E. coli strains were
tested for their antibiotic resistance patterns by
Kirby-Bauer disc diffusion method on Muller-
Hinton agar, as per the guidelines of Clinical and
Laboratory Standards Institute (CLSI) (2018).Y" The
antibiotics used in this study were Ampicillin (AMP,
10mcg), Cefepime (CPM, 30 mcg), Cefotaxime
(CTX, 30 mcg), Co-Trimoxazole (COT, 25 mcg),
Tetracycline (TE, 30 mcg), Levofloxacin (LE, 5 mcg),
Gentamycin (GEN, 10 mcg), Imipenem (IPM, 10
mcg), Ertapenem (ETP, 10 mcg), Meropenem (MRP,
10 mcg), Tigecycline (TGC, 30 mcg), Colistin (CL,
10 mcg), and Doripenem (DOR, 10 mcg). Overnight
grown bacterial cultures were inoculated into
0.85% NaCl and the suspension was adjusted
to equivalent of 0.5 McFarland Standard. Sterile
cotton swabs were dipped in the suspension and
swabbed on the Muller Hinton Agar plate (MHA).
The antibiotic discs were then placed aseptically
with sterile forceps on swabbed MHA plates.
The plates were then incubated for 24 h at 37°C.
The guidelines provided by Clinical Laboratory
Standards Institute (CLSI, 2018) were used to
evaluate the patterns as “Sensitive”, “intermediate
resistant” or “resistant”.”
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Quantification of Biofilm Production on Various
Surfaces

Biofilm formation on glass and
polypropylene tubes in tryptic soya broth (TSB)
and tryptic soya broth with 1% glucose (TSBG)

The study was carried out using tube
method. Each of the selected E. coli strains was
cultured individually in 10 ml of TSB and TSBG
(Hi-media, India) in glass and polypropylene tubes
for 24 h at 37°C. The glass tubes were decanted,
rinsed multiple times with sterile water, and air
dried. Then the tubes were stained with 100 pl of
0.5% Crystal Violet (CV) (Hi-media, India). Excess
stain was destained by rinsing with sterile distilled
water. Tubes were dried in an inverted position and
noticed for biofilm formation. The excess stain on
biofilm cells were removed by washing with 1 ml
of 99% ethanol, and then 100 pl was transferred to
a cuvette.'® The Optical Density (OD) of each well
was estimated at 595 nm in a spectrophotometer
(Cary - 60 UV-Vis, Agilent Technologies, USA).

Biofilm Formation on Polystyrene Plates in Tryptic
Soya Broth (TSB) and Tryptic Soya Broth with 1%
Glucose (TSBG)

Each of the E. coli strains was inoculated
individually in TSB and TSBG (Himedia, India), and
grown for 24 h at 37°C. Sterile 96-well polystyrene
plates (Tarsons, India) were loaded with 90 ul

120

of TSB and TSBG, and inoculated with 10 pl of
bacterial culture. Plates were then incubated at
37°Cfor 24 h. After incubation, the plate was kept
upside down and the medium was discarded. The
wells were rinsed thrice with sterile water and
dried. Wells were then stained using 50 pl of 0.5%
crystal violet for 5 min. The wells were washed
with distilled water to remove excess stains. The
stained adherent cells were decolorized using 50
pl of 99% ethanol. The OD of individual wells was
estimated at 595 nm in a spectrophotometer'®
(Cary - 60 UV-Vis, Agilent Technologies, USA).

Biofilm Formation on Stainless Steel in TSB and
TSBG

All E. coli strains were inoculated in TSB
and TSBG (Hi-media, India), and grown for 24 h at
37° C.In a glass tube with stainless steel coupons,
1 ml of E. coli was inoculated into 10 ml of sterile
phosphate buffer saline (pH - 7.4), and incubated
for 2 hat 37°C. After 2 h of incubation, the coupons
were air dried and submerged into TSB and TSBG.
The cells adhered on the stainless steel coupons
were incubated at 37°C for 24 h. After 24 h of
incubation, the coupons were washed thrice with
sterile water and dried. Then, 1 ml of 0.5% crystal
violet was used to stain the coupons. Excess stain
was removed by washing with sterile water. Then it
was decolorized using 1 ml of 99% ethanol, and the

100
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Figure 1. Antibiotic resistance pattern of E. coli.
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OD was taken at 595 nm in a spectrophotometer’®
(Cary - 60 UV-Vis, Agilent Technologies, USA).

RESULTS

The confirmational test of E. coli was
performed on 37 clinical strains. Table shows the
percentage of distribution of E. coli from various
sources, among which Urine had high number
(59.4%) followed by, Pus (29.7%), Blood (5.4%),
Sputum (2.7%), and Vaginal swab (2.7%).

Table. Distribution of E.coli collected from different
sources

Source Total number % of E.coli
of isolates (n=37)  distribution (%)
Urine 22 59.4
Pus 11 29.7
Blood 02 5.4
Sputum 01 2.7
Vaginal swab 01 2.7
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Antibiotic Resistance Pattern

The antibiotic resistant patterns of E. coli
from different clinical samples are presented in
Figure 1. From the results, it is clear that all
the strains showed resistance to at least one
antibiotic except Doripenem for which all strains
were sensitive. Among the antibiotics tested,
E. coli isolates exhibited maximum resistance
against Ampicillin (81%), followed by Cefepime
(67.5%), Cefotaxime (64.86%), Co-Trimoxazole
(56.7%), Tetracycline (51.3%), Levofloxacin
(51.3%), Gentamycin (24.3%), Imipenem (10.8%),
Ertapenem (8.1%), Meropenem (5.4%), and
Tigecycline (5.4%) and Colistin (5.4%).

Biofilm Formation of E. coli on Different Surfaces
Quantification of Biofilm Formation on Glass and
Polypropylene Tubes in Tryptic Soya Broth (TSB)
and Tryptic Soya Broth with Glucose (TSBG)
Biofilm formation on glass surface with
TSB and TSBG is presented in Figure 2. From strains
1 to 16, strains 1 and 2 showed slow growth,
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Figure 2. Formation of biofilm on glass surface.

25
2
1.5
1

OD (595) nm

0.5
0

NNV~ = NNATN OO =

— o — — g — -

Mﬁw@hwc\o—ﬂm:m
— NN n ”

[l B o |

Strain number

@ TSB

Figure 3. Formation of biofilm on polypropylene surface.
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whereas strains 3 and 4 showed a high growth.
Strains 5 and 6 exhibited declined growth and
strain 7 had slight increase in growth. From strain 8
to strain 21, there was a fluctuation in growth both
in TSB and TSBG. Strain 22 showed good growth
both in TSB and TSBG. With a decline in strain 23,
strain 24 showed a slight increase in the growth.
Strains 25 to 37 showed growth fluctuations both
in TSB and TSBG. Strains 3 and 31 exhibited highest
biofilm formation in TSB whereas, strains 3 and
22 showed highest biofilm production in TSBG on
glass surface.

In all 37 strains, growth was greater in
TSBG than in TSB, except the strain 31. It was
observed that addition of glucose to TSB enhanced
the growth on glass surface.

Polypropylene Surface

Biofilm formation on polypropylene
surface with TSB and TSBG is presented in
Figure 3. All 37 strains exhibited growth both in
TSB and TSBG. In TSB and TSBG, strains 1, 3,7, 8, 9,
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g 04
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— o p— — o p— —

10, 11, and 12 showed no much growth, whereas
strains 2, 5, 6, 13, 14, 15, and 16 showed a mild
increase in their growth. From strain 17 to strain
37, itis evident that strains 18, 19, 21, 22, 25, and
26 showed poor growth whereas strains 17, 20, 23,
24 showed a better growth than the other strains.
Strain 27 exhibited a moderately high growth
and there was a sudden decline in growth for the
strains 28, and 29. Again, there was a high growth
in strains 30, and 32, in which strain 31 had a slight
decline in growth. In all 37 strains, growth was
higher in TSBG than in TSB, but the difference of
growth in E. coli was not much difference between
TSB and TSBG. It was observed that addition of
glucose to TSB enhanced the growth of biofilm on
polypropylene surface.

Polystyrene Surface

Biofilm formation on polystyrene surface
with TSB and TSBG is presented in Figure 4. Strain
1 remained unchanged. From strains 2 to 25,
there was less growth on biofilm with fluctuations

Strain number

®TSB @ TSBG

Figure 4. Formation of biofilm on polystyrene surface.
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Figure 5. Formation of biofilm on stainless steel surface.
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both in TSB and TSBG, except strain 19. Strain 26
remained unchanged and strain 27 showed highest
biofilm formation in polystyrene surface in TSBG.
In TSB, strains 27 to 37 showed no appreciable
increase in growth with mild fluctuations.

In all 37 strains, growth was higher in
TSBG than in TSB. But the difference of growth
in E. coli on polystyrene surface was not much
between TSB and TSBG, except for the strain 27.
It was observed that addition of glucose to TSB
enhanced the growth on polystyrene surface.

Stainless Steel Surface

Formation of biofilm on stainless steel
surface with TSB and TSBG is presented in
Figure 5. Both in TSB and TSBG, strains 1 to
5 showed minimum growth. Strains 6 and 7
exhibited highest growth level both in TSB and
TSBG. From strains 8 to 23, there was continuous
fluctuation both in TSB and TSBG. Strains 24 to 33
showed a substantial increase in growth, whereas
in strains 28 and 29 high growth was noted. From
strains 34 to 37 there was a decline in growth of
biofilm. In TSB, strain 7 had the highest growth. In
TSBG, strains 6 and 7 had the maximum level of
growth. In all 37 strains, growth was higher in TSBG
than in TSB. But the difference of growth in E. coli
on stainless steel surface was not much between
TSB and TSBG. It was observed that addition of
glucose to TSB enhanced the growth on stainless
steel surface.

0.7

Comparative studies of biofilm formation
on different surfaces (polystyrene, polypropylene,
glass and stainless steel) using TSB and TSBG
(Himedia, India) as quantified by crystal violet
staining method are presented in Figure 6. In
TSB and TSBG on polypropylene surface, one
strain (strain 32) was found to form high biofilm
formation. Three strains (strains 3, 22 and 31)
showed highest biofilm formation in glass surface
in TSB whereas, in TSBG, two strains (strains 3, and
22) showed highest biofilm formation. Only one
strain (strain 19) expressed the high level of biofilm
formation both in TSB and TSBG in polystyrene
surface. However, strains 6 and 7 were found to
be high in biofilm formation both in TSB and TSBG
in stainless steel surface.

As a result, there was no association
between the strains that produced maximum
level of biofilm on different surfaces. From this
data, it is noted that 60% of the strains which
produced highest biofilm was from urine source
and 40% of the strains were from pus source. In
terms of the influence of the surface on biofilm
production, steel outperformed other surfaces
followed by glass, polystyrene and polypropylene.
This difference, however, was not big enough to
be noticed. Overall, biofilm formation in TSBG was
higher than in TSB in all surfaces. It is known from
this study, that the presence of glucose or any
sugar substrate promotes biofilm development,
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Figure 6. Comparison of Biofilm of E. coli on various surfaces.
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resulting in significant resistance to antibiotics.
The results of this work indicate that the ability of
biofilm formation on various surfaces was found
to be different among strains.

DISCUSSION

Out of 37 tested E. coliisolates, 81% were
resistant to ampicillin. For Doripenem, 100% of the
strains were sensitive. From this study, 75.6% of
the isolates were found to be multi-drug resistant
E. coli. Majority of the MDR E. coli strains were
also resistant to fluoroquinolones, sulfonamides,
and tetracyclines. AMR, according to the (WHO)
World Health Organization (2021), is occurring
all throughout the planet, jeopardising humans'
ability to manage infectious diseases, as well
as compromising along with other health and
medical advancements.” Mukherjee et al. have
reported in their study that multi-drug resistant
E. coli showed 97.5% resistance to ampicillin and
also, 37 out of 40 strains (92.5%) were multi-drug
resistant.’ Antibiotic resistance pattern varies
between different geographic regions. Odonkor
and Addo et al. concluded from their study that
the prevalence of multi-drug resistant E. coli was
49.48%.%° Similarly, Singh et al. reported that
inappropriate usage of antibiotics leads to multi
drug resistance by various pathogens.?

In the present study, MDR E. coli strains
exhibited high resistance to ampicillin. This has
been linked to the over usage of ampicillin drug in
humans. Third-generation cephalosporins are used
to cure many body site infections caused by gram
negative bacteria.?? The current study exhibited
maximum level of resistance to third generation
cephalosporins such as Cefepime (67.5%) and
Cefotaxime (64.86%). Multi-drug resistance of
E. coli to three or more unrelated families of
antibiotics was already reported by others,?*
and it’s a major health threat. Combination of
antibiotics has been proven in some studies to
prevent the formation of new resistant strains.

Biofilm formation of E. coli on various
types of materials was quantified using the crystal
violet staining method in TSB and TSBG. It was
observed from this study that biofilm formation of

E. coliwas greaterin TSBG than in TSBin all surfaces.
Hence, glucose was found to enhance the biofilm
production in TSB. Also, there was no association
observed between the strains producing highest
biofilm. In terms of the influence of the surface
on biofilm production, stainless steel surface had
the highest biofilm than rest of the surfaces. Wilks
et al. had stated that E. coli cells survived for 28
days at 4°C and in room temperature on stainless
steel surface.?® Our study also showed that E.
coli attached effectively to hydrophilic surface
like stainless steel than hydrophobic surface. The
exposure of glass tubes to different growth media
might have brought changes in their cell surface
chemistry and minimized the adhesion process of
E. coli cells to glass surface, which is hydrophilic.
Also, Stainless steel lacks chemical properties
that destroys the bacteria (Packiyam et al.)”’
Hence, the capable pathogens can colonize and
multiply on stainless steel surfaces. Thus, stainless
steel has the potential to serve as an infection
reservoir (Solheim et al.)® Alotaibi and Bukhari
had reported that hydrophobicity, temperature,
pH and culture medium, and also concentration
of microorganism are factors that may affect
adhesion process of biofilm formation.?® Overall,
biofilm formation in TSBG was higher than in TSB
in all surfaces. It is concluded from this study, that
the presence of glucose or any sugar substrate
enhances biofilm development, which may result
in remarkable antibiotic resistance. In certain gram
negative bacteria, the acquisition of particular
antimicrobial resistance can compromise or
improve biofilm formation.* Multidrug resistant
strains, on the other hand, do not appear to form
more biofilm than non-MDR. Biofilm production
was found in both MDR and non - MDR strains.
From this study, 28 strains (75.6%) were found
to be multi drug resistant (MDR) and 09 strains
(24.3%) were non-multi drug resistant (Non-MDR).
Cepas et al. reported that there was no relationship
between multi drug resistance and biofilm
formation.?® Therefore, MDR strains of E. coli
did not tend to have more biofilm production
than the non-MDR. Hence, understanding the
pathogenesis associated with biofilm formation
aids in therapeutic development.
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CONCLUSION

Increase in multiple resistance to
antimicrobial agents is a major challenge in
the development of therapeutic approaches.
Hence, more studies are needed to clarify the
association between antimicrobial resistance
and biofilm formation and quantify the levels of
bacterial biofilm on various surfaces.
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