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Abstract
Background: Biofilm is a surface adhered extracellular polymer matrix produced by bacteria.
The establishment of biofilms is considered as an important pathogenic trait in many chronic
infections and antibiotic resistance.
Objective: The present study was intended to evaluate biofilm forming potency and antibiotic
resistance (AR) pattern in clinical and non-clinical bacterial isolates, and their phylogenetic
characterization.
Materials and Methods: A total of 82 bacterial isolates were obtained from clinical settings
and animal farms from southern (Kushtia-Jhenaidah) region of Bangladesh. Biofilm forming
potentials and AR profile were evaluated by standard biofilm assay and Kirby-Bauer disk
diffusion method, respectively. Further, antibiotic exposure was assessed by multiple antibiotic
resistance (MAR) value indexing. Furthermore, statistical methods were applied to estimate the
relationship between AR and biofilm formation. Finally, selected isolates were characterized by
morphological and biochemical tests, as well as 16S rRNA gene sequencing.
Results: Clinical isolates showed higher biofilm formation (OD595=1.17±0.03) than non-clinical
isolates (OD595=0.68±0.03). Among all, Pseudomonas isolates produced the highest amount of
biofilms (OD595=2.08±0.02). The AR profiles fell within 46.67-86.67% and MAR index ranged
from 0.47 to 0.87. Moreover, a significant positive correlation (P < 0.05) was found between
biofilm formation and AR. Eventually, heavy biofilm producers with ≥60% resistance profile
were characterized and identified as Escherichia coli, Cronobacter sakazakii, Pseudomonas
aeruginosa, Staphylococcus sciuri, and Staphylococcus aureus.
Conclusion: In general, biofilm formation and MAR were highly correlated regardless of the
source, type, and environment of the isolates. Therefore, a rigorous evaluation of both biofilm
formation and AR is demanded to minimize AR and associated problems.
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Background
Bacteria reign over this planet have still remained in
power after more than four billion years. The formation of
biofilm, as a surface-attached sessile microbial community
is viewed as one of their key survival strategies.1 In
addition, it is well-known to play a significant role in
chronic infection and antibiotic resistance (AR).2 For
example, dental plaque is a common biofilm-mediated
problem which contains more than 700 bacterial species.3
Moreover, resistant to antibiotics is more prevalent in
bacteria within biofilm compared to their free-living
counterparts due to the inaccessible extracellular polymer
matrix present in the biofilm structure.2,4 Further, the
growing AR is attributed to the overuse and misuse of
antibiotics in clinical setting and feedstocks preparation

for therapeutic reasons and growth promotion,
respectively.5,6 Furthermore, AR complicates and can
jeopardize the treatment of serious bacterial infections in
both animals and humans.7
In recent years, biofilm formation by a group of highly
pathogenic bacteria, known as ESKAPE (i.e., Enterococcus
faecalis, Staphylococcus aureus, Klebsiella pneumoniae,
Acinetobacter baumannii, Pseudomonas aeruginosa,
and Enterobacter species) has drawn special attention.4
For example, P. aeruginosa and S. aureus cause several
important nosocomial infections and, have already
become resistant to last-line of antibiotics.8-10 Biofilm
forming P. aeruginosa and S. aureus and their resistance to
antibiotics are reported earlier.11,12 Additionally, multidrug
resistant (MDR) Escherichia coli was observed in non-
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clinical sources.13 The genetic flexibility and adaptability
of E. coli allow them to develop AR mechanisms based
on the changes in their environments.14 Therefore, biofilm
formation and its relation with AR need to be studied for
bacteria from both clinical and non-clinical sources.
The emergence of MDR bacteria is a growing concern
for public and animal health, particularly in Bangladesh
due to the frequent uses of antibiotics.15,16 Moreover, nearly
90% of veterinary medicines, which are commonly used
in animal farming, are excreted from the animal feces.6,17
These animal wastes, containing antimicrobial residues
and resistant bacteria, are further used as fertilizer in
agriculture.18 For instance, approximately 50% and 10%
of the total daily-produced poultry wastes in Bangladesh
are directly used in fish culture and crop production,
respectively.19 The prevalence of MDR bacteria in raw
milk and associated public health problems are welldocumented as well.13,20 Accordingly, threats to public
health can emerge from transferring pathogens or their
resistance genes to other bacterial genera and the human.21
Objectives
The present study aimed to assess the biofilm forming
potency, AR profile, and molecular phylogeny of bacterial
isolates obtained from clinical settings (i.e., Kushtia
General Hospital and Islamic University Medical Center)
and animal farms in nearby cities, Kushtia, and Jhenaidah,
Bangladesh.
Materials and Methods
Sample Collection and Isolation of Bacterial Strains
Seventy-two clinically relevant samples were directly
received from the environment (i.e., clinical wastes and
dusts) and patients (i.e., nasal mucus, human stools, and
urine catheter) admitted to the Kushtia General Hospital
and the Islamic University Medical Center. In addition,
twelve non-clinical samples (i.e., poultry litter and raw
cow milk) were obtained from commercial animal farms
in Jhenaidah. After processing, samples were selectively
cultured on Eosin Methylene Blue Agar (EMB, HiMedia,
India), Cetrimide Agar (CEA, HiMedia, India), and
Mannitol Salt Agar (MSA, Scharlau, Spain) in order to
isolate Escherichia, Pseudomonas, and Staphylococcus,
respectively.
Evaluation of Biofilm Forming Potential
Tube Adherence Method
Biofilm production was detected by a quantitative assay
proposed by Christensen et al.22 Briefly, a loopful of the
isolate was inoculated into a glass tube containing 5 mL of
Tryptic Soy Broth (TSB, HiMedia, India) and incubated
at 37ºC for 48 hours. The tubes were decanted and dried
after incubation and stained with 0.1% crystal violet (CV).
Subsequently, the tubes were gently washed and placed
upside down for drying. The visible lining of the wall and
bottom of the tube by a film was considered as positive.
38

Further, the optical density (OD) of the stained adherent
bacterial biomass was measured at 595 nm (OD595) with
UV-VIS spectrophotometer (Shimadzu, Australia). Sterile
TSB tubes were used as the negative control.
Microtiter-Plate Method
The formation of biofilm was performed in a standard
96-well microtiter plate as described by Stepanović et al.23
Generally, after grown in TSB at 37°C for 36 hours, nonadherent bacterial cells were removed by an aspirator.
However, the adherent cells were stained with 0.1% CV
solution for 50 minutes after which the CV solution was
removed. Furthermore, the excess stain was rinsed off by
dH2O two times through gentle shaking for 20 minutes.
Biofilm production was quantitatively measured at OD595
with Tecan GENios Microplate Reader (Tecan Group Ltd.,
Switzerland), and the wells containing TSB broth only
served as negative control. Moreover, the mean OD595 of
the negative control was subtracted from the mean OD595
of inoculated wells in order to correct the background
staining of CV. The adherence ability was classified based
on cut-off absorbance value according to Stepanović et
al.23 Finally, a microscopic portion of the adhered biofilms
was visualized in bright field microscopy as well.
Antibiotic Resistance and Multiple Antibiotic
Resistance Value Index
Antibiotic susceptibility/resistance patterns towards
fifteen clinically relevant antibiotics (included in
eight classes) were examined by the Kirby-Bauer
method according to the standard of Clinical and
Laboratory Standards Institute.24 The following antibiotic
discs (HiMedia, India) were used.
Penicillin G (P, 10 µg), tetracycline (TE, 30 µg), cotrimoxazole (COT, 25 µg), erythromycin (E, 15 µg),
kanamycin (K, 30 µg), streptomycin (S, 10 µg), ciprofloxacin
(CIP, 5 µg), ceftazidime (CAZ, 30 µg), azithromycin
(AZM, 30 µg), nalidixic acid (NA, 30 µg), colistin (CL,
10 µg), polymyxin B (PB, 300 µg), doxycycline (DO, 30
µg), amoxicillin (AMX, 30 µg), and ceftriaxone (CTR,
30 µg). Multidrug resistance was defined as the acquired
non-susceptibility to at least one agent in 3 or more
antimicrobial categories.25 The MAR index was calculated
as the ratio of the number of antibiotics to which the isolate
displayed resistance to the number of antibiotics to which
the isolate was evaluated for susceptibility.26
Identification of High Biofilm Forming Multidrug
Resistant Isolates
Bacterial isolates with the highest profile in both biofilm
formation and AR were characterized and identified
using standard biochemical and molecular techniques.
Morphological and biochemical characteristics were
evaluated following standard methods described in
Benson’s Microbiological Applications Lab Manual for
tentative identification.27
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Molecular Characterization
Each selected isolate was subjected to 16S rRNA gene
sequencing for species-level identification. The genomic
DNA was extracted using the automated DNA extractor
with Maxwell DNA Kit (Promega, USA). The processed
DNA was then applied for polymerase chain reaction
(PCR) using Gene Atlas (Astec, Japan). Two universal
bacterial PCR primer pair 27F and 1492R [Forward (5′AGA GTT TGA TCC TGG CTC AG-3′)] and [Reverse
(5′-TAC GGH TAC CTT GTT ACG ACT T-3′)] were
used to amplify a partial segment of bacterial ribosomal
DNA.28 For amplification, a 25 μL mixture containing 12
µL Hot Start Green Master Mix (dNTPs, Buffer, MgCl2,
Taq Polymerase, Promega, USA), 1 μL of T-DNA (2565 ng/μL), 1 μL of each primer (10-20 pMol), and 10
μL of water was employed. The thermal cycle involved
2-minute pre-heating at 95°C before 30 cycles including
30 seconds at 95°C (denaturation), 30 seconds at 48°C
(annealing), and 1.5 minutes at 72°C (extension). Finally,
a 5-minute extension at 72°C was performed, followed
by a final hold of overnight at 4°C. The amplified PCR
products were confirmed and purified by electrophoresis
(CBS Scientific, USA) through 1% agarose gel in TBE
buffer and stained with EtBr solution (Promega, USA).
Ultimately, the purified rRNA gene was ligated to vector
pGEM-cz and sequenced by the automated sequencer
(Applied Biosystems, USA).
Phylogenetic Analysis
The quality of sequences was assessed by ChromasPro,
version 1.7. The forward and reverse sequences were
assembled in Lasergene SeqMan software (DNASTAR,

Inc.) and then the complete consensus sequences were
compared against GenBank database of the National
Center for Biotechnology Information using Basic
Local Alignment Search Tool. For each sequence, eight
sequences with >90% similarity and one reference
sequence as the outgroup, as suggested by Hall, were
curated from GenBank database and subjected to a
phylogenetic tree construction using neighbor-joining
methods in MEGA6 with 1000 bootstrap replications.29-31
In addition, P. aeruginosa PAO1 was considered as the
legitimate outgroup for E. coli and C. sakazakii while E. coli
ATCC 43893 was counted for P. aeruginosa. On the other
hand, Bacillus cereus NC7401 was used as a legitimate
outgroup for Staphylococcal isolates. The complete 16S
rDNA sequences were deposited to GenBank database.
Statistical Analysis
All experiments were performed in triplicates and the
obtained data were presented as mean ± standard
deviation (SD) where appropriate. The relationship
between biofilm formation and AR was estimated using
Pearson’s correlation analysis, and intergroup differences
were calculated with one-way analysis of variance
(ANOVA). The statistical analysis was performed in
Microsoft ExcelTM 2013 and considered significant when
P value was less than 0.01, 0.05, and 0.001. Graphical
illustrations were prepared using Origin Pro, version 8.0
(OriginLab Corporation, USA) as well.
Results
Isolation of Bacterial Isolates
A total of 82 bacterial isolates (i.e., 72 clinical + 10 non-

Figure 1. The Evaluation of Biofilm Production by Different Isolates. Mass screening for biofilm formation by (a) Escherichia, (b) Pseudomonas, and (c)
Staphylococcus isolates, and individual group-dependent study based on the type of (d) bacteria, (e) isolates, and (f) clinical settings. The selected heavy biofilm
producers and the number of organisms tested are marked by ‘red circle’ and ‘n’, respectively. The level of significance is indicated by P value while ‘ns’ denotes
lack of any significance.
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clinical) were obtained in the present study. The highest
percent of bacteria was isolated from clinical wastes (26,
31.71%), followed by clinical dust (16, 19.51%), nasal
mucus (12, 14.63%), human stools (10, 12.20%), urine
catheter (8, 9.76%), raw cow milk (7, 8.54%), and poultry
litter (3, 3.66%).
Biofilm Formation and Selection of Heavy Biofilm
Producers
As shown in Figures 1a-c, the qualitative and quantitative
evaluation suggest that all the isolates produced biofilms at
a different extent. The average biofilm biomass produced
by Pseudomonas, Staphylococcus, and Escherichia isolates
is 2.08 ± 0.02, 0.95 ± 0.04, and 0.38 ± 0.06, respectively
(Figure 1d). Based on the data illustrated in Figure 1e,
the clinical isolates produce higher average biofilm
biomass (1.17 ± 0.03) compared to non-clinical isolates
(0.68 ± 0.03). As regards the waste and dust samples,
Kushtia General Hospital (KGH) isolates show higher
biofilm formation (1.74 ± 0.02) compared to the University
Medical Center (IUMC) isolates (1.53 ± 0.03), the details
of which are depicted in Figure 1f. High biofilm yielding
isolates (i.e., red circle), displayed in Figures 1a-c, from
each bacteria group are selected for further investigation.
Antibiotic Resistant Pattern and Multiple Antibiotic
Resistance Value Index
The AR profile ranged between 46.67-86.67%. Most of the
isolates were resistant to P, TE, COT, E, NA, K, S, CAZ,
and AMX and susceptible to CL, DO, PB, CIP, AZM,
and CTR (Table 1). Among all, nonclinical isolates (i.e.,
E19, E20, and E21) exhibited the highest AR profiles
(53.33%-86.67%). Considering the clinical setting, KGH
isolates (i.e., E06, P1A, P4A, S07, and S18) showed
46.67%-73.33% AR while IUMC isolates (i.e., P4E, P2F,
P4F, S27, and S28) provided 46.67%-66.67%. Further,
clinical isolates demonstrated 100% resistance to P and
NA while non-clinical isolates were 100% resistant to P,

E, NA, CAZ, and AMX. Furthermore, both clinical and
non-clinical isolates represented complete susceptibility
to PB. However, all the selected isolates were resistant
to more than four antibiotic classes and were classified
as multiclass antibiotic resistant. The multiple antibiotic
resistance (MAR) index ranged from 0.47 to 0.87 (Table
1). The isolate E20, E21, P4A, P2F, S07, and S18 (≥60%
resistance) were selected for phylogenetic analysis.
The Relationship Between Biofilm Formation and
Antibiotic Resistance
Pearson’s correlation analysis was used to assess the
interrelation between biofilm production and AR. A
positive correlation (r= 0.59, P<0.05) was observed
between biofilm formation and AR (Figure 2).
Identification and Phylogenetic Analysis of Bacterial
Strains
The Basic Local Alignment Search Tool result of 16S
rDNA sequences from isolates E20, E21, P4A, P2F, S07,
and S18 rendered a close relationship with Escherichia
coli, Cronobacter sakazakii, Pseudomonas aeruginosa,
P. aeruginosa, Staphylococcus sciuri, and S. aureus,
respectively. Moreover, the neighbor-joining phylogenetic
tree further confirmed the position of the bacterial strains
in their respective lineage (Figure 3). Finally, 16S rDNA
sequence was deposited to GenBank database and a
unique accession code was received for each strain, viz.,
Escherichia coli strain MZ20 (MG693099), Cronobacter
sakazakii strain MZ21 (MG735676), Pseudomonas
aeruginosa strain MZ4A (MG735679), P. aeruginosa strain
MZ2F (MG735678), Staphylococcus sciuri strain MZ07
(MG735680), and S. aureus strain MZ18 (MG735703).
Discussion
In this study, biofilms were developed in glass-tube, as well
as in microtiter-plate. The biofilm formation in microtiterplate was significantly higher (P<0.05) and different from

Table 1. Resistance Pattern and MAR Value Index of 13 Isolates
Source and Isolate Specific Antibiotic Resistance Profiles

Isolates
(n=13)

Resistance Pattern

E06
E19

Resistance
No. (%)

MAR Index

P-TE-COT-E-S-CAZ-NA

7 (46.67)

0.47

P-COT-E-K-CAZ-NA-CTR-AMX

8 (53.33)

0.53

E20

P-TE-COT-E-K-S-CIP-CAZ-NA-CL-CTR-DO-AMX

13 (86.67)

0.87

E21

P-TE-COT-E-S-CIP-CAZ-AZM-NA-CL-DO-AMX

12 (80.00)

0.80

P1A

P-TE-COT-E-S-NA-AMX

7 (46.67)

0.47

P4A

P-TE-COT-E-K-S-CAZ-NA-CL-DO-AMX

11 (73.33)

0.73

P4E

P-TE-COT-E-K-S-CAZ-NA

8 (53.33)

0.53

P2F

P-TE-COT-E-K-S-CAZ-NA-DO-AMX

10 (66.67)

0.67

P4F

P-TE-COT-K-S-NA-AMX

7 (46.67)

0.47

S07

P-TE-COT-E-S-CAZ-AZM-NA-CL

9 (60.00)

0.60

S18

P-TE-COT-E-S-CAZ-AZM-NA-CL-CTR-AMX

11 (73.33)

0.73

S27

P-E-K-CIP-CAZ-AZM-NA-DO

8 (53.33)

0.53

S28

P-TE-COT-E-S-AZM-NA

7 (46.67)

0.47

Clinical
(n = 10); Disk (%)

Non-clinical
(n = 3); Disk (%)

P (100%), TE (90.0%),
COT (90.0%), E (90.0%),
K (50.0%), S (90.0%), CIP
(10.0%), CAZ (70.0%),
AZM (40.0%), NA (100%),
CL (30.0%), PB (0.0%),
CTR (10.0%), DO (30.0%),
AMX (50.0%)

P (100%), TE (66.7%), COT
(100%), E (100%), K (66.7%),
S (66.7%), CIP (66.7%),
CAZ (100%), AZM (33.3%),
NA (100%), CL (66.7%), PB
(0.0%), CTR (66.7%), DO
(66.7%), AMX (100%)

Abbreviation: MAR, multiple antibiotic resistance.
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Figure 2. The Correlation Between Antibiotic Resistance and Biofilm
Formation.

biofilms in glass-tube. All the isolates produced biofilms
and showed AR at a different degree (Figure 1 and Table 1).
P. aeruginosa is well-known for their extensive colonizing
ability regardless of the surfaces.32 Additionally, individual
group-dependent study demonstrated that Pseudomonas
isolates produced a significantly higher amount of
biofilm (P<0.001) compared to other bacterial isolates
(Figure 1d). It is known that biofilm formation varies
with the type of bacteria.33 Further, biofilm production
by S. aureus, E. coli, and C. sakazakii was evident in the
current study which coincides with the findings of the
other studies.34-36 Furthermore, clinical isolates provided
significantly more biofilm biomass (P<0.01) compared
to non-clinical isolates (Figure 1e). Interestingly, biofilm
production was higher in isolates which belonged to
dusts, wastes, and poultry litter samples. These are the

accumulated reservoir of thriving bacterial strains from
various sources. However, the present study particularly
emphasized on the biofilm producers from the dust and
waste in clinical environments because of their pathogenic
potentials and the comparison of the inter-difference
between the two clinical settings. In the case of wastes
and dusts, KGH isolates harbored better biofilm-forming
pathogens compared to IUMC isolates (Figure 1f). The
waste and dust gathered in a public health institute like
KGH which may come from different sources can lead to
the accumulation of competent bacteria.
In this study, antibiogram results suggested that
bacteria belonging to animal farms were more resistant
(≥80%) compared to clinical environments (60-73.33%).
For instance, E. coli MZ20 and C. sakazakii MZ21 from
poultry litter showed 86.67% and 80% AR profiles,
respectively (Table 1). This could be due to the frequent
use of antibiotics in animal farms. The commonly used
antibiotics in poultry farms are AMX, DO, E, and CL.6
It was alarming that E. coli MZ20 and C. sakazakii MZ21
were resistant to all the studied antibiotics except for COT,
K, CAZ, AZM, NA, and CIP. Nevertheless, polymyxin
B was the most effective antibiotic against both clinical
and commensal bacteria (Table 1). Further, multiple AR
in C. sakazakii was previously reported.37 On the other
hand, clinical strain P. aeruginosa MZ4A and S. aureus
MZ18 both represented 73.33% AR. Furthermore, higher
AR was observed in KGH isolates compared to IUMC
isolates. More antibiotic exposure to KGH patients than
IUMC could be a plausible explanation. The percentage of
AR exhibited by S. sciuri MZ07 (60%) was less compared
to S. aureus MZ18 (73.33%). It could be due to their rare
colonization and infection in humans.38 The strain S. sciuri
MZ07 of the current study was resistant to all penicillin,

Figure 3. The Phylogenetic Positions of 6 Strains (Green Circle) Within Their Respective Neighbours and Outgroup Lineage (Red Square): (a) Escherichia coli
MZ20, (b) Cronobacter sakazakii MZ21, (c) Pseudomonas aeruginosa MZ2F and MZ4A, (d) Staphylococcus sciuri MZ07, and (e) Staphylococcus aureus MZ18.
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tetracycline, and erythromycin classes of antibiotics. In
a study by Couto et al, 21 strains of S. sciuri were found
resistant to penicillin while susceptible to tetracycline
and erythromycin. However, they indicated that only
some strains could possess resistance to tetracycline and
erythromycin.39
MAR indexing method is simple, rapid, and costeffective compared to genotypic characterization and
thus can be applied to differentiate bacteria from different
sources.26 Navon-Venezia et al reported that MAR index
values larger than 0.2 indicate the high-risk source of
contamination.40 The higher MAR index more than 0.2
indicates that the isolates reported in the present study
originated from high-risk sources of contamination where
antibiotics are often used (Table 1). The observation
was not surprising in the clinical setting and livestock
preparations where antibiotics are used frequently.5,18
Furthermore, the results of the current study revealed a
significant correlation between AR and biofilm formation
(Figure 2). In addition, the association of biofilms with
AR was reported previously.8
Conclusion
In conclusion, most clinical and non-clinical isolates were
found as strong biofilm producers and resistant to multiple
antibiotics. Clinical environments infested with these
bacteria may lead to increased morbidity and mortality
since treatment against biofilm forming MDR pathogens
is far more complicated. Therefore, higher MAR index
and biofilm forming potential of the bacterial isolates
from animal farms and and hospital settings suggest to
rigorously monitor the transmission of these bacterial
strains and their resistance genes in the environment.
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