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Background: Community-acquired urinary tract infections are associated with significant
morbidity, and uropathogenic Escherichia coli (UPEC) alone causes 90% of urinary tract
infections. This bacterium retains a diverse armament of virulence factors including fimbria,
hemolysins, and siderophores production. In a post invasion scenario, formation of intracel-
lular communities mimic biofilm-like characteristics and are linked to recurrent urinary tract
infections. We investigated the effects of different frontline antibiotics on the formation,
inhibition, and eradication of biofilms of virulent UPEC strains.

Materials and Methods: A total of 155 UPEC strains were scrutinized for various
virulence factors including gelatinase, cell surface hydrophobicity, hemagglutination, and
serum bactericidal activity. Biofilm formation was confirmed by three different methods:
Congo red agar, test tube, and tissue culture plate method. Biofilm inhibition and eradication
assays were performed according to the standard protocols. Topographical analysis of
biofilms was done by scanning electronic microscopy (SEM).

Results: Out of 155 strains, 113 (73%) were strong biofilm formesr, while 37 (24%)
produced biofilms at moderate level. Significant differences were observed between MICs
of planktonic cells (MIC-p) and MICs of UPEC biofilms (MIC-b). Among tested frontline
antibiotics, levofloxacin successfully inhibited biofilms at a concentration of 32 pg/mL,
while trimethoprim eradicated biofilms at higher concentrations (512-1024 pg/mL).
Ciprofloxacin treatment at sub-MIC level significantly enhanced biofilm formation (P<0.05).
Conclusion: The majority of UPEC strains are strong biofilm formers and show higher
tolerance towards frontline antibiotics in biofilm form. We observed significant inhibitory
effects of levofloxacin (32 pg/mL) on UPEC biofilms, while treatment with sub-minimal
concentrations of ciprofloxacin significantly enhanced biofilm formation. Out of all tested
antibiotics, trimethoprim (512-1024 pg/mL) eradicated UPEC biofilms.
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Introduction

Urinary tract infections (UTIs) are becoming increasingly challenging, mainly
because of higher recurrence rates and resistance to frontline antibiotics." Each
year 150-250 million cases of UTIs are reported across the globe.? Uropathogenic
E. coli (UPEC) alone accounts for 90% of all UTIs, including nosocomial and
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community-acquired infections.* As an opportunistic intra-
cellular pathogen, UPEC colonizes the urinary bladder
producing variable clinical manifestations ranging from
cystitis to severe pyelonephritis.>® Bacterial strains pos-
sess various virulence factors contributing to effective
colonization, higher persistence, and pathogenesis of the
disease.” Moreover, UPEC has the ability to form micro-
colonies in the mucosal lining of the bladder, known as
intracellular bacterial communities (IBCs) which mimic
biofilm-like properties and facilitate bacterial persistence
inside the host.® Their ability to form a biofilm is linked to
hospital-acquired infections, particularly catheter asso-
ciated urinary tract infections (CAUTI). Since biofilms
possess a higher concentration of polysaccharides, they
render immune components and antibiotics ineffective. In
contrast to planktonic state, bacterial cells in consortia
possess greater abilities to tolerate antibiotics and remain
challenging in clinical settings.” MDR (multi-drug resis-
tant) biofilm former bacteria have been particularly diffi-
cult to treat with p-lactams and fluoroquinolones.'
Although frontline antibiotics such as co-trimoxazole (tri-
methoprim/sulfamethoxazole), fluoroquinolones (eg, levo-
floxacin, ciprofloxacin), aminoglycosides (gentamicin),
and third generation cephalosporins (eg, ceftazidime, cef-
triaxone) are widely used therapeutic options, empirical
treatment of both uncomplicated and complicated UTIs at
different geographical locations rely on locally assessed
susceptibility profiles. Because of their excellent tissue
penetration, trimethoprim and second generation fluoro-
quinolones are important therapeutic choices for the treat-
ment of male prostatitis. Similarly, for many cases of acute
cystitis in women usually a 3-day course of trimethoprim
is recommended. Unfortunately resistance against frontline
antibiotics has been mounting significantly over the last
few decades. For example, in Austria 15%, Greece 18%,
Portugal 16%, Sweden 16%, UK 14%, Korea 35%, and
Europe 25% strains were resistant to trimethoprim.'"-'*
Alternatively, fluoroquinolones have been widely and fre-
quently used against different types of infections including
UTIs."” Likewise, third and fourth generation cephalospor-
ins such as ceftriaxone and ceftazidime remained reliable
therapeutic options for the eradication of co-trimoxazole
resistant uropathogens. In addition, aminoglycosides are
used in combination with p-lactam or glycopeptides.'®'”
The current studyevaluated the effect of these frontline
antibiotics on various aspects of UPEC biofilms including
inhibition, eradication, and enhancement. Since not much is
known about the effect of sub-minimal concentration of

ciprofloxacin on biofilms of extraintestinal E. coli, we further
investigated the role of sub-MIC of ciprofloxacin on biofilms
of UPEC.

Materials and Methods
Bacterial Sampling and Phenotypic

Characterization

A total of 155 E. coli isolates were scrutinized from UTI
patients. Samples were collected from a tertiary care hos-
pital located in Islamabad during August 2012 to August
2014. FEthical Review Board of Pakistan Institute of
Medical Sciences approved this study. Verbal consent of
the patients was taken and based on important personal
data such as name, age, gender, location a unique identi-
fication number was assigned for each participant.
Samples under scrutiny were from community-acquired
urinary tract infections. Both biochemical and molecular
methods were used for the bacterial identification.'®
Isolates were tested for phenotypic virulence factors
including gelatinase, hemolysin, cell surface hydrophobi-
city, serum bactericidal activity and hemagglutination.
Isolates were further tested for mannose sensitivity
(MSHA) or
(MRHA)." Gelatinase production was confirmed on a

mannose resistance hemagglutination
plate containing mercuric chloride.”* Hemolysin produc-
tion was assessed on blood agar plates.” Cell surface
hydrophobicity and serum bactericidal activity was deter-
mined as described elsewhere.”' ESBL detection was done

by double disk synergy testing (DDST).”-*

Minimum Inhibitory Concentrations
(MICs) and Biofilm Formation

Antibacterial activity of trimethoprim, levofloxacin, cefta-
zidime, and gentamicin were measured by micro-dilution
broth method (CLSI, 2017).>? E. coli strain ATCC 25,922
was used as an experimental control throughout the experi-
ments. All 155 strains were tested for biofilm formation.
Qualitative assessment of biofilms was performed by
Congo red agar (CRA) and tube method (TM).?>** For
quantitative assessments, TCP method (tissue culture plate
method) was used and is considered gold standard.”
Briefly 200 pL of standardized bacterial suspension (cor-
responding to 0.5 McFarland 1x10%fu/mL) was inocu-
lated on each well of a flat-bottom 96 well clear
polystyrene plate. The plate was incubated at 37°C for
24 hours. After incubation, the content of each well was
removed and washed three times with normal saline (PBS
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0.9%). Attached bacteria were stained with crystal violet
for 15 minutes, subsequently excessive stain was removed,
and each well was washed with PBS. The optical density
(OD) of adherent bacteria was measured at 540 nm using
an ELISA plate reader (Biotek'™). All samples were
tested in triplicate. Based on acquired readings, standard
deviations were calculated, a cut-off value was adjusted to
3 standard deviations above the mean ODc* (cut off OD).
Biofilm formation was assessed at different time points; 2,
4, 10, 18, and 24 hours. Each isolate was categorized
according to the following criteria:

Weak biofilm producer: OD=2x0Dc

Moderate biofilm producer: 2x0ODc<4xODc

Strong biofilm producer: OD>4x0ODc¢

* The cut off OD for the crystal violet was 0.055.

Measurement of MIC-b, MBIC, and MBEC

For the four frontline antibiotics, levofloxacin, ceftazidime,
gentamicin, and trimethoprim, minimum inhibitory concen-
trations of biofilm (MIC-b), minimum biofilm inhibition
concentration (MBIC),and minimum biofilm eradication
concentration (MBEC) were determined as described
elsewhere.*>%° A total of 21 strong biofilm producing strains
simultaneously sensitive to all four antibiotics were selected
for biofilm assays. Because of the higher frequency of resis-
tance against trimethoprim only seven strong biofilm former
strains simultaneously sensitive to trimethoprim and other
three classes of frontline antibiotics could be available
(included in total 21 strains). These selected sensitive strains
were used for the measurements of MIC-b, MBIC, and
MBEC.? For the measurement of MIC-b, 75 pL of standar-
dized bacterial suspension was inoculated in a 96-well micro-
titer plate. The plate was incubated at 37°C for 24 hours.
After incubation plates were washed with phosphate buffer
saline (PBS). Two-fold serial dilutions of all four antibiotics
(levofloxacin, ceftazidime, gentamicin, and trimethoprim),
ranging from 0.5-2048 pug/mL were prepared and 100 uL
of appropriate concentration of each antibiotic was added to
each well of a micro-titer plate. The plate was incubated for
18-24 hours at 37°C. MIC-b for each tested sample was
visually estimated as the lowest concentration of antibiotic
capable of inhibiting biofilm formation of planktonic bac-
teria. Subsequently, each non-turbid well used to estimate
MIC-b was culture plated to assess cell viability.

Likewise, MBIC was determined by inoculating a 75
uL standardized bacterial suspension in a 96 well micro-
titer plate that was incubated for 24 hours at 37°C.
Following the incubation step, medium was removed

gently; wells were washed thrice with PBS. A two-fold
serial dilution of all four antibiotics (levofloxacin, cefta-
zidime, gentamicin, and trimethoprim) ranging from 0.5—
2048 png/mL was prepared and a 100 pL of appropriate
concentration of each antibiotic was added to each well.
Wells were washed and 100 pL of recovery media (MH
broth) was added to the wells and incubated for 24 hours
at 37°C. The lowest concentration of antibiotic that
inhibited re-growth of bacteria was considered MBIC.?
For measurement of MBECs, the treatment procedure
was essentially the same as described for MBIC, except
after the incubation step, wells without visible growth
were scraped thoroughly and particular attention was
given to the edges of wells. Scraped material was trans-
ferred to 1 mL PBS. Each sample was briefly vortexed to
disrupt biofilm and a 100 pL. sample was subsequently
plated on a fresh tryptic soy agar (TSA) plate. Antibiotic
concentration on which no bacterial growth was
observed on the TSA plate was considered MBEC.?®

Effect of Ciprofloxacin Sub-MIC on
Biofilm Formation of UPEC

Ciprofloxacin was diluted at sub-MIC level in the following
concentrations: 0.5 pg/mL, 0.25 pg/mL, 0.125 pg/mL, and
0.0625 pg/mL. Antibiotic concentrations were prepared by
using Mueller Hinton broth (MH broth). To determine the
effects of sub-MIC level treatments, 100 puL of each cipro-
floxacin concentration (0.5 pg/mL, 0.25 pg/mL, 0.125 pg/
mL, and 0.0625 pg/mL) was added to each treatment well,
containing 100 pL of standardized bacterial inoculums.?’
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Figure | Average ODs of E. coli biofilm after different time intervals (2, 4, 10, and
24 hours). Bar graph shows weak biofilm formation at 2 and 4 hours (OD~0.08—
0.11), moderate biofilm formation at 10 hours (OD~0.157), and mature biofilm at
24 hours (OD~0.20). Error bars show SD from the mean value of all 21 strains.
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Microtiter plates were incubated for 24 hrs at 37°C, biofilm
quantification was done by adding crystal violet dye and
measuring OD at 540 nm. The antibiotic-free standardized
bacterial suspension was used as a positive control and
bacteria free ciprofloxacin solution was used as a negative
control. The readings taken for positive and negative controls
were compared to analyze test samples for the biofilm
formation.

Scanning Electron Microscopy of Biofilms
Biofilms were visualized by scanning electron microscopy.
Antibiotic treated and untreated biofilms were analyzed at
different time points. Biofilms were allowed to grow in a
96 well polystyrene plate (with or without levofloxacin
treatment) as described elsewhere.”® For SEM analysis
each sample was fixed with 200 pL (2.5%) glutaraldehyde
for at least 4 hours at 4°C. Samples were washed with
PBS. After washing samples were dehydrated by treating
with absolute ethanol and isoamyl acetate. Samples were
then air dried and coated with gold-palladium using an ion
sputter coater (JEOL, Japan). Finally, each sample was
observed under the SEM equipment (Model: JSM5910,
Manufacturer: JEOL, Japan). Biofilms collected at time
points 4, 10, and 18 hours were treated with different
concentrations of levofloxacin. Fresh media without anti-
biotic was used as a negative control.

4 hours

Statistical Analysis

Each assay was performed in triplicate and repeated at
least twice to ensure reproducibility. Statistical correlation
between phenotypic markers, antibiotic resistance, and
biofilm formation was done by chi-square test. Test was
performed by using GraphPad Prism v 7.04. A P-
value<(.05 was considered statistically significant.

Results
Phenotypic Identification of Virulence

Factors

Out of 155 scrutinized UPEC strains, 67 (43%) showed
alpha-hemolysin activity, while 61 (39%) were gelatinase
producers. B-hemolysin activity and cell surface hydropho-
bicity was confirmed in three (2%) and 48 (31%) of the
strains, respectively. Serum bactericidal resistance was
observed in 132 (85%) of the strains. Likewise, MSHA
(Type 1 fimbriae) and MRHA (P fimbriae) was confirmed
in three (2%) and 37 (24%) of the strains, respectively.

Qualitative and Quantitative Analysis of

Biofilms

Scrutiny of 155 UPEC strains for biofilm production was
carried out by three different methods. Overall, 145 (94%) of
the strains were confirmed as biofilm producers by CRA

13k ‘CRL UOP
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Figure 2 Scanning electron microscopy (SEM) images of Uropathogenic E. coli strain biofilms after 4 hours (left) and 10 hours (right).
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(Congo red agar) method. By tube method 154 (99%) and by
TCP (tissue culture plate) method all 155 UPEC strains were
confirmed as biofilm producers. However, only 113 (73%) of
UPEC strains were confirmed as strong biofilm producers,
while another 37 (24%) produced biofilms at moderate level.
Out of these isolates a total of 21 strong biofilm producing
strains simultaneously sensitive to (levofloxacin, ceftazi-
dime, gentamicin, and trimethoprim) were used for further
assays to determine MIC-b, MBIC, and MBEC.*® Initially,
biofilms of 21 selected strains were analyzed by measuring
optical densities (ODs) values at different time points (4, 8,
10, and 24 hours). The mean OD values confirmed coloniza-
tion of the polystyrene matrix within the initial 4 hours of
incubation (shown in Figure 1). Within 8 hours of incubation,
an exponential growth phase was attained that reached max-
imum level within 18 hours of incubation (plateau phase).
Biofilms of different time intervals were then analyzed by
scanning electron microscopy (Figure 2).

MIC-p and MIC-b of UPEC Biofilm

A comparison based on minimum inhibitory concentra-
tions of antibiotic sensitive planktonic bacterial cells

(MIC-p) and minimum inhibitory concentrations of bio-
film (MIC-b) confirmed strong differences, indicating a
higher level of bacterial tolerance towards frontline anti-
biotics (levofloxacin, ceftazidime, gentamicin, and tri-
methoprim) in biofilm form (Table 1). For levofloxacin,
86% of strains showed MIC-b of 32 pg/mL, while MIC-b
for 14% of the strains was 64 pug/mL. MIC-b values for
gentamicin, ceftazidime, and trimethoprim are shown in
Table 1.

Measurement of MBIC and MBEC of
UPEC Biofilms

For tested UPEC strains, MBICs for levofloxacin, gentamicin,
and ceftazidime were higher than 2048 pg/mL, while tri-
methoprim inhibited biofilm at 512-1024 pg/mL. Our find-
ings based on MBEC confirm that levofloxacin, gentamicin,
and ceftazidime were less effective in eradicating UPEC
biofilm even at higher antibiotic concentrations (2048 pg/
mL). However, trimethoprim eradicated UPEC biofilm at
512-1024 ug/mL (Table 2). Morphology of a 4 hour biofilm
treated with levofloxacin is shown (Figure 3). Likewise, anti-
biotic treatment of an 18 hour biofilm is also shown (Figure 4).

Table | Comparison of Minimum Inhibitory Concentration of Planktonic and Biofilm Forms Among UPEC Isolates

Sample ID MIC-p (ug/mL) MIC-b (ug/mL)
LEV GEN CAZ T™P LEV GEN CAZ T™P
ATCC 25,922 <0.125 <0.125 0.25 <0.125 - - - -
2 [ 16 16 0.125 32 >512 >2048 1024
3 0.12 8 0.12 2 32 >512 >2048 256
9 [ [ 05 - 32 512 >2048 -
2 0.12 [ 0.12 - 32 >512 512 -
33 4 16 16 - 32 >512 >2048 -
34 4 025 0.12 - 32 128 >2048 -
47 0.12 0.12 0.12 - 32 512 128 -
49 16 4 16 | 32 256 >2048 1024
63 16 8 0.12 16 32 256 >2048 1024
68 025 05 <0.125 16 32 64 128 1024
69 8 [ 16 | 32 512 256 1024
72 16 4 4 - 32 64 128 -
74 0.12 16 <0.12 - 32 128 >2048 -
8l 2 16 4 - 64 256 128 -
105 0.12 16 4 | 32 256 512 1024
107 0.12 16 8 - 64 1024 >2048 -
17 0.12 16 <0.12 - 64 128 1024 -
120 0.12 [ <0.12 - 32 128 1024 -
16l 2 8 16 - 2 256 2048 -
168 4 16 4 - 2 256 1024 -
176 025 05 <0.12 - 32 256 1024 -

Abbreviations: MIC-p, minimum inhibitory concentration of floating bacteria; MIC-b, minimum inhibitory concentration of bacteria in biofilm form; LEV, levofloxacin; GEN,

gentamicin; CAZ, ceftazidime; TMP, trimethoprim.
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Table 2 Comparison of Antimicrobial Susceptibility Between MBIC and MBEC Among UPEC lIsolates

Sample LEV GEN CAZ TMP

1D MBIC (ug/ MBEC (ug/ | MBIC (ug/ MBEC (ug/ | MBIC (ug/ MBEC (ug/ | MBIC (pg/ MBEC (ug/
mL) mL) mL) mL) mL) mL) mL) mL)

2 >2048 >2048 >2048 >2048 >2048 >2048 1024 1024

3 >2048 >2048 >2048 >2048 >2048 >2048 512 512

9 >2048 >2048 >2048 >2048 >2048 >2048 - -

22 >2048 >2048 >2048 >2048 >2048 >2048 - -

33 >2048 >2048 >2048 >2048 >2048 >2048 - -

34 >2048 >2048 >2048 >2048 >2048 >2048 - -

47 >2048 >2048 >2048 >2048 >2048 >2048 - -

49 >2048 >2048 >2048 >2048 >2048 >2048 1024 1024

63 >2048 >2048 >2048 >2048 >2048 >2048 1024 1024

68 >2048 >2048 >2048 >2048 >2048 >2048 1024 1024

69 >2048 >2048 >2048 >2048 >2048 >2048 1024 1024

72 >2048 >2048 >2048 >2048 >2048 >2048 - -

74 >2048 >2048 >2048 >2048 >2048 >2048 - -

8l >2048 >2048 >2048 >2048 >2048 >2048 - -

105 >2048 >2048 >2048 >2048 >2048 >2048 1024 1024

107 >2048 >2048 >2048 >2048 >2048 >2048 - -

17 >2048 >2048 >2048 >2048 >2048 >2048 - -

120 >2048 >2048 >2048 >2048 >2048 >2048 - -

161 >2048 >2048 >2048 >2048 >2048 >2048 - -

168 >2048 >2048 >2048 >2048 >2048 >2048 - -

176 >2048 >2048 >2048 >2048 >2048 >2048 - -

Abbreviations: MBIC, minimum biofilm inhibition concentration; MBEC, minimum biofilm eradication concentration; LEV, levofloxacin; GEN, gentamicin; CAZ, ceftazi-

dime; TMP, trimethoprim.

Effect of Sub-MIC of Ciprofloxacin on
UPEC Biofilm

The effect of sub-minimal concentration of ciprofloxacin
on UPEC biofilm was investigated. A variable reduction
and induction of biofilm for six selected strains is shown in
Table 3. Sub-minimal level of ciprofloxacin was used in
the following concentrations, 0.5 pg/mL, 0.25 pg/mL,
0.125 pg/mL, and 0.0625 pg/mL. Biofilm formation for
ciprofloxacin treated strains was significantly higher
(P<0.05).

Correlation Between Virulence Factors,
Antibiotic Resistant, and Biofilms

Formation

UPEC strains resistant to ceftazidime (n=60), levofloxa-
cin (n=50), trimethoprim (n=62), and gentamicin (n=20)
were screened for phenotypic virulence traits. Although
gelatinase production was frequently observed in ceftazi-
dime resistant strains (37, 38%), a statistically significant
correlation between gelatinase production and antibiotic
resistance was only observed in levofloxacin resistant

strains (P<0.05). In the case of MRHA, UPEC strains
with P-fimbriaec were frequently resistant to antibiotics,
however ceftazidime and trimethoprim resistance was
significantly (P<0.01) this
Likewise, trimethoprim resistance was significantly asso-

correlated  with trait.
ciated with serum resistance (P<0.001). A statistically
significant correlation (P<0.01) between alpha-hemolysin
production and gentamicin sensitivity was concluded.
Overall, level of resistance to tested antibiotics remained
independent of cell surface hydrophobicity of UPEC
strains (P>0.05). In this study no significant correlation
between biofilm production and other virulence traits was
found except for hemolysins and MSHA (P<0.05)
(Table 4).

Discussion

UPEC is frequently associated with both community and
hospital acquired UTI. UPEC strains display an interesting
mechanism of forming intracellular bacterial communities
of bladder
Formations of IBCs have been linked to recurrent UTIs.

(IBCs) within mucosal linings cells.

Development of biofilm-like aggregates in vivo comprise
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Figure 3 Scanning electron microscopy (SEM) images showing untreated and levofloxacin treated 4 hours E. coli biofilm cells. Concentrations of levofloxacin was 50 pg/mL.

Magnification: x4000.
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Figure 4 Scanning electron microscopy (SEM) images showing untreated and levofloxacin treated 18 hours E. coli biofilm cells. Concentrations of levofloxacin was 50 pg/mL.

Magnification: x5000.
Notes: a, Individual E. coli cells; b, exopolysaccharide.

early, middle, and late stages and takes around 6-8 hours
to mature.”®*’ UPEC biofilms in-vitro are the major cause
for catheter associated UTI. In this study, overall, 73% of
UPEC isolates were strong biofilm formers. We could
categorize UPEC biofilms in three different stages, early,
middle, and final stage. SEM analysis revealed that early
biofilm formation of UPEC could be observed just after 4

hours of incubation and it took 18 hours before it reached
the final stage. Our findings clearly show that MICs for
UPEC biofilm (MIC-b) were higher than that of plank-
tonic forms (MIC-p). Furthermore, we observed that,
except trimethoprim, other tested frontline antibiotics
were less effective in eradicating UPEC in biofilm
forms, even at higher concentrations (MBEC>2048 pg/
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Table 3 Comparison of sub-MIC, MBIC, and MBEC of Ciprofloxacin Against Selected UPEC Strains

Sample ID | Biofilm Analysis via TCP at 540 nm | Effect of Sub-Minimal and Higher Concentration of CIP on Biofilm
Fomation
Control 1/2 MIC 1/4MIC 1/8 MIC 1/16 MIC MIC-b | MBIC (MRC)
168 0.617+0.22 1.550£0.86 | 0.5603+0.43 | 0.885+0.35 | 1.624x1.69 | 128 >2048
169 0.6233+0.02 1.29740.04 | 2.754%0.14 1.33+0.73 0.857+0.34 | 2048 >2048
176 1.109+0.34 2.362+0.19 | 1.813+0.35 2.013+0.45 | 2.609+0.14 | 128 >2048
181 0.870+0.08 1.023£0.15 | 1.703+0.48 1.889£1.13 | 1.779+£0.35 | 512 >2048
182 0.849+0.67 0.548+0.18 | 0.519+0.04 0.595+0.2 1.765+0.39 | 512 >2048
183 0.333+0.08 1.372+0.04 | 0.845+0.04 0.855+0.53 | 0.928+0.3 512 >2048

Abbreviations: CIP, ciprofloxacin; Sub-MIC, sub-minimal inhibitory concentration;
concentration.

mL) that support the notion that bacterial consortia such as
intracellular bacterial communities (IBCs) within mucosal
linings of bladder cells may resist a vigorous antibiotic
treatment, yet bacterial cells may remain viable, leading to
re-occurrence of the UTIL. Interestingly, for trimethoprim,
similar findings were made when canine uropathogens
were tested against TMP-SMX.*>* This could be because
of differences in antibiotic permeability in biofilm form,
quorum sensing mechanisms, and cell growth heterogene-
ity. Likewise, pharmacokinetic/pharmacodynamic factors
of host and bacteria may also play a role in treatment
outcome.”’

Use of antibiotics asserts a significant selective pres-
sure upon bacterial pathogens resulting in development of
defense mechanisms such as changes in protein expression
and genetic mutations. Under certain conditions, loss of
pathogenicity and induction of SOS under antibiotics pres-
sure has been reported.”® The situation becomes aggra-
vated when antibiotics reach their sub-MIC level before
the next dose can be administered, giving bacterial patho-
gens an opportunity to modulate their pathogenicity. In
this study, five out of six UPEC isolates showed enhanced
biofilm production at sub-MIC level of ciprofloxacin, con-
firming that antibiotic treatments at minute concentration
can modulate the community structure and heterogeneity
of UPEC biofilm. Underlying molecular factors responsi-
ble for sensing and contributing to this significant change
remain to be investigated. Moreover, a sub-inhibitory con-
centration of antibiotics can modulate the virulence and
adherence of UPEC.*? Other studies showed that sub-
lethal concentrations of amoxicillin are involved in
increased antibiotic resistance, induction of biofilm forma-
tion, and adhesion of uropathogens to the bladder epithe-
lial lining.>*** Moreover, it has also been shown that
patients who have received antibiotics prior to onset of

MIC-b, minimum inhibitory concentration of biofilm; MBIC, minimum biofilm inhibition

sepsis were less responsive to antibiotic therapy.®> Besides
active biofilm formation of UPEC strains encode an array
of virulence factors such as fimbriae, surface hydrophobi-
city, serum resistance, gelatinase, and toxins, which con-
tributes to its effective colonization, increased persistence,
and pathogenesis of the disease. Higher occurrence of
virulence factors such as gelatinase, hemolysin, and
serum resistance indicates the prevalence of virulent
UPEC strains. The significant association between biofilm
formation and hemolysin may aid UPEC strains in prostate
persis‘[ence.3 ® Likewise, another significant factor, curli
fimbriae, was attributed to cell-to-cell and cell-to-surface
adhesion during biofilm formation. Fimbriae play an
important role in initial adhesion and spreading of biofilms
on the surface at a later stage.”’ It is also worth noting that
prevention of a biofilm-like situation in vitro at initial
stages could be an interesting strategy to counterfeit the
development of infection. Conclusively, the association of
virulence factors such as biofilm formation and resistant
phenotypes to frontline antibiotics poses a significant chal-
lenge to treat UPEC infections.

Conclusion
Therefore, it is imperative that factors associated with
biofilm tolerance and recalcitrance against antibiotic
would demand new therapeutic strategies which must
breach these barriers. Furthermore, while prioritizing
patient’s health, it should be a specialist’s first goal to
avoid a biofilm-like scenario that could otherwise produce
undesirable consequences. Virulence factors have an
important role in adherence with epithelial surfaces and
for immune evasion. UPEC isolates in this study showed
different phenotypes including ESBLs, gelatinase, hemo-
HA, hydrophobicity,

lysins, and serum bactericidal
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Table 4 Correlation Between Virulence Factors, Antibiotic Resistance, and Biofilm
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Notes: *P<0.05, **P<0.01, ***P<0.001.

Abbreviations: LEV, levofloxacin; GEN, gentamicin; CAZ, ceftazidime; SXT, trimethoprim; R, resistant; S, sensitive; s, strong; m, moderate; w, weak.

activity. Their identification assists in understanding their
role in virulence.
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