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Abstract

Background: Urinary tract infections (UTI) are one of the common infections worldwide. Escherichia coli is the most common bac-
teria causing UTI.
Objectives: The current study aimed at investigating the susceptibility pattern, biofilm formation, and the relationship between
pap and sfa virulence genes and biofilm formation in E. coli strains isolated from patients with UTI from 2017 to 2018 in Yasuj City,
Iran.
Methods: In the current cross-sectional study, 130 E. coli strains were isolated from patients with UTI. Antimicrobial susceptibility
testing was performed by disk diffusion method. The presence of pap and sfa genes was investigated by multiplex polymerase chain
reaction (PCR). Biofilm formation was tested using microtiter plate assay and ELISA (enzyme-linked immunosorbent assay) reader
for E. coli isolates.
Results: Out of 130 E. coli strains isolated from UTI samples, 98 (75.38%) were positive for the biofilm formation, (14% strong, 31%
moderate, and 53% weak). The pap and sfa genes were detected in 50% and 29% of the isolates, respectively. Majority of the isolates
were resistant against ampicillin (80%) and susceptible to amikacin and meropenem (100%); the pap and sfa genes were detected
in 92.85% and 85.71% of the biofilm-forming isolates, respectively. These genes in Uropathogenic E. coli (UPEC) have a significant
relationship with strong biofilm formation (P < 0.0001).
Conclusions: The obtained results indicated that the frequency of pap gene was higher than that of sfa in E. coli strains isolated
from patients with UTI in Yasuj. The pap and sfa genes in E. coli strains had a significant relationship with strong biofilm formation.
In addition, the frequency of biofilm formation in antibiotic-resistant E. coli was higher than that of antibiotic-sensitive strains.
According to the results of the current study, it is recommended to administer Amikacin or Meropenem in Yasuj to treat UTI.
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1. Background

The urinary tract infection (UTI) is one of the most com-
mon community- and hospital-acquired infections with
the huge economic burden (1). The presence of micro-
bial pathogens in the urethra, kidney, ureter, and bladder
is called UTI (2). It is accompanied by inflammatory re-
sponses to the urinary tract (3). One of the most abundant
(about 90%) bacteria that cause UTI and asymptomatic bac-
teriuria (ABU) in humans is the common uropathogenic Es-
cherichia coli (UPEC) (2, 4). It causes sickness among both
genders and all age groups, but its prevalence is higher
among females due to hormonal effects and anatomical

conditions of the urinary tract (5). The severity of UTI
depends on two factors: bacterial virulence factors and
host susceptibility. The virulence factors of E. coli such
as fimbriae and toxins in the iron acquisition systems
by overcoming the host immune system, biofilm forma-
tion, and tissue damage can contribute to colonization
and pathogenicity (6). UPEC can produce various adhesion
types of fimbriae to diagnose and bind to epithelial cellu-
lar receptors of the urethra, including fimbriae P and fim-
briae S (7, 8). P fimbriae is composed of six subunits as
PapG, PapF, PapE, PapK, PapA, and PapH proteins encoded
by a bunch of genes called pap (pyelonephritis-associated
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pili) (9). This fimbria helps bacterial pathogenicity by fa-
cilitating colonization, preventing bacterial removal by
urine filtration, and increasing the proliferation and inva-
sion of kidney tissues (10). P fimbria is a mannose-resistant
adjuvant and a predominant phenotype encoded by the
pap gene associated with pyelonephritis in adolescents
and children infected with E. coli caused by pyelonephri-
tis (11). The fimbria S is encoded by the sfa gene. S fim-
briae mediate interaction with receptors containing sialic
acid, bladder epithelium, and urethral ducts, and facilitate
pathogenicity at the host tissue surface (11, 12). Sepsis and
meningitis are caused by common UPEC (13). Biofilm for-
mation is the pathogenic process that allows E. coli to be
maintained in the urinary system and prevents the loss of
bacteria (14). Bacterial biofilm is a consortium of sticky
bacteria growing on inanimate or animate surfaces sur-
rounded by a polysaccharide matrix. Biofilms reduce the
sensitivity of bacteria to antibiotics and are involved in the
food exchange, as well as the exchange of genetic mate-
rials such as the plasmid from one bacterium to another,
and plasmid exchange leads to antimicrobial resistance
development (15). The development of bacterial biofilms
leads to a major challenge for the improvement of patients
due to increased resistance to antimicrobial agents and
host defense system (16). Among the members of the En-
terobacteriaceae family, especially E. coli, the emergence
and spread of antimicrobial resistance is increasing world-
wide. The antimicrobial resistance of E. coli reduces thera-
peutic options and leads to increased treatment costs and
mortality (7). In each geographical region, the differences
in the type of antibiotics administered can be attributed to
the different resistance patterns and antibiotic susceptibil-
ity across pathogens (17).

2. Objectives

Regarding the high prevalence of UTI and the role of
fimbriae and the formation of biofilms in the development
of this infection, to the current study aimed at investigat-
ing the association of biofilm formation in strains isolated
from uropathogenic E. coli with pap and sfa genes and also
its antibiotic resistance pattern in patients with UTI in Ya-
suj, southwest of Iran. It is hoped that the findings of the
current study could be effective in the planning of screen-
ing and appropriate therapeutic interventions for health-
care providers in choosing the appropriate treatment op-
tion and reducing the cost of treatment.

3. Methods

3.1. Sample Size and Sampling Method

Regarding the frequency of fim A and pap C genes, 43%
and 94% in the E. coli isolated from urine samples (6), the

sample size was determined 130 based on the prevalence
formula and considering P = 43%, α = 0.05 and d = 0.2, n =
128.9.

(1)n =
(z1 − α/2)2 P (1− P )

d2

In the current cross sectional study, suspected E. coli
strains isolates from urine specimens obtained from pa-
tients with UTI (105 CFU/mL of urine) in Imam Sajjad and
Shahid Beheshti hospitals, as well as Pasteur diagnostic, Az-
izi, and Dr. Yazdanpanahe labs in Yasuj, Southwest of Iran
were randomly selected, based on the number of urine
cultures present in each medical center in the period of
five months from July to November 2017; the proportion
of the sample was multiplied. Since in each laboratory,
urinary cultures were checked by more than one expert
to ensure E. coli growth, the specimens were finalized and
confirmed by the researcher and entered into the study.
Based on the study design, systematic random sampling
was used to determine the sample size. The population of
the study included outpatients with UTI referring to med-
ical labs for urine culture; the growth of E. coli was consid-
ered as a positive result. Exclusion criteria were having an
indwelling urinary catheter, being pregnant, having geni-
tourinary abnormalities, and antibiotic therapy within the
last two weeks. Suspected E. coli isolates were transferred
to the Microbiology Lab of the Yasuj University of Medical
Sciences for diagnosis and confirmation. They were cul-
tured on eosin methylene blue (EMB) agar. After 24 hours
of incubation at 37°C, the colonies were confirmed with
biochemical complementary tests such as triple sugar iron
agar (Merck, Germany), indole production, Simmons’ cit-
rate, methyl red and Voges-Proskauer, and urea hydroly-
sis. The isolates were subcultured in vials containing tryp-
ticase soy broth (Merck, Germany) and after 18 to 24 hours
incubation and growth of the bacteria, one to two drops of
20% sterilizer glycerol were added to the culture and the
stock was stored at -20°C (18).

3.2. Antimicrobial Susceptibility Testing

For this purpose, antibiotic discs (BD-BBL Company,
American) were used. Antibiotic susceptibility testing was
performed by the Kirby-Bauer the disk diffusion method
using a bacterial suspension with standard 0.5 McFarland
turbidity and according to 2018 CLSI clinical and labora-
tory standards. The 0.5 McFarland standard turbidity was
prepared by solving the bacteria in normal saline. The
suspension was cultured on Muller-Hinton agar and then
standard antibiotic discs were placed on the culture with
standard spacing and incubated at 37°C for 24 hours. E.
coli ATCC 25922 was used as a quality control strain. The
standard antibiotic discs used in the study were amikacin
(30 µg), ampicillin (10 µg), imipenem (10 µg), cefotaxime
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(30 µg), ceftriaxone (30 µg), gentamicin (10 µg), nitro-
furantoin (300 µg), nalidixic acid (30 µg), meropenem
(10 µg), cotrimoxazole (25 µg), tetracycline (30 µg), aztre-
onam (30 µg), ciprofloxacin (30 µg), and ceftizoxime (30
µg) (18, 19). The study was approved by the Ethics Commit-
tee of Yasuj University of Medical Sciences (ethical code:
IR.YUMS.REC.1396.81).

3.3. Detection of Biofilm Formation by Microtiter Plate Method

Biofilm formation in UPEC was investigated by mi-
crotiter plate assay, according to previous methods with
some modifications that was repeated in triplicate. At first,
24-hour culture of E. coli was prepared by inoculation of a
bacterial colony into 5 mL of Tryptic soy broth and incuba-
tion at 37°C for 24 hours. A bacterial suspension adjusted
to 0.5 McFarland standard turbidity was prepared; 200 µL
of diluted suspension was added to each well of the mi-
croplate (Maxwell, China) and incubated for 24 hours at
37°C. After washing with normal saline for three times, 200
µL of 96% ethanol was added to the wells to fix the cells;
then the contents of the wells were drained (after 15 min-
utes) and the plate was dried at room temperature. The
staining step was performed by adding 200 µL of crystal
violet 2% for five minutes. After removing the color of the
crystal with water, 200 µL of 33% acetic acid was added to
each well and incubated at 37°C for 15 minutes; then the
optical density of wells stained with 2% crystal violet was
read by the ELISA Plate Reader at 492 nm (20). The biofilm-
formation ability of E. coli strains was interpreted accord-
ing to the criteria introduced by Stepanovic et al. (21).

3.4. DNA Extraction

DNA genome extraction was performed using a boil-
ing method described by Yu et al. with some modifications
(22). For this purpose, first, several colonies of E. coli were
dissolved in 300µL of distilled water and boiled for 10 min-
utes at 95°C. The centrifugation (Sigma, Germany) was car-
ried out for 10 minutes at 12,000 rpm. Then 100µL of super-
natant was stored after centrifugation as a DNA template at
-20°C for multiplex PCR. In the present research, pap and
sfa genes were detected by multiplex PCR with primers de-
scribed by Tajbakhsh et al. (23). The specific primers are
shown in Table 1.

3.5. Multiplex PCR Assay

To perform multiplex PCR, first, the reaction mixture
was prepared in a 1.5-µL microtube. Then the number of
required samples was calculated according to the samples
size. The reaction mixture was prepared in a total volume
of 25 µL containing 12.5 µL of master mix (Ampliqon, Den-
mark), 1 µL (10 pmol/L) of each primer (forward and re-
verse), 5 µL of bacterial DNA, and 3.5 µL of nuclease-free

water. In the current study, strains harboring pap and sfa
genes were used as the positive control in order to check
the accuracy of each test and sterile distilled water was
used as the negative control. Gene amplification was per-
formed in a thermocycler device (Bio-Rad T100, Singapore);
the multiplex PCR program was as follows: initial denat-
uration one cycle at 94°C for one minute, followed by 30
cycles; denaturation at 94°C for one minute; annealing at
63°C for 30 seconds; extension, 72°C for 90 seconds and the
final extension, one cycle at 72°C for five minutes (23). The
PCR products were electrophoresed (Major Science MP300,
Taiwan) on 1% agarose gel (Pishgam, Iran). Then the final
products were stained with SafeStain (Pishgam, Iran) and
visualized by Gel Documentation (Major Science, Taiwan).
Electrophoresed PCR products are shown in Figure 1.

Figure 1. Multiplex PCR Results for pap and sfa Genes in Uropathogenic E. coli Iso-
lates. Lane 1, Ladder (50 - 1000 bp); Lane 2, negative control; Lane 3, positive control
for the 410-bp sfa gene; Lane 4: positive control for the 336-bp pap; Lanes 5 and 10, pos-
itive controls for pap and sfa genes; Lanes 6, 11, 12 and 13, harbored sfa genes, Lanes 8
and 9, harbored pap gene.

3.6. Statistical Analysis

Data analyses were performed using SPSS Statistics for
Windows, version 16.0 (SPSS Inc., Chicago, Ill., USA). Nom-
inal variables were expressed as mean or frequency and
compared by chi-square test. All statistical tests were based
on two-tailed probability. P value < 0.05 was considered
statistically significant.

4. Results

The current study was conducted on 130 strains of E.
coli isolated from patients with UTI referring to hospitals
and medical laboratories in Yasuj from 2017 to 2018. Age
range of the patients with UTI in the current study var-
ied from one month to 87 years (mean: 33.05 ± 27.67). In
terms of gender, 30 (23.07%) and 100 (76.9%) isolates were
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Table 1. The Primers Used for pap and sfa Genes Detection in Strains Suspected of Uropathogenic Escherichia coli

Target Gene Primer Sequence (5’ → 3’) AmpliconLength,
bp

Reference

pap F GCAACAGCAACGCTGGTTGCATCAT
336 (23)

pap R AGAGAGAGAACTGGGTGCATCTTAC

Sfa F CTCCGGAGAACTGGGTGCATCTTAC
410 (23)

Sfa R CGGAGGAGTAATTACAAACCTGGCA

obtained from male and female subjects, respectively (Fig-
ure 2). In terms of the prevalence of virulence genes in
the 130 E. coli isolates by multiplex PCR, 66 strains (50.76%)
harbored operon pap and 38 (29%) isolates carried the sfa
gene. In Table 2 the molecular analysis results of pap
and sfa genes are shown. Antibiotic susceptibility and re-
sistance pattern showed that the highest resistance was
found against ampicillin (79.23%) in 103 isolates and the
lowest resistance was observed to nitrofurantoin (2.04%)
and imipenem (0.76%).
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Figure 2. Distribution of the genes based on age and gender

According to the results of the study, 79 isolates (60.8%)
were resistant against tetracycline, 78 (60%) against cotri-
moxazole, 73 (56%) against aztreonam, 64 (49.2%) against
nalidixic acid, 57 (43.8%) against ceftriaxone and cefo-
taxime, 58 (44.6%) against ceftizoxime, 48 (36.92%) against
ciprofloxacin, 16 (8.16%) against gentamicin, and the high-
est antibiotic susceptibility (100%) was to amikacin and
meropenem. In the current study, there was no signifi-
cant relationship between gender and biofilm formation
(P > 0.744). The current study results showed that using
microtiter plate assay, 98 (75.38%) E. coli strains isolated
from patients with UTI were biofilm producer. Biofilm-
production ability based on OD was classified into three
groups of strong, moderate, and weak. Of the 98 biofilm-
producing E. coli strains, 14 (14%) were strong, 31 (31%) mod-

erate, and 53 (53%) weak biofilm producers. However, 32
(24.61%) isolates did not show biofilm formation. A statis-
tically significant association was observed between the
formation of strong biofilms and pap and sfa genes (P <
0.0001). The results of microtiter plate assay and the preva-
lence of pap and sfa genes in the isolates are shown in Ta-
ble 2. Among the positive biofilm isolates, the highest re-
sistance was observed against ampicillin (80%), followed
by cotrimoxazole (63.63%), tetracycline (60.2%), aztreonam
(58%), nalidixic acid (52%), ceftriaxone, cefotaxime (46.9%),
and ceftizoxime (45.9%). In the current study, the correla-
tion between biofilm production and antibiotic resistance
was found statistically significant (P value < 0.05) in the
antibiotics such as cefotaxime and ceftriaxone. But the cor-
relation between biofilm production and other antibiotics
wasn’t found statistically significant (P > 0.05).The pattern
of antibiotic resistance in the studied biofilm-producing E.
coli is shown in Figure 3.

5. Discussion

Among UTI-inducing bacteria, E. coli is the most impor-
tant and common agent in ambulatory and hospitalized
patients. The most important stage in E. coli pathogenicity
is the bacterial adherence to the uroepithelial cells. This
connection and colonization is handled by the fimbriae.
The most important fimbriae of UPEC are P, S, f1s, and Dr.
Further understanding and recognizing the pathogenic-
ity of microorganisms could help physicians to predict the
infection behavior. Today, various molecular studies are
conducted to identify the frequency of these virulence fac-
tors in E. coli (1, 24). In the current study, the prevalence
of E. coli was higher in females than males, which could
be due to hormonal effects and anatomical conditions of
the urinary tract in females. These results were consistent
with those of the studies by Jadhav et al., (25) and Tabasi
et al. (26). The current study indicated that the preva-
lence of pap and sfa adhesive genes among E. coli strains
isolated from urine samples obtained from patients with
UTI in hospitals and medical laboratories of Yasuj were
50.76% (n = 66) and 29% (n = 38), respectively, using mul-
tiplex PCR. High frequency of fimbriae P in the current
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Table 2. Biofilm Formation Results and the Prevalence of pap and sfa Genes in the Studied Isolatesa

Virulence Gen Biofilm Reaction P Value

High Biofilm 14 Moderate Biofilm 31 Weak Biofilm 53 Non Biofilm 32

pap 13 (92.85) 21 (67.74) 24 (45.28) 8 (25) < 0.0001

sfa 12 (85.71) 13 (41.93) 8 (15.09) 5 (15.62) < 0.0001

aValues are expressed as No. (%).
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Figure 3. Antibiotic resistance pattern in biofilm-producing Escherichia coli Strains

study indicated the important role of this virulence fac-
tor in the development of UTI caused by E. coli. Also, the
prevalence of fimbriae S indicated that this factor was a
fimbria prerequisite for the adhesion and colonization of
E. coli in UTI (27). Different studies conducted in various
cities of Iran reported the results similar to those of the
current study. The findings of the study were similar to
the ones reported by Asadi et al. (7), Karimian et al. (28),
Rahdar et al. (27), Jalali et al. (29), in Iran, along with re-
ports by Kot et al. (14), Tarchouna et al. (24), and Choi et
al. (30), outside Iran. It seems that the diversity in sam-
ple sources and variation in geographical regions and host
clinical conditions play an important role in the frequency
and type of virulence genes (31). Production of biofilm
is a factor that plays a major role in the development of
nosocomial infections and UTI. According to previous stud-
ies, more than 50% of bacterial infections are caused by
biofilm-forming species. Identifying planktonic cells as
mature biofilms causes phenotypic changes with conse-
quences such as increased resistance to Disinfectants, an-

timicrobial treatment and host immune system (32). In
the current study, of the 98 biofilm-forming E. coli strains,
14 (14%) were strong, 31 (31%) moderate, and 53 (53%) weak
biofilm producers. Tajbakhsh et al. reported that out of 130
EPEC strains, 18% were strong, 25% moderate, and 56% weak
biofilm producers (23). According to the results reported
by Poursina et al., 80% of all E. coli strains isolated from
patients with UTI were biofilm producers using microtiter
plate assay. Among them, 29% had strong, 34% moder-
ate, and 17% weak biofilm-producing ability (33). Bakhtiari
et al. from Ahwaz, Iran, using microtiter plate assay, re-
ported that 91.4% of E. coli strains were biofilm producer
(20). Zamani and Salehzadeh reported biofilm formation
in 84% of E. coli strains, of which 36% had high, 48% mod-
erate, and 10% weak biofilm-producing abilities and 6%
were non-biofilm producers (34). Tajbakhsh et al. reported
that out of 130 UPEC strains, 18% had strong, 25% moder-
ate, and 56% weak biofilm-forming abilities (23). Mittal
et al. reported that of 135 isolated E. coli, 13.5% (n = 18)
were biofilm producers (35). Ponnusamy et al. using mi-
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crotiter plate assay, identified 100% of the isolated strains
as biofilm-producing bacteria, of which 6.6% were strong,
80.8% moderate, and 14.14% weak biofilm formers (36).
Neupane et al., reported an increase in biofilm-formation
ability of 108 (51.92%) out of 208 E. coli strain using Congo-
red Agar method (CRA) (37). Gonzalez et al, in a study a total
of 116 E. coli strains were tested for biofilm formation using
the crystal violet microplate technique. 41.3% of the strains
was produce biofilm. 16.4%, 18.1% and 6.8% formed weak,
moderate and strong biofilms, respectively (38). Difference
in the results biofilm formation may be due to regional
differences in low hygiene status and variable resistance
to antibiotics and different sources of isolation of patients
with urinary tract infections. The current study investi-
gated the antibiotic susceptibility pattern of all isolated
E. coli strains. Antibiotic resistance in biofilm-forming
isolates was higher than that of non-biofilm forming iso-
lates. Among the biofilm forming strains showed highest
resistance to ampicillin (80%), followed by cotrimoxazole
(63.63%), tetracycline (60.2%), aztreonam (58%), nalidixic
acid (52%), ceftriaxone, cefotaxime (46.9%). The maxi-
mum sensitivity (100%) was also observed to amikacin,
imipenem, and meropenem among biofilm-forming and
non-biofilm forming isolates. The current study findings
were consistent with those of Awoke et al. (16), Tabasi et
al. (26), Sudheendra and Basavaraj (39), Neupane et al.
(37) and Makled et al. (40). Differences between the cur-
rent study results with those of other studies could be due
to indiscriminate use of antibiotics and different antibi-
otic resistance patterns in Iran compared to other coun-
tries. This may be due to the fact that bacterial biofilms
are often associated with the long-term viability of the or-
ganism in different environments, the slowdown of bacte-
rial growth in a biofilm, the expression of resistance genes
and the restriction of antibiotics to the biofilm. High re-
sistance to ampicillin may be due to its excessive admin-
istration in the treatment of UTIs, especially in hospital-
ized patients. It can also be said that antibiotics even
in proper doses cannot penetrate the biofilm and disable
its mechanism and metabolites. Lower use of imipenem,
amikacin, meropenem, and nitrofurantoin can be a rea-
son for high sensitivity of bacteria to them in the current
study (40, 41). The results of the current study showed
the high prevalence of pap and sfa genes in UPEC strains
using multiplex PCR for both genes in biofilm-isolated
strains. The prevalence of pap and sfa genes was respec-
tively 92.85% and 85.71%, in high biofilm-producing iso-
lates. The study showed that pap and sfa genes in UPEC had
a significant relationship with strong biofilm production
(P < 0.0001).The relationship between P and S fimbriae
and the formation of biofilm displayed the role of fimbriae
in the formation of biofilms and development of UTIs.
Tajbakhsh et al. (23), and Naves et al. (42), reported a sig-

nificant (P < 0.05) relationship between pap and sfa genes
and strong biofilm formation in UPEC strains. Martinez-
Medina et al. (43) also reported a significant relationship
between fimbria S and strong biofilm formation. In the
study by Zamani and Salehzadeh the relationship between
biofilm formation and fimbria S and papAH fimbriae was
significant (34). In the study by Gonzalez et al., biofilm for-
mation was significantly associated with pili P codifying
genes, whereas virulence factors were not statistically asso-
ciated (38). Fimbriae P causes proliferation and invasion of
kidney tissue by facilitating bacterial colonization and pre-
venting removal of bacterial by urine filtration flow. The
fimbria S is the virulence factor of UPEC that bindings to
epithelial and endothelial cells of urinary tract and kid-
neys in humans and is one of the important factors in the
biofilm formation of UPEC strains (41, 44). The limitation
in the present study could be compared to those of other
studies in the small number of virulence genes involved in
biofilm formulation in UPEC and also the selected commu-
nity for study from a particular geographic region. Aware-
ness of biofilm formation in UTIs can help physicians de-
cide on more effective treatment and prevention meth-
ods for multi-drug resistant strains in this geographical re-
gion.

5.1. Conclusions

The results of the current study indicated that the
pap gene in E. coli strains isolated from patients with
UTI in Yasuj had a higher frequency than sfa. Both the
pap and sfa genes were associated with strong biofilm-
formation. In addition, biofilm formation was more
prevalent in antibiotic-resistant strains of E. coli than
antibiotic-susceptible ones. Given to the antibiotic resis-
tance pattern, it is recommended to administer amikacin
or meropenem to treat UTI in Yasuj in order to prevent the
emergence of multi-drug resistant strains.

It is suggested that other virulence factors involved in
biofilm formation in Escherichia coli that cause UTI be inves-
tigated.

Ciprofloxacin (due to relative resistance) and gentam-
icin (low resistance) antibiotics can also be recommended
in the treatment of UTI as an experimental drug in this ge-
ographical area.
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