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Abstract
In every age group, urinary tract infection (UTI) is found as a major recurrence infectious 
disorder. Bio-films produced by bacteria perform a vital role in causing infection in the 
tract of the urinary system, leading to recurrences and relapses. The purpose of this review 
is to present the role and mechanism of bio-film producing MDR Gram-negative bacteria 
causing UTI, their significance, additionally the challenges for remedy and prevention of 
catheter-associated UTI. This work appreciates a new understanding of bio-film producers 
which are having multi-drug resistance capability and focuses on the effect and control of 
bio-film producing uropathogenic bacteria related to catheterization. We have tried to ana-
lyze approaches to target bio-film and reported phytochemicals with anti-bio-film activity 
also updated on anti-bio-film therapy.

Keywords  Pseudomonas aeruginosa · Acinetobacter baumannii · Escherichia coli · 
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Introduction

Urinary tract infections (UTIs) are common in both community and healthcare settings 
which leads to associated comorbidities along with high hospitalization costs [1]. Gener-
ally, UTI affects women more than men and creates complications like cystitis, pyelone-
phritis, and urethritis leading to even blood stream infection (BSI) and hematuria. Patho-
gens that cause UTIs include Gram-negative and Gram-positive bacteria, as well as fungi 
[2]. There are two types of UTIs: complicated and uncomplicated. Even though healthy 
people have no neurological urinary tract abnormalities, they are still impacted by uncom-
plicated UTIs [2–4]. Uncomplicated UTIs are most likely to infect women, children, and 
healthy elderly persons. Complicated UTIs are frequently caused by the combination of 
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indwelling catheters, anomalies in the urinary system, and prolonged antibiotic expo-
sures (or immunosuppression) [2]. The most prevalent causative agent is uropathogenic 
Escherichia coli (UPEC), which is responsible for both uncomplicated and complicated 
UTIs. Klebsiella pneumoniae, Staphylococcus saprophyticus, Enterococcus faecalis, group 
B Streptococcus (GBS), Proteus mirabilis, Pseudomonas aeruginosa, Staphylococcus 
aureus, and Candida spp. are the other causative agents for uncomplicated UTIs, accord-
ing to the prevalence order. Enterococcus spp., K. pneumoniae, Candida spp., S. aureus, P. 
mirabilis, P. aeruginosa, and GBS are the other causative agents for complicated UTIs in 
order of prevalence [2].

According to previous reports, it has been estimated that 36% of UTIs occur due to 
nosocomial origin among which 80% were associated with indwelling urinary catheteriza-
tion [5, 6]. The risk factors for UTI enhance with diabetes, kidney failure, corticosteroid 
use, chronic illness, organ transplant recipients, cancer, and immunocompromised diseases. 
Moreover, the other elements responsible for the obstruction of the urinary tract are pros-
tate augmentation, rehashed pregnancies, tumors, renal calculi, and bladder catheteriza-
tion. Microorganisms are ubiquitous in nature and growing or colonized on the superficial 
part of indwelling medical apparatus, and living tissues such as the urinary tract, the mid-
dle part of the ear, valves of the heart and outer membrane of lungs [7]. Urinary catheteri-
zation increases the chance of the occurrence of UTI. Moreover, worldwide approximately 
150 million people get affected by infection in the urinary tract and catheter-associated 
urinary tract infection (CAUTI) is the most common hospital acquired infection affecting 
around 15–20% of hospitalized patients with prolonged catheterization. Among 40% of 
nosocomial UTI, 80% causes due to CAUTI [8]. Around 75% of hospital-acquired UTIs 
are caused by indwelling urinary catheters. Like many infections, UTI has encountered the 
second most common global health problem found in medical practice which is microbial 
infection. The infection might be caused by genitourinary tract microbe invasion and may 
extend from the kidney to the urethra. During the twenty-first century, several researches 
have been conducted on this infection, and it has been proved that one of the most com-
mon reasons for the infection in the urinary tract is the use of indwelling catheters during 
staying in the hospital. According to a recent survey, most of the UTIs are nosocomial or 
hospital-acquired CAUTI [9].

Role of Catheter and Catheter Infection Sources

Catheters are thin tubes used to drain urine for patients when naturally they are unable 
to do urinary retention due to some obstruction in the urinary tract, such as renal calculi, 
swollen prostate, any renal surgery, or medication. It is generally used to remove the urine 
artificially from the bladder. The catheter may become contaminated upon insertion when 
bacteria easily get entered into the urinary tract through catheterization. The long-term 
storage of urine in the catheter bag leads to the contamination of microorganisms, and the 
infection may easily retrograde into the bladder and leads to a complicated infection [5].

Indwelling urinary catheters are the major clinical concern for causing CAUTI [10]. 
The vast majority of UTI can be caused by Enterococcus species, Acinetobacter species, 
Pseudomonas species, etc. Most of them can form a protecting layer, though antibiotics 
cannot easily penetrate the cell wall and that has become a multi-drug resistant organism. 
Besides bio-film producers, some of the uropathogenic strains are not capable of forming 
the bio-film layer. Between these two classes, microbes without any protective layer can 
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easily be cured by some of the renowned antibiotics, such as amikacin, imipenem, cotri-
moxazole, and ciprofloxacin [11].

On the other hand, microbes with protective layers are difficult to treat with antibiotics. 
The protective layer is commonly known as bio-film. The microbes forming the bio-films 
are a major concern for catheterization, and there is less work on this problem available. 
Thus, by targeting this complicated infection from the aspect of the multi-drug resistance 
bio-film producers, this work appreciates a new understanding of bio-film producers which 
are having multi-drug resistance capability and focuses on the effect and control of bio-film 
producing uropathogenic bacteria related to catheterization [6, 12].

Bio‑film

Microbes developed resistance over antimicrobial drugs by forming thin robust capsules 
as a protective layer adhering to mucilage considered as bio-film. Bio-film formation in 
microbes has been considered as the vital cause of so many epidemic episodes. Moreover, 
UTI is one of the major clinical concerns for developing MDR-bio-film–producing strains 
through recurrence episodes. However, the exact defense mechanism of this mucilage 
adhering to a thin robust layer against antimicrobial is not yet clearly proven [13]. Mostly, 
CAUTI is found in hospital-admitted patients because of the poor handling and unhygienic 
condition of medical indwelling devices [14, 15]. The main reason behind the formation 
of bio-film by colonizing infectious pathogenic organisms are usually found in catheter-
associated infections since many communicate an arrangement of adhesion and exopoly-
saccharides promoting attachment leading to the formation of bio-film on the superficial 
part of the catheter. Microbes’ growth within this thick coherent protective layer confers 
the failure of antibiotic therapy [13].

Intense UTI brought about by microorganisms can prompt intermittent septicemia, 
which is characterized as a “reinfection” once it includes a strain aside from that inflict-
ing the primary infection, or it is characterized as a “relapse” when it is brought about by 
a similar strain as that associated with the first UTI. Intermittent UTIs are basic among 
youthful, healthy women, despite their urinary tracts, by and large, being physiologically 
and anatomically ordinary. Around twenty-fifth of women with a history of intense cystitis 
can create intermittent UTI, which speaks to a significant weight to the health care system. 
As a result, the quantity of studies to clarify the elements inclining intermittent UTI to 
create compelling strategies for counteraction and treatment is urged to be expanded [16]. 
It is a significant general medical issue and the common form of the microbial irresistible 
disease in the network with a high pace of dreariness. UTI can be grouped into simple and 
complicated based on their decision of treatment [17]. UTI is mainly found in the case of 
the female uterine line than male due to the short distance of the urethra and genital tract 
and feminine unhealthy habits and using contraception. The likelihood is that the monthly 
cycle and its tidiness of the heads make curiously moist conditions in the urogenital that 
may progress microbial attack. The other rule factors make females more [17] suscepti-
ble to urinary tract infections. Explicitly dynamic young ladies are at more genuine peril 
of presenting UTIs (particularly, simple cystitis) on account of their life structures (short 
urethra) and certain social variables. Backslides are requested as tangled UTIs and require 
longer courses of anti-infection agents. Backslides in ladies have been identified with the 
limit of the microbes to shape bio-film [18].
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Bio‑films and Infectious Diseases

Infections in Animals and Humans

Bio-films are liable for many non-curable recurrent infections.

Infections in animals

Additionally, bio-film is related to most diseases in animals. So, the study of the role 
of bio-film needs to be carefully studied within the field of animal sciences. Significant 
topics such as sanitation, welfare and well-being of animals, and animal disease control 
are snared into the capacity to manage bacterial majority detecting known as quorum 
sensing and bio-film.

Infections in humans

Researchers perceive that a person with a diabetic condition, ulcer, recurring infections, 
and wound breakdown has minimum chances to get cured by antibiotics. At that time, 
researchers have found that bio-film-related infection has maximum chances or might 
be the real problem of that situation. Research upon microbiology has been going on for 
a long duration and found that many microbes are having resistant infection–occurring 
capability with the help of bio-film formation. Bio-films are easily accessible and can 
cause many infections in humans. Many infections can occur in human beings due to the 
bio-film formation capability of bacteria. Those are urinary tract infection, cystic fibro-
sis, circulation system infection, hospital-acquired infections, septicemia, gum infec-
tion, etc. [19].

Bio‑film Producing MDR Gram‑Negative Bacteria Causing UTI

The recent studies and researches on bio-film producers and their causes discovered harm-
ful pathogens on Gram-negative bacteria, and the most significant bacteria are bio-film 
producers and multidrug-resistant that causes recurring infections in human beings. Bac-
teria in the majority cannot be evaded with drugs, and cannot even match the capability 
of bio-film [19, 20]. The risk factors increase for health care facilities, the elderly, dia-
betes patients, and immunocompromised people. These bio-films can directly come in 
contact with wounds that cannot be healed. Bio-film can cause recurring infection due to 
its multi-drug resistant capability and has already been found in GNB. Penicillin is the 
most renowned drug because of its target potency against the peptidoglycan layer and is 
considered more effective against Gram-positive bacteria. The murein coating on the cell 
wall of Gram-positive bacteria makes it more effective than Gram-negative bacteria with a 
thin layer of peptidoglycan. Most bacteria that are present in bio-film are resistant to sev-
eral antibiotics due to mutation. Multi-drug opposition Gram-negative bacteria caused an 
ascendant UTI, being the microorganisms, most habitually included are Escherichia coli, 
Klebsiella, P. aeruginosa, and Acinetobacter spp. [21]. In hospitals, some Gram-negative 
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uropathogens were found to be highly resistant and discovered to be allied to harmful path-
ogenic strains [21].

E. coli

It is an aerobic and facultative anaerobic bacillus. These bacteria can grow at an optimum 
temperature of 37°C. Some of the strain shows beta hemolytic on blood agar medium 
and on MacConkey medium; it shows pink color due to lactose fermentation. It is part of 
normal intestinal flora. These bacteria can cause mainly four major infections in human 
beings. Those are diarrhea, urinary tract infection, pyogenic infection, and septicemia. It 
is a common uropathogenic organism that can cause infection in the urinary tract. It has 
transformed itself as the most successful commensal microorganism owing to its higher 
adaptability rate and versatility behavior that colonizes multiple body parts [22]. UTI 
often emanates inside the intestine of a patient. It infects patients with UTI through either 
hematogenous route or ascending route through fecal flora growth in the stool. Women are 
mainly at high risk of getting affected by UTI due to the short gap of the urethral site and 
spreading to the perineum, and then they easily access the bladder. E. coli is also respon-
sible for recurrent and hospital-acquired infection and is also associated with indwelling 
medical catheter–related infections and can cause catheter-associated UTIs. In that case, 
there are many phytochemicals from effective plant extracts that have been found sensitive 
against bacterial bio-film [23].

P. aeruginosa

There are many different types of Pseudomonas species found in the environment as an 
encapsulated, Gram-negative, oxidase positive, non-lactose fermenting rod–shaped oppor-
tunistic pathogenic species can cause mild to moderate infections which are motile by polar 
flagella. Among 200 species of Pseudomonas, one of the most causative pathogenic strains 
which is responsible for causing infection in humans is P. aeruginosa. These bacteria can 
cause infection in various parts of the human body, i.e., the lungs, urinary tract, blood, 
ear, eye, and skin [24]. These bacteria survive in the environment and can spread through 
different sources in day-to-day life. Mainly, the resistance capability of the bacteria can 
increase in the hospital environment due to the formation of protective layers or the host’s 
immune defense called bio-film. This type of bio-film-producing bacteria can cause non-
treatable recurring infections in patients who are admitted in the hospital for a long period 
for treatment or people who are having less immunity. Bio-film can easily grow on both 
living and non-living surfaces. It mainly grows on contaminated hand gloves, equipment, 
catheters, etc. [25, 26].

A. baumannii

It is a typically non-lactose fermenting rod–shaped coccobacilli, Gram-negative opportun-
istic bacteria found in people who are having less immunity. This is nowadays found as an 
MDR condition due to the ability to produce bio-film. It can also cause non-curable recur-
rence infections in human beings [27].
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Bio‑film Producing Microbes for CAUTI

Various infections are associated with bacterial colonization inside the urinary catheter 
surface, which forms bio-films. The community of microbes that are physically connected 
with the superficial layer refers to bio-film. The major characteristics of bio-film are the 
aggregation of bio-film with cells, exchange of resistant genes with the plasmids, endo-
toxin production is resistant over host defense mechanism, as well as antimicrobial more 
resistant to the planktonic bacteria which can survive in diverse environmental conditions. 
Bio-film is composed of multi-species like E. coli, P. aeruginosa, E. faecalis, and Kleb-
siella [28, 29]. The risk of developing symptomless bacteriuria with symptomatic UTI is 
usually increased by urinary catheterization through typical uropathogens, for example, 
Enterococcus spp., Pseudomonas spp., and Staphylococcus spp. [29].

The Centers for Disease Control and Prevention and the Department of Health and 
Human Resources revealed that UTI is the most common infection associated with health-
care as reported to the National Healthcare Safety Network (NSHN). Seventy-five percent 
of UTIs in Clinical admitted patients are related to urinary catheters. Fifteen to twenty-five 
percent of hospitalized patients get urinary catheters in a hospital stay. It is assessed that 
clinics spend more than $1 billion in overseeing catheter-related urinary tract infections or 
CAUTI [30]. Hospital-acquired catheter-associated urinary tract infections represent more 
than 1 million cases every year. As per the Centers for Disease Control NHSN, infections 
inferable from inhabiting urinary catheters represent 75% of UTIs acquired in hospitals and 
medical clinics.

Bio‑film‑Associated UTIs

Ongoing Bacterial Prostatitis

The bacteria have a protective climate by the prostatic ducts and acini (a small sac-like cav-
ity) to facilitate the reaction. If the bacteria are not annihilated (destroyed) by any invulner-
able (impossible to harm or damage) response, it tends to the multiplication/formation of 
bacterial colonies.

UTI Through the Use of Catheter

CAUTI can provoke complexities, for instance, renal inflammation by microbial infection, 
inflammatory condition of the urinary bladder, many septicemias, joint agony (extreme 
physical suffering), endophthalmitis, inflammation of endocardium, and meningitis. More-
over, CAUTIs also achieve delayed hospital stay, expanded expenses, and mortality [31, 
32].

Devices Used in Medical Division–Related Bio‑films

Both Gram-positive and Gram-negative microbes are always responsible for the formation 
of bio-films on medical devices, for example E. coli, P. aeruginosa, and A. baumannii. 
These bacteria are present on the skin of healthy patients and inside the water passage ports 
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where they contaminate the medical equipment and apparatus. Indwelling apparatus are 
regularly colonized by multi-species bio-films. At first, bio-films are made from one ani-
mal category, later on, proceeded with additional openings cause multi-species bio-films. 
Various factors boost the speed and formation of bio-films. Firstly, the bacteria join the 
outside of the gadget sufficiently at the last. This underlying pace of connection relies upon 
the sum and kind of bacterial cells inside the liquid during the presence of the gadget, the 
course period through the device, and accordingly, the physicochemical attributes of the 
uncovered surface [33, 34]. However, several researches have been contributed in the rel-
evant field and few of the important key outcomes are mentioned in Table 1.

Recurrent Cystitis

Infections are led by the bladder and kidney well-being deficiency. For example, stones in 
the kidney, abnormal urine drainage, or less drainage. An appointment with a doctor is to 
be taken for a laboratory check-up if such problems are suspected. While having sex, there 
is a chance of cystitis in females. Utilization of diaphragms and spermicide might be some 
reason for cystitis [33, 34]

Hormones

Vagina, bladder, and urethra are the organs that respond to the biochemical hormone called 
estrogens. The levels of estrogen in the body are reduced after menopause. The thickness 
of tissues of the organs gets reduced; it gets weaker and becomes dry. The increase in the 
risk of recurrent cystitis is seen after these changes. The changes in the urinary tract lead to 
cystitis, which is most common during pregnancy.

Pyelonephritis

On reaching the kidney, the bacteria cling to the uroepithelium and the structure slightly 
bio-films before attacking the urinary system. Moreover, the catheter stream gets blocked 
because of the development of translucent bio-films about bladder distension, urine spill-
age, and renal inflammation.

Renal Calculus and Its Infection

Simply, if there should be an occurrence of urease-positive bacteria, bio-film development 
is joined by the statement of calcium and magnesium gems. This crystallized state happens 
exclusively after the bio-film is made since the bio-film fills in as a nucleation site [46].

Prevalence of MDR Gram‑Negative Bio‑film Producers in CAUTI

CAUTI is the most common hospital-acquired infection affecting over 1 million hospital-
ized patients. Mostly, 75% of UTIs are acquired in the hospital by indwelling urinary cath-
eters. This kind of infection is associated with the colonization of endogenic bacteria on 
the urinary catheter surface and forms bio-film inside the patients. Bio-film refers to a com-
munity of microbes physically connected with the superficial layer, where it plays a vital 
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role in continuing bacterial infections. Bacteria residing within the bio-film are more resist-
ant to the planktonic bacteria and can survive in diverse environmental conditions. The 
major properties of bio-film are an assemblage of bio-film with cells, exchange of resistant 
genes within the plasmids, endotoxin production is resistance over host defense mecha-
nism as well as antimicrobial. At present, some of the well-known hospital pathogens are 
attributed to “ESKAPE” group of organisms (K. pneumoniae, E. faecium, A. baumannii, S. 
aureus, Enterobacter spp., and P. aeruginosa) [47, 48]. Bio-films of a urinary catheter is 
mainly composed of multi-species of bacteria like E. coli, P. aeruginosa, E. faecalis, and 
Klebsiella [27]. Hospital-admitted patients with any kind of minor or chronic disease were 
very much sensitive to these urinary tract infections, and detection of bio-film producers 
is slightly difficult because re-insertion of indwelling catheters was found most noticeable 
infection-causing agent [28]. The risk of developing symptomless bacteriuria with symp-
tomatic UTI is usually increased by urinary catheterization through typical uropathogens, 
for example, Enterococcus spp., Pseudomonas spp., and Staphylococcus spp. [31]. Here, 
we have discussed and lightened up on some of the clinical investigations of UTI caused by 
MDR GNB. Table 2 presents the prevalence study of catheter-associated infection-causing 
pathogens.

In the year 2020, Almalki et al. [49] demonstrated that MDR E. coli are the increasing 
concern causing this CAUTI. However, the pathogens associated with CAUTI are mostly 
from the Enterobacteriaceae group. A study from Saudi Arabia reported that from 350 
clinical samples were collected from catheterized UTI cases; 36% of the isolates were 
found to form bio-film. The significant bio-film producers were 20% E. coli, 19% of Kleb-
siella, 8% of Proteus mirabillis, 17% of P. aeruginosa, and 9% of Citrobacter sp. The most 
significant findings of this study were PAN drug-resistant E. coli, Klebsiella, and Pseu-
domonas were found with XDR activity [49].

In the year 2018–2019, Khalek et al. [13] researched catheterized patients. Total num-
bers of 350 urine samples were collected from UTI-affected catheterized patients admit-
ted in the urology department and intensive care units of Tanta University Hospital. P. 
aeruginosa was isolated from 14.6% of CAUTI. All of them have highly resistant against 
cephoperazone, 82.5% of Pseudomonas isolates were resistant against chloramphenicol, 
19.6% were meropenem resistant, 35% to ceftazidime, 25% were resistant to amikacin, 
11% to ciprofloxacin, 8% to norfloxacin, 33% to ceftazidime, 35% to aztreonam, and 28% 
to cefepime [13, 58].

In Nepal during 2018, Maharjan et  al. [50] executed work at Tribhuvan University 
Teaching Hospital. During that work period, 105 urine specimens were collected from 
catheter-associated infections in urinary tract affected patients. Among total collected 
samples, 62% pathogenic growth was significantly found with UTI confirmation in which 
female was the most predominantly affected category. Fifty-seven percent E. coli followed 
by 15% of K. pneumoniae, 12% P. aeruginosa, 8% S. aureus, 3% Enterobacter spp., and 
least numbers of P. mirabilis, Acinetobacter spp., and E. faecalis were found. Overall, 46% 
of strains were found as positive bio-film producers, and 54% were negative bio-film pro-
ducers. Here, more than 90% bio-film-producing Gram-negative strains were resistant to 
ampicillin and amoxicillin–clavulanate, and from this study, we considered that bio-film 
producers were found highly resistant than non-bio-film producers [50].

In Indonesia in 2020, Gunardi et al. [54] performed one original research on bio-film 
producers. This work has been conducted out of collected 109 catheterized patients’ sam-
ples. Seventy-eight percent of catheters were found culture positive, which was greater than 
collected urine samples (38%). Moreover, 18% of Candida spp., 28% of E. coli, 16% of 
K. pneumoniae and 13% of E. faecalis were found from catheter culture. Analysis showed 

2805Applied Biochemistry and Biotechnology  (2022) 194:2796–2830

1 3



Ta
bl

e 
2  

P
re

va
le

nc
e 

stu
dy

 o
f c

at
he

te
r-a

ss
oc

ia
te

d 
in

fe
ct

io
n-

ca
us

in
g 

pa
th

og
en

s

Sl
. n

o.
Pu

bl
is

he
d 

w
or

ks
 o

n 
pr

ev
al

en
ce

 o
f C

A
U

TI
K

ey
 o

ut
co

m
es

Re
fe

re
nc

es

1
Pr

ev
al

en
ce

 o
f c

at
he

te
r-a

ss
oc

ia
te

d 
bi

o-
fil

m
 p

ro
du

ci
ng

 b
ac

te
ria

 a
nd

 th
ei

r a
nt

i-
bi

ot
ic

 se
ns

iti
vi

ty
 p

at
te

rn
.

Th
e 

m
os

t s
ig

ni
fic

an
t fi

nd
in

gs
 o

f t
hi

s s
tu

dy
 w

er
e 

PA
N

 d
ru

g–
re

si
st

an
t a

nd
 

X
D

R
 st

ra
in

s o
f E

. c
ol

i, 
K

le
bs

ie
lla

, a
nd

 P
se

ud
om

on
as

.
[4

9]

2
C

at
he

te
r-a

ss
oc

ia
te

d 
ur

in
ar

y 
tra

ct
 in

fe
ct

io
n 

an
d 

ob
sti

na
te

 b
io

-fi
lm

 p
ro

du
ce

rs
In

 th
is

 st
ud

y,
 m

or
e 

th
an

 9
0%

 o
f b

io
-fi

lm
 p

ro
du

ci
ng

 G
ra

m
-n

eg
at

iv
e 

str
ai

ns
 

w
er

e 
re

si
st

an
t t

o 
am

pi
ci

lli
n 

an
d 

am
ox

ic
ill

in
-c

la
vu

la
na

te
 th

an
 th

e 
no

n-
bi

o-
fil

m
 p

ro
du

ce
rs

.

[5
0]

3
C

om
pa

ra
tiv

e 
stu

dy
 o

f a
nt

im
ic

ro
bi

al
 re

si
st

an
ce

 a
nd

 b
io

-fi
lm

 fo
rm

at
io

n 
am

on
g 

G
ra

m
-p

os
iti

ve
 u

ro
pa

th
og

en
s i

so
la

te
d 

fro
m

 c
om

m
un

ity
-a

cq
ui

re
d 

ur
in

ar
y 

tra
ct

 in
fe

ct
io

ns
 a

nd
 c

at
he

te
r-a

ss
oc

ia
te

d 
ur

in
ar

y 
tra

ct
 in

fe
ct

io
ns

.

Th
is

 st
ud

y 
at

tri
bu

te
d 

to
 th

e 
fa

ct
 th

at
 m

os
t t

er
tia

ry
 c

ar
e 

ho
sp

ita
ls

 h
av

e 
ca

th
et

er
iz

ed
 p

at
ie

nt
s w

ho
 w

er
e 

hi
gh

ly
 a

ffe
ct

ed
 w

ith
 th

is
 n

os
oc

om
ia

l 
in

fe
ct

io
n,

 a
nd

 m
an

y 
ot

he
r r

es
ea

rc
he

rs
 p

ar
tia

lly
 p

ro
ve

d 
th

at
 in

dw
el

lin
g 

ca
th

et
er

s m
ig

ht
 h

av
e 

in
cr

ea
se

d 
ris

k 
fa

ct
or

s f
or

 U
TI

[3
2]

4
In

fe
ct

io
ns

 w
ith

 c
ar

ba
pe

ne
m

-r
es

ist
an

t G
ra

m
-n

eg
at

iv
e 

ba
ct

er
ia

 a
re

 a
 se

rio
us

 
pr

ob
le

m
 a

m
on

g 
cr

iti
ca

lly
 il

l c
hi

ld
re

n:
 a

 si
ng

le
-c

en
te

r r
et

ro
sp

ec
tiv

e 
stu

dy
.

Th
is

 a
rti

cl
e 

co
nc

lu
de

d 
th

at
 c

ar
ba

pe
ne

m
-r

es
ist

an
t i

nf
ec

tio
ns

 a
re

 n
ow

 a
 

si
gn

ifi
ca

nt
 is

su
e 

am
on

g 
pe

di
at

ric
s;

 th
e 

an
tib

io
gr

am
s h

el
p 

to
 re

du
ce

 th
e 

in
ap

pr
op

ria
te

 u
til

iz
at

io
n 

of
 c

ar
ba

pe
ne

m
 fr

eq
ue

nt
ly

, w
hi

ch
 w

ill
 h

el
p 

in
 

pr
ev

en
tin

g 
M

D
R

 st
ra

in
 in

fe
ct

io
ns

.

[5
1]

5
R

is
in

g 
pr

ev
al

en
ce

 o
f m

ul
tid

ru
g-

re
si

st
an

t u
ro

pa
th

og
en

ic
 b

ac
te

ria
 fr

om
 

ur
in

ar
y 

tra
ct

 in
fe

ct
io

ns
 in

 p
re

gn
an

t w
om

en
M

os
t M

D
R

 st
ra

in
s w

er
e 

id
en

tifi
ed

 u
si

ng
 1

6S
 rR

N
A

 se
qu

en
ci

ng
, a

nd
 th

e 
m

or
e 

pr
ev

al
en

t o
ne

s w
er

e 
P.

 a
er

ug
in

os
a 

(U
A

17
), 

E.
 c

ol
i (

U
A

32
), 

an
d 

K
. 

pn
eu

m
on

ia
e 

(U
A

 4
7)

.

[5
2]

6
B

io
-fi

lm
 a

nd
 h

em
ag

gl
ut

in
in

 fo
rm

at
io

n:
 a

 h
al

lm
ar

k 
fo

r d
ru

g-
re

si
st

an
t 

ur
op

at
ho

ge
ni

c 
E.

 c
ol

i.
N

itr
of

ur
an

to
in

 w
as

 li
ste

d 
as

 th
e 

m
os

t e
ffe

ct
iv

e 
dr

ug
 c

on
tro

lli
ng

 u
ro

pa
th

o-
ge

ni
c 

E.
 c

ol
i, 

fro
m

 th
e 

an
tib

io
tic

 su
sc

ep
tib

ili
ty

 a
nd

 th
e 

re
si

sti
vi

ty
 re

po
rts

 
m

os
t o

f t
he

   
bi

o-
fil

m
 p

ro
du

ce
rs

 h
ad

 re
si

st
an

ce
 o

ve
r  

no
rfl

ox
ac

in
, c

ot
ri-

m
ox

az
ol

e 
an

d 
ge

nt
am

ic
in

.

[5
3]

7
B

io
-fi

lm
 fo

rm
in

g 
ca

pa
bi

lit
y,

 m
ul

tid
ru

g 
re

si
st

an
ce

 a
nd

 d
et

ec
tio

n 
of

 a
ss

oc
i-

at
ed

 g
en

es
 in

 u
ro

pa
th

og
en

ic
 E

sc
he

ri
ch

ia
 c

ol
i i

so
la

te
d 

fro
m

 c
at

he
te

riz
ed

 
pa

tie
nt

s.

Th
is

 st
ud

y 
re

ve
al

ed
 th

at
 th

e 
re

su
lts

 fo
r t

he
 p

re
va

le
nc

e 
of

 C
A

U
TI

 w
er

e 
61

.9
%

 a
nd

 6
6.

2%
 fo

r m
al

es
 a

nd
 fe

m
al

es
 re

sp
ec

tiv
el

y.
 It

 h
as

 b
ee

n 
re

po
rte

d 
th

at
, b

as
in

g 
up

on
 th

e 
an

at
om

ic
al

 d
iff

er
en

ce
s o

f u
ro

ge
ni

ta
l p

os
iti

on
, a

na
l 

pr
ox

im
ity

, a
nd

 sh
or

te
r u

re
th

ra
 m

os
tly

 fe
m

al
es

 g
ot

 a
ffe

ct
ed

 w
ith

 C
A

U
TI

 in
 

m
os

t d
ev

el
op

in
g 

na
tio

ns
.

[5
]

8
B

io
-fi

lm
-p

ro
du

ci
ng

 b
ac

te
ria

 a
nd

 ri
sk

 fa
ct

or
s (

ge
nd

er
 a

nd
 d

ur
at

io
n 

of
 c

at
h-

et
er

iz
at

io
n)

 c
ha

ra
ct

er
iz

ed
 a

s c
at

he
te

r-a
ss

oc
ia

te
d 

bi
o-

fil
m

 fo
rm

at
io

n.
It 

ha
s b

ee
n 

re
po

rte
d 

th
at

, i
n 

68
%

 o
f p

at
ie

nt
s, 

bi
o-

fil
m

 p
ro

du
ce

rs
 h

ad
 re

si
st-

an
ce

 to
 w

id
e-

ra
ng

e 
of

 a
nt

ib
io

tic
s.

[5
4]

9
Pr

ev
al

en
ce

 o
f b

ac
te

rio
ci

ns
 a

nd
 th

ei
r c

o-
as

so
ci

at
io

n 
w

ith
 v

iru
le

nc
e 

fa
ct

or
s 

w
ith

in
 P

. a
er

ug
in

os
a 

ca
th

et
er

 is
ol

at
es

CA
U

TI
-c

au
si

ng
 P

. a
er

ug
in

os
a 

is
ol

at
es

 in
 w

hi
ch

 p
yo

ci
n 

w
as

 id
en

tifi
ed

 a
s a

n 
im

po
rta

nt
 c

ha
ra

ct
er

ist
ic

 o
f d

et
er

m
in

an
ts

 fo
r t

he
 u

ro
vi

ru
le

nc
e.

[5
5]

2806 Applied Biochemistry and Biotechnology  (2022) 194:2796–2830

1 3



Ta
bl

e 
2  

(c
on

tin
ue

d)

Sl
. n

o.
Pu

bl
is

he
d 

w
or

ks
 o

n 
pr

ev
al

en
ce

 o
f C

A
U

TI
K

ey
 o

ut
co

m
es

Re
fe

re
nc

es

10
Pr

ev
al

en
ce

 o
f m

ul
tid

ru
g-

re
si

st
an

t G
ra

m
-n

eg
at

iv
e 

ba
ct

er
ia

 c
as

es
 a

t a
dm

is
-

si
on

 in
 a

 m
ul

ti-
sp

ec
ia

lty
 h

os
pi

ta
l.

Po
si

tiv
e 

ca
se

s w
er

e 
m

os
tly

 fo
un

d 
in

 th
e 

ho
sp

ita
liz

ed
 p

at
ie

nt
s d

ur
in

g 
th

ei
r 

ho
sp

ita
l s

ta
y.

 A
ci

ne
to

ba
ct

er
 a

nd
 K

le
bs

ie
lla

 w
er

e 
fo

un
d 

as
 m

os
t p

re
va

le
nt

 
m

ic
ro

be
s t

ha
n 

E.
 c

ol
i.

[5
6]

11
A

 p
ro

sp
ec

tiv
e 

m
ul

ti 
ce

nt
er

ed
 st

ud
y 

in
 E

as
t C

hi
na

, U
TI

 in
 a

du
lt 

co
m

m
un

ity
, 

th
e 

pr
ev

al
en

ce
 o

f E
SB

Ls
 a

nd
 e

tio
lo

gy
.

In
 C

hi
na

, E
nt

er
ob

ac
te

ra
le

s, 
es

pe
ci

al
ly

 E
. c

ol
i, 

is
 c

on
si

de
re

d 
as

 th
e 

m
os

t 
co

m
m

on
 p

at
ho

ge
n 

in
 C

A
U

TI
s a

nd
 th

er
e 

is
 a

 h
ig

h 
pr

ev
al

en
ce

 o
f E

SB
L-

pr
od

uc
er

s. 
Th

us
, t

he
re

 c
ou

ld
 b

e 
cr

uc
ia

l r
is

k 
fa

ct
or

s w
hi

ch
 d

et
er

m
in

e 
th

e 
ap

pr
op

ria
te

 e
m

pi
ric

al
 th

er
ap

y 
fo

r i
nf

ec
tio

ns
 c

au
se

d 
by

 E
SB

L-
pr

od
uc

in
g 

pa
th

og
en

s a
s p

er
 th

e 
ea

rly
 p

re
di

ct
io

n.

[5
7]

2807Applied Biochemistry and Biotechnology  (2022) 194:2796–2830

1 3



that mainly, catheterization was associated with developing risk factors for bio-film forma-
tion [59]. Moreover, this study concluded that 68% of patients had been resistant to mostly 
wide-ranging antibiograms, which means that there was no special effect of antibiotics 
found against bio-film producers [54].

In 2017, there was a study conducted by Biswas et al. [60] on bio-film producers at M. 
S. Ramaiah Medical College and Hospital, Bengaluru. In this study, there were 37 uri-
nary specimens collected from catheterized indoor patients, which all acquired with E. 
coli infection. Around 25% of hospitalized patients were having infections with indwelling 
Foley catheters. Here, 50 numbers of samples out of 55 cases were identified as bio-film 
producers [60].

A research was conducted in 2019, at Koirala institute of Health Sciences, Nepal, by 
Bahadur et al. [32] for 6 months. There was a total number of 10,423 urine samples, and 
1360 samples were obtained from indwelling catheter-associated patients and concluded 
that comparatively, CAUTI is highly infectious than common UTI. Among total 11,783 
collected urine specimens, overall, 2216 positive cultured urine specimen isolates were 
found and from them; 1745 were GNB, and 471 were GPC. This study attributed to the 
fact that most tertiary care hospitals admitted catheterized patients were highly affected 
with this nosocomial infection, and many other researchers partially proved that indwelling 
catheters might have increased risk factors of UTI [32].

In 2019, Aygun et  al. [51] revealed that infections, especially carbapenem-resistant 
bacterial infections, were associated with poor results among serious children in pediatric 
intensive care units. Among all infections, carbapenem resistance was found in approxi-
mately one-third of GNB culture outcomes, and total parental nutrition was a risk factor for 
developing carbapenem-resistant infections. Here, it is concluded that carbapenem-resist-
ant infections are a serious issue among pediatrics and help to reduce the inappropriate 
utilization of antibiogram, especially carbapenem, which will be important in preventing 
MDR bacterial infection [51].

In 2020, Wabe et al.’s [61] research commenced on UTI at Saint Paul’s Hospital Millen-
nium College with asymptomatic infection of 290 pregnant women. The predominant bac-
teria were E. coli, and most of them were resistant to amoxicillin (87%) and cotrimoxazole 
(78%). Fifty-seven percent of isolates were asymptomatic MDR, and most of them have 
previously been infected with catheter-associated UTI [61].

From 2014 to 2018, in Beijing Tsinghua Changgung Hospital, research conducted by 
Wang et al. [35] upon MDR bacteria can cause UTI which were having urinary stones. In 
this 4-year study, 1655 samples were collected from urinary stones having patients among 
which 367 patients had positive microbial growth [35, 62]. E. coli was found as the most 
common isolate with a prevalence of 29%, followed by 12% E. faecalis, 10.5% P. mirabi-
lis, and 6.8% Klebsiella pneumoniae 44.4% isolates were identified as significantly associ-
ated with MDR formation [63]. The three most common GNB were E. coli, P. mirabilis, 
and Klebsiella pneumonia, with a MDR rate of 84%, 63%, and 48% respectively. Drug 
resistance rates varied between MDR and non-MDR for ampicillin, cefazolin, ceftriaxone, 
cefepime, gentamicin, amikacin, and levofloxacin [63].

At Chennai, in a multidisciplinary hospital, the total number of admissions during 2012, 
2013, and 2014 were 221, 236, and 116 respectively [56]. Nagvekar et al. [56] found dur-
ing his research the elevated level of positive cases, and 26 to 34% antimicrobial resistant 
bio-film–producing strains among these notified positive samples were identified. Positive 
cases are mostly found in the hospitalized patients during staying in hospitals. Acineto-
bacter and Klebsiella were found as the most prevalent microbes than E. coli among those 
positive antimicrobial-resistant cultures [56].
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The study upon bio-film-producing K. pneumoniae published in Saudi Journal of Bio-
logical Sciences, by Rajivgandhi et al. [64] concludes that the K. pneumoniae strain was 
carbapenem-resistant, which was based on the method of phenotypic disc diffusion in the 
year 2021. The level of resistivity is confirmed by the MIC method [37]. Additionally, 
using the multiplex PCR method, the presence of the carbapenemase genes IMP and MRP 
in the bacterial sample was confirmed. The selected Klebsiella strain was carbapenemase 
and bio-film producer, which was further confirmed by the resistivity characteristics fea-
tures of carbapenem-resistant K. pneumoniae [64].

In between 2018 and 2019, Umema et al. [52] collected 80 urine samples from 80 preg-
nant women, and the research took place at Taibah University. Out of 80, there was 65 
numbers of women who had UTI, which reflect an aggregate of 80% prevalence of UTI in 
pregnant women [65]. After the investigation, the results reflect that 67% of uropathogenic 
bacteria strains belonged to 31% numbers of E. coli, 23% were of Klebsiella, 16% of Pseu-
domonas, Streptococcus was 4%, 4% of Enterococcus, and 3% Proteus genera, which were 
identified using the characterization, biochemically. Against amoxicillin, pipemidic acid, 
and ampicillin, E. coli has the overall highest resistivity; against pipemidic, ampicillin, and 
ciprofloxacin and cefotaxime, the Klebsiella bacteria have resistivity next to E. coli; for 
Pseudomonas species, the resistivity was seen against ciprofloxacin and cefotaxime. The 
highest MDR were identified using 16S rRNA as P. aeruginosa strain UA17, E. coli strain 
UA32, and K. pneumoniae strain UA 47 in the three strains [52].

The association between the antimicrobial resistance and bio-film and hemagglutinin, 
produced by uropathogenic E. coli, was assessed in research in the year 2019 by Hagos 
et al. [53]. About 27.3% among the study participants was found as UTI; the major etio-
logic agent was found as uropathogenic E. coli, followed by coagulase-negative Staphylo-
coccus. In the catheterization history, UTI along with the risk factors were found signifi-
cantly. It was associated with MDR, bio-film formation and recurrent UTI. Nitrofurantoin 
was listed as the most effective drug for uropathogenic E. coli, after the detection of anti-
biotic susceptibility of drugs. The resistivity towards norfloxacin, cotrimoxazole, and gen-
tamicin was found in approximately 100% of producers of bio-film [53].

In 2020, Anusha et al. [66] conducted research on ESBL and those species of uropatho-
genic pathogens which produce bio-film. The Beta-lactamase and the ability to produce 
bio-film were the major virulence determinant of uropathogens, proven by many studies 
and researches. The recurrence and the level of chronicity in infections is a serious con-
cern among uropathogens in the emergence of antibiotic resistance and bio-film producers. 
Extended spectrum beta-lactamase production and antibiotic susceptibility pattern among 
uropathogenic E. coli isolate and the determination of association in bio-film formation 
were the main objective in the overall studies and research. A total of 11 antibiotic-resistant 
groups were detected among the 127 E. coli isolates; six isolates possess ESBL ability 
among the 11 isolates. Except for E1 and E32, all the other strains possessed the ability 
of bio-film production; urinary pathogens have the most virulence factors in the formation 
of bio-film. So, there is a necessity in the detection of bacteria that produce bio-film to 
conduct the surveillance of the antibiotic susceptibility, and the device is effective for the 
measures in the control of infection [66].

In 2019, Muhammad et al. [5] conducted a study with the urine sample and that resulted 
in 43 numbers positives samples, and their isolates were found 100% bio-film producers. 
A total of 43 E. coli isolations were undergoing the process of the formation of bio-film. 
Thirteen (30.23%) out of 43 have shown a strong bio-film formation whereas the rest 25 
(58.13%) and 5 (11.62%) were moderate and weak bio-film producer isolates respectively. 
The predominance of the infection was 61.85% as observed in this study. Females were 
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suffering more predominately 62.61%, despite lacking statistical significance. These results 
for the prevalence of CAUTI were 61.9% and 66.2% for females. There was evidence in 
a review of (Nicolle, 2014), which recognized the similar incident in most developing 
nations. There could be attributes to the anatomical differences of urogenital position, anal 
proximity, and shorter urethra because females are suffering more predominantly [5].

Mechanisms

Mechanism of Pathogenesis of Urinary Tract Infections

Colonization After Adherence

The pathogenesis of a urinary tract infection begins with the adhesion of the pathogenic 
bacteria. The infection of the urinary tract begins with periurethral contamination caused 
by gut swelling, followed by colonization of the uterine wall and subsequent migration 
of the microbe (pathogen) to the bladder (Fig. 1) [2, 59, 67]. The success of uropathogen 
colonization inside the bladder is usually determined by the host pathogens and the out-
come of their intricate interplay. The pathogenic organisms can travel towards the kidneys 
by aggregating and overcoming host immune surveillance, reattaching by the adhesion 
mechanism of pilli, colonizing the renal epithelium, and ultimately causing tissue damage 
through the release of toxins. Many known uropathogenic bacteria, such as K. pneumoniae 
and S. saprophyticus, cause uncomplicated UTIs, and UPEC can attach to the bladder’s 

Fig. 1   Mechanism of pathogenesis of UTI

2810 Applied Biochemistry and Biotechnology  (2022) 194:2796–2830

1 3



epithelial cell. The principal protein components of superficial facet cells, such as K. pneu-
moniae and UPEC, attach to uroplakins, which create a crystalline array to protect mam-
malian bladder tissue from harmful substances [68, 69]. In addition to uroplakins, the other 
receptors for UPEC are α3β1 integrins, which are found on the surface of urepithelial cells. 
By distinction, as the bacteria travel through the urinary tract, it becomes attached to the 
bladder stone or renal stone, or the associated catheter by any physical obstruction, result-
ing in the onset of complicated UTIs [70]. Others, however, such as P. mirabilis, P. aer-
uginosa, and Enterococcus spp., are more likely to cause complicated UTIs (Fig. 1). Fol-
lowing that, these uropathogenic bacteria frequently form a protective layer, i.e., bio-film, 
which is responsible for the colonization and growth of resistant infections [65, 71].

Mechanism of Virulence Factors of Uropathogenic Bacteria

Elements that are produced by microbes and evoke diseases are called the virulence factor. 
Virulence is the ability to spread the infection to the host which can cause diseases. These 
factors are either secretory, membrane-associated, or cytosolic [72].

There are many virulence factors of bacteria that can cause diseases:

i)	 Adherence and colonization: Adherence is an essential step in bacterial pathogenesis, 
required for colonizing a new host. Fimbriae or pili attached to the living surface or 
other cells are required for the virulence mechanism of some bacterial pathogens.

ii)	 Invasion factors: Pathogenic organisms invade the host cell
iii)	 Capsules and other surface components: This factor act like a protective cover that may 

prevent them from phagocytosis.
iv)	 Endotoxins: The endotoxins on Gram-negative bacteria can cause fever, inflammation, 

and many other virulent incidents.
v)	 Exotoxins: These are including several types of toxin proteins and enzymes released 

from pathogenic microbes.
vi)	 Siderophores: These are iron-binding elements that permit some microbes to compete 

with the host for iron that is bound with hemoglobin, lactoferrin, transferrin, etc.

UPEC and K. pneumoniae are the most common uncomplicated UTI pathogens. Dis-
tinct from other uropathogens, UPEC and K. pneumoniae have dedicated mechanisms for:

(a)	 Recognition, adherence, and invasion of urothelial cells
(b)	 Replication inside the cell to form intracellular bacterial communities
(c)	 Bacterial dispersion and host cell re-invasion [73].

The adhesive properties of UPEC have been found the most important factor of patho-
genicity. Adhesins of UPEC can contribute to virulence mechanisms in different ways: (a) 
activate straight away to the signaling pathways of bacterial and host cells; (b) other bacte-
rial products delivered to the host tissues; and (c) promote invasion of bacteria [74].

In 2012, Bein et al. state that the type 1 fimbriae or pili shown virulence activity in ani-
mal, but in human, still those functions remain not clarified [74]. In 2015, Flores-Mireles 
et al. revealed type 1 pili of UPEC is essential for colonization, persistence, and invasion.

Bacteria generally use various types of virulent elements to evade phagocytosis by cells 
of the immune system. Uropathogenic bacteria initially use type 1 pili to form bio-film and 
colony on the surface of the bladder. Most commonly, we found K. pneumoniae, UPEC, 
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P. mirabilis, and P. aeruginosa. The FimH is the mannose-binding adhesin property of 
bacterial pilus, which is highly similar but having difficult binding specificities. FimH-
mediated bio-film formation is inhibited by helpful mannose, as appeared to the methyl 
mannose–mediated inhibition of UPEC FimH. Overall, K. pneumoniae FimH has weaker 
adherence capability to the bladder than UPEC FimH.

Stages of mechanism of virulence factors (Fig.  2) in bacterial pathogenesis [75] are 
given below:

1.	 Entrance of uropathogens through the urinary tract
2.	 A group of microbes denied the immune system cells of the host with the use of phage-

encoded modification proteins such as LPS altering proteins, outer membrane proteins, 
effector proteins, coat protein, and effector proteins.

3.	 Reaching the active site of the pathogen, it can either remain extracellular and compli-
cated toxins which may be taken up by targeted host cell or, in the case of intracellular 
microbes, are internalized within the target eukaryotic cell. A range of virulence factors 
that are phage-encoded is essential for entrance and survival within the host cell such 
as enterotoxic, cytotoxic, cardiotoxic, and neurotoxic.

4.	 Phage-encoded microbial toxins and protein effectors can cause a range of effects.

Mechanisms of Pathogenesis During Catheter‑Associated Urinary Tract Infections

Microbes may move towards the urinary bladder through the contaminated catheter tip dur-
ing catheterization with urethral distal flora or from microbes ascending the outside or the 
inside of the catheter. Urine remains in the urinary bladder of catheterized patients [76].

Bio-film layer is so preventive for microorganisms on urinary catheters due to it pro-
vides a protective survival shell-like atmosphere to the microbes, so the bio-film-associated 
urinary catheter is too difficult to exterminate with the use of different drugs. Microbes 
function as a community inside the bio-film layer and communicate closely with one 
another.

Flores-Mireles et al. explained the mechanism of pathogenesis during catheter-associ-
ated urinary tract infection. In this study, research on CAUTIs mediated by P. mirabilis 
depends on mannose-resistant proteus-like pili for initial attachment and for formation of 
bio-film on the catheter and inside the wall of bladder [2].

Bacteria trigger an inflammatory reaction on the inner surface of the bladder, which 
results in the influx of neutrophils and sloughing of epithelial cells with bound bacteria. In 
contrast, surface of the catheter has an absence of inherent defense mechanisms.

Fig. 2   Mechanism of virulence factor
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The initiation of bio-film formation on the surface of the catheter is the deposition of a 
conditioning film of host urinary components, including electrolytes, proteins, and many 
other organic molecules.

This conditioning film can change the surface of the urinary catheter and counteract any 
anti-adhesive properties. Some free-swimming bacteria stick to the surface with the hydro-
phobic and electrostatic interactions and through the utilization of pili or flagella. Attach-
ment or adhesion is followed by cell division, recruitment of additional planktonic bacte-
ria, and secretion of extracellular matrix.

Not only does the urinary catheter invite bio-film formation, but the insertion of the 
catheter itself impairs many of the normal defense mechanisms of the bladder. The urinary 
catheter provides adhesion space to microbes, and the catheter gives rise to microbes for 
entering with the external and internal surface to the urinary system initiates from urinary 
tract opening. Urine often flows in the bladder and catheter itself, and urinary stasis helps 
to the multiplication of bacterial cells [77]. Though triggering an inflammatory response 
by mechanical erosion, the catheter also damages the mucosa of the bladder [78, 79].

Patients with long-term indwelling catheterization culture their urine and catheter 
monthly, which show that the bacterial flora is constantly shifting and changing, regardless 
of antibiotic use [80].

The process of hydrolysis of urea in urine produces a subsequent amount of urease, and 
the formation of calcium crystals and magnesium ammonium phosphates gets induced by 
the production of urease, with increasing pH level. Bacteria produce extracellular poly-
meric substances which adhere to the tips of the urinary catheter (Fig. 3) for trapping crys-
tals and permit the formation of crystalline bio-film. These bio-films are the protective 
layer of microbes that protects the community of microbes from the immune system of the 
host cell and multiple antibiograms. In addition, these systems prevent urine drainage prop-
erly and resulting in reflux and encouraging to occur different abnormal conditions like 
pyelonephritis, septicemia, and shock. Finally, the bacterial toxins hemolysin (HpmA) and 
toxic agglutinin are responsible for the destruction of tissue and dissemination of microbes 
to the renal system. HpmA inserts itself into the cell membrane and encourages it to form 
the pore. These HpmAs make the host cell unstable, causing exfoliation and releasing 
nutrients as well as damaging the tissue. Toxic agglutinin is the most responsible element 
for the destruction of the cell wall and reduces the immunity of host cells, causing crack of 

Fig. 3   Mechanism of catheter-associated urinary tract infection
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cytoplasm and gives rise to the osmotic stress and causing depolymerization of filaments 
of actin, thus compromising the structural integrity of the cells. Through these toxins, all 
nutrients are released and, using siderophores, allow the microbes to scavenge iron [2, 78, 
79].

Mechanism of Antibiotic Resistance

Antibiotics work to destroy bacterial cells, and this can be done by either destroying 
genomic content or by destroying bacterial cell’s organelles [81, 82]. Antibiotics are hav-
ing a specific mode of action for destroying the cell wall and interrupting the cell growth 
to spread infection. Overall, the process of specific shifting inside the cells of microbes is 
done in different ways, which are impairment synthesis of cell wall, impairment of protein 
biosynthesis, impairment of DNA replication, alteration of cell membrane, and anti-metab-
olite activity [81, 83].

Antimicrobial resistance has been defined as the adopted ability of microorganisms to 
develop resistance against the specific antimicrobial agents to which they were once sus-
ceptible [84, 85]. The disappointment or confined infiltration of antimicrobial specialists 
into bio-films, the section in moderate developing or starvation expresses, the assurance 
of persisters, or other pressure lenient aggregates are known to be anti-infection resilience 
instruments of bio-films that achieve infections that are difficult to treat and require com-
plex multi-drug treatment methodology, especially when bio-films are poly-microbial [58]. 
Mechanism of antibiotic resistance described herewith figure (Fig. 4) [86]. Bacterial anti-
toxin obstruction is likewise one of the results of the bacterial bio-film networks which 
add to the ongoing infections. These bio-film networks have barely any extra obstruction 
systems when contrasted with planktonic ones which hamper the therapies choice and 
prompt rise similarly as spreading of the constant awful bugs [6]. Clinical observations and 

Fig. 4   Mechanism of antibiotic resistance
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test studies showed plainly that anti-toxin treatment alone is much of the time deficient to 
annihilate bio-film infections. Consequently, to successfully treat bio-film infections with 
presently accessible anti-toxins and assess the results become significant and pressing for 
clinicians [87].

Bacterial bio-films are portrayed as exceptionally impervious to anti-toxin treatment and 
insusceptible responses. Although, notably, anti-infection treatment is at present generally 
a significant and viable measure for the control of microbial infections, notwithstanding, 
anti-infection medicines are practically difficult to destroy bio-film infections. In vitro and 
in vivo analyses exhibited that the minimum inhibitory concentration (MIC) and the base 
bactericidal concentration (MBC) for bio-film bacterial cells were normally a lot higher 
(roughly 10–1000 occasions) than the planktonic bacterial cells [87]. The powerful anti-
microbial MBC in  vivo for bio-film annihilation is in this manner, which is difficult to 
reach by conventional anti-microbial administrations because of the toxicities and the 
results of anti-toxins and the limit of renal and hepatic functions. Treatment of bio-film 
infections turns out to be subsequently tested and attracts fundamentally logical considera-
tion. Various clinical investigations have been performed, which would benefit the control 
of bio-film [87, 88].

Mechanism of Bio‑film Formation

Many unicellular cells prefer to form surface attachments, or they form a surface-attached 
multicellular environment called bio-film, and the formation of this thin protective layer 
requires close contact with the surface. For example, in the rainy season, we can see a 
mat-like growth on a substrate that is bio-film. Depending upon the type of microorganism 
involved, it may be heterogeneous or homogeneous. Bio-film formation is very important 
for microorganisms to survive in a natural environment. There are many steps and factors 
involved in this process like quorum sensing is a responsible factor for bio-film formation. 
It is very useful for spreading infections and clinically very important to study bio-film.

Bio-film is communities of bacteria that combine making themselves resistant against 
broad-spectrum antibiotics, by organizing local area of bio-film typified inside a self-
created polymeric grid and disciple to an inactive and living surface. Bio-film is mainly 
formed on surfaces submerged in or in contact with water. Microbial aggregates and floc-
cules as well as adherent populations within the pore spaces of porous media are also 
considered as bio-film. The development of molding film is promoted by the testimony of 
urinary segments of biomaterial in the arrangement of a bio-film. The ions, polysaccha-
rides, and different parts generally diffuse to embed before the appearance of the principal 
life forms or first organisms. A considerable amount of particles are proteinaceous, which 
gives a destination to the receptor of which encourages. Along these lines, the making of a 
molding film changes the surface qualities of inserts. It is therefore that inserts with modi-
fied surface attributes can be ineffectual as systems of forestalling microbial connection. 
The part of the molding film is indispensable as numerous pathogens do not have systems 
to follow straightforwardly onto exposed embedded surfaces.

The subsequent stage is the methodology and connection of pathogenic microbes. 
With the end for bacteria to respond to a surface, they should have the option to “sense” 
their vicinity to these surfaces. A bio-film forms slime and proteins adhering to a sur-
face. A bio-film forms when bacterial cells adhere to a surface and produce a matrix of 
extracellular polymeric substances (EPS) which is a sticky type of glue-like material. 
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The bacteria remain embedded within EPS which protects them [89]. A developed bio-
film is developed of three layers (Fig. 5) [90]:

1.	 Microbes attached to the convenient surface.
2.	 Formation of layer and start producing bio-film.
3.	 Maturation of bio-film layer.
4.	 Dispersion of bio-film and detachments and reversion to planktonic growth, starting a 

new cycle.

In Table 3, there are all the proposed mechanisms, and their key features are men-
tioned shortly.

Strategies Against UTI and Antimicrobial Resistance

Co‑existence of Multi‑drug Resistance with Bio‑film

Antibiotics are used in the field of medical microbiology for the prevention of infec-
tion against pathogenic bacteria, for more than a few decades. Antibiotic resistance is 
a complex, multifaceted, and multi-sectoral ecosystem problem that threatens the “one 
health” framework. So, in this context, understanding of drivers of antibiotic resistance 
holds the key towards addressing the global menace in lower- and middle-income group 
countries [91]. There are certain bacteria that capsule themselves with a protective layer 
of bio-film that prevents itself from antibiotics. So, it plays a key role as a multidrug-
resistant strain.

Fig. 5   Steps of bio-film formation
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Approaches to Target Bio‑film

Bacterial colonize and receive nutrients inside the light organs a structure located in 
the squid’s mantle cavity. The microbes glow just under specific conditions the genes 
are expected to make light are off when the densities of the bacterial cell are low, such 
as in sea water, but they glow up even more under denser conditions such as in the 
light organ of the squid when enough cells are together to have an enhanced visuali-
zation how do cells know they have accomplished a sufficient number of individuals 
that is quorum before turning on the luminescence genes. Incidentally, this phenomenon 
is termed quorum sensing (QS). It analyzes the production of auto-inducer phenom-
enon by which bacterial cells being able to sense their surrounding population [92]. Its 
flagging is answerable to the gene expression which coordinates at bacterial local area, 
incorporating to control the outflow of destructiveness factors, just as impacting bio-
film formation. Numerous common products go about as quorum sensing inhibitors, and 
in this way, have gainful impacts towards lessening the formation of bio-film [93].The 
procedures to grow new medicines are focused in this survey, which targets the method-
ologies on the development of bio-film that is utilized to treat the infections related to 
bio-film.

One of the ways to deal with restraining the bio-film formation is to target the 
quorum sensing (QS) regulatory system that eventually causes the hindrance of bio-
film [94]. Plants are the rich asset of a number of mixes that can meddle with the QS 
framework, where the receptors got inactivated in the pathway. Those mixes with their 
optional metabolites have antibacterial just as anti-bio-film potential. Flavonoids and 
terpenoids just as the crude extract got from Senegalia nigrescens have shown against 
quorum sensing action [26]. These methodologies mean to lessen or restrain bio-film 
formation, or to increment bio-film scattering.

Another methodology utilized by scientists for distinguishing molecules active in 
forestalling bio-film formation is the screening of enormous chemical libraries. One of 
the soonest HTS utilized a luminescence-based way to deal with quantities P. aerugi-
nosa. Bio-film biomass framed on 384-well configuration pin devices, rather than con-
ventional crystal violet (CV) bio-film staining [95]. After screening 66,095 mixes, 30 
molecules were recognized that hindered bio-film connection by more noteworthy than 
half when utilized at concentrations under 20 μM [95].

Another conceivable methodology for treating bio-films associated infection is the 
utilization of mixes that scattering from enzymes that corrupt the polymers of the ECM 
and accordingly disintegrate bio-films. One of the most punctual dispersal specialists 
was the disclosure of cis-2-decenoic acid (C2DA), an unsaturated fat delivered by a few 
sorts of bacteria [96].

Through bacteriophages, it might be possible to treat infection-related to bio-film. 
Bacteriophage treatment has really been utilized for more than 50 years, yet the rise of 
multi-drug resistant bacteria and the proceeded advancement of opposition in numerous 
bacteria have incited more studies into the utilization of bacteriophage as a method for 
treating infections [97]. The benefit of utilizing bacteriophages is that they can contami-
nate and slaughter both pathogenic and nonpathogenic strainsa [87].

Formation of bio-film, an assortment of pathogenic microbes, can represent a genu-
ine well-being risk that is very difficult to combat. Nano-technique, notwithstanding, 
addresses another promising way to deal with act against and destroying bio-film-fram-
ing pathogenic microbes due to the low cytotoxicity and novel mechanism of action. 
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In the current study, a reasonable blend and portrayal of biological compatible nano-
particles made up of silver nitrate and medicinal leaf extraction was investigated. The 
blended AgNPs were screened for antibacterial and hostile to bio-film action against 
pathogenic infection getting from different gram-negative bacteria. The utilization of 
nanoparticles has emerged as a promising approach and being a preventive measure 
against bio-film formation by destroying the exopolysaccharides (EPS) of the bio-film 
matrix and killing the bacteria [92].Consequences of the investigation exhibit the capa-
bility of phyto-integrated silver nano-particle to go about as against bio-film specialists 
and for other biomedical applications [98].

Therapeutic Approaches of Phytochemicals Against Bio‑film Producers

Phytochemicals are the compounds that are produced by plants through plant metabolism 
and found in leaves, fruits, vegetables, etc. Medicinal plants are very renowned to treat 
different kinds of infection in Ayurveda. According to a survey report of the World Health 
Organization (WHO), 80% of the third world populations depend on traditional herbal 
therapies [99]. Based on the current study, there are some pathogenic microbes found 
which can survive on the live surface and caused many recurrent infections over there. The 
reason behind microbial recurrent infection is the multi-drug resistance capability due to 
the formation of a peptidoglycan layer called bio-film. Multi-drugs resistance means many 
of the high spectrum antibiotics do not work to kill the bio-film-coated bacteria due to the 
presence of that protective layer. Researchers found that many of the phytochemicals and 
antioxidant compounds which are present in different parts of the body are very much help-
ful to cure severe infections [100]. A study in 2016 about antimicrobial and anti-bio-film 
activities of 8 methanolic plant extracts was thought about in contrast to clinically isolated 
microbes. The antimicrobial movement of Prosopis laevigata, Opuntia ficus-indica, and 
Gutierrezia microcephala was demonstrated by the primer screening dispersion. From 0.7 
to >15 mg/ml, the minimum inhibitory concentration (MIC) and minimum bactericidal 
concentration (MBC) were resolved. The expansion of plant extracts (MBC × 0.75) was 
accessed to the specific bio-film formation file (SBF). In a partial subordinate way, there 
is a significant decrease in SBF caused by Opuntia ficus-indica. By the utilization of salt-
water shrimp (Artemia salina L.) lethality test, the cytotoxin action of plant extract was 
resolved [101].

Antimicrobial resistance (AMR) has a very significant role in the health issue glob-
ally; however, there is a gradual expansion of role among the AMR and advancement of 
new antimicrobial. From the plant extracts, there might be great development per may be 
wellsprings of compelling antimicrobial mixes which can act against planktonic and addi-
tionally bio-films of pathogens [102]. For the treatment of various bacterial and parasitic 
infections, and pharmacological improvement, bio-film hindrance or inhibition is con-
sidered a significant medication that is presently broadly contemplated [89]. In addition, 
80% of the total populace and over 30% of pharmaceutical formulations are reliant upon 
therapeutic plants, as detailed by WHO [103]. There are many phytochemicals’ analy-
ses already done against infections and bio-film; those are tannins, saponins, flavonoids, 
quinines, glycosides, cardiac glycosides, terpenoids, terpenes, beta-sitosterol, phenol, cou-
marins, steroids, alkaloids, anthocyanin, betacyanin, ellagic acid, phenolic acid, and gallic 
acid. In 2020, Das et al. [104] explained that these phytochemicals are found in different 
medicinal plants and using different basic methods like agar well diffusion, disk diffusion, 
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or minimum inhibitory concentration with crude plant extract. Vaccinium macrocarpon 
Aiton (cranberry) has been found best remedy against UTI. Some evidences suggested that 
proanthocyanins present in cranberry, which prevent bacteria from adhering to the walls 
of the tract of urinary system. Probiotics such as Lactobacillus and Bifidobacterium are 
beneficial microorganisms that may act by the competitive exclusion principle to defend 
against infections in urinary tracts [104]. In 2019, Lagha et al. [105] found that in T. zygis, 
an essential oil is found that has high antimicrobial activity against E. coli followed by Ori-
ganum majorana and Rosmarinus officinalis. R. officinalis oil had the highest anti-bio-film 
activity followed by T. zygis and O. majorana. Hence here, author concluded the above-
tested oils showed highly effective antibacterial and anti-bio-film characteristics against 
UTI caused by E. coli. These oils could be considered as effective alternative treatment or 
substitution of antibiotics [105].

Recent Update on Anti‑bio‑film Therapy upon Catheterized UTI

Findings for Control CAUTI

There are numerous compelling strategies that have been adopted to treat catheter-asso-
ciated UTIs, and those treatments and prevention are not yet proven 100% effective. The 
anti-uropathogenic, antibacterial, and anti-bio-film activities of many plants’ extracts have 
been reported by many researchers, which includes many preliminary antibacterial stud-
ies using different basic techniques with crude plant extracts [104].Combination therapies 
have also been started against this infectious disease, and further, more studies are required 
to know which antibiotic combination efficacy works better together. As adherence has an 
importance in every step of causing UTI, so one interesting strategy for the development of 
anti-virulence therapies, including vaccines has been developed to target CUP pili as well 
as bacterial toxins, siderophores, and proteases [2]. Nowadays, the utilization of reminder 
facilities and usage of infection control projects can successfully diminish catheter-asso-
ciated UTIs, although their presence can be challenging. There is still no proof to help 
the routine utilization of antimicrobial-impregnated catheters; however, the utilization of 
hydrophilic-covered catheters for clean irregular catheterization can adequately decrease 
infections. Fundamental outcomes with chlorhexidine-covered catheters are promising. In 
instances of genuine catheter-associated UTI in patients with a background marked by past 
anti-microbial treatment or medical care–associated bacteremia, exact anti-infection ther-
apy ought to be started with the movement against multi-resistant uropathogens. Suprapu-
bic catheterization is not better than urethral catheters regarding reducing the pace of cath-
eter-related bacteriuria [106].

Prevention of CAUTI

Great efforts have been contributed and a wide range of approaches have been researched 
over the most recent couple of a very long time to prevent. Although an ideal solution has 
not yet been distinguished, numerous significant issues with respect to catheter care and 
catheter-related infections have been explained. Table 4 summarizes the strategies for pre-
vention and treatment.

The accompanying general recommendations are usually utilized:
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a)	 A closed catheter system ought to be utilized.
b)	 The length of catheterization ought to be insignificant.
c)	 In antiseptic conditions, catheters are to be present. The chances of bacteriuria are high 

if there is the utilization of disinfectant gel.
d)	 The drainage pouch ought to be kept beneath the bladder position and the attached tube.
e)	 An indwelling catheter ought to consistently be presented via prepared staff or training 

personnel.
f)	 Urethral injury ought to be limited through the utilization of appropriate enough emol-

lient and the littlest conceivable indwelling medical devices.

Conclusion

Bio-films comprise a significant commitment to the high rate, re-occurrence, and enlarge-
ment of UTIs, subsequently requiring proficient avoidance and prevention measures. Bio-
film examination will provoke a prevalent understanding of the infection cycle and will 
therefore prompt the headway of new evasion and treatment choices. An ideal strategy 
against bio-film molecules, with hostile to pathogenesis, dynamic towards control, preven-
tion of spreading and minimize resistant capability of external virulent microbes [6].

Various methodologies have been attempted to decrease the frequency of CAUTI, yet 
few have demonstrated efficacy. As of late, the part of bio-films was found in the patho-
genesis of CAUTI, and the latest techniques including novel urinary catheters to upset 
the bio-film have been researched. Antibiotic-coated catheters could forestall or defer the 
beginning of CAUTI during transient catheterization and hold a guarantee for the chance 
of concealment of CAUTI [21]. Our present review article focused on an overview of dif-
ferent Gram-negative bacteria–causing CAUTI, which can become multi-drug-resistant 
with the co-existence of bio-film, their origin, and persistence. But if we fail to discover 
treatment against bio-film-forming MDR, then deadly recurrent UTI might be a possibility 
in near future.

Broadly perceived hospital-acquired infection on urinary tract commonly found due 
to reuse of unhygienic intravascular catheter. Catheterization represents a major source 
of growth of bacteria on its surface, and many resistance growths are achieved through 
bio-film formation. Notwithstanding, an extensive comprehension of bacterial bio-film 
arrangement, pathogenic state, and other key variables basic for the advancement of UTIs 
would help in the improvement of novel and successful infection regulate procedures [46].

Most bacteria in nature exist as bio-films. For the medical profession, bio-films repre-
sent a consideration profession, as not exclusively are they connected with most infections 
in people, yet they are likewise incredibly hard to treat because of their characteristic resil-
ience to invulnerable reactions and antimicrobials. Notwithstanding, most drugs are cre-
ated and tried against free-living microbes [22].

Bio-films establish a significant commitment to the high occurrence and non-curable 
UTIs, accordingly requiring proficient counteraction and regulate spreading. Along these 
lines, the current study is concerned about considering the occurrence of opposition, the 
discovery of most as often as possible uropathogenic bacteria and their profile film–creat-
ing capacities to a better comprehension of the bacterial infection consequently growing 
new system for counteraction and treatment. An ideal decision will incorporate a blend of 
anti-bio-film with viable antibacterial medications [19]. Bio-films establish a significant 
commitment tore-occurrence, and complicated infections in the urinary tract, along these 
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lines which required productive counteraction and controlling measures. Bio-film explora-
tion will incite a prevalent cognizance in disease occurring, and it will in this manner lead 
to the headway of latest avoidance and therapy possibility. A unique strategy will consoli-
date a mix or combination of anti-bio-film molecules, with an enemy of contagious impact, 
dynamic towards excitatory concentration to lessen the danger of creating resistance and 
with less toxicity for the external virulent factor [58].

Being utilized at low MIC levels in artificial culture in the laboratory, few phyto-
chemicals have been found with anti-infection resistance–altering abilities along with the 
synergistic impact; these mixture with anti-toxins can give rise to the treatment against 
resistance bacteria effectively. Catheter-associated bio-film–forming infections’ wide 
range spreads in the overall world. Through this study, we enlightened the reason behind 
multi-drug resistance catheter-associated urinary tract infection and the mechanisms of the 
pathogenesis. Overall, from this review, we understood that the formation of bio-film is the 
important reason behind most of the untreatable MDR UTI and phytochemical-producing 
plants address a potential wellspring against these causative organisms [115]. Also, we 
mentioned some researches which have been conducted within 15 years on it. This review 
will be helpful to understand the novel cause, advancing the knowledge of prevention and 
treatment against this recurrent non-treatable condition.
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