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Nosocomial urinary tract infections account for more than 40% of various hospital-acquired infections.
Many uropathogens have been reportedly resistant against many commonly available antibiotics, treat-
ing patients with UTI infected with catheter associated biofilm producing MDR microorganisms has been
a steep challenging task to clinicians. In the present study, a total of 350 clinical samples were collected
from catheterized UTI cases admitted in wards and ICU. Specimens were cultured in defined media, and
then isolates were biochemically identified. Antibiotics sensitive tests were performed to detect
Multidrug resistant (MDR), extensive drug resistance (XDR) and pan drug resistance (PDR) in the isolated
organisms. In this study, out of 585 isolates from 350 samples were subjected to biofilm detection.
Among this, 63.9% of them were non-biofilm forming organism and 36% of the isolates were found to
form biofilm. Out of 211 isolates, significant biofilm producers were E coli (24%), ESBL E coli (2%),
Klebsiella (19%), E. fecalis (8%), S. aureus (3%), P. mirabilis (18%), Pseudomonas aeruginosa (17%) and
Citrobacter (9%). In multi drug resistance, E coli was found to have PAN drug resistance followed by
Klebsiella and Pseudomonaswhich exhibited XDR. However all other isolates like E. fecalis, S. aureus, P. mir-
abilis, and Citrobacter were found to be resistant against a limited spectrum of antibiotics. From this
study, we could conclude that highest number of isolates was reported from UTI ward than the ICU.
Imipenem showed better activity against all isolates.
� 2019 The Authors. Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Hospital associated urinary tract infection (UTI) accounts more
than 40% of nosocominal infections. UTI infection is highly compli-
cated in patients with functional or structural urinary tract abnor-
malities, or in immunocompromised patients. Moreover, higher
number of people is being affected by this infection every year.
UTIs are mainly associated with urinary catheters, which is a usual
device used in hospitalized patients (Burke, 2003). About 25% of
patients admitted in the hospitals have subjected to urinary
catheters during their treatment. Also the surface of indwelling
device potentially encourages the growth of biofilm producing
microorganisms. In spite of measures have been taken to preclude
hospital associated UTI, biofilm producers have been a big obstacle
in terms of effective treatment and cure. Females are highly vul-
nerable to have this infection than males. They occur frequently
from the ages 16 to 35 years, with more than 10% of females suf-
fering an infection in their life period. Also, recurrence of this infec-
tion is common, an estimated 50% of individuals suffer due to re
infection within a year (Tambyah et al., 2002). The mortality rate
of catheter associated urinary tract infection was approximately
15% (Fortin et al., 2012). Various antibiotics have been used to con-
trol this infection; nevertheless various resistant UTI isolates have
been reported in upper and lower urinary tract in developed coun-
tries. In recent years, patients with UTI are increasing rapidly and
the nature of infection differ according to regional and geographi-
cal locations (Parameswarappa et al., 2013). Now a days there is an
increasing concern on antimicrobial resistant Escherichia coli,
which have been frequently reported as the major causative agent
of UTI. However, bacteria associated with UTI are reported mostly
from Enterobacteriacea group, which covers more than 75% of the
strains (Al-Dhabi et al., 2016, 2018a, b, 2019a). In complicated
UTI cases, bacteria such as, Enterococcus faecalis and multi drug
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resistant Gram –negative rod shaped bacteria including, Pseu-
domonas spp. are very common (Al-Dhabi et al., 2019b; Al-Dhabi
et al., 2019c; Arasu et al., 2017). The occurrence of these bacterial
pathogens varies widely based on hospitalization, catheterization,
sex and age (Tantry and Rahiman, 2012). UTI is one of the common
infections found in India, however the research on this ever-
challenging field is minimal. Insensible application of catheters in
ICU patients is main reason or MDR bacteria colonization, and
increasing the incidence of catheters associated UTIs. The risk
was estimated as 5% in a day of catheterization. The other risk fac-
tors for catheters associated UTIs, pregnancy, female gender, older
age, fecal incontinence, poor nutrition, severity of illness, use of
systemic antibiotics, elevated creatinine level and impaired
immune system function (Ellen et al., 2009; Arasu et al., 2013;
Arasu et al, 2019a,b)). The idea of the antibiotic susceptibility pat-
tern and etiology of UTI causing pathogens is essential in tackling
this menace. UTI treatment on patients is mainly based on antimi-
crobial resistance pattern of the various urinary pathogens. More-
over, uncontrolled antibiotic usage greatly increased antimicrobial
resistance patterns among pathogens causing UTI (Kripke, 2005;
Arasu et al., 2019c). Despite the use of UTI control, the infection
rate is increasing in recent years. In US, more than 93,000 patients
have been hospitalized due to UTI infection in a year. These com-
plicated UTIs were seriously associated with serious complications,
high rate of treatment failure, especially development or relapse of
antibiotic resistance (Arokiyaraj et al., 2015; Boovaragamoorthy
et al., 2019; Gurusamy et al., 2019; Roopan et al., 2019; Valsalam
et al., 2019). Most of the UTI pathogens spread in hospitals though
these patients. Also the growth of the elderly population, patients
under severe immunosuppression, and patients undergoing trans-
plant operation, development of relapse and antibiotic resistance
are the major issues. In this case, Pseudomonas aeruginosa, is highly
associated with UTI infection and poses a serious challenge. Treat-
ment of Pseudomonas aeruginosa infection is a grave risk to the
clinicians, because treatment options proposed have serious side
effects. Uro-pathogens like, Enterococcus, Enterobacter, Klebsiella,
Citrobacter, Pseudomonas aeruginosa, Providencia, Serratia and Sta-
phylococcus epidermidis are the most important multidrug resistant
isolates associated biofilm formation (Karlowsky et al., 2002). In
2010, Infectious Disease Society of America and the European Soci-
ety for Microbiology and infectious diseases, recommended
trimethoprim sulfamethoxazole or nitrofurantoin monohydrate/-
macrocrystals (Gupta et al., 2011; Ilavenil et al., 2015;
Balachandran et al., 2015). In this present study, we examine the
trends of the antibiotic-resistant uropathogens forming biofilm
on the surface of indwelling devices in the hospitalized UTI cases
and their susceptibility toward various antibiotics are evaluated.
This study will further help in formulating guidelines for establish-
ing a proper empirical therapy for UTIs while awaiting culture sen-
sitivity reports. This will also reflect on changes in the
susceptibility pattern of some of the most common uropathogens
over the years in Southern India implying the need for periodic
monitoring in order to decrease the number of therapeutic failures
and to boost an effort to arrest the growing occurrences of antibi-
otic resistance.
2. Materials and methods

2.1. Samples

In this study, totally 350 samples were collected, out of 350, 288
were collected from wards and 62 were collected from ICU. The
samples were collected aspectically and were analysed. The antibi-
otics such as, nalidic acid, ampicillin, gentamicin, amikacin, nor-
floxacin, ciprofloxacin, cefuroxime, cefotaxime, nitrofurantoin,
cefepime, ofloxacin, vancomycin, penicillin, oxacillin, ery-
thromycin imipenem and piperacillin were used to study the iso-
lates and then classify them into categories such as sensitive,
intermediate and resistant.

2.2. Isolation and identification of UTI causing pathogenic organisms

A clean-catch midstream urine sample of all catheterized
patients was aseptically collected in a sterile container (50 ml)
prior to antibiotic therapy. The samples were cultured in MacCon-
key agar and Brain heart infusion agar for isolating both Gram pos-
itive and Gram negative isolates and subsequently were incubated
for 24 h at 35 ± 2 �C. UTI infection was considered as positive when
the density of the culture exceeds to 105 colony forming units
(CFU/ml). The isolated colony was biochemically identified using
standard protocol up to the species level (Bonadio et al., 2001).

2.3. Antibiotic susceptibility testing of UTI pathogens

Antimicrobial susceptibility testing was carried out following
the Kirby-Bauer disc diffusion method prescribed by Clinical and
Laboratory Standards Institute (CLSI) guidelines (CLSI, 2005).

2.4. Detection of biofilm

Loopful of an organism was inoculated into series of tubes con-
taining Trypticase soya broth and 1% glucose and then tubes were
incubated for 24 h at 37 �C. Culture was then decanted and the
tubes were washed with a buffer (pH 7.3) Tubes were dried and
after stained using crystal violet and the visible bio-film lined the
wall of the tube (Lima et al., 2018).

3. Results

3.1. Distribution of biofilm producer from ward and ICU

In the present study, a total of 350 clinical samples were col-
lected over a period of 10 months and Out of these 350 samples,
288 were collected from wards and from 62 were from the ICU.
All the cultures were either monomicrobial or polymicrobial. Out
of 585 isolates, 63.9% were non biofilm forming and 36.06% pro-
duced abiofilm. So non biofilm forming isolates were excluded
from the further studies and the research was concentrated on
the microbes which formed biofilms and were prevalent in the
catheter associated UTI cases. A total of 211 isolates, E coli 24%,
ESBL E. coli 2%, Klebsiella 19%, E. fecalis 8%, S. aureus 3%, P. mirabilis
18%, Pseudomonas aeruginosa 17%, Citrobacter 9% are found to be
associated with the biofilm forming group of drug resistant
microorganisms. In this group, E. coli was the most significant bio-
film producer in catheterized cases followed by Klebsiella spp. Pseu-
domonas spp. In urine culture studies, Females at 76% had the
highest percentage of isolates compared to their male counterparts
(Fig. 1)

3.2. Susceptibility of antibiotics of UTI pathogens

In our study, 15 antibiotics were used to evaluate antibiotic sen-
sitivity of catheter associated biofilm forming bacteria. Out of 211,
43.3% isolates were found to be sensitive against Nalidixic acid
whereas 56.6% were not significantly resistant. Number of patients
with each biofilm producer towards antibiotics pattern was
recorded in Table 1. The antibiotics such as norfloxacin and cipro-
floxacin were highly active against biofilm producers. In multi drug
resistance, E. coli were reported to have PAN drug resistance fol-
lowed by Klebsiella and Pseudomonas which exhibited XDR, how-
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Fig. 1. Bacterial strains causing biofilm in patients.
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ever all other isolates like E. fecalis, S. aureus, P. mirabilis, Citrobacter
were found to be resistant against limited antimicrobial spectrum.
Among 211 isolates, 33 were found to be resistant against ampi-
cillin. However amikacin and cephalosporin group effectively acted
upon Gram positive and Gram negative isolates. Among all antibi-
otics, Imipenem was found to be effective against all tested iso-
lates. The antibiotic sensitivity pattern of UTI pathogens among
patients are described in Table 2. The clinical isolates showed vary-
ing degree of resistance against tested antibiotics (Fig. 2). The per-
centage composition of antibiotic susceptibility pattern of biofilm
producing organisms is demonstrated in Table 2.

3.3. Distribution of biofilm producer in UTI among patients at various
ages

Biofilm associated catheterized UTI is caused by either Gram-
negative or Gram-positive bacteria. Most of the uropathogen posi-
tive cases were found in female individuals than in males. Females
in the age group between 31 and 35 were more susceptible to uri-
nary tract infection. Also, another study suggests that the age
group between 11 and 15 were also highly susceptible than the
age group between 16 and 20. The occurrence of infection in
females is very high and this is mainly associated with pathogenic
or anatomical factors such as, short length of the urethra, hence
smaller distance for the uropathogens to move up the urinary tract.
Maximum number of cases was reported in age-group 31–35 years
followed by in age group 36–40. The important factor for high
occurrence of UTI is mainly due to sexual activity and pregnancy.
Also, majority of culture growth positive cases were in the age
group of less than five years in case of females. This is mainly
because children are not well trained to use toilets and due to fecal
flora infection (Fig. 3).

3.4. Biofilm pathogens cause urinary tract infection

In the present study, the occurrence of biofilm producers among
UTI causing pathogens was evaluated. Among the isolates, E. coli
was found to be the important pathogenic bacteria that caused
UTI and has been found to be one of the major virulent bacterial
species in this study. Enterococcus infection was found to be high
in ward UTI cases, however the percentage of infection due to Pseu-
domonas was found to be high in ICU patients. UTI due to the
occurrence of pathogenic Proteus mirabilis and Citrobacter sp. have
also been identified in this study, however the percentage of occur-
rence was found to be very less. The present study revealed that
E. coli is the primary etiological agent among UTI patients (Table 3).

3.5. Bacterial biofilm pathogens from the male and female individuals

It was observed that UTI most commonly occurred in female
individuals and more than 30% of female population experience
with UTI during their lifetimes. The prevalence of UTI due to



Table 2
Percentage composition of Antibiotic susceptibility pattern of biofilm producing organisms.

Antibiotics No. of isolates(n = 211)

Sensitive % Resistant %

Nalidic acid 92 43.88 119 56.39
Ampicilin 178 84.36 33 15.63
Tetracycline 158 74.89 53 25.21
Amikacine 182 86.25 29 13.74
Norfloxacin 182 86.25 29 13.74
Ciprofloxacin 178 84.36 33 15.63
Cefuroxime 189 89.57 22 10.42
Nitrofurantoin 59 27.48 153 72.51
Cefepine 185 87.6 16 12.3
Ofloxacin 137 65 74 35
Vancomycin 49 23.22 162 76.77
Piperacillin 119 56.87 91 43.12
Oxacillin 37 17.5 174 82.5
Imipenem 209 99.99 2 0.01
Erythromycin 138 65.4 73 34.6
Gentamycin 154 72.98 57 27.02

Fig. 2. Antibiotic resistance patterns of isolated uropathogens from the urine sample of admitted patients in hospital.
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Fig. 3. Distribution of UTI among patients at various ages.

Fig. 4. Antibiotic resistance pattern of E. coli from UTI.
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E. coli infection has been very high in females (40.3%) than males
(20%). Also, the occurrence of Enterococcus spp., S. aureus, Proteus,
Klebsiella spp., Pseudomonas spp. was predominant in females than
males.

3.6. Antibiotic resistance of uropathogen in hospitalized patients

In this study, activity of yielded biofilm forming pathogens was
categorized into three groups, MDR, XDR, and PDR. Out of 211 clin-
ical isolates, 72% of them were reported to be resistant against
Nitrofurantoin followed by oxacillin (82%) and vancomycin (76%)
whereas most of them were sensitive to the antibiotic such as, Imi-
penem (99%) cefipine (87%), Amikacin (86%), Ampicillin (84%) and
cefuroxime (89). E. coli is a most common pathogen that causes
UT infection in all age groups especially 31–35. Analysis of resis-
tance on various drugs may provide effective solution to control
E. coli infection and subsequent treatment of the UTI. E. coli was
treated against Penicillin, Quinolones, Sulfonamides, Tetracycline
and Cephalosporin. Among these groups of antibiotics, tetracycline
was found to be the most effective against E. coli, followed by Peni-
cillin and Sulfonamides. The distribution of resistance pattern of E.
coil to different in antibiotics is demonstrated in (Fig. 4).

4. Discussion

This study determined the pathogenic profile and various other
factors associated with UTI infections caused by biofilm forming
microorganisms in catheterised cases. UTI is one of the most
important causes of nosocomial infections. This infection is treated
by selective potent antibiotics. In most of the cases, the pattern of
antimicrobial resistance of UTI pathogens varies in different
regions. Hence, the continuous monitoring of antimicrobial resis-
tance can help physicians for prescribing suitable antibiotics to
treat UTI and in prevention of the development of drug resistance
among uropathogens (Ilavenil et al., 2015). UTI is most prevalent in
the age group of 30–40 years may be because of high frequency of
Table 3
Biofilm and non-biofilm producing pathogens causing urinary tract infections.

Organism Biofilm groups

Non biofilm producer Biofilm

Obstina

E. coli (n = 189) 161 7
Klebsiella pneumoniae (n = 93) 63 6
E. fecalis (n = 45) 79 4
S. aureus (n = 32) 36 1
P. mirabilis (n = 61) 27 8
Pseudomonas (n = 46) 23 9
Citrobacter n = 34) 25 5
Total 374 40
sexual intercourse. Our findings are in accordance with the well
studied observations and it was also confirmed that females have
high frequency of UTI than males. This difference in frequency
could mainly due to various clinical factors including, hormonal
effects, anatomical variations and different behavioural patterns
(Foxman, 2002).

The present study revealed that the prevalence of bacterial UTI
in Kanyakumari District is about 30%. Out of this UTI infected
patients, asymptomatic and symptomatic patients contributed to
59% and 41%, respectively. About 40% of the patients having bac-
teriuria were asymptomatic type, and this situation is of great con-
cern since asymptomatic bacteriuria patter is a good predictor
ensuing symptomatic type of UTIs (Hooton et al., 2000). The preva-
lence of UTIs in the present study was found to be little higher than
the previous reports. The prevalence was 22.33%, 24.2%, 10%, 38.8%
(Kabugo et al., 2016) in previous studies. Higher prevalence of UTIs
could have been due to the various risk groups like elderly, infants,
pregnant women and diabetes. The present finding revealed E. coli
as the prevalent biofilm producing pathogens with 24%, and Kleb-
siella pneumoniae 19% Pseudomonas aeruginosa, 17%. It is reportedly
less, when these results are compared with previous studies
(McLaughlin and Carson, 2004). However, the reports on MDR Pro-
teus spp. (18%) are found to be high. E. coli infection is most preva-
lent in female groups than males. The high prevalence of E. coli in
the female individuals could mainly be due to the close proximity
of the vagina to the anus. The possibility of UTIs in female individ-
uals is mainly due to the virulence of E. coli for the colonization in
urinary tract which moved from the perineum areas highly con-
taminated with fecal coliforms. Enterococcus sp. was also detected
as biofilm producing pathogens with 12.7% of frequency. In recent
study, in catheterised UTI cases, Enterococcus sp. such as, Entero-
coccus faecium, Enterococcus faecalis, Enterococcus pseudoavium
have been identified. The hospital isolated E. faecium has displayed
a high level gentamicin resistance than the normal E. Faecalis
(Iregbu and Nwajiobi-Princewill, 2013).
producer category Total biofilm producer

te Moderate Weak

18 23 55
19 15 40
6 7 17
3 2 6
22 15 38
12 14 35
9 6 20
89 82 211
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Staphylococcus aureus also causes biofilm with frequency of 7%
in catheterised UTI cases, the frequency rate varies widely. Earlier
studies have associated the increasing Staphylococcal UTIs due to
increased application of bladder catheters (Lo et al., 2013). Also,
the isolation of Klebsiella sp. and Proteus mirabilis is in good agree-
ment with previous studies carried out in Sao Paulo Brazil and
South Western Uganda (Kauffman et al., 2000). The present finding
reveals that the age group above 20 years, married individuals,
female individuals, genitourinary tract abnormalities, diabetes,
catheter, hospitalization and increase in use of bladder catheters
are significant risk factors. The high prevalence in patients associ-
ated with these kinds of factors has been reported previously. Var-
ious changes in the causative pathogens of UTI, with an increase in
the percentage of UTIs caused by Pseudomonas aeruginosa and
Acinetobacter spp. is reported but decrease in the percentage of
UTIs caused by Enterobacter sp. is also noted. Candida albicans is
the most frequent cause of UTIs, and the involvement of Candida
tropicalis, Candida krusei, Candida glabrata and Candida parapsilo-
sis is also reported (Francesco De et al., 2007)

Earlier findings from various regions is that E. coli is the most
prevalent biofilm producer, followed by Klebsiella spp. There has
been addition to the extended spectrum b-lactamase (ESBL) pro-
ducing organisms which have been resistant against antibiotic
groups such as, fluoroquinolones, and aminoglycoside. In the pre-
sent study, E. coli with rating 2% were reported to have ESBL
(Mandal et al., 2012). The incidence of these enzyme producing
organisms among Klebsiella spp. has been increasing rapidly in
recent years and accounts for 6–17% of nosocominal UTIs. It was
also further reported that K. pneumoniae was resistant against gen-
tamicin and aminoglycoside, followed by third generation ceftriax-
one, cephalosporin and ceftazidime. In K. pneumoniae, penicillin
resistance can be validated by amoxicillin and ampicillin, mainly
by the production of beta-lactamase, SHV-1 encoded on a transfer-
able plasmid or on the chromosome (Kebira et al., 2009).

In this study, resistance of biofilm producers was categorized
into three groups, MDR, XDR, and PDR. Out of 211 biofilm produc-
ers, highest percentage of isolates were reported to have been
resistant against Nitrofurantoin (72%), oxacillin (82%) and van-
comycin (76%) whereas sensitive to the antibiotic such as, Imipe-
nem (99%) cefipine (87%), Amikacin (86%) and Ampicillin (84%)
cefuroxime (89%). The tested samples showed drug resistance
against first generation antibiotics. The antibiotic group from the
second generations incurred lesser resistance than the first gener-
ation antibiotics. Patients of the age group 31–40 years were found
highly susceptible to UTI followed by 41–45 years. These results
correlated with earlier reports which revealed that females are
mostly prone to UTIs than males during adulthood and adoles-
cence (Ehinmidu et al., 2004; Al-Dhabi et al., 2015). The significant
factors accounting to this incidence in infections at very young age
are male and females are associated with frequent sexual activity,
history of recurrent UTIs and recent use of a diaphragm with sper-
micide. Females are most susceptible due to Enterobacteriaceae and
Enterococci infection, however, Proteus mirabilis was found to
responsible for UTI in younger females and the cases of K. pneumo-
nia infection were more frequent in elderly patients (Aboderin
et al., 2009).

In this study, E. coli was mainly found in the urine samples of
wards catheterized UTI infected patients. This finding was in con-
sistent with that of previous report, however, the present finding
was differs from the reports of as P. aeruginosa and in Klebsiella
sp. where the organisms that have been reported as the major
UTI causing uropathogens. The studies on uropathogens showed
that E. coli and Klebsiella spp. are the most common uropathogens
compared to other clinical isolates. It was previously reported that
the higher incidence of Gram-negative bacteria, were mainly
related to Enterobacteriaceae. Also, they are able to colonize in
the urogenital mucosa with pili, adhesions, fimbriae and other
receptors (Khameneh and Afshar, 2009).

The pathogens such as, Acinetobacter spp. and Pseudomonas sp.
have been isolated from hospitalized patients. It could be noted
that the uropathogen, Pseudomonas spp. can survive and thrive in
presence of disinfectants and soaps used for urethral catheteriza-
tion. Also, Gram-negative bacteria are more prevalent than
Gram-positive bacteria. Drug resistance was found to be low in
outpatients; however, more number of cases with antibiotic resis-
tance was reported in hospitalized patients (Nickel, 2007).

In some studies E. coli from UTI showed resistance against cot-
rimoxazole, ampicillin, and cefuroxime and therefore should not be
recommended for empiric therapy. In Antibiotic sensitivity tests, a
low percentage of E. coli showed pan-drug resistance, whereas
Klebsiella pneumoniae and Pseudomonas displayed XDR resistance.
It was comparable with previous studies by Hitzenbichler et al.
(2018).

5. Conclusion

Organisms growing on surface of indwelling devices like uri-
nary catheter forms biofilm and are resistant to antibiotics and
antiseptics. These organisms are a threat and pose a serious chal-
lenge to the clinicians in treatment and cure of the hospitalized
patients. As Imipenem is not frequently used to treat both Gram
positive and Gram negative isolates, many organisms is have failed
to develop resistance against this antibiotic. From this study, we
can conclude that Imipenem can be the drug of choice to treat bio-
film causing uropathogens in catheterized UTI cases.
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