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Background: Urinary Tract Infections (UTIs) are a serious public
health concern, especially in children, which can be caused by a
variety of organisms, especially gram-negative bacteria. The biomarker
procalcitonin has become more effective in diagnosing bacterial
infections in the last decade.

Aim: This study was done to found out the ability of the bacterial
isolates to form biofilm and to determine the antibiotic resistance for
these biofilm-forming isolates in UTI patients.

Methodology: A case-control study included 60 cases from patients
who suffer from Urinary Tract Infection (UTI) at Al-imamain Al-Jawadain
Medical City in Baghdad.

Result: Among total 60 isolates from UTI patients, The result of our
study showed that 30.0% of the isolates have the ability to form strong
biofilm, 33.3% were moderate, the result also showed the biofilm
formation percentage of S. haemolyticus, E. faecalis, Proteus spp., K.
pneumonia, S. aureus, E. coli, and S. epidermidis were (100%, 100%,
85.68%, 72.72%, 75.0%, 51.18% and 50% respectively). The biofilm
forming isolates were highly resistance to Amoxicillin, Ampicillin,
Gentamicin and Trimethoprim.

Conclusion: The majority of the bacterial isolates was biofilm- forming
and showed a wide resistance to range of antibiotics.
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INTRODUCTION

Urinary tract infections are among the most common
bacterial infections, impacting around 150 million people
globally. In microbiology, a UTI is described as the
urothelium's inflammatory reaction to microbial intruders
[1]. The most common bacteria resbonsible for Utl is
Escherichia coli (E. coli) [2]. Other bacteria involved are
Staphylococcus, Proteus mirabilis, Enterococcus spp, Klebsiella
pneumoniae and Pseudomonas aeruginosa [3].

According to research, pathogenic strains of certain
uropathogenic bacteria exhibit many virulence phenomena,
the most notable of which is known as Biofilm, which refers
to the bacterium's propensity to colonize on the mucosal
surfaces of the afflicted host. The severity of a urinary tract
infection is determined by the virulence of the bacteria as
well as the host's susceptibility [4].

Biofilms are surface-attached microbial populations
encased in a self-produced extracellular polymeric
matrix. They are the product of complicated intra- and
intercellular signaling and communication mechanisms
that are regulated by a sophisticated Quorum Sensing (QS)
regulatory system that is found all across the microbial

world [5].

Biofilms are responsible for up to 60% of infections
in human and are difficult to eliminate with antibiotics.
In wvitro susceptibility experiments have revealed a
significant increase in biofilm cell resistance to killing
[6]. Biofilms may be thought of as a universal strategy
for the survival of bacterial, which allows them to
efeectivaly use of the available resources. They are mostly
polysaccharides, which inhibit antibacterial agents,
antibodies, and white blood cells from entering inside the
cluster [7].

METHOD

Bacterial isolates

The study was conducted with a total of 60 consecutive
isolates from children that suffer from UTI, which
collected from at Al-Imamain Al-Jawadain Medical City
in Baghdad. These isolates were collected over a period of
2 months from September 2022 to November 2022. The
bacterial isolates were identified using Gram's stain and
other biochemical tests include Oxidase, catalase, Methyl
Red, Voges - Proskauer and INDOL tests.
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Antimicrobial susceptibility test

The disk-diffusion method by Kirby-Bauer was used to
determine the antibiotic susceptibility test, and the Clinical
and Laboratory Standards Institute (CLSI) criteria were
followed in interpreting the findings [8]. The antimicrobial
agents that were tested in this study includes: Amoxicillin
(5 mcg), amikacin (30 mcg), ampicillin (2 mcg), cefoxitin
(5 mcg), Ceflxime (30 mcg), ceftriaxone (30 mcg),
ciprofloxacin (5 mcg), cefotaxime (5 mcg), gentamicin
(10 mcg), levofloxacin (5 mcg), imipenem/cilastin (10/10
mcg), meropenem (10 mcg), and trimethoprim (25pg).

Identification of biofilms

The microliter plate test, which was detailed by Lotf
[9], was used to detect biofilm. This technique is regarded
as the industry standard for detecting biofilms.

*  After being cultivated in stationary conditions for
one night at 37 degrees Celsius in TSB, the bacterial
isolates were diluted 1:100 with fresh TSB and TSB

supplemented with 1% glucose.

* 0.2 ml of the diluent was put in each well of a
sterile, 60 -well micro culture plate. After that, the
culture plate was incubated for 24 hours at 37 °C.

* Then the contents in each well of the plate were
removed by lightly tapping the plate.

*  After three PBS washes (to eliminate any floating
germs), the plates were stained with 200 micro
liter of crystal violet 1% for 30 minutes after drying,
then washed again with PBS and kept to dry.

* The Optical Density (OD) of biofilm was measured
by using ELISA reader at a 570 nm wavelength.
This experiment was performed in triplicate and
repeated three times.

Tab. 1. Classification of bio- OD values

film isolates by microliter <0.120

plate method [10]. 0.120-0.240
>0.240

* The biofilm isolates were classified using the
categories (Tab. 1.).

RESULTS

Identification of the isolates

In this study, we investigated 60 isolates from children
that suffer from UTT and the findings of our investigation
indicated that the proportion of isolates of Gram-negative
bacteria exceeded that of Gram-positive bacteria. The most
prevalent bacteria were E. coli, which was detected in 31
children (51.66%). Other common bacteria included
K. pneumoniae (18.33%), P mirabilis (11.68%), .
aureus, S. epidermidis, and each other (6.66%), followed
by Enterococcus faecalis  (3.35%)
haemolyticus (1.66%) [10].

and  Staphylococcus

Detection of biofilm formation by
microtiter plates method

The result of our study showed that the isolates
of S. haemolyticus and E. faecalis were one hundred
percent biofilm forming, while the isolates of Proteus spp.
were 85.68% biofilm forming, isolates of S. aureus, K.
pneumoniae, and S. epidermidis were 75.0%, 72.72%, and
50.0%, respectively, biofilm forming, and isolates of E. coli
were 51.18% biofilm forming as showing in Tab. 2.

Drug resistance of biofilm forming isolates

The result of our study showed the Relationship
between the antimicrobial resistance and the biofilm
formation as mention in Tab. 3.

The result showed that all the biofilm forming
isolates were highly resistance to Amoxicillin, Ampicillin,
and Trimethoprim. While the

effective antibiotic against biofilm forming isolates were

Gentamicin most

Meropenem, Levofloxacin and Imipenem /Cilastin.

Adherence Biofilm formation
Non Non /Weak
Moderately Moderate
Strong High

Tab 2 Distribution of Bacteri No. of Biofilm formation Non biofilm formation poval
s “ : v acteria spp. . -value
bacteria according to biofilm isolates No. % No. %
formation and non-biofilm Escherichia coli 31 16 51.18% 15 48.30% 0.875 NS
formation. i
p’;’sg;f)’;‘?a 11 8 72.72% 3 27.27% | 0.131NS
Proteus spp. 7 6 85.68% 1 14.28% 0.050 *
Stapgﬂgfl‘;“"s 4 3 75% 1 25% 0.317 NS
St:g%fni‘l?;fs"s 4 2 50% 2 50% 1.00 NS
SZZFZ,’TJ,’ L‘;;SEZ‘S’S 1 1 100% 0 0 0.894 NS
Enterococcus faecalis 2 2 100% 0 0 0.711 NS
P-value - 0.0002 ** - 0.0002 ** -
*(P <0.05), **(P=<0.01).
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Tab. 3. The relationship Types of isolates
between biofilm formation | Antibiotic s aureus| S.haemolyticus . 5 .. |E. faecalis| E.coli K Proteus
and antimicrobial resistance. @ m ep'dg’)md's @ (16)  Pneumonia(®) gy o
Amoxicillin | 3(100%) 1(100%) 2(100%) | 2(100%) | 16(100%) |  8(100%) | 6(100%) 38
Amikacine | 2(66.6%) 1(100%) 0 0 11(68.75%) | 2(25%) 3(50%) 19
Ampicillin | 2(66.6%) 0 1(50%) | 2(100%) | 16(100%) | 8(100%) 5(83.3%) 34
Cefoxitin | 3(100%) 0 2(100%) | 1(50%) |13(81.25%)| 3(37.5%)  4(66.6%) 26
Ceflxime | 2(66.6%) 1(100%) 0 1(50%) | 7(43.75%) | 5(62.5%) |5(83.3%) 21
Ceftriaxone | 3(100%) 0 1(50%) 0 (62.5%) 10 5(62.5%) |2(33.3%) 21
Ciprofloxacin | 2(66.6%) 1(100%) 2(100%) 0 8(50%) 5(62.5%) | 1(16.6%) 19
Cefotaxime | 2(66.6%) 0 2(100%) 0 6(37.5%) 2(25%) 0 12
Gentamicin | 3(100%) 1(100%) 2(100%) | 2(100%) | 16(100%) | 7(87.5%) | 6(100%) 37
Levofloxacin | 1(33.3%) 0 0 0 4(25%) 2(25%) 0 7
'mc"l’lzgfl:‘ ! 133.3%) 0 0 0 3(18.75%) 2(25%) 0 6
Meropenem 0 0 0 0 2(12.5%) 0 0 2
Trimethoprim | 3(100%) 1(100%) 2(100%) | 2(100%) |15(93.75%)  8(100%) | 6(100%) 37

DISCUSSION

Distribution of bacteria causing urinary
tract infection

The current investigation found that the proportion
of Gram-negative bacteria was much greater than the
percentage of Gram-positive bacteria (81.55% vs. 18.45%),
which is consistent with the findings of Flores-Mireles
AL, et al. [11]. The results of culture and biochemical
testing revealed that the most prevalent isolated bacterium
was E. coli (51.6%), and the current study's findings are
comparable to those of Sharma [12]. In 51.1% to 72.8%
of cases of E. coli was isolated.

The second most frequent bacterium recovered was K.
pneumoniae, which was discovered in 11 out of 60 children
(18.3%), and this result agrees with the study done by
Lehrasab W, et al. [13].

Detection of biofilm formation by using
microtiter plates method

Our research's findings, which indicated that 51.18%
of E. coli isolates were biofilm-forming, were in line with
those of Monther A [14] study conducted in Iraq, which
found that 50.0% of E. coli isolates were positive for biofilm
formation. While the investigation of Ahmed revealed that
83.3% of E. coli isolates were biofilm-forming, which is
a significantly high percentage when compared with our
results, Ahmad's study from 2021 in Iraq was discordant
with our findings.

The results of our study revealed that 72.72% of K
pneumoniaisolates were biofilm forming, which is consistent
with the findings of Karimi K, et al. [15] discovered that
only 20% of K. pneumonia isolates were strongly biofilm
formation. However, our findings contradict those of
Monther A [14] who discovered that all isolates of K.
pneumonia had the potential to form the biofilm.

Our investigation found that 85.68% of Proteus spp.
isolates formed biofilms, which agrees with a study done in
Poland by Kwiecinska-Pirdg J, et al. [16] which found that

all of the tested isolates formed biofilms.

Our findings demonstrated that 50% of S. epidermidis
isolates formed biofilms, which agrees with the findings of
an Iranian research conducted by Borooni S. which revealed

that 45% [17] S. epidermidis isolates formed biofilms.

The result showed that 75% of S. aureus isolates seemed
to produce biofilms. This finding was similar to the findings
of While W, et al. and Piechota, who discovered that 86%
-99.2% of S. aureus isolates could form a biofilm [18,19].
While these findings contradict the findings of Monther A.
which found that about 50% of S. aureus isolates formed
biofilms [14].

Our data reveal that the isolates of E. faecalis & S.
haemolyticus isolates were 100% biofilms, which disagree
with the findings of Fallah E et al. [20], who found that
26.5% of E. faecalis isolates and 75% of E. faecium isolates
form biofilms. According to recent studies, E. faecalis may
penetrate and bind to urinary epithelial cells, causing
intracellular bacterial populations to proliferate in the

bladder.

Drug resistance of biofilm formation by
bacterial isolates

The results of our investigation revealed a considerable
rise in antibiotic resistance for biofilm-forming isolates,
with all £. co/i biofilm-forming isolates being 100% resistant
to Amoxicillin, Ampicillin, and Gentamicin, and 93.75%
and 81.75% resistant to Trimethoprim and Cefoxitin,
respectively. The corresponding figures for Amikacine
and Ceftriaxone, were 68.75%, 62.5%, respectively. All
of these findings are agree with the findings of Tajbakhsh
who discovered that all E. coli biofilm-forming isolates
were resistant to ampicillin (87.5%), tetracycline (75%),
Nalidixic acid (72.5%), and Co.Trimoxazole (62.5%) [21].

According to our findings, all K pneumonia biofilm-
forming isolates were 100% resistant to Amoxicillin,
87.5%

Gentamicin, and 62.5% resistant to Ceflxime, Ceftriaxone,

Ampicillin, and Trimethoprim, resistant to

and Ciprofloxacin. These findings were similar with
previous research by Nirwati H, et al. [22] and Folliero
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[23] which found a significant proportion of resistance to
aminoglycosides, fluoroquinolones, and cephalosporin.

The results of our investigation revealed that all
Proteus spp. biofilm-forming isolates were 100% resistant
to Amoxicillin, Gentamicin, and Trimethoprim, 83.3%
resistant to Ampicillin and Ceflxime, 66.6% resistant to
Cefoxitin.

Our findings revealed that all S. aureus biofilm-forming
isolates were 100% resistant to Amoxicillin, Ceftriaxone,
Gentamicin, and Trimethoprim, and 66.6% resistant to

Ampicillin, Cefotaxime, Amikacine, Ciprofloxacin and
Cefixime. These findings are consistent with those of

Monther A [14].

CONCLUSION

The majority of the bacterial isolates that responsible
for urinary tract infections were capable of creating biofilms
and showed resistance to a wide range of antibiotics. So
more studied should be done to prevent the development
of multi-drug resistant bacteria.

1. Sihra N, Goodman A, Zakri R, et al. Nonantibiotic prevention and
management of recurrent urinary tract infection. Nat Rev Urol.
2018;15(12):750-776.

2. Schmiemann G, Hummers-Pradier E. Epidemiology of urinary tract
infections. Nieren- und Hochdruckkrankheiten. 2007;36(7):252-257.

3. Nicolle LE, Yoshikawa TT. Urinary tract infection in long-term-care
facility residents. Clin Infect Dis. 2000;31(3):757-761.

4. Saemann M, H6rl WH. Urinary tract infection in renal transplant
recipients. Eur J Clin Invest. 2008;38:58-65.

5. Anghel I, Grumezescu AM, Holban AM, et al. Biohybrid
nanostructured iron oxide nanoparticles and Satureja hortensis to
prevent fungal biofilm development. IntJ Mol Sci. 2013;14(9):18110-
18123.

6. Spoering AL, Lewis KI. Biofilms and planktonic cells of Pseudomonas
aeruginosa have similar resistance to killing by antimicrobials. J
Bacteriol. 2001;183(23):6746-6751.

7. Costerton JW, Cheng KJ, Geesey GG, et al. Bacterial biofilms in
nature and disease. Annu Rev Microbiol. 1987;41(1):435-464.

8. https://clsi.org/media/a5ndfge2/ast_newsletter23_final-24.pdf

9. Ghellai L, Hassaine H, Klouche N, et al. Detection of biofilm
formation of a collection of fifty strains of Staphylococcus aureus
isolated in Algeria at the University Hospital of Tlemcen. African J
Bacteriol Res. 2014;6(1):1-6.

10. Rawaa Asad Salman SK. Antimicrobial and Anti-biofilm, Activity of
Some Probiotics, Prebiotics and Biosynthezed Sliver Nanoparticles
against Multidrug Resistant. 2022.

11. Flores-Mireles AL, Walker JN, Caparon M, et al. Urinary tract
infections: Epidemiology, mechanisms of infection and treatment
options. Nat Rev Microbiol. 2015;13(5):269-284.

12. Mittal S, Sharma M, Chaudhary U. Biofilm and multidrug
resistance in uropathogenic Escherichia coli. Pathog Glob Health.
2015;109(1):26-29.

13. Lehrasab W, Aziz T, Naheem Ahmed IA. Causative organisms of

urinary tract infection and their sensitivity pattern in children. Sensit
Pattern Child Ann Pak Inst Med Sci. 2016;1815:2287.

14. Monther A. Detection of inflammatory mediators (IL-27, IL-33 and
CRP) and biofilm virulence factor in Iraqi neonatal sepsis infected
with Gram positive and Gram negative bacteria. 2022.

15. Karimi K, Zarei O, Sedighi P, et al. Investigation of antibiotic
resistance and biofilm formation in clinical isolates of Klebsiella
pneumoniae. Int J Microbiol. 2021;2021.

16. Kwiecinska-Pirég J, Bogiel T, Skowron K, et al. Proteus mirabilis
biofilm-qualitative and quantitative colorimetric methods-based
evaluation. Braz J Microbiol. 2014;45:1423-1431.

17. Bono MJ, Reygaert WC. Urinary Tract Infection. Treasure Island
(FL): StatPearls Publishing. 2021.

18. Gajdacs M, Abrok M, Lazar A, et al. Comparative epidemiology and
resistance trends of common urinary pathogens in a tertiary-care
hospital: A 10-year surveillance study. Medicina. 2019;55(7):356.

19. Diizgiin AQ, Okumus F, Saral A, et al. Determination of antibiotic
resistance genes and virulence factors in Escherichia coli isolated
from Turkish patients with urinary tract infection. Rev Soc Bras Med
Trop. 2019;52.

20. Fallah F, Yousefi M, Pourmand MR, et al. Phenotypic and
genotypic study of biofilm formation in Enterococci isolated from
urinary tract infections. Microb Pathog. 2017;108:85-90.

21. Tajbakhsh E, Ahmadi P, Abedpour-Dehkordi E, et al. Biofilm
formation, antimicrobial susceptibility, serogroups and virulence
genes of uropathogenic E. coli isolated from clinical samples in Iran.
Antimicrob Resist Infect Control. 2016;5(1):1-8.

22. Nirwati H, Sinanjung K, Fahrunissa F, et al. Biofilm formation and
antibiotic resistance of Klebsiella pneumoniae isolated from clinical
samples in a tertiary care hospital, Klaten, Indonesia. BMC Proc.
2019;13(11):1-8.

23. Santella B, Serretiello E, De Filippis A, et al. Lower respiratory
tract pathogens and their antimicrobial susceptibility pattern: A
5-year study. Antibiotics. 2021;10(7):851.



http://apims.net/apims_old/Volumes/Vol12-4/Causative Organisms of Urinary Tract Infection and their Sensitivity Pattern in Children.pdf
https://doi.org/10.1155/2021/5573388
https://doi.org/10.1155/2021/5573388
https://doi.org/10.1155/2021/5573388
https://www.ncbi.nlm.nih.gov/pmc/articles/pmid/25763050/
https://www.ncbi.nlm.nih.gov/pmc/articles/pmid/25763050/
https://www.ncbi.nlm.nih.gov/pmc/articles/pmid/25763050/
https://www.mdpi.com/resolver?pii=medicina55070356
https://www.mdpi.com/resolver?pii=medicina55070356
https://www.mdpi.com/resolver?pii=medicina55070356
https://www.scielo.br/scielo.php?script=sci_arttext&pid=S0037-86822019000100322&lng=en&nrm=iso&tlng=en
https://www.scielo.br/scielo.php?script=sci_arttext&pid=S0037-86822019000100322&lng=en&nrm=iso&tlng=en
https://www.scielo.br/scielo.php?script=sci_arttext&pid=S0037-86822019000100322&lng=en&nrm=iso&tlng=en
https://linkinghub.elsevier.com/retrieve/pii/S0882-4010(16)30407-7
https://linkinghub.elsevier.com/retrieve/pii/S0882-4010(16)30407-7
https://linkinghub.elsevier.com/retrieve/pii/S0882-4010(16)30407-7
https://aricjournal.biomedcentral.com/articles/10.1186/s13756-016-0109-4
https://aricjournal.biomedcentral.com/articles/10.1186/s13756-016-0109-4
https://aricjournal.biomedcentral.com/articles/10.1186/s13756-016-0109-4
https://bmcproc.biomedcentral.com/articles/10.1186/s12919-019-0176-7
https://bmcproc.biomedcentral.com/articles/10.1186/s12919-019-0176-7
https://bmcproc.biomedcentral.com/articles/10.1186/s12919-019-0176-7
https://www.mdpi.com/2079-6382/10/7/851
https://www.mdpi.com/2079-6382/10/7/851
https://www.mdpi.com/2079-6382/10/7/851
https://doi.org/10.1038/s41585-018-0106-x
https://doi.org/10.1038/s41585-018-0106-x
https://academic.oup.com/cid/article-lookup/doi/10.1086/313996
https://academic.oup.com/cid/article-lookup/doi/10.1086/313996
https://doi.org/10.1111/j.1365-2362.2008.02014.x
https://doi.org/10.1111/j.1365-2362.2008.02014.x
https://www.mdpi.com/resolver?pii=ijms140918110
https://www.mdpi.com/resolver?pii=ijms140918110
https://www.mdpi.com/resolver?pii=ijms140918110
https://journals.asm.org/doi/10.1128/jb.183.23.6746-6751.2001
https://journals.asm.org/doi/10.1128/jb.183.23.6746-6751.2001
https://www.annualreviews.org/doi/abs/10.1146/annurev.mi.41.100187.002251?journalCode=micro
https://www.annualreviews.org/doi/abs/10.1146/annurev.mi.41.100187.002251?journalCode=micro
https://clsi.org/media/a5ndfge2/ast_newsletter23_final-24.pdf
https://academicjournals.org/journal/JBR/article-abstract/5274DA143259
https://academicjournals.org/journal/JBR/article-abstract/5274DA143259
https://academicjournals.org/journal/JBR/article-abstract/5274DA143259
https://www.nature.com/articles/nrmicro3432
https://www.nature.com/articles/nrmicro3432
https://www.nature.com/articles/nrmicro3432
https://www.tandfonline.com/doi/full/10.1179/2047773215Y.0000000001
https://www.tandfonline.com/doi/full/10.1179/2047773215Y.0000000001
http://apims.net/apims_old/Volumes/Vol12-4/Causative Organisms of Urinary Tract Infection and their Sensitivity Pattern in Children.pdf

