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Abstract

Background: Klebsiella pneumoniae is a common cause of nosocomial infections. Antibiotic
resistance and the ability to form biofilm, as two key virulence factors of K. pneumoniae, are
involved in the persistence of infections.

Aim: determine the rate of (10) antibiotics activity against isolated K. pneumoniae then
evaluate the ability of isolated bacteria to produce biofilm by using Congo red agar method
and studying the antibiotic resistance pattern between biofilm producer and non-biofilm
producer of K. pneumoniae isolates.

Material and methods: over a period of 4 months a total of 37 k. pneumoniae isolates were
collected. Antibiotic susceptibility was determined by the disc diffusion method according to
CLSI. Biofilm production was assessed by Congo red agar method.

Results: Antibiotic susceptibility profile showed a variable level of resistance. The highest
resistance was reported with tetracycline (56.8%). And the highest susceptibility was reported
with imipenem (85.6%) and meropenem (85.6%). Biofilm by Congo red agar method was
detected in 19 isolates with a percentage of (51.35%) however, 18 (48.65%) of isolates were
non biofilm producer. The association of antibiotic resistance between biofilm-producing and
non-biofilm-producing K. pneumoniae isolates was evaluated by the Chi-square test and the
p-value was found to be 0.97 (statistically non-significant).

Conclusion: our study revealed that the K. pneumoniae isolates differed in their responses
against used antibiotics, moreover they are varied in their ability to produce biofilm and the
resistance pattern between biofilm producer and non-producer was no significant. More
studies are needed to characterize the pattern of antibiotic resistance between biofilm
producer and non-biofilm producer of K. pneumoniae isolates and universal efforts should be
increased to prevent the prevalence of multi- antibiotic resistant bacteria and eliminate the
hospital born bacteria that are causing a great rise in mortality.
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Background: Kliebsiella pneumoniae belongs to the Enterobacteriaceae family and is
Gram-negative, encapsulated, non-motile, and rod-shaped (Podschun and Ullmann, 1998;
Murray et al., 2007). It has emerged as a significant healthcare-associated pathogen in the
last two decades, accounting for 14-20 percent of infections involving the respiratory tract,
lower biliary duct, surgical wounds, and urinary tract (De Rosa et al, 2015). Fimbriae,
antiphagocytic capsule (CPS), LPS, membrane transporters, and siderophores are among the
virulence factors, allowing K. pneumoniae to survive and evade the immune system during
infection (Clegg and Murphy, 2016). Antibiotic resistance and ability to produce biofilm, are
two key virulence factors of K. pneumoniae, which involved in the persistence of infections
(Shadkam et al., 2021). K. pneumoniae's ability to build biofilms (Vuotto et al., 2014; Chung,
2016), which are aggregation of different bacterial cells and covered by self-produced
extracellular matrix (Singh et al., 2021). This matrix made up of proteins, exopolysaccharides,
DNA, and lipopeptides. (Nirwati et al., 2019). shields the bacterium from both the immune
system of the host and antimicrobial agents (Bandeira et al., 2014). Infections caused by
multidrug-resistant (MDR) carbapenem-resistant K. pneumoniae strains being increasingly
isolated in hospital settings (Coque, et al., 2008; Grundmann et al,, 2010). Due to plasmid-
encoded extended-spectrum beta-lactamases (ESBLs) and carbapenemases, MDR and
extensively drug-resistant (XDR) K. pneumoniae strains are resistant to a wide range of f3-
lactams (penicillins, third- and fourth-generation cephalosporins, carbapenems and
monobactam), and also to other antibiotic classes such as aminoglycosides and
fluoroquinolones (Rawat and Nair, 2010). In contrast to carbapenemase, Enterobacteriaceae
efflux pumps and porins have been shown to be almost clearly involved in the production of
biofilm as well as antibiotic resistance (Kvist, et al., 2008; Gaddy, et al., 2009). There has also
been evidence of a link between antibiotic resistance and the ability of K. pneumoniae to build
biofilms (Yang and Zhang, 2008). The antibiotic resistant have become a worldwide problem
and there is still quite limited data related to biofilm producing capacity and antibiotic
resistance of K. pneumoniae in Erbil- Iraq. Thus the aims of present study were to determine
the rate of (10) antibiotics activity against isolated K. pneumoniae then evaluate the ability of
isolated bacteria to produce biofilm by using Congo red agar method and studying the
antibiotic resistance pattern between biofilm producer and non-biofilm producer of K.
pneumoniae isolates.

Methods
Sampling and bacterial isolation:

A total of 37 samples of K. pneumoniae were collected within four months (November
2021 to March 2022) from patient’s urine in Maternity Teaching Hospital in Erbil-Iraq.
Bacterial isolates were initially identified by culturing them on MacConkey agar and Gram
staining then confirmed by Vitek2 compact system. Each K. pneumoniae isolate was preserved
in 20% glycerol at -70°C.

Antimicrobial susceptibility testing:

According to the clinical and laboratory standards Institute protocol (CLSI; M100-30th
ed.), Antibiotic susceptibility test used to evaluate the susceptibility of isolated bacteria
against 10 antibiotics by using disc diffusion (Kirby Bauer) method. The tested inoculums
were suspended in sterile normal saline and adjusted to the 0.5 McFarland standard before
being dispersed onto the surface of Mueller-Hinton agar (MHA) (LAB M Limited topely house,
UK) for ceftazidime (CAZ: 30ug),Cefixime (CFM:5ug) imipenem (IPM:10ug), meropenem
(MEM:10ug), ciprofoxacin (CIP: 10ug),amikacin (AN: 10ug), gentamicin (GM; 10ug),
Tetracycline (TE: 10pg) Amoxicillin/CLA (AMC:20/10 pug), Levofloxacin (LEV: 5ug)
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(Bioanalyse, Turkey). After overnight incubation the zones of inhibition were measured as
described by (Wayne, 2005).

Biofilm formation test:

This test was performed using Congo red agar method which is described by Freeman
et al. as a simple qualitative method to detect biofilm production. the tested bacteria were
inoculated onto the surface of the Congo red agar medium and incubated at 37°C for 24-48
hours. On Congo red agar medium, biofilm producers create black colonies (strong), red
(moderate) while non-biofilm producers form pink/white colonies (Majeed, 2011).

Data analysis:

Descriptive statistical analysis (including means and percentages to characterize data)
was done by using SPSS software version 16 for windows .To provide a comparison between
groups the chi-square test was used. Results with P <0.05 were considered significant.

Results:
Bacterial isolation:

In total, 37 non-duplicative clinically-relevant K. pneumoniae were collected from urine
of female’s patients, their ages ranged between 22-36 years. Antibiotic susceptibility pattern
of the isolates showed a variable level of resistance; 56.8% to tetracycline, 54.1% to cefixime,
51.4% to amoxicillin/clavulanic acid and 51.4% to ciprofloxacin. On the other hand the most
effective antibiotics were imipenem, meropenem and gentamycin with percentage 86.5%,
86.5% and 64.9% respectively (Table.1l). Overall high susceptibility was observed for
ceftazidime (54.1%), amikacin (51.4%) and levofloxacin (51.4%).

Table (1) Number and Percentage of antibiotic susceptibility pattern of isolated K.
pneumoniae.

Antibiotics Resistance Intermediate Sensitive

Tetracycline 21 (56.8%) 1 (2.7%) 15 (40.5%)
Imipenem 5 (13.5%) - 32 (86.5%)
Ceftazidime 16 (43.2%) 1 (2.7%) 20 (54.1%)
Cefixime 20 (54.1%) - 17 (45.9%)
Gentamycin 12 (32.4%) 1 (2.7%) 24 (64.9%)
Amoxicillin/CLA 19 (51.4%) 10 (27%) 8 (21.6%)

Ciprofloxacin 19 (51.4%) - 18 (48.6%)
Amikacin 13 (35.1%) 5 (13.5%) 19 (51.4%)
Levofloxacin 17 (45.9%) 1 (2.7%) 19 (51.4%)
Meropenem 5 (13.5%) - 32 (86.5%)

Biofilm production:

A total of 37 positive culture of K. pneumoniae were taken for this study. Out of these
37 K. pneumoniae isolates, biofilm by congo red agar method was detected in 19 isolates with
percentage (51.35%), in which 5 (13.51%) were strong biofilm producer in addition to 14
(37.84%) were moderate biofilm producer, however 18 (48.65%) of isolates were non biofilm
producer as shown in figure 1.
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= Biofilm producer

= Non biofilim producer

Figure (1) percentage of biofilm and non-biofilm production by K. pneumoniae isolates

The association of antibiotic resistance between biofilm producing and non-biofilm
producing K. pneumoniae isolates was evaluated by Chi square test and the p value was found
to be 0.97 (statistically non-significant) (Table 2).

Table (2) Antibiotic resistance pattern between biofilm producing and non-biofilm
producing isolates of K. pneumoniae (statistically non-significant)

Antibiotics Biofilm producer Non biofilm producer
resistant isolates resistant isolates

Tetracycline 10 11
Imipenem 2 3
Ceftazidime 8 8

Cefixime 12 8
Gentamycin 7 5
Amoxicillin/CLA 10 8
Ciprofloxacin 10 8

Amikacin 8 5
Levofloxacin 11 6
Meropenem 2 3

Discussion:

128

Klebsiella pneumoniae is the second most repeatedly isolated species from Urinary tract
infection, after Escherichia coli (Stamm et al., 1991). The ability of these bacteria to adhere
to host structures is considered needful for the development of infection (Struve et al.,
2008; Lin et al.,, 2010). As these bacteria are highly and increasingly resistant to many
antibiotics, preventing the spread of these bacteria is a key goal in the healthcare setting.
Indeed identification of isolated K. pneumoniae was depended on Vitek2 analysis with the
Gram-negative (GN) card which was designed for use with this system. VITEK2 system is an
automated machine designed to provide rapid and accurate phenotypic identification for most
clinical microorganisms while the VITEK 2 card is an effective means of rapidly and accurately
identifying many gram negative Enterobacteriaceae. This colorimetric Gram-negative (GN)
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identification card, contains 47 tests (Ligozzi et al., 2002). On other hand, antibiotic resistance
is a main clinical problem in treating infections caused by these bacteria. The resistance to
antibiotics has increased over the years however the resistance rates differ from one zone to
another (Farrell et al, 2003; Mathai et al.,, 2001). In fact in this study the samples were
isolated from patients at maternity teaching hospital, which is one of the hospitals in Erbil
city of Iraq and the study of antibiotic resistance patterns of K. pneumoniae isolates done by
using the Kirby Bauer method (figure 2). Furthermore, isolated bacteria gave variable
resistance to tested antibiotics, and the highest resistance was reported to tetracycline
(56.8%), cefixime (54.1%), amoxicillin/CLA (51.4%), and ciprofloxacin (51.4%). The results for
amoxicillin/CLA and tetracycline were in agreement with Varghese et al., 2016 results which
recorded 62.9% and 45.7% resistance respectively. On other hand bacterial isolates showed
less resistance to amikacin (35.1%), ceftazidime (43.2%), and levofloxacin (45.9%) when
compared to the above-mentioned antibiotics, similar results for amikacin was reported by
Varghese et al., 2016 with resistance profile of (34.3%) and by Dumaru et al., 2019 with a
result of (40.81%). In the current study the most effective antibiotics were imipenem,
meropenem, and gentamycin, with susceptibility percentages of 86.5% for both imipenem and
meropenem and 64.9% for gentamycin. The results for imipenem and gentamycin were
strongly supported by the findings of Varghese et al., 2016 with susceptibility profiles of 85.7%
and 60% respectively, but the study was not supportive enough for meropenem, with a
percentage of 65.7%.

Figure (2) Detection of Antibiotic resistance

The reason for the high resistance to these antibiotics observed in this study may be
due to unreasonable use of these antibiotics, transition of resistant isolates of bacteria among
people, and consumption of food from animals that have taken antibiotics.

Though K. pneumoniae is a leading cause of Gram negative nosocomial infections and
it is associated with a high mortality rate, not much is known about its pathogenic planner
beyond the role of capsule. In the established pattern of K. pneumoniae pathogenesis, the
anti-phagocytic polysaccharide capsule is the most studied virulence factor and most
distinctive characteristic in contrast only a few another factors including pili and
lipopolysaccharide have been suggested as virulence factors, however their contribution to
host pathogenesis has not been examined in detail. The ability of K. pneumoniae to associate
into communities in biofilms, is central to their pathogenicity as they give protection from
bactericidal molecules present on host tissues (Hennequin and Forestier, 2007). The
formation of biofilm protects K. pneumoniae against immune responses of the host, the action
of antibiotics, and promote its persistence (Vuotto et al, 2014). The result of biofilm
production in present study indicated that each isolated K. pneumoniae had a different
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potential to form biofilm under the same condition, this result was similar to that obtained by
Preethi et al.,, 2021. In addition to that biofilm-producing bacteria are usually related with
antibiotic resistance, retrogression, and chronic infections which are of great concern while
starting therapy (Deotale et al., 2015). The cells existing within the biofilm can break up from
one site and initiate the infection at a different site therefore suitable aggressive antibiotic
therapy should be founded thereby eradicating and interfering with the formation of biofilm
(Wasfi et al., 2012). On other hand, the antibiotic resistance pattern between the biofilm and
non-biofilm producing isolates was statistically non-significant (p value=0.97) this present
result was disagree with that obtained by Shanmugam et al., 2017 however it was similar to
the result of Cepas et al.,, 2019.

Therefore, self-medication, failure to act in accordance with therapy, and the selling of
counterfeit antibiotics may all be part to the rise in antibiotic resistance in the world. Bacterial
resistance can be overcome in a variety of ways so it is important to understand that
antibiotics should only be provided based on sensitivity testing results, as incorrect antibiotic
exposure leads to the emergence of resistant strains. Furthermore, these antibiotics should
be taken for a sufficient amount of time, in the right combination, and at the right dose.
Moreover to achieve proper and effective therapy, sanitation and patient awareness are also
required.

Conclusion:

The antibiotic resistance patterns of the isolates of K. pneumoniae investigated, varied.
The highest resistance was reported with tetracycline (56.8%), and the lowest resistance was
reported with imipenem and meropenem (13.5%). Among 37 K. pneumoniae isolates 19
isolates were biofilm producers with a percentage (51.35%), in which 5 (13.51%) were strong
biofilm producers and 14 (37.84%) were moderate biofilm producers, although 18 (48.65%)
were non-biofilm producer. Furthermore the resistance pattern of the isolates between biofilm
producer and non-producer was not significant. More studies are needed to characterize the
pattern of antibiotic resistance between biofilm producer and non-biofilm producer of K.
pneumoniae isolates and universal efforts should be increased to prevent the prevalence of
multi- antibiotic resistant bacteria and eliminate the hospital born bacteria that are causing
a great rise in mortality.

www.minarjournal.com

130


http://www.minarjournal.com/

Volume 4, Issue 4, December 2022

References:

1. Bandeira, M. Carvalho, A.P, Duarte, A. and Jordao , L. (2014) ‘Exploring Dangerous
Connections between Klebsiella pneumoniae Biofilms and Healthcare-Associated Infections’,
Pathogens, 3(3), pp. 720-731.

2. Cepas, V., Lopez, Y., Munoz, E., Rolo, D., Ardanuy, C., Marti, S., Xercavins, M.,
Horcajada, J. P., Bosch, J. and Soto, S.M.(2019) ‘Relationship Between Biofilm Formation
and Antimicrobial Resistance in Gram-Negative Bacteria’, Microbial Drug Resistance, 25(1),
pp. 72-79.

3. Chung, P.Y. (2016) ‘The emerging problems of Klebsiella pneumoniae infections:
carbapenem resistance and biofilm formation’, FEMS Microbiology Letters, 363(20), p. fnw219.
4. Chilupuri,P., Gudisi, S. and Prakash, K. (2021). Detection of mrkD gene in clinical isolates
of biofilm producing Klebsiella pneumoniae. MedPulse International Journal of Microbiology.
19(2): 25-28.

5. Clegg, S. and Murphy, C.N. (2016) ‘Epidemiology and Virulence of Klebsiella pneumoniae’,
Microbiology Spectrum, 4 (1) pl7.

6. Coque, T.M., Baquero, F. and Cantén, R. (2008) Increasing prevalence of ESBL-producing
Enterobacteriaceae in Europe’, Eurosurveillance, 13(47):p. 19044.

7. De Rosa, F.G., Corcione S., Cavallo, R., Di Perri, G. and Bassetti , M. (2015) ‘Critical
issues for Klebsiella pneumoniae KPC-carbapenemase producing K. pneumoniae infections: a
critical agenda’, Future Microbiology, 10 (2): pp. 283-294.

8. Deotale VS, Attal R, Joshi S, Bankar N. (2015). Correlation between biofilm formation and
highly drug resistant uropathogens (HDRU). Int J Cur Res Rev, 7(2):61- 65.

9. Dumaru, R., Baral, R. and Shrestha, L.B. (2019) ‘Study of biofilm formation and antibiotic
resistance pattern of gram-negative Bacilli among the clinical isolates at BPKIHS, Dharan’,
BMC Research Notes, 12(1): p. 38.

10. Farrell, D.J., Morrissey, 1., De Rubeis, D., Robbins, M. and Felmingham, D.A. (2003). UK
multicentre study of the antimicrobial susceptibility of bacterial pathogens causing urinary
tract infection. J Infect, 46 (2):94-100.

11. Freeman, D.J., Falkiner, F.R. and Keane, C.T. (1989) New method for detecting slime
production by coagulase negative staphylococci.” Journal of Clinical Pathology, 42(8): pp. 872—
874.

12. Gaddy, J.A., Tomaras, A.P. and Actis, L.A. (2009) ‘The Acinetobacter baumannii 19606
OmpA Protein Plays a Role in Biofilm Formation on Abiotic Surfaces and in the Interaction of
This Pathogen with Eukaryotic Cells’, Infection and Immunity, 77(8):pp. 3150-3160.

13. Grundmann, H., Livermore, D. M. , Giske, C. G., Canton, R., Rossolini, G.M., Campos,
J., Vatopoulos, A., Gniadkowski, M., Toth, A., Pfeifer,Y., Jarlier,V.,Carmeli, Y. and CNSE
Working Group (2010) ‘Carbapenem-non-susceptible Enterobacteriaceae in FEurope:
conclusions from a meeting of national experts’, Eurosurveillance, 15(46): p. 19711.

14. Hennequin C. and Forestier C. (2007) Influence of capsule and extended-spectrum beta-
lactamases encoding plasmids upon Klebsiella pneumoniae adhesion. Res Microbiol.
158(4):339-47.

15. Kvist, M., Hancock, V. and Klemm, P. (2008) Inactivation of Efflux Pumps Abolishes
Bacterial Biofilm Formation’, Applied and Environmental Microbiology, 74(23): pp. 7376-7382.
16. Ligozzi, M.; Bernini, C.; Bonora, M.G.; DE Fatima, M.; Zuliani, J. and Fontana, R. (2002)
Evaluation of the VITEK 2 system for identification and antimicrobial susceptibility testing of
medically relevant Gram positive cocci. Journal of Clinical Microbiology. 40 (5):p. 1681-1686.
17. Lin, W.H.,Wang, M.C., Tseng, C. C., Ko, W.C., Wu, A.B., Zheng, P.X. and Wu J.J. (2010)
Clinical and microbiological characteristics of klebsiella pneumonia isolates causing
community-acquired urinary tract infections. Infection. 38(6):459-464

18. Majeed, H.A. (2011) Characterization of Aeromonas hydrophila isolatedfrom patients with
Diarrhea. Journal of Kerbala University. 9(3):p.33- 42.

www.minarjournal.com

131


http://www.ijherjournal.com/
https://pubmed.ncbi.nlm.nih.gov/?term=Almeida%20Carvalho%20P%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Duarte%20A%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Jordao%20L%5BAuthor%5D
https://www.liebertpub.com/doi/10.1089/mdr.2018.0027
https://www.liebertpub.com/doi/10.1089/mdr.2018.0027
https://www.liebertpub.com/doi/10.1089/mdr.2018.0027
https://www.liebertpub.com/doi/10.1089/mdr.2018.0027
https://www.liebertpub.com/doi/10.1089/mdr.2018.0027
https://www.liebertpub.com/doi/10.1089/mdr.2018.0027
https://www.liebertpub.com/doi/10.1089/mdr.2018.0027
https://www.liebertpub.com/doi/10.1089/mdr.2018.0027
https://www.liebertpub.com/doi/10.1089/mdr.2018.0027
https://www.liebertpub.com/doi/10.1089/mdr.2018.0027
https://pubmed.ncbi.nlm.nih.gov/?term=Corcione+S&cauthor_id=25689539
https://pubmed.ncbi.nlm.nih.gov/?term=Cavallo+R&cauthor_id=25689539
https://pubmed.ncbi.nlm.nih.gov/?term=Di+Perri+G&cauthor_id=25689539
https://pubmed.ncbi.nlm.nih.gov/?term=Bassetti+M&cauthor_id=25689539
https://pubmed.ncbi.nlm.nih.gov/?term=Livermore+DM&cauthor_id=21144429
https://pubmed.ncbi.nlm.nih.gov/?term=Giske+CG&cauthor_id=21144429
https://pubmed.ncbi.nlm.nih.gov/?term=Canton+R&cauthor_id=21144429
https://pubmed.ncbi.nlm.nih.gov/?term=Rossolini+GM&cauthor_id=21144429
https://pubmed.ncbi.nlm.nih.gov/?term=Campos+J&cauthor_id=21144429
https://pubmed.ncbi.nlm.nih.gov/?term=Vatopoulos+A&cauthor_id=21144429
https://pubmed.ncbi.nlm.nih.gov/?term=Gniadkowski+M&cauthor_id=21144429
https://pubmed.ncbi.nlm.nih.gov/?term=Toth+A&cauthor_id=21144429
https://pubmed.ncbi.nlm.nih.gov/?term=Pfeifer+Y&cauthor_id=21144429
https://pubmed.ncbi.nlm.nih.gov/?term=Jarlier+V&cauthor_id=21144429
https://pubmed.ncbi.nlm.nih.gov/?term=Carmeli+Y&cauthor_id=21144429
https://pubmed.ncbi.nlm.nih.gov/?term=CNSE+Working+Group%5BCorporate+Author%5D
https://pubmed.ncbi.nlm.nih.gov/?term=CNSE+Working+Group%5BCorporate+Author%5D

MINAR International Journal of Applied Sciences and Technology

19. Mathai, D., Jones, R.N. and Pfaller, M.A. (2001) SENTRY Participant Group North
America. Epidemiology and frequency of resistance among pathogens causing urinary tract
infections in 1, 510 hospitalized patients: A report from the SENTRY Antimicrobial
Surveillance Program (North America). Diagn Microbiol Infect Dis. 40 (3):129-36.

20. Murray, P.R., Baron, E.J., Jorgensen, J.H., Landry, M.L. and Pfaller, M.A. (2007). Manual
of Clinical Microbiology. 9th Edition, American Society for Microbiology, Washington, DC.
21. Nirwati, H., Sinanjung, K., Fahrunissa F., Wijaya, F., Napitupulu S., Hati, V.P.,
Hakim,M.S., Meliala, A., Aman ,A.T and Nuryastuti, T. (2019) Biofilm formation and antibiotic
resistance of Klebsiella pneumoniae isolated from clinical samples in a tertiary care hospital,
Klaten, Indonesia.

22. Podschun, R. and Ullmann, U. (1998) “lebsiella spp. as Nosocomial Pathogens:
Epidemiology, Taxonomy, Typing Methods, and Pathogenicity Factors’, Clinical Microbiology
Reviews, 11(4):pp. 589-603.

23. Rawat, D. and Nair, D. (2010) ‘Extended-spectrum f-lactamases in Gram Negative
Bacteria’, Journal of Global Infectious Diseases, 2(3): pp. 263-274.

24. Shanmugam, K., Thyagarajan, R., Katragadda, R., Vajravelu, L. and Jayachandran, A.L.
(2017) Biofilm formation and Extended Spectrum Beta Lactamases (ESBL) producers among
the gram negative bacteria causing Urinary tract infections. International Journal of Medical
Microbiology and Tropical Diseases. 3(3):86-90.

25. Shadkam, S., Goli, H.R., Mirzae, B., Gholami, M. and Ahanjan, M. (2021) Correlation
between antimicrobial resistance and biofilm formation capability among Klebsiella
pneumoniae strains isolated from hospitalized patients in Iran. Ann Clin Microbiol Antimicrob.
20 (13).

26. Singh, S., Datta, S., Narayanan, K.B. and Rajnish, K.N. (2021) Bacterial exo-
polysaccharides in biofilms: role in antimicrobial resistance and treatments. Journal of
Genetic Engineering and Biotechnology. 19 (140).

27. Stamm, W.E., McKevitt, M., Roberts, P.L.and White N.J. (1991). Natural history of
recurrent urinary tract infections in women. Rev Infect Dis. 13(1):77-84.

28. Struve,C., Bojer, M., Krogfelt, K.A. (2008). Characterization of Klebsiella pneumoniae
type 1 fimbriae by detection of phase variation during colonization and infection and
impact on virulence. Infect Immun. 76(9):4055-4065.

29. Varghese, A., George, S., Gopalakrishnan, R. and Mathew, A. (2016) ‘antibiotic
susceptibility pattern of Klebsiella pneumoniae isolated from cases of urinary tract infection
in a tertiary care setup’, Journal of Evolution of Medical and Dental Sciences, 5(29):pp. 1470-
1474.

30. Vuotto, C., Longo, F., Balice, M.P., Donelli, G. and Varaldo, P. E. (2014). Antibiotic
resistance related to biofilm formation in Klebsiella pneumoniae. Pathogens .3(3): 743-758.
31. Wasfi, R., Abd El-Rahman, O.A. and Mansour, L.E. (2012). Antimicrobial activities against
biofilm formed by Proteus mirabilis isolates from wound and urinary tract infections. Indian
J Med Microbiol. 30(1):76-80.

32. Wayne, P. A. (2005) Clinical and laboratory standard insitiute, Performance standard for
antimicrobial susceptibility testing. 15th Ed. Information supplement. CLSI/NCCLS M 100-
S15.

33. Yang, D. and Zhang, Z. (2008) ‘Biofilm-forming Klebsiella pneumoniae strains have
greater likelihood of producing extended-spectrum [-lactamases’, Journal of Hospital
Infection, 68(4), pp. 369-371.

www.minarjournal.com

132


http://www.minarjournal.com/

