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Abstract
Background & Objectives: Klebsiella pneumoniae is a significant cause of nosocomial infections. This bacterium
survives in difficult conditions by forming biofilms in hospital equipment and causes severe infections. On the other hand,
the emergence and spread of carbapenem resistance among bacteria and biofilm production is a current health concern.
There are controversial findings about the relevance of this issue. This study aimed to evaluate the relationship between
biofilm formation and carbapenem resistance among clinical isolates.
Materials & Methods: A total of 160 isolates of Klebsiella pneumoniae were collected. Molecular methods were used
to detect resistance genes. Subsequently, the ability to produce biofilms in isolates with resistance genes was assessed.
Finally, the correlation of biofilm formation among resistant isolates was calculated using χ2 test.
Results: 79 imipenem-resistant isolates were obtained. 46 isolates (66.66%) containing VIM gene, 36 isolates (52.17%)
containing OXA-48 gene, five isolates (7.24%) containing NDM gene, Six isolates (8.69%) containing gene IMP and
five isolates (7.24%) also had KPC gene. The results showed a significant correlation between the ability to form biofilms
and the presence of carbapenem-resistant genes.
Conclusion: Increased carbapenem resistance in Klebsiella pneumoniae isolates and its association with biofilm formation
is severe warning for basic measures to combat this phenomenon.
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Introduction

Due to the emergence and increasing
resistance to antibiotics, the treatment of
infectious diseases has become a significant
concern (1, 2). Reducing the speed of discovery of
new antimicrobial drugs leads to the emergence
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and rapid expansion of resistant isolates, and
these resistant isolates pose a serious threat to
public health (3, 4). In the past, beta-lactam
antibiotics were the mainstay of treatment
for gram-negative bacilli-borne infectious
diseases. (5, 6) Given these, carbapenems
are the next choice against beta-lactam
resistant bacteria. Unfortunately, carbapenemresistant strains of Klebsiella pneumoniae
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are emerging and spreading worldwide,
which has limited treatment options for
various infections with this bacterium (7,
8). Klebsiella pneumonia is one of the most
common human pathogens that causes a wide
range of community and hospital-acquired
infections such as pneumonia, bacteremia,
urinary tract infections, respiratory tract and
respiratory tract infections (9). In addition
to drug resistance, this bacterium is another
essential factor in the development of biofilm
formation. About 40% of biofilm-producing
Klebsiella have been isolated from urine, blood,
sputum, and wounds (10, 11). Previous studies
have shown an association between antibiotic
resistance and biofilm formation. In this case,
some researchers have reported that with the
production of biofilm, resistance has increased
and there is a relationship between the two
(12, 13). Other studies have reported that
biofilm formation is reduced in high-strength
isolates (14). Overall, the relationship between
antibiotic resistance and biofilm formation is
currently not fully understood and is under
investigation (15). This issue is exacerbated
when these strains grow with the formation
of biofilms and cause a significant increase
in resistance to antimicrobial agents (16).
Therefore, the aim of this study was to evaluate
the relationship between biofilm formation and
carbapenem resistance among clinical isolates
of Klebsiella pneumoniae in Qom hospitals.
Materials & Methods
Bacterial Strains
This study is cross-sectional. A total of

160 clinical bacteria isolated from clinical
specimens were isolated from patients admitted
to hospitals in Qom using biochemical tests
and were identified as bacterial isolates.
Phenotypic Screening of Carbapenemase:
In this method, swabs of bacteria then two
Imipenem discs were placed on the medium
at a distance, one of which contains EDTA,
and finally the diameter of growth inhibition
halos was examined. Increasing the diameter
of the stunting halo by more than or equal to 5
mm around the imipenem-EDTA disc relative
to the imipenem disc alone indicates the
production of metallobetalactamase. To track
carbapenemase producers, imipenem discs
impregnated with boronic acid were used. In
this method, an increase of more than 5 mm
of growth inhibition zone around this disc
indicates the production of carbapenemase.
As a positive control, K. pneumonia ATCC
1705BAA was used.
Detection of Carbapenemase-Related Genes
After genome extraction by boiling
method, identification of carbapenem
resistance genes by plasmid or chromosomal
genes was performed by PCR method. For
PCR, Ampilicon (Denmark) Master Mix
was used, which contained all the common
materials used in PCR and loading buffer.
Eppendorf thermal cycling machine
(Germany) was also used. Table 1 primers
were used in this study. The PCR product
was examined by electrophoresis using 1%
agarose gel.

Table 1. Primers used to identify carbapenem resistant genes
ESBLs

Primer

PCR-product (bp)

bla IMP

Imp-F 5′-GGA ATA GAG TGG CTT
AAY TCT C-3′
Imp-R 5′-CCA AAC YAC TAS GTT
ATC T-3′

188
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blaVIM

Vim-F 5′-GAT GGT GTT TGG TCG CAT A-3′
Vim-R 5′-CGA ATG CGC AGC ACC AG-3′

blaNDM

NDM-F, 5′-GGTTTGGCGATCTGGTTTTC-3′
NDM-R 5′-CGGAATGGCTCATCACGATC-3-3′

blaKPC

KPC-1F5′-CGTTCTTGTCTCTCATGGCC-3′
KPC-1R5′-CCTCGCTGTGCTTGTCATCC-3′

799

bla OXA-48

OXA-48F5′-TTGGTGGCATCGATTATCGG-3′
OXA-48R5′-GAGCACTTCTTTTGTGATGGC-3′

743

Biofilm assay
To test for biofilm formation, using the
microplate phenotypic method, isolates
were cultured in TSB medium for 18 hours
at 37 °C. Then 200 μl of the medium was
transferred to each well from the microplate
of 96 sterile houses and incubated for 24
hours at 37 °C. After emptying the wells
and rinsing three times with normal saline
until the plate was completely dry. Then 200
microliters of 1% violet crystal was poured
into the wells for 20 minutes and then washed
3 times with normal saline and finally 200
microliters of ethanol was added to each well
and the plate was studied at 595 nm by Eliza
Reader. it placed. High adsorption indicates
the strength of biofilm formation (17). The
ability to produce biofilm was considered in
four groups, so that group 1: strong biofilm
OD> 0.5 0.5 Group 2: medium biofilm 0.5>
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OD> 0.3 group 3: Weak biofilm OD <0.3 and
group 4: No biofilm formation OD <0.15 was
considered.
Results
Carbapenemase producing Isolates
After antibiogram, 79 isolates of
Klebsiella pneumoniae resistant to imipenem
were obtained using phenotypic methods.
According to PCR results, out of the total
number of imipenem resistant isolates, 69
isolates (87.34%) contained IMP, VIM,
NDM, OXA-48 and KPC genes, of which
46 isolates (66.66%) contained VIM gene. 36
isolates (52.17%) contained OXA-48 gene,
five isolates (7.24%) contained NDM gene,
six isolates (8.69%) contained IMP gene and
five isolates (7.24%) contained the KPC gene
(Figure1).
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Figure 1. Images related to genotypic study of cluster colonies with carbapenem resistant genes

Biofilm producing isolates
All 79 isolates of resistant Klebsiella
pneumoniae were examined by
phenotypic method to evaluate the
biofilm formation strength. 50 isolates

(63.29%) had strong biofilm, 20 isolates
(25.31%) had moderate biofilm and 9
isolates (39.39%) 11 had poor biofilm
(Chart 1).

Chart 1. Number and percentage of biofilm formation in resistant isolates

Relationship between gene presence
and biofilm formation
No weak biofilm formation was
observed in resistant isolates with
KPC and NDM genes. According to
Table 2, based on Chi-square test, a
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significant relationship was observed
between the ability to form a strong
biofilm and the presence of resistance
genes (p.value < 0.05).
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Table 2. Number of resistant genes in isolated and biofilm formation capacity
VIM

IMP

NDM

OXA

KPC

strong biofilm

22

5

5

13

5

Total number
of isolates with
resistant gene

46

6

5

36

5

p.value

≥ 0.05

≤ 0.05

≤ 0.05

≥ 0.05

≤ 0.05

Discussion
In the present study, the relationship
between biofilm formation and carbapenem
resistance among clinical isolates of
Klebsiella pneumoniae were evaluated.
According to our results, the highest gene
among blaVIM-resistant isolates was blaOXA
and only five isolates had blaKPC and blaNDM
genes and blaIMP gene was observed in six
isolates.
In the study of Hosseinzadeh et al., it was
reported that 10% of the isolates carried
the blaNDM-1 gene and the blaKPC gene was
not detected in any of the isolates (18).
Interestingly, in this study, there was a
significant correlation between carbapenem
resistance and biofilm. The ability to form
biofilms, although it was also seen as a strong
biofilm among carbapenem-sensitive isolates,
most carbapenem-resistant isolates produced
biofilms. In this case, some relationship
between biofilm formation and antibiotic
resistance has been reported among strains
of Klebsiella pneumoniae. For example,
among 150 isolates of Klebsiella pneumoniae
isolated from sputum and urine, an association
between biofilm and the production of
broad-spectrum beta-lactamases has
been observed (19). In another study,
multidrug-resistant Klebsiella pneumoniae
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produced a stronger biofilm than sensitive
isolates (20). In the study of Khodadadian
et al. In 2018, a significant correlation
was seen between the formation of strong
biofilm and the prevalence of VIM1
and IMP1 genes (17). In some studies,
antibiotic resistance genes are responsible
for this correlation and phenomenon, and
it has been shown that resistance genes,
especially on plasmids, can regulate biofilm
formation in Klebsiella (21). Several
relationships were found between the
ability to form bioﬁlm and antimicrobial
resistance, being different for each species.
Gentamicin and ceftazidime resistance was
related to bioﬁlm formation in Escherichia
coli, piperacillin/tazobactam, and colistin in
Klebsiella pneumoniae, and ciproﬂoxacin
in Pseudomonas aeruginosa (22).
Conclusion
Acquisition of resistance genes among
the bacterial population can be associated
with biofilm formation and amplification.
Pathogenicity and failure of their treatment.
The acquisition of speciﬁc antimicrobial
resistance can compromise or enhance
bioﬁlm formation in several species of
Gram-negative bacteria.

3955

Journal of Advanced Biomedical Sciences | Autumn 2021 | Vol 12 | No 3
Aghaei SS, et al.

Aknowledgments
The present article is based on a research
project (No. 1549611290011) which was
carried out with the financial support of
the Islamic Azad University of Qom. The
authors would like to appreciate the help and
cooperation of the deputy of the University.
Conflict of Interest
The authors declare that they have no
competing interests.

[ DOR: 20.1001.1.22285105.2021.11.3.12.3 ]

[ Downloaded from jabs.fums.ac.ir on 2022-01-27 ]

References

1. Ribeiro SM, Felício MR, Boas EV, Gonçalves S,
Costa FF, Samy RP, et al. New frontiers for anti-biofilm
drug development. Pharmacology & therapeutics.
2016;160:133-44.
2. Aghaei SS, Keikha M, Zarandi MK, Rahdar HA,
Javadi A, Takei E, et al. Evaluation and Identification of
Carbapenem Resistant Klebsiella pneumoniae Isolated
from Hospitalized Patients in Qom City,(Iran). Qom
University of Medical Sciences Journal. 2019;13(4):3947.
3. Santo Pereira R, Dias VC, Ferreira-Machado AB,
Resende JA, Bastos AN, Bastos LQ, et al. Physiological
and molecular characteristics of carbapenem resistance
in Klebsiella pneumoniae and Enterobacter aerogenes.
The Journal of Infection in Developing Countries. 2016
10(06):592-9.
4. Fernández L, Hancock RE. Adaptive and mutational
resistance: role of porins and efflux pumps in
drug resistance. Clinical Microbiology Reviews.
2013;26(1):163.
5. Kazemian H, Heidari H, Ghanavati R, Ghafourian
S, Yazdani F, Sadeghifard N, et al. Phenotypic and
genotypic characterization of ESBL-, AmpC-, and
carbapenemase-producing Klebsiella pneumoniae and
Escherichia coli isolates. Medical Principles and Practice.
2019;28(6):547-51.
6. Mobarak-Qamsari M, Ashayeri-Panah M, Eftekhar F,
Feizabadi MM. Integron mediated multidrug resistance
in extended spectrum beta-lactamase producing clinical
isolates of Klebsiella pneumoniae. Brazilian journal of
microbiology. 2013;44(3):849-54.
7. Cerceo E, Deitelzweig SB, Sherman BM, Amin AN.
Multidrug-resistant gram-negative bacterial infections in
the hospital setting: overview, implications for clinical
practice, and emerging treatment options. Microbial
Drug Resistance. 2016;22(5):412-31.
8. Snitkin ES, Zelazny AM, Thomas PJ, Stock F,
Henderson DK, Palmore TN, et al. NISC Comparative
Sequencing Program. Tracking a hospital outbreak of

journal.fums.ac.ir

carbapenem-resistant Klebsiella pneumoniae with wholegenome sequencing. Science translational medicine.
2012;4(148):148-156-.
9. Podschun R, Ullmann U. Klebsiella spp. as nosocomial
pathogens: epidemiology, taxonomy, typing methods,
and pathogenicity factors. Clinical microbiology reviews.
1998;11(4):589-603.
10. Seifi K, Kazemian H, Heidari H, Rezagholizadeh F,
Saee Y, Shirvani F, et al. Evaluation of biofilm formation
among Klebsiella pneumoniae isolates and molecular
characterization by ERIC-PCR. Jundishapur journal of
microbiology. 2016;9(1). e30682-306828
11. Piperaki ET, Syrogiannopoulos GA, Tzouvelekis LS,
Daikos GL. Klebsiella pneumoniae: virulence, biofilm
and antimicrobial resistance. The Pediatric infectious
disease journal. 2017;36(10):1002-5.
12. Shrout JD, Chopp DL, Just CL, Hentzer M, Givskov
M, Parsek MR. The impact of quorum sensing and
swarming motility on Pseudomonas aeruginosa biofilm
formation is nutritionally conditional. Molecular
microbiology. 2006;62(5):1264-77.
13. Hassan A, Usman J, Kaleem F, Omair M, Khalid
A, Iqbal M. Evaluation of different detection methods
of biofilm formation in the clinical isolates. Brazilian
journal of infectious Diseases. 2011;15(4):305-11.
13. Greene C, Vadlamudi G, Newton D, Foxman B, Xi
C. The influence of biofilm formation and multidrug
resistance on environmental survival of clinical and
environmental isolates of Acinetobacter baumannii.
American journal of infection control. 2016;44(5):e6571.
14. Burmølle M, Webb JS, Rao D, Hansen LH,
Sørensen SJ, Kjelleberg S. Enhanced biofilm formation
and increased resistance to antimicrobial agents and
bacterial invasion are caused by synergistic interactions
in multispecies biofilms. Applied and environmental
microbiology. 2006;72(6):3916-23.
15. Rao RS, Karthika RU, Singh SP, Shashikala P,
Kanungo R, Jayachandran S, et al. Correlation between
biofilm production and multiple drug resistance in
imipenem resistant clinical isolates of Acinetobacter
baumannii. Indian journal of medical microbiology.
2008;26(4):333.
16. Vuotto C, Longo F, Balice MP, Donelli G, Varaldo
PE. Antibiotic resistance related to biofilm formation in
Klebsiella pneumoniae. Pathogens. 2014;3(3):743-58.
17. Khodadadian R, Rahdar HA, Javadi A, Safari M,
Khorshidi A. Detection of VIM-1 and IMP-1 genes in
Klebsiella pneumoniae and relationship with biofilm
formation. Microbial pathogenesis. 2018;115:25-30.
18. Hosseinzadeh Z, Ebrahim Saraie H.S, Sarvari J,
Mardaneh J, Dehghani B, Rokni A,et al. 2018. Emerge of
bla NDM-1 and bla OXA-48-like harboring carbapenemresistant Klebsiella pneumoniae isolates from hospitalized
patients in southwestern Iran. Journal of the Chinese
Medical Association. 2018;81(6), pp.536-540.

3956

Journal of Advanced Biomedical Sciences | Autumn 2021 | Vol 12 | No 3
Relationship between Biofilm and the Presence of Drug Resistance Genes

21. Hennequin C, Robin F, Cabrolier N, Bonnet R,
Forestier C. Characterization of a DHA-1-producing
Klebsiella pneumoniae strain involved in an outbreak and
role of the AmpR regulator in virulence. Antimicrobial
agents and chemotherapy. 2012;56(1):288-94.
22. Cepas V, López Y, Muñoz E, Rolo D, Ardanuy C,
Martí S, et al. Relationship between biofilm formation
and antimicrobial resistance in gram-negative bacteria.
Microbial Drug Resistance. 2019;25(1):72-9.

[ DOR: 20.1001.1.22285105.2021.11.3.12.3 ]

[ Downloaded from jabs.fums.ac.ir on 2022-01-27 ]

19. Yang D, Zhang Z. Biofilm-forming Klebsiella
pneumoniae strains have greater likelihood of producing
extended-spectrum β-lactamases. Journal of Hospital
Infection. 2008;68(4):369-71.
20. Sanchez CJ, Mende K, Beckius ML, Akers KS,
Romano DR, Wenke JC, et al. Biofilm formation by
clinical isolates and the implications in chronic infections.
BMC infectious diseases. 2013;13(1):1-2.

Powered by TCPDF (www.tcpdf.org)

journal.fums.ac.ir

3957

