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ABSTRACT

Background: Klebsiella pneumoniae is a Gram-negative enteric
bacterium that causes nosocomial infections; this bacterium has
survived from harsh condition using biofilm formation in hospital
equipment and cause severe infection. In the other hand, the
emergence and extension of carbapenem resistance burden among
K. pneumonia producing biofilm is the current concern of public
health services. There are controversial findings about this subject.
The aim of this study was to evaluate the correlation between
biofilm formation and resistance to carbapenem among clinical
isolates of K. pneumoniae.

Methods: A total of 160 K. pneumoniae isolates were collected
Jfrom various infections of hospitalized patients. The Carba NP test
and molecular methods were used for detection of carbapenem
resistance isolates of K. pneumonia. Subsequently, the ability for
biofilm production was performed from all isolates. Finally,
Correlation of biofilm formation among carbapenem resistant
isolates was calculated using y2 and Fisher’s exact tests.

Results: Among K. pneumoniae isolates 42.5% have
carbapenemase activity by Carba NP test, while carbapenemase
genes were detected in 35.6% of isolates in amplification assay.
Moreover, there are 52.5% (n= 84) of all isolates were formed a
strong biofilm, while 38.1% (n= 61) and 9.3% (n= 15) of isolates
were middle and weak biofilm producer, respectively. Among
carbapenem resistant cases (n= 68), there are 77.9% (n= 53) and
22% (n= 15) of isolates were reported as strong and middle biofilm
producer, respectively. We see a significant correlation was seen
between biofilm formation ability and carbapenem resistant
isolates (p-value < 0.00001).

Conclusion: The increase of carbapenem resistance burden in
biofilm producing isolates of K. pneumoniae is considered as
serious alert and the basic measures to combat this phenomenon is
imperative.
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INTRODUCTION

Due to the emerging and increasing antibiotic
resistance, treatment of infectious diseases has
become a major concern (1, 2). Decreasing speed
of discovery of new antimicrobials into the market
is led to emerging and rapid spreading of the drug
resistant isolates. Hence, spreading of these drug
resistant isolates is a serious threat to public health
(1-4). Formerly, B-lactam antibiotics have been the
main drug of treatment for infectious diseases due
to gram negative bacilli, but are facing the
antimicrobial resistance scenario (5). For example,
extended-spectrum B-lactamase (ESBL)-producing
isolates has increased worldwide spread with
significant morbidity and mortality (6, 7). In this
regard, carbapenems have been introduced for
next choice against drug resistant isolates. This
antibiotic family has the broadest activity spectra
and is still the most active drugs against ESBL
producing Enterobacteriaceae (8, 9).
Unfortunately, carbapenem-resistant Klebsiella
pneumoniae strains have been emerging and were
spreading worldwide which cause limiting
chemotherapy in various infections (10, 11).

K. pneumoniae is one of the most
common human pathogen which is recovered from
a wide range of community and hospital acquired
infections such as pneumonia, bacteremia, urinary
tract and respiratory tract infections (12). The
major virulence factors of K. pmeumoniae are
capsule, fimbriae, lipopolysaccharides (LPS), and
biofilm formation (4). Concern about biofilm
formation of K. pneumoniae are associated with
colonization of this bacterium in many medical
conditions including indwelling medical devices,
upper respiratory tract infections, peritonitis, and
urogenital infections (13). The bacterial
population can survive in harsh conditions within
host, by the formation of biofilm. (14).

Importantly, it has been reported that
about 40% of biofilm producing K. pneumoniae
were recovered not only from urine but also from
blood, sputum and wound swabs (15). Specific
physiological and genetically interactions within
the biofilm are causing a dramatic increase of
antimicrobial resistant agents. (16).

Previously  studies have shown various
associations between antibiotic resistance and

biofilm formation. In this case, some researchers
were reported that increased resistance was
correlated with high biofilm production (17, 18),
while other studies reported that biofilm formation
decreased in high resistance isolates (19, 20).
Taken together, the association between antibiotic
resistance and biofilm formation is currently
unclear and remains under investigation (21, 22).

The increasing incidence of ESBL and
carbapenemase-producing strains of K
pneumoniae in health care facilities is a cause of
global concern. This scenario is exacerbated when
these strains grow as a biofilm, causing a dramatic
increase in the resistance to antimicrobial agents
(16). Therefore, the aim of this study was
evaluation of correlation between biofilm
formation and resistance to carbapenem among
clinical isolates of K. pneumoniae.

MATERIALS AND METHODS

Bacterial Strains: A total of 160 K. pneumoniae
isolates was collected from various infections of
hospitalized patients between April 2018 and
March 2019 at Army hospitals. Identification of
bacterial isolates was performed using phenotypic
and biochemical tests according to standard
methods (23).

Phenotypic ~ Screening  of  Carbapenemase
Enzymes: The Carba NP test was used for
detection of carbapenemase activity according to
standard protocol (24). Briefly, all isolates were
grown overnight on Mueller-Hinton agar. One
loop of the bacterial colonies was suspended in a
1.5-ml micro tube containing 0.1 ml of
20mMTris-HCl lysis buffer and mixed very well.
This lysate was mixed with 0.1ml of indicator
solution consisting of 0.05% phenol red with 0.1
mmol/liter ZnSO4, which was previously adjusted
to pH 7.8, and 6 mg/ml imipenem and, as a control
tube, the phenol red solution without antibiotic.
Finally, tubes were incubated at 35°C for 2 h. after
that, color change from red to orange/yellow in the
antibiotic-containing tube, which was interpreted
as a positive result. K. pneumoniae ATCC BAA-
1705 was used as a positive control (24).

DOI: http://dx.doi.org/10.4314/ejhs.v29i6.5



Correlation between Biofilm Formation... Rahdar H. et al. 747
Table 1: Primers used to identify carbapenem resistant genes
ESBLs ! Primer PCR product Reference
IMP Imp-F 5'-GGA ATA GAG TGG CTT AAY TCT C-3' 188 13)
Imp-R 5'-CCA AAC YAC TAS GTT ATC T-3'
VIM Vim-F 5'-GAT GGT GTT TGG TCG CAT A-3' 390 A3
Vim-R 5'-CGA ATG CGC AGC ACC AG-3'
NDM NDM-F, 5'- GGTTTGGCGATCTGGTTTTC-3' 621 Q)
NDM-R 5-CGGAATGGCTCATCACGATC-3'
OXA-48 OXA-48F5"-TTGGTGGCATCGATTATCGG-3' 743 “@

OXA-48R5-GAGCACTTCTTTTGTGATGGC-3'

KPC- KPC-1F5'-CGTTCTTGTCTCTCATGGCC-3' 796 “@
KPC-1R5-CCTCGCTGTGCTTGTCATCC-3’

lextended spectrum B-lactamase

Detection of Carbapenemase-Related Genes:
Chromosomal DNA was extracted using a simple
boiling method (25). Polymerase chain reaction
was performed using specific primers to detect
genes encoding carbapenemase enzymes (blaIMP,
blaVIM, blaNDM, blaKPC, and blaOXA-48-like),
as previously described (3). The PCR products
were separated by electrophoresis in 1% agarose
gel with 1x TBE (Tris/ borate/EDTA) buffer
which stained with safe stain load dye (CinnaGen
Co., Tehran, Iran) and finally was visualized under
ultraviolet illumination.

Biofilm assay: Biofilm formation ability of all
isolated performed according to the described
method previously. Briefly, in 96 cells microplate,

isolates were incubated in Luria broth (LB) at
37°Cfor 18 h. Then 200 pl of TSB was transferred
to every well of the sterile microplate, then 10 pl
of adjusted 0.5 McFarland bacterial suspension
was added into the wells and was incubated at 37
°C for 24 h. After incubation, supernatant
discharged from the wells and was washed 3 times
with saline. Then 200 pl of 1% crystal violet was
added for 20 min into the wells and was washed 3
times with saline and dried. Finally, 200 pl of
DMSO was added to each well and the plate was
examined by ELISA Plate Reader at 595 nm
wavelength. Each test was repeated three times
(26).

Table 2. Biofilm formation ability and carbapenem resistant genes

Bla'vim blamp blaoxaag tike blaxom
Strong Middle Weak Strong Middle Weak Strong Middle Weak Strong Middle Weak
29 3 - 7 2 - 11 4 - 1 - -
'bla;: beta lactamase
The ability to produce biofilm was considered in RESULTS

four categories:

Group 1: strong biofilm OD > 0.5.

Group 2: middle biofilm 0.5 > OD > 0.3.

Group 3: weak biofilm OD < 0.3.

Group 4: Lack of biofilm OD < 0.15.

Statistical ~Analysis: Correlation of Dbiofilm
formation among resistant and susceptible isolates
was calculated using y23ef and Fisher’s exact tests
in SPSS software. p-values <0.05 were considered
to be statistically significant.

Carbapenemase producing isolates: Among 160
K. pneumoniae isolates 42.5% (n: 68) were
carbapenemase producer by phenotypic method,
while carbapenemase genes were detected in
35.6% (n: 57) of isolates by molecular method.
Distribution of carbapenemase genes among
carbapenem resistant cases (n: 68) were blayiv
47% (n: 30), blaoxa4sike 22% (n: 15), blamp
13.2% (n: 9) and blaxpm 1.4% (n: 1). blaxec gene
was detected in isolates 2/9% (n:2) (Figure 1).
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Figurel: Images related to genotypic study of cluster colonies with carbapenem resistant genes.
Klebsiella pneumonia 8053 AO (KPC gene transporter), Pseudomonas aeruginosa 510 PO (IMP, VIM),
Escherichia coli 01 MH (NDM gene carrier), Klebsiella pneumonia 1514 Kp (OX A48 transporter) as positive

control.

Biofilm producing isolates: According to our
results, 52.5% (n: 84) of all isolates were formed
strong biofilm, while 38.1% (n: 61) and 9.3% (n:
15) of isolates were middle and weak biofilm
producer, respectively. Totally, from 92
carbapenem sensitive cases, 33.6% (n: 31), 50%
(n: 46) and 16.3% (n: 15) were strong, middle and
weak biofilm producer. But, among carbapenem
resistant cases (n: 68), 77.9% (n: 53) and 22% (n:
15) of isolates were reported as a strong and
middle biofilm producer, respectively. Also,
among carbapenem phenotypical resistant cases
(no carbapenemase gene detected) 5 and 6 isolates
showed strong and middle biofilm formation
ability. A weak biofilm producer has not been
seen in carbapenem resistant case. In this regard, a
significant correlation had seen between biofilm
formation ability and resistance to carbapenem (pv
< 0.00001).

DISCUSSION

In the present study, the correlation between
biofilm formation and resistance to carbapenem
among clinical isolates of K. pneumoniae was
evaluated. According to our results, s frequent
gene among carbapenem resistant isolates was
blavim, but only one isolates harbored the blanom
gene. It has been reported that blaviv gene is more
frequent than the blamme gene (26). Also,
Hosseinzadeh et al. (27), was reported that more
than 10% of the isolates carried the blaNDM-1
gene. The blakpc gene was not detected in any of
our strains.

Interestingly, a significant correlation has been
seen between carbapenem resistance and biofilm
formation ability of the isolates. Although among
carbapenem sensitive isolates, a strong biofilm
producer were seen, but majority of carbapenem
resistant isolates were strong biofilm producers. In
this case, it has been reported that some
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correlations exist between biofilm-formation and
antibiotic resistance among K. prneumoniae strains.
For example, among 150 K. pneumoniae strains,
isolated from sputum and urine, significant
association has been seen among biofilm
formation with ESBL production (15). Another
study was showed that, MDR K. pneumoniae
strains are form a richer biofilm rather than
susceptible ones (28). According to Khodadadian
et al in 2018, significant correlation was seen
between strong biofilm formation and prevalence
of VIM1 and IMP1 genes (26).

In some cases, antibiotic resistance genes are
responsible for this phenomena correlation. It has
been demonstrated that, resistance genes in special
plasmids can regulate biofilm formation in K.
pneumoniae strains (29).

In conclusion, the acquisition of specific
antibacterial resistance can compromise oOr
enhance biofilm formation among the bacterial
population. Therefore, the increasing prevalence
of drug resistant and biofilm producer K
pneumoniae, mostly in hospital associated setting
and our data supporting the correlation of biofilm
formation with the antibiotic resistance acquisition
should alert even more regarding the concern
about this pathogen.

AKNOWLEDGMENTS

The authors are grateful to Office of Vice-
chancellor for Research of Aja University of
Medical Sciences for the support of the current
study

REFERENCES

1. Ribeiro SM, Felcio MR, Boas EV, Gonc alves
S, Costa FF,Samy RP, et al. New frontiers for
anti-biofilm drug development. Pharmacol
Therapeut. 2016;160:133-44.

2. Fernandez L, Hancock RE. Adaptive and
mutational resistance:role of porins and efflux
pumps in drug resistance. Clin Microbiol Rev.
2012;25(4):661-81.

3. Kazemian H, Heidari H, Ghanavati R,
Ghafourian S, Yazdani F, Sadeghifard N,
Valadbeigi H, Maleki A, Pakzad 1. Phenotypic
and Genotypic Characterization of ESBL-,
AmpC-, and Carbapenemase-Producing

10.

11.

Kemi E.T. et al. 749

Klebsiella pneumoniaec and Escherichia coli
Isolates. Medical Principles and Practice. 2019
Apr 16.

Aghaei SS, Keikha M, Zarandi MK, Rahdar HA,
Javadi A, Takei E, Nazarei R. Evaluation and
Identification — of  Carbapenem  Resistant
Klebsiella pneumoniae Isolated from
Hospitalized Patients in Qom City,(Iran).

Santo Pereira R, Dias VC, Ferreira-Machado
AB, Resende JA, Bastos AN, Bastos LQ, Bastos
VQ, Bastos RV, da Silva VL, Diniz CG.
Physiological and molecular characteristics of
carbapenem resistance in Klebsiella pneumoniae
and Enterobacter aerogenes. The Journal of
Infection in Developing Countries. 2016 Jun
30;10(06):592-9.

Mobarak-Qamsaril M, Ashayeri-Panah M.
Integron mediated multidrug resistance in
extended spectrum beta-lactamase producing
clinical isolates of Klebsiella pneumoniae. Braz
J Microbiol. 2013;44:849-54.

Gupta A, Ampofo K, Rubenstein D, Saiman L.
Extended spectrum b lactamase-producing
Klebsiella pneumoniae infections: a review of
the literature. J Perinatol. 2003;23(6):439—43.
Ghanavati R, Darban-Sarokhalil D, Navab-
Moghadam F, Kazemian H, Irajian G, Razavi S.
First report of coexistence of AmpC beta-
lactamase genes in Klebsiella pneumoniae
strains isolated from burn patients. Acta
microbiologica et immunologica Hungarica.
2017 Aug 31;64(4):455-62.

Shafaati M, Boroumand M, Nowroozi J, Amiri
P, Kazemian H. Correlation between qacE and
qacEA1 efflux pump genes, antibiotic and
disinfectant resistant among clinical isolates of
E. coli. Recent patents on anti-infective drug
discovery.2016 Aug 1;11(2):189-95.

Bradford P, Bratu S, Urban C, Visalli M,
Mariano N, Landman D, Fahal JJ, Brooks S,
Cebular S, Quale J (2004) Emergence of
carbapenem-resistant Klebsiella species
possessing the class A carbapenem-hydrolyzing
KPC-2 and inhibitor-resistant TEM-30 B-
lactamases in New York City. Clin Infect Dis
39: 55-60.

Yigit H, Queenan AM, Anderson GJ,
Domenech-Sanchez A, Biddle JW, Steward CD,
Alberti S, Bush K, Tenover FC (2001) Novel
carbapenem-hydrolyzing beta-lactamase, KPC-

DOI: http://dx.doi.org/10.4314/ejhs.v29i6.11




750

Ethiop J Health Sci.

Vol. 29, No. 6

November 2019

12.

13.

14.

15.

16.

17.

18.

19.

20.

1, from a carbapenem-resistant strain of
Klebsiella pneumoniae. Antimicrob Agents
Chemother 45: 1151-1161.

Podschun R, Pietsch S, H€oller C, Ullmann U.
Incidence of Klebsiella species in surface waters
and their expression of virulence factors. Appl
Environ Microbiol. 2001;67(7):3325-7.

Hassan A, Usman J, Kaleem F, Omair M,
Khalid A, Igbal M. Evaluation of different
detection methods of biofilm formation in the
clinical isolates. Brazilian Journal of Infectious
Diseases. 2011 Aug;15(4):305-11.

Tiirkel 1, Yildiim T, Yazgan B, Bilgin M,
Bagbulut E. Relationship between antibiotic
resistance, efflux pumps, and biofilm formation
in extended-spectrum p-lactamase producing
Klebsiella pneumoniae. Journal of
Chemotherapy. 2018 Nov 17;30(6-8):354-63.
Yang, D.; Zhang, Z. Biofilm-forming Klebsiella
pneumoniae strains have greater likelihood of
producing extended-spectrum beta-lactamases.
J. Hosp. Infect. 2008, 68, 369-371.

Chung PY. The emerging problems of Klebsiella
pneumoniae infections: carbapenem resistance
and biofilm formation. FEMS microbiology
letters. 2016 Oct 1;363(20).

Al-Ahmad A, Ameen H, Pelz K, Karygianni L,
Wittmer A, Anderson AC, Spitzmiiller B,
Hellwig E. Antibiotic resistance and capacity for
biofilm formation of different bacteria isolated
from endodontic infections associated with root-
filled teeth. Journal of Endodontics. 2014 Feb
1;40(2):223-30.

Lee HW, Koh YM, Kim J, Lee JC, Lee YC, Seol
SY, Cho DT, Kim J. Capacity of
multidrug-resistant ~ clinical ~ isolates  of
Acinetobacter baumannii to form biofilm and
adhere to epithelial cell surfaces. Clinical
microbiology and infection. 2008 Jan;14(1):49.
Perez LR. Acinetobacter baumannii displays
inverse relationship between meropenem
resistance and biofilm production. Journal of
Chemotherapy. 2015 Feb 1;27(1):13-6.

Fabrega A, Soto SM, Ballesté-Delpierre C,
Fernandez-Orth D, Jiménez de Anta MT, Vila J.
Impact of quinolone-resistance acquisition on
biofilm production and fitness in Salmonella
enterica. Journal of Antimicrobial
Chemotherapy. 2014 Apr 4;69(7):1815-24.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Hoffman, L.R., D.A. D’Argenio, M.J. MacCoss,
Z. Zhang, R.A. Jones, and S.I. Miller. 2005.
Aminoglycoside antibiotics induce bacterial
biofilm formation. Nature. 436:1171-1175.
Kaplan, J.B. 2011. Antibiotic-induced biofilm
formation. Int. J. Artif. Organs. 34:737-751.
Mahmoudi S, Mahzari M, Banar M, Pourakbari
B, Haghi Ashtiani MT, Mohammadi M, et al.
Antimicrobial resistance patterns of Gram-
negative bacteria isolated from bloodstream
infections in an Iranian referral paediatric
hospital: A 5.5-year study. J Glob Antimicrob
Resist. 2017 Dec; 11: 17-22.

Clinical and Laboratory Standards Institute.
2015. Performance standards for antimicrobial
susceptibility  testing:  25th  informational
supplement. CLSI M100-S25. Clinical and
Laboratory Standards Institute, Wayne, PA.
Rahdar HA, Azadi D, Shojaei H, Daei-Naser A.
Molecular analysis and species diversity of
Nocardia in the hospital environment in a
developing country, a potential health hazard.
Journal of medical microbiology. 2017 Mar
23;66(3):334-41.

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 Feb 1;115:25-30.

Hosseinzadeh Z, Ebrahim-Saraie HS, Sarvari J,
Mardaneh J, Dehghani B, Rokni-Hosseini SM,
Motamedifar M. Emerge of bla NDM-1 and bla
OXA-48-like harboring carbapenem-resistant
Klebsiella pneumoniae isolates from
hospitalized patients in southwestern Iran.
Journal of the Chinese Medical Association.
2018 Jun 1;81(6):536-40.

Sanchez CJ, Mende K, Beckius ML, Akers KS,
Romano DR, Wenke JC, Murray CK. Biofilm
formation by clinical isolates and the
implications in chronic infections. BMC
infectious diseases. 2013 Dec;13(1):47.
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 Jan 1;56(1):288-94.

DOI: http://dx.doi.org/10.4314/ejhs.v29i6.11




