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ABSTRACT

Background and aims This research investigates the link between biofilm formation and antibiotic
resistance among Klebsiella pneumoniae bacteria in Sana‘a city, Yemen, a common cause of hospital-
acquired infections and community-acquired infections.

Methods: A 6-month study investigated 300 urinary tract infections samples, with 241 culture-positive.
Standard methods were used for isolation and identification, including biofilm production and antibiogram
susceptibility patterns of Klebsiella pneumoniae.

Results: The study reveals that penicillin resistance is linked to Klebsiella pneumoniae’s ability to form
biofilms. Ampicillin-resistant isolates formed biofilms 97.5% of the time, while non-biofilm-producing
isolates had a lower rate of resistance. Carbapenem group resistance was also significant, with
Meropenem-resistant isolates forming biofilms 42.5% of the time. Cephalosporin resistance ranged from
80-95% for Biofilm-Forming Isolates, while Quinolones resistance ranged from 65-82%. Aminoglycoside
resistance was also significant, with gentamicin and amikacin resistance rates being 42.5% and 42.5%,
respectively. These findings highlight the importance of understanding the phenotypes of Klebsiella
pneumoniae in forming biofilms.

Conclusion: The study found a strong correlation between the biofilm production of Klebsiella
pneumoniae and antibiotic resistance, with quinolones and cephalosporins being the least active, while
carbapenems and aminoglycosides showed slight sensitivity.
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1. Introduction:

Bacterial resistance to antibiotics has been
steadily rising as a result of the extensive usage
of antibiotics worldwide. Klebsiella
pneumoniae (K. pneumoniae) is becoming more
virulent and resistant to drugs as a result of the
increasing frequency of functional gene
acquisition through mobile components [1-5].
Klebsiella pneumoniae is a common Gram-
negative Enterobacteriaceae family bacterium
that can coexist with its host as a symbiotic
partner in the intestinal mucosa, skin, and
nasopharynx  [6]. Numerous infections,
including those of the Respiratory Tract System
(RTIs), Blood Stream (BSls), liver abscess, and
Urinary Tract System (UTIs), might be brought
on by it [7, 8]. The development of innovative
therapies is particularly important due to the
major health danger posed by Antimicrobial-
Resistant Enterobacter species, Staphylococcus
aureus, Acinetobacter baumannii, Pseudomonas
aeruginosa, and Enterobacter faecium. Because
K. pneumoniae can evade the inhibitory effects
of antibiotics, it belongs to the ESKAPE
pathogen group [7, 8]. The production of
biofilms further increases this bacterium's
resistance to antibiotics [3]. A structured
population of bacteria encased in Extracellular
Polymeric Substance (EPS) is referred to as a
biofilm [3]. 90% of the biofilm is made up of
EPS, which is mostly made up of proteins,
deoxyribonucleic acid (DNA), and
polysaccharides [3]. Compared to planktonic
cells, bacteria within the biofilms are 1000
times more resistant to antibiotics due to the
presence of thick EPS layers, enhanced
expression of efflux pumps, and the presence of
persistent cells [3,9].

Currently, biofilm development is linked to
60-80% of bacterial illnesses [3]. Biofilms can
enhance antibiotic resistance and bacterial
survivability by shielding the pathogen from
host immune responses and the antipathogenic
effects of drugs. They can also make treating
the resulting disease more challenging.
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Clinicians have a tough time treating infected
biomaterials and tissue surfaces because of the
great resistance of hospital surfaces to
desiccation, Benzalkonium Chloride
disinfection, and Ultra Violet (UV) radiation.
Nunez et al. discovered that biofilm
development plays a role in the survival of these
bacteria [10]. Therefore, identifying the
processes that regulate the production of
biofilms in bacteria and their detection is crucial
for identifying novel targets for the prevention
and management of illnesses linked to biofilms

[9].
2. Subjects and methods

In Sana'a City, this descriptive cross-sectional
study was carried out at the University of
Science and Technology Hospital and Al-48
Modern General Hospital. The work was done
in the lab for a year, beginning in April 2021
and finishing in April 2022, at the National
Centre of Public Health Laboratories (NCPHL),
Sana'a city, Yemen, in the department of
microbiology and molecular biology. About 10
to 20 milliliters of midstream urine (MSU) were
collected from 300 individuals with UTlIs using
a sterile screw-capped wide-mouth container.

Isolation and identification of Klebsiella
pneumoniae

A standard calibrated loop was used to grow the
urine sample with leukocyte counts more than
10 WBCs/HPF, and 0.01 ml of urine was placed
on Cysteine-Lactose-Electrolyte-Deficient
(CLED) agar media. For 18 to 24 hours,
inoculated plates were incubated aerobically at
37°C. Following incubation, growth features
were observed and the plates were analyzed. To
lower the possibility of sample contamination,
samples were often inoculated prior to cell
content analysis. The bacterial count was
calculated by counting colonies on the
inoculation medium and multiplying the result
by the loop volume (significant growth > 10°
CFU/mL). The automated Vitek2 system was

14


https://journals.su.edu.ye/index.php/jchm

The Association Between Antibiotic Resistance and Biofilm Production in Klebsiella ....

used to identify bacteria in accordance with the
manufacturer's instructions (BioMarieux,
France).

Biofilm Detection

The isolated bacteria were tested for biofilm
production by a tissue culture plate.

Determination of the
Susceptibility Pattern

Antibiogram

Using a Modified Disk Diffusion approach as
outlined by Kirby-Bauer [11], the antibiogram
susceptibility pattern of uro-pathogens to
several antibacterial drugs was ascertained in
vitro. The process consisted of determining the
diameter of the zone of inhibition that develops
when the antibiotic agent diffuses into the
media around the disc.

3. Results

The current study found that the penicillin
resistance  phenotype  was  significantly
associated with the biofilm-forming ability of K.
pneumoniae, and 97.5% of ampicillin-resistant
isolates formed a biofilm compared to 59% of
non-biofilm-Producing isolates. The rate of
resistance to ampicillin-sulbactam was 85% for
biofilm-producing isolates versus 15.4% for
non-biofilm strains, and 42.5% for piperacillin-
tazobactam for biofilm-producing isolates
versus 0.0% for non-biofilm strains. As for non-
biofilm strains, the rate of resistance to
amoxicillin-clavulanic was. 80% for biofilm-
producing strains compared to 20.5% for non-
biofilm-producing strains, and finally for
biofilm-producing isolates, the Aztreonam
resistance rate was 67.5% compared to 12.8%
for non-biofilm-Producing isolates. The current
study found that the Carbapenems group
resistance  phenotype  was  significantly
associated with the biofilm-forming ability of K.
pneumoniae, and 42.5% of Meropenem-
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resistant isolates formed a biofilm compared to
5.1% of non-biofilm-Producing isolates. The
rate of resistance to Imipenem was 20% for
Biofilm-Producing Isolates versus 7.7% for
Non-Biofilm Strains, and 52.5% for Etrapenem
for biofilm-producing isolates versus 10.3% for
Non-Biofilm Strains. The current study found
that the Cephalosporin Resistance Phenotype
was significantly associated with the ability of
K. pneumoniae to form biofilms, and resistance
ranged from 80-95% for biofilm-forming
isolates versus 23.1%-41% for non-biofilm-
Producing isolates. For example, the resistance
rate to Cefazolin was 90% for Biofilm-
Producing Isolates versus 33.3% for Non-
Biofilm-Producing Strains, and 80% for
Cefepime (a third-generation Cephalosporin) for
Biofilm-Producing Isolates versus 23.1% for
Non-Biofilm-Producing Strains. The current
study found that the Quinolones resistance
phenotype was significantly associated with the
ability of K. pneumoniae to form biofilm-
producing isolates, and resistance ranged from
65-82% for biofilm-forming isolates versus
7%-15.4% for non-biofilm-Producing isolates.
For example, the resistance rate to Nalidixic
acid was 80% for biofilm-producing isolates
versus 15.4% for non-biofilm-producing strains,
and 65% for levofloxacin for biofilm-producing
isolates versus 15.4% for non-biofilm-
Producing strains.

The current study found that the aminoglycoside
resistance  phenotype  was significantly
associated with the ability of K. pneumoniae to
form biofilm-producing isolates, and the
resistance rate for Gentamicin was 42.5% for
biofilm-forming isolates versus 7.7% for non-
biofilm-Producing isolates. Also, the resistance
rate to Amikacin was 42.5% for Biofilm-
Producing Isolates versus 7.7% for Non-
Biofilm-Producing Strains.

Table 1: The association of antibiotic resistant with
biofilm production of isolated K. pneumoniae for
Penicillins group and Aztreonam.
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Biofilm producing- K. pneumoniae Non-Biofilm producing- K. pneumoniae
Antibiotics Sensitive Moderate Resistance | Sensitive Moderate Resistance
No. | % No. % No. | % No. | % No. | % No. %
Penicillin |Ampici|lin 1 2.5 0 0.0 39 | 975 |13 333 |3 7.7 23 59.0
Ampicillin-— | 5| 195 |4 25 |34 |80 |28 |718]5 128 | 6 15.4
I sulbactam
Antibiotic Piperacillin-
with B- P 21 52.5 2 5.0 17 425 | 35 89.7 | 4 103 | O 0.0
tazobactam
lactamase ——
inhibitors | Amoxicillin-
clavulanic 6 15.0 2 5.0 32 80.0 |24 615 |7 179 | 8 20.5
acid
Aztreonam 8 200 |5 [125 [27 |675 |33 [846]1 [26 |5 | 12.8
Total 40 39

Table 2: The association of antibiotic resistant with Biofilm Production of isolated K. pneumoniae for Carbapenems
group.

Biofilm producing- K. pneumonia Non- biofilm producing- Klebsiella
pneumoniae

Antibiotics Sensitive Moderate Resistance Sensitive Moderate Resistance
No. % No. % No. % No. % No. | % No. | %
S:‘r:;ape Meropenem | ,, | 550 1 25 17 |425 (36 |923 [1 |26 |2 |51
Imipenem 26 [650 |6 150 |8 20033 |846 |3 |77 |3 |77
Etrapenem | 15 375 |4 100 |21 |525(32 |81 |3 |77 |4 |103

Total 40 39

Table 3: The association of antibiotic resistant with biofilm production of isolated K. pneumoniae for Cephalosporins
group.

Antibiotics Biofilm producing- K. pneumoniae Non-Biofilm producing- K. pneumoniae
(Cephalosporins) _ : = -
Sensitive Moderate Resistance Sensitive Moderate Resistance
No. | % No. | % No. % No. % No. % No. | %
First Cefazolin | 5 |, 1 |25 |3 |90 |23 |590 |3 77 |13 |333
generation | Cefadroxil | ¢ | 100 | g |00 |34 |80 |23 |590 |3 77 |13 |333
Cefaclor 5 |125 |2 |50 |33 |85 |27 |692 |3 77 |9 |231
Second | Cefuroxime | o | 1,5 |5 |50 |33 [825 |25 |641 |2 51 |12 |30.8
generatlon
Cefoxitin 1 ¢ 1450 |2 |50 |32 |80 |22 |564 |7 179 |10 | 256
Third ~ JCefataxime | , 1o | o |00 |38 |950 |17 |436 |6 154 |16 | 41.0
generation
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Ceftazidme |, 1100 |1 |25 |35 |875 |23 [500 |2 51 |14 |359
Ceftriaxone | 6 1150 |1 |25 |33 |s25 |23 [500 |3 7.7 |13 |333
Cofpodoxime 13 |75 |3 |75 |34 |80 |27 |692 |3 77 |9 |231
Fourth | Cefepime 175 25 |32 [800 |28 |718 |2 |51 |9 |[231
generation
Total 40 39

Table 4: The association of antibiotic resistant with biofilm production of isolated K. pneumoniae for Quinolones

Biofilm producing- K. pneumoniae Non-Biofilm producing- K. pneumoniae
Sensitive Moderate Resistance Sensitive Moderate Resistance
Antibiotics
No. | % No. | % No. % No. | % No. | % No | %
Nalidixic acid | 3 7.5 5 12.5 32 80.0 |30 769 |3 7.7 6 154
) Levofloxacin | 10 | 250 |4 10.0 26 65.0 | 32 821 |1 2.6 6 154
Quinolones ™ s mefloxacin | 5 125 [2 |50 33 825 |31 [795 |4 103 |3 |77
Ciprofloxacin | 10 | 255 |1 2.5 29 725 |32 821 |1 2.6 6 154
Moxifloxacin | 7 175 |3 7.5 30 75.0 |33 846 |2 5.1 4 10.3
Norfloxacin 5 125 |3 7.5 32 80.0 |31 795 |2 5.1 6 154
Total 40 39
Table 5: The association of antibiotic resistant with biofilm production of isolated K. pneumoniae for

Aminoglycosides

Biofilm producing- K. pneumoniae Non-Biofilm producing- K. pneumoniae
- Sensitive Moderate Resistance | Sensitive Moderate Resistance
Antibiotics No. [% |No. [%. |No.|% |No. [% |No. |%. |No |%
Gentamycin | 16 | 400 |7 175 |17 | 425 | 34 872 |2 5.1 3 7.7
ﬁer:'”og'ycos' Amikacin 15 [ 375 |8 200 [17 [425[28 [718 |8 [205 [3 |77
Total 40 39

4. Discussion

Given the rising incidence of carbapenemase-
producing strains and broad-spectrum b-
lactamases (ESBLs), the proliferation of
antibiotic-resistant K. pneumoniae strains both
locally and globally has become a serious issue
[12-17]. In comparison to planktonic bacteria,
biofilm bacteria had increased antibiotic
resistance  to  ampicillin,  ciprofloxacin,
gentamicin, and cefotaxime [3, 18]. Varied
research produced varied conclusions about the
correlation between biofilm formation and
infection sites. Shadkam et al. examined the

17

biofilm formation and antibiotic resistance of
100 non-duplicative K. pneumoniae that were
obtained from sputum, blood, urine, wound
exudates, and intra-tracheal tubes (ITTSs).
According to the findings, 75% of K.
pneumoniae isolates were biofilm-producing,
and the ability of Multi-Drug Resistant (MDR)
isolates to form biofilms was significantly
higher than that of non-MDR isolates (P <
0.05). Additionally, the sputum isolates'
capacity to form biofilms was significantly
higher than that of other isolates (P < 0.001)
[19]. According to Ashwath et al. [20], isolates
of K. pneumoniae that were clinically Multi-
Drug Resistant (MDR) produced biofilms in
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97.1% of the cases, and these biofilms were
more likely to form in blood, pus, and trachea
secretions. When Tuncer et al. [21] looked into
the biofilm-forming characteristics of pan-
resistant (agent-resistant) K. pneumoniae, they
discovered that all of the isolates formed high-
level biofilms, while isolates from various
samples (blood, sputum, and wound) did not
significantly differ from one another [21].
Variations among research can be ascribed to
geographical locations, types and quantities of
samples, and antibiotic  resistance in
microorganisms.  Antibiotic resistance and
biofilm formation are significantly correlated
with the intensities of biofilm formation of
drug-resistant bacteria. An analysis of biofilm
formation among 137 K. pneumoniae strains
from urine and sputum showed that, in contrast
to biofilm negative strains, which had a rate of
11.7% (9/77), 85.0% (51/60) of biofilm-positive
bacteria were able to manufacture Extended-
Spectrum beta-lactamases (ESBLs) [22].

According to Subramanian et al., of 100 urine
isolates, 83.3% and 73.3% of the isolates that
formed biofilms were resistant to ampicillin and
cefotaxime, respectively, while only 60% and
35% of the isolates that did not form biofilms
were [23]. According to Rahdar et al. [24], who
also observed a substantial correlation between
the Carbapenem resistance phenotype and K.
pneumoniae's capacity to create biofilms, 99.9%
of isolates resistant to Carbapenem were able to
generate medium- and high-strength biofilms.
When compared to MDR and sensitive strains,
the K. pneumoniae isolates from the current
investigation also showed a higher capacity for
biofilm formation, suggesting a positive link
between the two traits. In the current
investigation, there was a noteworthy
correlation between robust biofilm production
and antibiotic resistance to beta lactams. 59% of
K. pneumoniae that does not produce biofilm is
resistant, compared to 97% of Biofilm-
Producing K. pneumoniae. According to
Khodadadian et al. [25], this may suggest the
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presence of the VIM gene (Verona Integron-
Encoded Metallo-b-Lactamase gene).

Antibiotic-sensitive isolates are not the only
strains that can develop biofilm; resistant
bacteria can also create it. 250 K. pneumoniae
bacteremia isolates were subjected to biofilm
formation analysis by Zheng et al. [26],
however, no meaningful correlation between
biofilm development and antibiotic resistance
was discovered. 139 clinically isolated K.
pneumoniae strains were examined by
Cusumano et al. [27], who discovered that XDR
(n = 25) isolates were similar amongst the
groups and that multi-drug resistance isolates (n
= 81) more frequently developed weak biofilms.

Carbapenem-resistant K. pneumoniae (CRKP)
in this study were more likely to generate a
robust biofilm. For instance, the percentage of
resistance to Meropenem for K. pneumoniae
that produced biofilms was 42.5%, compared to
5.1% for K. pneumoniae that did not produce
biofilms. Additionally, the rate of Imipenem
resistance in K. pneumoniae that produced
biofilm was 20% VS to 7.7% for K. pneumoniae
that did not produce biofilm, and the rate of
Etrapenem resistance in K. pneumoniae that
produced biofilm was 52.5% VS to 10.3% for
K. pneumoniae that did not produce biofilm.
This finding contrasts with that of Fang et al.
[28], who found that Carbapenem-Resistant K.
pneumoniae (CRKP) had a lower propensity to
build a robust biofilm.

By analyzing 40 imipenem-resistant bacteria
and 40 imipenem-sensitive strains, Fang et al.
[28] also observed that CRKP was more likely
to develop weak biofilms than Carbapenem-
sensitive strains. The mrkH gene, which is more
commonly found in carbapenem-sensitive
strains than in carbapenem-resistant strains, may
be the reason for the strong biofilm
development observed in carbapenem-sensitive
strains. When Sabenca et al. [29] examined the
biofilm formation of KPC- and ESBL-
producing K. pneumoniae, they discovered that
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the majority of these isolates had weak biofilm
formation rates (40.0% and 60.0%),
respectively. The capacity to build more robust
biofilms was unrelated to the presence of ESBL
and KPC enzymes [29]. Therefore, more
research is needed to determine the relationship
between biofilm production and antibiotic
resistance.

5. Conclusion

There was a significant correlation between the
ability of biofilm-producing K. pneumoniae and
the antibiotic resistance. The biofilm is difficult
to treat with antimicrobial agents in this study,
in which a very high rate of antibiotic resistance
of isolated K. pneumoniae was found.
Quinolones and cephalosporins appeared to be
the least active drugs on the studied biofilm
producing K. pneumoniae, and a slight
sensitivity was shown to carbapenems and
aminoglycosides.

Acknowledgments

The authors express their gratitude to Yemen
and the Sana'a University for their kind
assistance.

A dispute of interest

Regarding this project, there is no conflict of
interest.

6. References

[1] Alshamahi EYA, Al-Shamahy HA, Musawa YA,
Al-Shami HZ. Bacterial causes and antimicrobial
sensitivity pattern of external ocular infections in
selected ophthalmology clinics in Sana’a city.
Universal J Pharm Res 2020; 5(3):1-6.
https://doi.org/10.22270/ujpr.v5i3.409

[2] Al-Yosaffi EA, Al-Shamahy HA, Othman AM,
Al-Haddad AM, and Al-Moyed KA. “Antibiotic
sensitivity of bacterial bloodstream infections in
the intensive care unit patients of university
hospitals in Sana’a city, Yemen”. Universal
Journal of Pharmaceutical Research, vol. 8, no.
5, Nov. 2023, doi:10.22270/ujpr.v8i5.1004.

[3] Saleh AAM, Al-Shamahy HA, Al-Hrazi RMA,
Jaadan BM, AL-Magrami RTF, Al-Sharani AA.

19

[4]

[5]

[6]

[7]

[8]

[9]

Al-Shamahy et.al

Biofilm formation and antibiotic susceptibility of
uropathogens in patients with catheter associated
urinary tract infections in Ibb city -Yemen.
Universal J Pharm Res 2020; 4(6):1-7.
https://doi.org/10.22270/ujpr.v4i6.329

Cai, M., Pu, B., Wang, Y., Lv, L., Jiang, C., Fu,
X., et al. . A Plasmid With Conserved Phage
Genes Helps Klebsiella pneumoniae Defend
Against the Invasion of Transferable DNA
Elements at the Cost of Reduced Virulence.
Front. Microbiol 2022; 13, 827545. doi:
10.3389/fmich.2022.827545

Ishak AA, Alhadi AM, Al-Moyed KAA, Al-
Shamahy HA. Childhood urinary tract infection:
Clinical signs, bacterial causes and antibiotic
susceptibility. Universal J Pharm Res 2021;
6(4):58-64.
https://doi.org/10.22270/ujpr.v6i4.643

Li, L., Ma, J., Cheng, P., Li, M., Yu, Z., Song,
X., et al. Roles of two-component regulatory
systems in Klebsiella pneumoniae: Regulation of
virulence, antibiotic resistance, and stress
responses. Microbiol. Res 2023; 272, 127374.
doi: 10.1016/j.micres.2023.127374

Saha, U., Gondi, R., and Patil, A., and Saroj, S.
D. (2023). CRISPR in modulating antibiotic
resistance of ESKAPE pathogens. Mol.
Biotechnol 2023; 65, 1-16. doi: 10.1007/s12033-
022-00543-8

Darwiesh SM, Al-Moyed KA, El-Aghbary D
and Al-Shamahy HA. Urinary Tract Infection:
Clinical Signs, Bacterial Causes, And Associated
Factors Among Urinary Tract Infection Patients
Arriving At Urology Clinics In Major Hospitals
In Sana'a City. J of Clin Case Stu, Reviews &
Reports 2024; 2(2), 1-7.

Singh, A., Amod, A., Pandey, P., Bose, P.,
Pingali, M. S., Shivalkar, S., et al. Bacterial
biofilm infections, their resistance to antibiotics
therapy and current treatment strategies.
BioMed. Mater 2022; 17(2). doi: 10.1088/1748-
605X/ac50f6

[10]Nunez, C., Kostoulias, X., Peleg, A., Short, F.,

and Qu, Y. A comprehensive comparison of
biofilm formation and capsule production for
bacterial survival on hospital surfaces. Biofilm
2023; 5, 100105. doi: 10.1016/j.bioflm.2023.100105

[11]Cheesbrough M. District laboratory practice in

tropical countries. Cambridge: Cambridge
University Press; 2010.
https://doi.org/10.1017/CB0O9780511581304

[12]Al-Hammadi MA, Al-Shamahy HA, Qaid AA.

The prevalence and phenotypic characterization
of Extended Spectrum B-Lactamases-Producing
Escherichia coli strains isolates recovered from
tertiary hospitals in Sana’a city, Yemen.

JCHM Vol. 18 | No. 2| 2024 |


https://journals.su.edu.ye/index.php/jchm
https://doi.org/10.22270/ujpr.v5i3.409
https://doi.org/10.22270/ujpr.v4i6.329
https://doi.org/10.22270/ujpr.v6i4.643

Al-Shamahy et.al

Universal J Pharm Res 2019; 3(6):1-6.
https://doi.org/10.22270/ujpr.v3i6.220

[13] Al-Shami HZ, Al-Haimi MA, Al-dossary OAE,
et al. Patterns of antimicrobial resistance among
major bacterial pathogens isolated from clinical
samples in two tertiary’s hospitals, in Sana'a,
Yemen. Universal J Pharm Res 2021; 6(5):60-
67. https://doi.org/10.22270/ujpr.v6i5.674

[14]Al-Safani AA, Al-Shamahy HA, Al-Moyed KA.
Prevalence, antimicrobial susceptibility pattern
and risk factors of MRSA isolated from clinical
specimens among military patients at 48 medical
compound in Sana’a city-Yemen. Universal J
Pharm Res 2018; 3(3):40-44.
https://doi.org/10.22270/ujpr.v3i3.165

[15] Al-Haifi AY, Al Makdad ASM, Salah MK, Al-
Shamahy HA, Al Shehari WAA. Epidemiology,
bacterial profile, and antibiotic sensitivity of
lower respiratory tract infections in Sana’a and
Dhamar city, Yemen. Universal J Pharm Res
2020; 5(2):1-8.
https://doi.org/10.22270/ujpr.v5i2.386

[16]Al-Tahish  GAA, Al-Yosaffi EA, Othman
AO,Al-Shamahy HA, Al-Haddad AM, Al-
Moyed KA, Al-Shawkany A. “Prevalence of
BLATEM, BLASHV, and BLACTX-M genes
among ESBL-producing  Escherichia  coli
Isolated from the blood samples of ICUS
patients of university hospitals in Sana’a city,
Yemen”. Universal Journal of Pharmaceutical
Research, wvol. 8, no. 6, Jan. 2024,
d0i:10.22270/ujpr.v8i6.1032.

[17]Al-Shehari MM, Al-Khamesy KS, Al-Moyed
KA, Al-Shamahy HA, Al-Haddad AM, Al-
Ankoshy  AM, and Al-Shamahi HZ.
“Distribution and antibacterial resistance of
wound pathogenic bacteria in patients of Sana’a
hospitals, Yemen”. Universal  Journal of
Pharmaceutical Research, vol. 8, no. 3, July
2023, d0i:10.22270/ujpr.v8i3.942.

[18]Anderl JN, Franklin MJ, and Stewart PS. Role of
antibiotic penetration limitation in Klebsiella
pneumoniae biofilm resistance to ampicillin and
ciprofloxacin. Antimicrob. Agents Chemother
2000; 44, 1818-1824. doi: 10.1128/AAC.44.7.1818-
1824.2000

[19]Shadkam, S., Goli, H. R., Mirzaei, B., Gholami,
M., and Ahanjan, M. Correlation between
antimicrobial resistance and biofilm formation
capability among Klebsiella pneumoniae strains
isolated from hospitalized patients in Iran. Ann.
Clin. Microbiol. Antimicrob 2021; 20, 13.
d0i:10.1186/s12941-021 00418-x

[20]Ashwath, P., Deekshit, V. K., Rohit, A,
Dhinakaran, I., Karunasagar, |., Karunasagar, I.,
et al. Biofilm formation and associated gene

JCHM Vol. 18 | No. 2 | 2024 |

The Association Between Antibiotic Resistance and Biofilm Production in Klebsiella ....

expression in  multidrugresistant  Klebsiella
pneumoniae isolated from clinical specimens.
Curr.  Microbiol  2022; 79, 73. doi:
10.1007/s00284-022-02766-z

[21]Tuncer, G., Aktas, Z., Basaran, S., Cagatay, A.,
and Eraksoy, H. Biofilm formation of
panresistant Klebsiella pneumoniae. Future
Microbiol 2022; 17, 723-735. doi:10.2217/fmb-
2021-0108

[22]Yang, D., and Zhang, Z. Biofilm-forming
Klebsiella pneumoniae strains have greater

likelihood of producing extended-spectrum [eta-
lactamases. J. Hosp Infect 2008; 68, 369-371.
d0i:10.1016/j.jhin.2008.02.001

[23] Subramanian, P., Shanmugam, N., Sivaraman,
U., Kumar, S., and Selvaraj, S. Antiobiotic
resistance pattern of biofilm-forming
uropathogens isolated from catheterized patients
in Pondicherry, India. Australas. Med. J 2012; 5,
344-348. doi: 10.4066/AMJ.2012.1193

[24]Rahdar,H. A.,Malekabad, E. S., Dadashi,A. R.,
Takei, E., Keikha,M., Kazemian,H., et al..
Correlation between biofilm formation and
carbapenem resistance among clinical isolates of
Klebsiella pneumoniae. Ethiop J. Health Sci
2019; 29, 745-750. doi: 10.4314/ejhs.v29i6.11

[25]Khodadadian, R., Rahdar, H. A., Javadi, A,
Safari, M., and Khorshidi, A. Detection of VIM-
1 and IMP-1 genes in Klebsiella pneumoniae
and relationship with biofilm formation. Microb.
Pathog 2018; 115, 25-30. doi:
10.1016/j.micpath.2017.12.036

[26] Zheng JX, Lin ZW, Chen C, Chen Z, Lin FJ, Wu
Y et al. Biofilm Formation in Klebsiella
pneumoniae Bacteremia Strains Was Found to
be Associated with CC23 and the Presence of
wcaG. Front. Cell Infect. Microbiol 2018; 8, 21.
doi: 10.3389/fcimb.2018.00021

[27]Cusumano JA, Caffrey AR, Daffinee KE et al.
Weak biofilm formation among Carbapenem-
resistant ~ Klebsiella ~ pneumoniae.  Diagn.
Microbiol. Infect. Dis 2019; 95, 114877. doi:
10.1016/j.diagmicrobio.2019.114877

[28]Fang R, Liu H, Zhang X, et al. Difference in
Biofilm Formation between Carbapenem-
Resistant and Carbapenem-Sensitive Klebsiella
pneumoniae based on analysis of mrkH
distribution. Microb. Pathog. 2021; 152, 104743.
doi:10.1016/j.micpath.2021.104743

[29]Sabenca C, Costa E, Sousa S et al. Evaluation of
the ability to form biofilms in KPC-producing
and ESBL-producing klebsiella pneumoniae
isolated from clinical samples. Antibiotics
(Basel) 2023; 12 (7), 1143. doi:
10.3390/antibiotics12071143.

20


https://journals.su.edu.ye/index.php/jchm
https://doi.org/10.22270/ujpr.v3i6.220
https://doi.org/10.22270/ujpr.v5i2.386

