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Abstract

Klebsiella pneumoniae is a pathogen relevant to hospital acquired and community acquired
such as urinary tract infections, pneumonia, and wound and burn. It has high levels of antibiotic
resistance and capability to produce biofilm. This study included comparing among six
antibiotic resistance patterns for the hospital and community acquired infections, and detected
biofilm gene (mrkA). Clinical samples were collected from Teach Bagubah Hospital, Al-Batool
Maternity and Children Teaching Hospital, and private laboratories in Baqubah/Diyala, Iraqg.
To investigate antibiotics susceptibility, the Kirby-Bauer disk diffusion method was used to
compare between community acquired isolates and hospital acquired isolates. Hospital acquired
of K. pneumoniae were less susceptible than community acquired of K. pneumoniae isolates.
Both isolates community acquired and hospital acquired were high rates of resistance for j3-
lactam/p -lactamase (Amoxicillin-clavulanate and Ticarcillin- clavulante). Screening and
confirmation based on ESBL chromogenic agar are more sensitive than ESBL producers of the
double disk synergy test, which were 30% and 60% produce- ESBLs in nosocomial acquired,
and 20% and 40% in community acquired, respectively. The results of gel electrophoresis for
PCR product using specific primers for mrkA gene prevalence were 83.33% and 66.6% in
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nosocomial and community acquired infection, respectively. The results are demonstrated more

in the rest of the paper.

Keyword: K. pneumoniag, antibiotic resistance pattern, ESBL Producers, biofilm gene (mrkA).
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Introduction

Klebsiella pneumoniae is a pathogen in the hospital acquired infection, and it might induce
severe community acquired infections (CAIls), which are not considered opportunistic.
However; the healthy patients do not share the risk factors for HAIs [1].

The community acquired infections are represented by various species from Klebsiella genus,
with different profiles of antibiotics resistance and heterogeneous virulence factors.
Nonetheless, this bacterium genus has been shown to acquire plasmid-borne antibiotic
resistance in conjunction with virulence characteristics, posing a major-threat to the Mexican
population [2]. K. pneumoniae is a multidrug-resistant (MDR) bacteria that harms children and
is a leading cause of hospital infections with significant morbidity and mortality due to
restricted treatment options [3]. K. pneumoniae is a prevalent cause of nosocomial infections.
It is resistant to carbapenems which is becoming more widespread all over the world. K.
pneumoniae's ability to produce biofilms complicates patient treatment even further. The link
between biofilm growth and patient prognosis, as well as carbapenem resistance, is yet

unknown [4].

In 2020 [5], K. pneumoniae is a gram-negative opportunist bacterium that causes a variety of
illnesses, including urinary tract infections, bacteremia, pneumonia, and liver abscesses. The
rapid geographic distribution of the emergence of multidrug-resistant (MDR) and hypervirulent
K. pneumoniae (hvKP) strains is especially worrying. Although, the specific mechanisms of

pathogenicity and antibiotic resistance in K. pneumoniae remains unclearly.

The capacity to produce [-lactamase in the presence of g-lactam drugs, as well as a
lipopolysaccharide and phagocytosis-resistant capsule, distinguishes these bacteria. A
significant component for these bacteria is the creation of biofilm, which is largely responsible
for persistent infections owing to their resistance to phagocytosis and death due to humoral and

cellular immunity clear [3].
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The capacity of K. pneumoniae to remain in the urinary system, as well as their connection to
the FimA, fimH, mrkA, and mrkD genes, which are involved in the creation of biological
membranes. They were able to create biofilms using the tissue culture plate method [6]. Type
3 fimbriae are spiral-like threads that are encrypted by the mrkABCD gene cluster and can be
found on chromosomes or plasmids. They can also be gathered via the chaperone/usher
pathway. The major structural component (mrk A) and the little adhesion tip (mrk D) are
included in these genes, while mrk B, C, and E are involved in the gathering and control of

fimbriae production, and mrkF is involved in the fimbrial surface constancy [7].

Aim of study compare between the antibiotic resistance pattern community-acquired infection
and hospital-acquired infections for K. pneumoniae isolates from deferent clinical case as well

as detectioning biofilm gene (mrk A).

Materials and Methods

Samples collection

Reactivation of two hundreds of k. pnumoniae according to Versalovic and his friend [8], that
isolate from deferent clinical cases (urine, sputum, and swabs wounds and burns) in variety of

hospitals and laboratories in Baqubah/Diyala, Irag, From September 2021 to March 2022.
Antibiotic Susceptibility K. pneumoniae

The susceptibility of bacterial isolates to six antibiotics were investigated using the standard

disc diffusion method according to Weinstein, Melvin P, and Lewis, James S. [9].
Phenotypic Detection of B-Lactamase production

1- Screening and Confirmation of ESBL Producers of the double-disk synergy test [10].
2- Screening and Confirmation Based on ESBL Chromogenic Agar [11].
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Genotyping study of K. pneumonia DNA Extracts

Genomic DNA was extracted from bacterial growth using the gene aid extraction procedure.
PCR was used to identify biofilm-encoding genes like mrkA. The sequences of oligonucleotide
primers used in  this study  (from Macrogen, Korea)).  mrkA-F(5'-
ACGTCTCTAACTGCCAGGC-3’), mrk A-R (5-TAGCCCTG TTGTTTGCTGGT-3") for
annealing temp 55°C and product size 115bp [12].

Results and Discussion

Antibiotics susceptibility of K. pneumoniae

To determine the possible resistance of K.Pneumoniae isolates to six antibiotics from various
classes. Twenty K. pneumoniae were tested using the Clinical and Laboratory Standards
Institute's antibiogram method (CLSI-2020) [9]. This done through using disc diffusion method
(Kirby-Bauer method) against six classes of antibiotics. The results Table (1), indicate 10 of K.
pneumoniae isolates nosocomially acquired infection, For B-lactam/B -lactamase inhibitor
combination agents Ticarcillin-clavulante (TIM), and Amoxicillin-clavulanate (AMG),
moderate resistance to the third generation cephalosporins Ceftriaxone (CRO), and carbopemes
Imipenem (IMP), and less resistance to fluoroquinolones Levofloxacin (LEV). This result is
closer to Al-Zubaidi, and Al-Taai, (2020) [13] which species high resistance against  —
Lactam groups, and less other classes of antibiotic Aminoglycosides, and fluoroquinolones.
Furthermore, our results agreed with Mirzaie and Ranjbar (2021)[14]. K. pneumoniae is an
important multi-drug-resistant Gram-negative pathogen, associated with nosocomial [15].
Carbapenems are the drugs of choice for many infections caused by E. coli and K. pneumoniae
[16].
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Table 1: Antibiotic Patterns of resistance of K. pneumoniae for nosocomial acquire infection

Name Patterns of resistance .NO' of

isolates
R1 TIM, AMG, IMP MDR 1
R2 TIM, AMG, CRO MDR 1
R3 TIM, AMG, CRO, IMP, LEV MDR 1
R4 TIM, AMG, CRO, IMP MDR 1
R5 TIM, AMG, CRO, IMP, AK XDR 1
R6 TIM, AMG, IMP, LEV, AK MDR 1
R7 TIM, AMG, LEV, AK XDR 1
R8 TIM, AMG, CRO, IMP, LEV, AK PDR 2
R9 TIM, AMG, CRO, IMP XDR 1

Results indicated in table (2) antibiogram results of 10 K. pneumoniae isolates community
acquired infection,heighest resistance For B-lactam/p -lactamase inhibitor combination TIM,
and AMG, cephalosporins Ceftriaxone (CRO),while moderate resistance to the third-generation

fluoroquinolones (LEV), and aminoglycoside(AK).

Table 2: Antibiotic resistance patterns of K. pneumoniae for community acquire infection

ilygét: Resistance patterns Pattern name
1 TIM, LEV, AK, CRO XDR R1
2 TIM, AMG, CRO IMP XDR R2
1 TIM, AMG ,CRO MDR R3
2 TIM, AMG, CRO ,LEV MDR R4
1 TIM, AMG, CRO IMP MDR R5
1 TIM, AMG, CAZ, AK XDR R6
2 TIM,AMG, CRO IMP,LEV, AK PDR R7

For comparing between community-acquired isolates and hospital-acquired K. pneumoniae
isolates, the statistic significantly (p. value <0.05) has been used in this investigation. Hospital-
acquired K. pneumoniae are less sensitive to antibiotics than community-acquired K.
pneumoniae. Both community-acquired and hospital-acquired isolates the highest rates of
resistance for B-lactam/p -lactamase (AMG, and TIM). It is agreed with Liu and researcher’s
study in (2020)[17], resistance rates for K. pneumoniae are lowest in community-acquired

infections and greatest in nosocomial infections. However, other variables such as antibiotic
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usage might potentially contribute to antimicrobial resistance. This disparity might be
attributable to the various populations’ infection types or geographical variances in K.
pneumoniae resistance features. The high prevalence of antibiotic resistance and virulence
genes in conjunction with a significant relationship between the strains revealed a high
pathogenic capacity of the isolated pathotypes of K. pneumoniae [18].

Multi-drug Resistance of K. pneumoniae Isolates

According to Weinstein, Melvin P, & Lewis, James S. (2020) [9] that classified to multi-drug
resistance (MDR), extended drug resistance (XDR), and pan-drug resistance (PDR) were
studied in 20 K. pneumoniae. MDR is now defined as follows: 50%, and 40% of isolates in
nosocomial acquired infection and community acquired infection were confirmed as MDR. The
most common agents involved in MDR were B-lactam/B-lactamase inhibitor combination (T1M
and (AMG), carbapenems (MEM). Among these isolates, 30%, and 40% were resistant to four
or five classes of antibiotics assembly criteria for XDR organisms. Moreover, 20%, and 20%
of isolates were resistant to all antibiotic classes (six), and hence considered as PDR isolates in
nosocomial acquired infection and community acquired infection, this result were non-
significantly (p. value > 0.05), this result agree with Le [19]. The biggest percentage of MDR
isolates (53.1%) were from nosocomial infections, followed by isolates from community
infections (23.3%). Infection control and empirical treatment practices MDR, XDR, and PDR
strains of K. pneumoniae have been identified as one of the most serious dangers to public
health. PDR K. pneumoniae infections are usually related with nosocomial infections (the high

prevalence of the usage of antibiotics in Diyala hospitals is well regulated).
Phenotypic Detection of B-Lactamase production
A: Screening and Confirmation of ESBL Producers the double-disk synergy test.

The carbapenem-resistant isolates were screened for ESBL formation using ceftazidime,

cefotaxime, ceftriaxone, and azetreonam (30 g each) antibiotic disks in a disk diffusion
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technique. According to the CLSI (2020). The results of ESBLs producing isolates by disk
diffusion are shown in Figure (1), which are 3(30%), and 2(20%) isolates produce ESBLs
enzyme while 7(70%), and 8(80%) of the isolate are non ESBLs enzyme producer in

nosocomial acquire and community acquired.

Figure 1: Phenotypic screening for ESBLs production.

B: Screening and Confirmation Based on ESBL Chromogenic Agar

The incidence of ESBLs producing K.pneumoniae is dark blue colonies as shown in Figure (2),
6(60%), and 4(40%) isolates produce ESBLs enzyme while 4(40%), and 6(60%) of the isolate

are non ESBLs enzyme producer in nosocomial acquired and community acquired.

Figure 2: ESBL Chromogenic Agar show K.pneumoniae

When campier result of nosocomial acquired and community acquired (A) method and (B)

method, the highest sensitive test of K. pneumoniae produce- ESBLs was in method B that 30%,
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and 60% produce- ESBLs in nosocomial acquired,20%,and 40% in community acquired.
Chromogenic Agar are more specific than ESBL Producers the double-disk synergy test.
Peptones and growth factors supply nitrogen, vitamins, minerals, and amino acids, all of which
are necessary for growth. ESBL-producing microbes can be identified using a chromogenic
combination. All non-ESBL-producing bacteria are inhibited by the supplement ( ceftazidime
1.50 mg, cefotaxime 1.50mg , ceftriazone 1.00mg, Aztreonam 1.00mg, fluconazole 5.00 mg

additional to 500ml chromogenic media [11].

The phenotypic and genetic features of Klebsiella isolates recovered from healthy and unwell
babies showed no change [20] The development and spread of ESBL among Gram-negative
bacteria and possible horizontal transfer calls for concern, especially in view of treatment
failure, high treatment cost, and consequent discomfort to patients. The early detection of

ESBL-producing bacteria carriers is essential to minimize their impact and spread [11].
Molecular study of K. pneumoniae DNA.

For complete genomic DNA recovered from K. pneumoniae isolates, a genomic DNA
purification kit (Promega, USA) was used. Extraction genomic DNA from 10 PDR K.

pneumoniae isolates were validated qualitatively as bands by gel electrophoresis.

Molecular detection of biofilm gene (mrkA) by PCR in k. pneumoiae, these 9 PDR clinical
isolates form 6 k.pneumoiae the nosocomial acquired infection and 3 k. pneumoiae the

community acquired infections.
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Figure 3: Amplification results of mrkA primers in Klebsiella pneumoniae samples fractionated on
1.5% agarose gel electrophoresis stained with Eth.Br. M: 100bp ladder marker, NC: negative control.
The electric current at 100 volts for 60min.

The results of gel electrophoresis for PCR product by specific primers for this gene are shown
in Figure (3), which are 83.33%, and 66.6% biofilm gene (mrkA) appeared in nosocomial
acquired infection and community acquired infection, respectively. However; clinical isolates
(k.1 and k.95) did not appear mrkA gene. The results were the closest to Mirzaie and Ranjbar
[14]. All clinical isolates have the same 88% frequency of biofilm-associated genes such mrkA,
fimH, and mrkD. The expression of the mrkA gene is positively linked with the buildup of

biofilm biomass in a correlation study [21].
Conclusion

Biofilm gene mrkA is important for antimicrobial resistance, when comparing between
community-acquired isolates and hospital-acquired isolates. K. pneumoniae is resistance for
antibiotic. Hospital-acquired isolates of K. pneumoniae are less susceptible than community-
isolates. Both community-acquired and hospital isolates are high rates of resistance for -
lactam/p -lactamase (AMG, and TIM). ESBL Chromogenic Agar are sensitive more than ESBL
Producers the double-disk synergy test.
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