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Genetic fingerprinting and profile analysis
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Abstract. - OBJECTIVE: Klebsiella pneumo-
niae, a leading cause of hospital- and communi-
ty-acquired infections, requires the acquisition
of drug resistance and virulence for survival in
evading the host’s immune responses. The in-
vestigation looks at the molecular diversity of 30
clinical isolates using rep-PCR DNA fingerprint-
ing and the association between drug resistance
and virulence genes.

MATERIALS AND METHODS: Isolates were
cultured using basic bacteriological techniques,
while antimicrobial susceptibility test and ID
confirmation were made by Vitek 2 Compact Au-
tomated System (BioMerieux, Marcy LEtoile,
France). DNA used for PCR reactions was ex-
tracted with Qiagen DNA extraction kit accord-
ing to the manufacturer’s guidelines, while mo-
lecular genotyping by REP-PCR was carried out
according to previously described methods.
Some virulence genes and capsular serotypes,
ybtS, mrkD, entB, rmpA, K2, Kfu, alls, iutA, and
magA, were amplified by multiplex PCR.

RESULTS: The majority (60%) of the isolates
were MDR, others were XDR (37%) and suscepti-
ble strains (3%). Additionally, resistance was high
(73%) for meropenem and lower (40%) for imipe-
nem, while 97% were susceptible to ertapenem
and azithromycin. DNA fingerprinting by rep-PCR
showed polymorphic loci sizes that ranged from
100-2000 bp-, and phylogenetic analysis placed
the isolates in seven clades with 40-96%. There
was a 75% phylogenetic relatedness to antimicro-
bial resistance, but no specific pattern of related-
ness was seen between virulence genes for the
K. pneumoniae strain. Regulator mucoid pheno-
type A (rmpA) gene was not amplified in any of
the isolates.

CONCLUSIONS: This study further confirms
the presence of both MDR and XDR K. pneumo-
nia strains. Isolates exhibited genetic diversity in
phylogenetic patterns and carriage of virulence
with relatedness by susceptibility to antimicro-
bials. Therefore, circulation could pose a risk to
public health.
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Introduction

Klebsiella pneumoniae (K. pneumoniae) is
universally considered as a nosocomial patho-
gen, a leading cause of pneumonia, bacteremia,
and urinary tract infections. Additionally, it has
been shown that a third of infections resulting
from Gram negative bacteria, such as cystitis,
UTlIs, septicaemia, and others, are those caused
by K. pneumoniae'. Resultant infections are
known to contribute to long hospital stays and
high mortality rates'>. This Enterobacteriaceae,
which is generally considered as an opportunis-
tic pathogen, has become a bacterial superbug
of great clinical importance*®. Hence, it emerges
as a pathogen of concern in this era of high anti-
microbial resistance and is thus classified as an
ESKAPE bacteria, an acronym for Enterococcus
faecium, Staphylococcus aureus, Klebsiella pneu-
moniae, Acinetobacter baumannii, Pseudomonas
aeruginosa, and Enterobacter species®’. Gen-
erally, the threat to antimicrobial resistance is a
global problem, especially with the dramatic rise
in infections of multi and extreme drug resistant
(MDR, XDR) bacterial strains'. It is thought that
to be successfully resistant to antibiotics, bacteria
strains must also be a highly effective channel for
disseminating antibiotic resistance. This usual-
ly occurs through drug resistance and virulence
traits transferred either vertically to daughter
cells or horizontally to other species and strains®.

Therefore, the pathogenesis of K. pneumoni-
ae in the acquisition of both virulence and hence
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drug resistance is necessary for survival. It is worth
noting that the pathogenicity of this opportunistic
pathogen is mediated by a wide range of virulence
factors used by the bacterium to evade the innate
immune responses of the host. These virulence
factors are diverse, some of which include the cap-
sule, lipopolysaccharides, iron acquisition systems,
and adhesins’. It is postulated that knowledge of
the associated K. pneumoniae virulence factors
could assist in characterizing strains involved in
outbreaks of infection in hospital settings'. Fur-
thermore, detecting virulence genes in clinical K.
pneumoniae isolates, as well as ascertaining their
molecular diversity, could provide profound in-
sights into strains of the bacterium that are multi-
drug resistant (MDR)?. However, there is a paucity
of information on K. pneumoniae-related virulence
genes and their link to antimicrobial resistance,
as expressed earlier’. Basically, two subtypes of
Klebsiella pneumoniae are categorized as either
classical or non-classical (cKP, ncKp). They differ
in terms of antimicrobial resistance and virulence
profiles with ncKp associated with severe and dif-
ficult-to-treat infections. Epidemiologically, K.
pneumoniae infections could be specific to locali-
ties, varying between countries while also exhibit-
ing similarities intercontinentally. This study uses
repetitive extragenic palindromic PCR (rep-PCR)
DNA fingerprinting to characterize MDR/XDR
K. pneumoniae clinical isolates, as well as analyze
the virulence genes profile associated with them by
multiplex PCR. This method was needed to estab-
lish any correlation between phylogenetic profiles,
antimicrobial resistance, and virulence determi-
nants in K. pneumoniae isolates in this region of
study. Additionally, the investigation looks at the
molecular diversity of thirty clinical K. pneumoni-
ae isolates, the resistance to antimicrobials, and the
associated virulence genes.

Materials and Methods

Ethical Consideration

Klebsiella pneumoniae clinical bacterial isolates
were stored in the microbank of microbiology lab-
oratory at the College of Medicine, at King Faisal
University. No patients were engaged in the study.

Bacteria Isolates, Antimicrobial
Resistance Assay, and Extraction
of Genomic DNA

Thirty randomly selected K. pneumoniae iso-
lates were retrieved from the -80°C microbank
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freezer in the microbiology laboratory at the Col-
lege of medicine, King Faisal University, Al-Ah-
sa, Kingdom of Saudi Arabia. They were plated
out on MacConkey agar, and incubated overnight
at 37°C. The resultant overnight bacterial growth
was re-cultured on MacConkey agar for 24 hours
at 37°C, and pure colonies were used for the con-
firmation of bacterial ID. Antimicrobial assay was
performed using ID and AST cards of the Vitek 2
Compact Automated System (BioMerieux, Mar-
cy L’Etoile, France) according to the guidelines
of the manufacturers. The following antibiotics
were used for the antibiogram assay: amoxicillin
(Am), ampicillin/sulbactam (Ams), amoxicillin/
clavulanic acid (Aug), piperacillin/tazobactam
(Ptz), ceftazidime (Caz), cefepime (Pime), cepha-
lotin (Kf), cefoxitin (Ctt), ceftriaxone (Cro), cefu-
roxime (Cxm), aztreonam (Azt), ertapenem (Etp),
imipenem (Imp), meropenem (Mer), amikacin
(Amk), gentamicin (Gn), tobramycin (To), cip-
rofloxacin (Cp), minocycline (Min), norfloxacin
(Nor), levofloxacin (Levo), nitrofurantoin (Fd),
tigecycline (Tig), and trimethoprim/sulfamethox-
azole (Ts). Minimum inhibitory concentrations
were also determined using the Vitek 2 Compact
Automated System (BioMerieux, Marcy L’Etoile,
France). Additionally, fresh overnight cultures of
the 30 K. pneumoniae strains were used for mo-
lecular DNA extraction using a Qiagen DNA ex-
traction kit (QIAGEN Inc., Valencia, CA, USA),
according to the recommended guidelines of the
manufacturers. The extracted DNA from each
isolate was used as a template for performing
PCR reactions.

Genotyping of K. Pneumoniae by
Repetitive Extragenic Palindromic
(REPJ-PCR

Isolates were genotyped by REP-PCR with
the primer pair REP 1 (5-IIIGCGCCGICAT-
CAGGC-3’) and REP 2 (5-ACGTCTTATCAG-
GCCTAC-3")!, according to previously described
methods for amplification by PCR'?. Briefly, 25
pL final reaction volume of amplification reaction
made up of 45 pmol (1.8 umol. L-1) and 36 pmol
(1.44 pmol. L-1) of each of the REP primers was
added to 100 ng of template DNA and 1X PCR
master mix (Taqg DNA Polymerase Master Mix
RED, Ampliqon, Denmark). The PCR thermal
cycler amplification process was used as previ-
ously described”. The resultant amplified DNA
products were separated by gel electrophoresis on
2% agarose gel with a 1kb DNA ladder as mark-
er and stained with ethidium bromide. Images
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were captured with a Uvitec firereader Max gel
documentation unit (UViTEC Cambridge, UK).
REP-PCR fingerprinting of the strains was pho-
tographed and compared. Band-matching was
performed with an error rate of 0.02. Code 0 (no
band) and 1 (band) were transferred from the pro-
gram to PAST software and dendrogram of Dice
similarity coefficient created with the Complete
Linkage algorithm.

Detection of Associated Virulence Genes
by Multiplex PCR

Qiagen Multiplex PCR Kit for 100 x 50 pL
multiplex reactions was used for the detection of
virulence genes, according to the manufacturer’s
guidelines on standard multiplex PCR. The prim-
ers used for the investigation are shown in Table
I. The reaction mix, which consisted of 2 x Qia-
gen Multiplex PCR Master Mix [providing a final
concentration of 3 mM MgCl, (3 x 0.85 mL), 5 x
Q-Solution (1 x 2.0 mL), and RNase-Free Water
(2 x 1.7mL)], was added to 1 pL of DNA template
of each bacterial isolate to obtain a final reaction
volume of 50 pL as earlier described. Cycling
conditions were based on the recommendations
of the manufacturers: initial 15 mins of HotStar
Tag DNA polymerase heat activation at 95°C, fol-
lowed by 3 cycling steps involving 30 s of dena-
turation at 94°C and annealing for 90 s at 63°C,
followed by extension at 72°C for 90 s. With a
total of 45 cycles, a 10 min final extension was

achieved at a temperature of 72°C; details are
as described in the manufacturer’s guide (wWww.
giagen.com/HB-0453, accessed on 19 June 2021).
A 2% agarose gel (sigma) stained with ethidium
bromide (0.5 pg/ml) in 1 x TAE buffer was used
for gel electrophoresis analysis and visualized
with a UV transilluminator.

Statistical Analysis

GraphPad prism version 9.2.0 (283) was used for
data analysis. Antimicrobial results are presented
as percentages, while two sample #-test of statistics
calculator (StatPac version 4.0) was used for com-
paring significant differences between percentages.
Significance was taken at p < 0.05. REP-PCR, gel
images were transferred to Uvitec firereader Max
gel documentation unit (UVIiTEC Cambridge, UK)
for imaging, bands were done to match with error
rate of 0.02. With codes of 0 and 1, representing no
band and band respectively, the program was trans-
ferred to the PAST software, and a dendrogram of
the Dice similarity coefficient was drawn with the
Complete Linkage algorithm.

Results

Antimicrobial Susceptibility

The percentage frequency distribution of an-
timicrobial predisposition against twenty-two
antibiotics and the susceptibility or of the thirty

Table I. Primers, oligonucleotide sequences and amplicon sizes (bp) used for the study.

Amplicon

Primer DNA sequence (5" to 3’) Target gene product/function size (bp) Reference
ybtS_FP GACGGAAACAGCACGGTAAA Siderophore 242
ybtS RP GAGCATAATAAGGCGAAAGA
mrkD_FP  AAGCTATCGCTGTACTTCCGGCA  Adhesin type 3 fimbriae 340
mrkD RP GGCGTTGGCGCTCAGATAGG
entB_FP GTCAACTGGGCCTTTGAGCCGTC  Siderophore 400 Compain et
entB_RP TATGGGCGTAAACGCCGGTGAT al®
rmpA FP  CATAAGAGTATTGGTTGACAG Regulator of mucoid phenotype A 461
rmpA RP  CTTGCATGAGCCATCTTTCA
K2 FP CAACCATGGTGGTCGATTAG Capsular serotype K2

and hypermucoviscosity phenotype 531
K2 _RP TGGTAGCCATATCCCTTTGG
Kfu FP GGCCTTTGTCCAGAGCTACG Iron transport and phosphotransferase 638

function
Kfu RP GGGTCTGGCGCAGAGTATGC
alls_FP CATTACGCACCTTTGTCAGC Allantoin metabolism 764
alls_RP GAATGTGTCGGCGATCAGCTT
iutA FP GGGAAAGGCTTCTCTGCCAT Siderophore 920
iutA_RP TTATTCGCCACCACGCTCTT
magA FP  GGTGCTCTTTACATCATTGC Capsular serotype K1 and
hypermucoviscosity phenotype 1283
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Figure 1. Antibiotic susceptibility of the isolates. A, shows the distribution of the isolate susceptibility to general anti-
microbial agents (1 = Resistant, 2 = Intermediate, 3 = Sensitive). B, shows the percentage resistance and sensitivity of the
specific antibiotics used for treatment of the K. pneumoniae infection. Amoxicillin (Am), Amoxicillin/clavulanic acid (Aug),
Ampicillin/sulbactam (AMS), piperacillin/tazobactam (Ptz), ceftazidime (Caz), cefepime (Pime), cephalotin (Kf), cefoxitin
(Ctt), ceftriaxone (Cro), cefuroxime (Cxm), aztreonam (Azt), ertapenem (Etp), imipenem (Imp), meropenem (Mer), amikacin
(Amk), gentamicin (Gm), tobramycin (To), ciprofloxacin (Cp), levofloxacin (Levo), nitrofurantoin (Fd), and trimethoprim/

sulfamethoxazole (Ts).

strains of Klebsiella pneumoniae are shown in
Figure 1A-B. Figure 1A displays the heatmap
distribution showing the isolate ID and the per-
centage of antimicrobial susceptibility of isolates
against the tested drugs. An overall resistance to
antibiotics, such as amoxicillin (Am), augmentin
(Aug), piperacillin/tazobactam (Ptz), ampicillin/
sulbactam (Ams), ceftazidime (Caz), and cefoxitin
(Ctt), was high, ranging between 91-100% (Figure
1B). Results showed isolates to be significantly
more MDR (60%), as they were resistant to one of
the three antibiotics categories, while one isolate
(3.3%) was a susceptible strain and the remaining
(36.67%) were XDR, being susceptible to two or
fewer antimicrobial categories (Table II). Antimi-
crobial susceptibility varied among the isolates.
97% of the isolates examined in this study were
sensitive to ertapenem and azithromycin; how-
ever, for the rest of the carbapenems, there was
high resistance to meropenem (73%), with imi-
penem being less resistant (40%). Additionally,
variations were noticed in the susceptibility to the
antibiotics for individual isolates, as displayed in
Table 11, which shows that the K. pneumoniae iso-
late (A97) was not sensitive to any of the tested
drugs, while other isolates (A59, A67, A18, A76)
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were sensitive either to one antibiotic or (A21, AS,
Al, A69) to two of the tested drugs (tigecycline
and gentamicin).

DNA Fingerprinting by Rep-PCR
of Klebsiella pneumoniae Isolates
and Antimicrobial Resistance

Rep-PCR DNA fingerprinting results of the
amplified product showed polymorphic loci for
the thirty clinical isolates (Supplementary Fig-
ure 1) with loci sizes that ranged from 100- 2000
bp p. A dendrogram comparing the phylogenetic
relatedness of the isolates and the percentage re-
sistance is shown in Figure 2. The phylogenetic
tree places the thirty isolates into seven (7) clades
with 40-96 % similarity. Clade 1 has two clusters
with five isolates (A67, A56, A89, Al7, and A32).
While Clade 2 had one strain of K. pneumoniae
(A18), there were only clusters with four isolates
in Clade 3. The next lowest number of isolates
was seen in Clade 4, which consisted of one strain
of K. pneumoniae (A69). The highest number iso-
lates were seen in Clade 5, with 12 isolates, dis-
tributed into 6 clusters (Figure 3). Clade 6 displays
only two isolates (A34 and A35), while Clade 7
showed five K. pneumoniae isolates grouped into


https://www.europeanreview.org/wp/wp-content/uploads/supplementaryfigure-1-11627.pdf
https://www.europeanreview.org/wp/wp-content/uploads/supplementaryfigure-1-11627.pdf
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three clusters. Figure 2 also displays the percent- K. pneumoniae isolates in the two clusters within
age resistance for each of the isolates in the differ- Clade 1 showed diversity and no relatedness with
ent clades, and it seems to vary between phyloge- resistance patterns (Figure 2). However, there is
netic clades. Resistance to antimicrobial drugs by a phylogenic relatedness to drug resistance in
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Figure 2. Phylogenetic tree analysis of rep-PCR DNA fingerprinting of thirty Klebsiella pneumoniae isolates. Showing iso-
lates grouped into seven clades and relatedness to antimicrobial resistance.
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Table Il. The antibiotics that each of the K. pneumoniae isolates were sensitive to, the antimicrobial resistance phenotypes, and
the amplified virulence genes for each isolate (+ = present, - = absent). XDR = Extensively drug-resistant, CRE = Carbapenem-
resistant Enterobacteriaceae, MDR = multi-drug-resistant, SS = susceptible strain.

Isolate  Susceptible Resistant
ID antibiotics Characteristics ybtS mrkD entB rmpA K2 Kfu alls iutA magA
A99 Azt, Ert, Imp, Mer, To. XDR/CRE - + + - - - + + +
All12 Azt, Ert, Imp, Mer, Amk, Gm. ~ MDR - + + - - - + 4+ +
All5 Azt, Ert, Imp, Mer, Amk, Gm.  MDR - + + - - - + o+ +
Al18 Azt, Ert, Imp, Mer, Amk. MDR - + + - - - + o+ +
A128 Azt, Ert, Imp, Mer, Amk, Gm, Fd.MDR - + + - - - + o+ +
A132 Am, Azt, Ert, Imp, Gm, Levo. MDR - + + - - - + o+ +
Al133 Azt, Ert, Imp MDR - + + - - - + + +
A56 Aug, Caz, Pime Azt, Ert, Imp,

To, Gm, To, Cp, Levo, Tig, Fd. MDR + - + - - + + o+ +
A21 Gm, Tig. XDR/CRE + + + - +  + - + +
A59 Tig. XDR/CRE + - + - - + - + +
A67 Tig. XDR/CRE + - + - -+ - + +
A5 Gm, Tig SS + + + - -+ - + +
Al8 Tig. XDR/CRE + + + - -+ - + +
A76 Tig. XDR/CRE + + + - - + - + +
Al7 Pime, Azt, Ert, Imp, Mer, Amk,

Gm, To, Levo, Tig. MDR + + + - - + - + +
A97 None XDR/CRE + + + - -+ - + +
A52 Amk, Gm, Tig, Ts XDR/CRE + + + - + o+ - + +
AR89 Azt, Ert, Imp, Mer, Amk, Gm. ©~ MDR + + + - - + + - +
A135 Azt, Ert, Imp, Fd. MDR + + + - -+ + - +
A139 Azt, Ert, Imp, Fd. MDR + + + - + + + - +
Al47 Pime, Azt, Ert, Tig, Fd. MDR + + + - +  + + - +
Al148 Pime, Azt, Ert, Fd. MDR + + + - + 4+ + o+ +
Al Gm, Tig. XDR/CRE + + + - +  + - + +
AR85 Ptz, Caz, Cro, Pime, Imp, Mer,

Amk, Gm, Cp, Tig. MDR + + - - + + - + +
A136 Am, Azt, Ert, Imp. MDR + + + - + + + o+ +
A86 Amk, Gm, Tig. XDR/CRE + + + - + o+ + 4+ +
A137 Azt, Ert, Imp, Fd. MDR + + + - + o+ + o+ +
A69 Gm, Tig. XDR/CRE + + + - + o+ + o+ +
Al34 Azt, Ert, Imp, Fd. MDR + + + - -+ + o+ +
A32 Aug, Pime, Azt, Ert, Imp, Mer,

Amk. Cp, Levo. MDR + + + - + - - + +
MDR 18 [60 %]
XDR/CRE 11 [36.67 %]
SS 1[3.33 %]. p-value 0.0182

Clade 3 with 75%, while eight clusters in Clade 5
had 67% similarity. Isolates in Clade 6 had 100%
relatedness, whereas three clusters of Clade 7
showed 60% similarity. Thus, the results for phy-
logeny relatedness with antimicrobial resistance
showed 75.5% overall similarity.

Amplified Virulence Genes

Virulence genes were characterized by their
molecular weights with amplicon sizes that
ranged from 242- 1283 bp and gel electrophoresis
image documentation (Supplementary Figure
2). Nine virulence genes with primers listed in
Table I were investigated. A maximum of eight
virulence genes were seen in some isolates, and
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the distribution of amplified genes is shown in
Table I. A minimum of five combinations of vir-
ulence genes were amplified in ten (33%) of the
isolates (A99, A112, All5, Al18, A128, Al132,
A133, A67, A59, and AS). Additionally, in other
ten (33%) isolates, six combinations of virulence
genes were amplified (A76, Al7, A18, A97, A32,
AS56, A89, A135, A139, and Al147), while seven
combinations of genes were amplified in six of the
clinical K. pneumoniae isolates (A21, AS52, AS8S,
Al, A134, and A148). A maximum of eight genes
were amplified in five (17%) of the isolates (A 148,
A136 A86, A137, and A69), as shown in Table II.

Absent in all the amplified virulence genes is
the Regulator of mucoid phenotype A (rmpA)


https://www.europeanreview.org/wp/wp-content/uploads/supplementary-figure-2-11627pdf
https://www.europeanreview.org/wp/wp-content/uploads/supplementary-figure-2-11627pdf
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Table Ill. The antibiotics that each of the K. pneumoniae isolates were sensitive to, the antimicrobial resistance phenotypes, and
the amplified virulence genes for each isolate (+ = present, - = absent). XDR = Extensively drug-resistant, CRE = Carbapenem-
resistant Enterobacteriaceae, MDR = multi-drug-resistant, SS = susceptible strain.

Number Number
of isolates  positive Number
S/N  Gene product/function Primer tested (%) negative (%) p-value
1 Siderophore. ybtS 30 23 (77) 7 (23) 0.0001
2 Adhesin type 3 fimbriae mrkD 30 26 (87) 4(13) 0.0001
3 Siderophore entB 30 28 (93) 2(7) 0.0001
4 Regulator of mucoid phenotype A rmpA 30 0(0) 30 (100) 0.0001
5 Capsular serotype K2 and
hypermucoviscosity phenotype K2 30 12 (40) 18 (60) 0.0439
6 Iron transport and phosphotransferase
Function Kfu 30 22 (73) 8 (27) 0.0001
7 Allantoin metabolism alls 30 11 (37) 19 (63) 0.0083
8 Siderophore utA 30 25 (83) 5(17) 0.0001
9 Capsular serotype K1 and
hypermucoviscosity phenotype magA 30 29 (97) 1(3) 0.0001
10 Presence Both K1/K2 12 (40%)
11 Absence of Both K1 and K2 1 (3%)

gene. The capsular serotype and hypermucovis-
cosity phenotype gene (MagA) and siderophore
(entB) were the most amplified at percentage fre-
quencies of 97% and 93%, respectively (Table I11).
The least number of amplified virulence genes
occurred in capsular serotype K2/hypermucovis-
cosity phenotype (K2) and allantoin metabolism
(alls), which were amplified in 40% and 37% of
the clinical K. pneumoniae isolates, respectively.
The Z Score calculation was used to compare the
presence and absence of amplified virulence in
two population portions showed significant dif-
ferences (Table I1I).

Comparison of Phylogenetic Relatedness
of Virulence Genes

The phylogenetic tree from the amplified vir-
ulence genes analysis grouped the isolates into
seven clades (Figure 3A). The first clade had one
cluster of seven isolates, and sources of samples
were wound swab, CSF, urine, and catheter tip. In
Clade 2, there were four K. pneumoniae strains
from wound, blood, and transtracheal aspirates
samples. Clade 3 had three clusters of six K. pneu-
moniae isolates from urine, wound (two), sputum
(one), and catheter tip (one) samples. Additional-
ly, Clade 4 consisted of five isolated grouped in-
to two clusters obtained from wound (four) and
urine samples (one). The two isolates in Clade 5
were from transtracheal aspirates and urine sam-
ples. In addition, isolates in Clade 6 were grouped
into two clusters, including three samples from
wound swabs and the remaining from catheter
tips (one) and a urine sample (one). The minimum

was found in Clade 7, with one K. pneumoniae
strain from the blood specimen, as shown in Fig-
ure 3A. The figure also compares the virulence
phylogeny and the antimicrobial resistance (Fig-
ure 3B). No specific pattern of relatedness was
shown between the virulence genes and the per-
centage resistance to antibiotics for the K. pneu-
moniae strain. Isolates in Clade 1 with similar
amplified virulence gene (mrkD, entB, alls, iutA
and MagA) and percentage antimicrobial resis-
tance ranged from 50% to 79%. Findings for oth-
er clades were similar. However, in most clades
where most of the isolates were highly resistant
(80-100%) to antimicrobials, there were some
outliers with susceptible or less resistant strains
among them, such as in Clade 2, A56 (33%) and
A5 (15%); in Clade 3, A17 (40%); and in Clade 5,
A85 (31%). The figure also shows that identical
virulence gene were amplified in CSF specimens:
in wounds in Specimens 1 and 2, in wounds in
Specimens 3 and 4, and in urine in Specimens 3
and 4 (Figure 3C).

Discussion

The present study examined isolates of K.
pneumoniae strains associated with infections in
immunocompromised patients. Sources of sam-
ples in this investigation were from urine, CSF,
catheter tips, sputum, tracheal, wounds, and
blood specimens, which were like the samples
used in an earlier report!®. Our observation in this
study indicates that resistance against antimicro-
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bials was high revealing MDR and XDR isolates
in the majority, but with a high sensitivity to er-
tapenem and azithromycin. However, the high
percentage resistance to ampicillin here agrees
with earlier reports!¢-®. Additionally, our findings
are consistent with the high imipenem resistance
documented in other studies'’. However, carbap-
enem-resistant K. pneumoniae (CRE-KP) pheno-
types differ geographically?®. The percentage of
CRE-KP seen in this study is higher, compared
to that of others*?%; this could be due to the glob-
al rise in carbapenem-resistant K. pneumoniae,
which has led to high global mortality rates®.

Rep-PCR has been widely used for genotyping
bacterial strains in general and was also used in
this investigation. Our results, which placed the
thirty K. pneumoniae isolates into seven phylo-
genetic clades with varying clusters, showed a
diversity of strains. Generally, the heterogenous
characteristics of strains of pathogenic K. pneu-
moniae are documented’** with differences in
patterns of rep-PCR results, attributed to the mas-
sive clonal diversity geographically**. Addition-
ally, variations as seen in this research between
rep-PCR pattern phylogeny and any correlation
with antimicrobial resistance further highlight
clonal diversity. However, some reports point to a
correlation between antimicrobial resistance pro-
file patterns and rep-PCR. A non-significant cor-
relation between rep-PCR pattern and multi-drug
resistance was recently described?®.

Most (60%) of the K. pneumoniae isolates in our
results were MDR, while 37% were XDR; these
findings corroborate other reports?’” for MDR and
XDR? in hvKP strains. These results all point to
a possible global rise in MDR and XDR hvKP
strains, which has been credited to an increase in
the use of antimicrobials in hospitalized patients,
consequently promoting selection pressure for re-
sistance to antimicrobials?**°, However, this report
showed that the arrangement of K. pneumoniae
isolates’ phylogenetic analysis by rep-PCR was
different for the distribution of isolates according
to amplified virulence genes. Additionally, our
findings show the non-relatedness of the rep-PCR
pattern with the associated virulence factors, thus
agreeing with a recent report findings®.

The classical Klebsiella pneumoniae (cKP) is
considered to be linked to infections in the im-
munocompromised®. The majority (97%) of the
K. pneumoniae strains in the current study were
confirmed by PCR amplification to be K1 and hy-
perviscosity phenotypes, while 40% of them were
capsular serotype K2 and hypermucoviscosity

phenotypes. Therefore, isolates examined in the
present study here can thus be considered as both
cKP and hyperviscosity KP (hvKP). Previous re-
ports associated both MDR and XDR with cKP
isolates, rather than with hvKP strains*>33.

Furthermore, in defining hvKP phenotypes, our
report shows that it has no single facade”. How-
ever, numerous efforts have been proposed to es-
tablish a unanimous hvKP definition based on the
suggestions of other researchers®®**%, Additionally,
reports on the prevalence of hvKP strains vary geo-
graphically and range between 37.8% in infections
acquired in hospitals in Mainland China*® and 2.8%
in Spain®’. The percentages of 97 (K1), 40% each for
K2 and K1/K2 as found in the present investigation,
can be considered high. There could be a number of
factors responsible for this finding, one of which is
the geographical position, as suggested by Rastegar
et al*?, as well as differences in molecular analysis
methodologies. K1 and K2 are the two serotypes in-
vestigated in this study, and only in one K. pneumo-
niae isolate (AS) both serotypes were not amplified.
The lower percentage of the K2 serotype among the
K. pneumoniae strains in this study could point to
the presence of other types of serotypes. However,
both K1 and K2 serotypes are associated with inva-
sive infections and meningitis*’. They are also con-
sidered to be more virulent®, making them a major
cause of hypervirulent infection®*, In addition, ac-
cording to some reports, there are other virulence
factors that promote the pathogenicity of hvKP
strains, including mucoviscosity-associated gene A
(magA) and regulator of mucoid phenotype A (rm-
PA), both of which were examined in the present
study. Regulator of mucoid phenotype A (rmpA) is,
however, described as the main virulence K. pneu-
moniae factor”. In this study, it was not amplified in
any of the isolates, showing the same results as other
reports of sparse numbers in terms of the prevalence
of this virulence factor*” in hvKP isolates.

The absence of rmpA genes in this investigation
is consistent with the study by Remya et al**. With
rmpA-associated invasiveness and poor patient
outcomes®, their absence in this study could mean
that samples were from non-invasive syndromes
or simply the presence of other types of mucoid
factors besides magA and rmpA. This could be
due to variations in the constitution of lipopoly-
saccharide might exist*®. Fimbriae-virulence-re-
lated genes are also involved in the virulence of
K. pneumoniae, including adhesin type 3 fimbriae
(mrkD), which was amplified in a high percentage
of the isolates (87%) in our study. These findings
are similar to those of others'®**. In addition to
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this, high percentages of amplified iron acquisi-
tion factors enterobactin (entB 98%), aerobactin
receptor (iutA 83%), yersiniabactin, and kfu (ybtS
77%) have been detected, all of which are also in
line with previous reports!®®#. Although hyper-
mucoviscous phenotype K. pneumoniae indicates
virulence, discrepancies between the hvKP gen-
otype and the phenotypic markers of virulence
factors have been highlighted**.

The reason for the higher susceptibility of hvKP
to antimicrobials is postulated to be the loss of resis-
tance genes, which causes them to become hyper-
virulent®. The present findings suggest acquired re-
sistance over time, as has been recently advocated®.

Conclusions

The present study further highlights the global
challenges that K. pneumoniae bacterial patho-
gens pose to public health. The presence of MDR
and XDR strains is once again shown among
the examined isolates. Genetic diversity is seen
in this study within the rep-PCR phylogenetic
pattern, which showed some relatedness to drug
resistance, rather than an association with viru-
lence genes. The genetic diversity observed from
these clinical K. pneumoniae isolates, in terms of
resistance to antimicrobials and virulence genes,
could be detrimental to the management of infec-
tions caused by this bacterial pathogen.
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