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Abstract: Multidrug resistance (MDR) among gram-negative bacteria is a global public health threat because it
has exhausted all standard therapeutic options. This has necessitated clinicians to reconsider colistin, an “old
sort” antibiotic which was deemed toxic for clinical use. Unfortunately, swift resistance towards colistin by K.
pneumoniae has been reported in different parts of the world. The study aimed at investigating the genetic
determinants of colistin resistance in K. pneumoniae isolated from patients admitted in a tertiary care hospital
in Kampala, Uganda. 31 archived multidrug resistant K. pneumoniae isolates obtained from rectal swabs of
patients admitted to the Mulago Hospital ICU were retrieved. From this collection, we selected 7 colistin
resistant K. pneumoniae isolates for whole genome sequencing and molecular profile analysis. In silico sequence
data analyses were performed using established web-based bioinformatics tools. The sequence analysis of the
genes involved in colistin resistance revealed several non-synonymous mutations in nucleotide sequences of
pmrA, pmrB, phoP, phoQ and mgrB genes. Insertion transposase genes for the insertion sequences IS1 and 1S5
which are highly implicated in colistin resistance via modification or inactivation of mgrB gene were identified
in all isolates and were located in the chromosomal DNA at different genomic positions. No plasmid-borne
mcr genes were detected. More so, the strains harbored numerous multidrug resistant genes. This study
underscores the need of genomic surveillance of K. pneumoniae strains to limit further spread of colistin
resistance genes to avert the potential risk of pandrug resistance. And high throughput sequencing is
imperative.

Keywords: Klebsiella pneumoniae; whole genome sequences (WGS); antimicrobial resistance (AMR);
multidrug resistance (MDR); colistin resistance

1. Introduction

Antimicrobial resistance is now a critically alarming threat to the global community due to
emergence of bacteria that can survive treatment with all sorts of antibiotics partly due to
uncontrollable antibiotic usage [1]. WHO has declared it as one of the top 10 global public health
threats facing humanity with an estimation of 700,000 deaths annually worldwide and every country
is potentially affected [2]. In 2019, an estimated 1.27 million people died from antibiotic-resistant
bacterial infections, more death than HIV/AIDS or Malaria [3]. If not properly addressed, the number
is projected to grow to 10 million per year by 2050[4]. Along with this, infections with AMR leads to
serious illnesses and prolonged hospital admissions, increases in healthcare costs, higher costs in
second line drugs and treatment failures[5]. According to different studies, it is projected that AMR
could cost from $300 billion to more than $ 1 trillion annually by 2050 worldwide[6] .

© 2023 by the author(s). Distributed under a Creative Commons CC BY license.
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On 27 February 2017, the WHO published the list of global priority pathogens (GPP) — a catalog
of several species of bacteria grouped under three priority tiers according to their antimicrobial
resistance; critical, high and medium with K. pneumoniae amongst the first priority/critical pathogens
[7]. Recently, the rapid rise of extended-spectrum [3- lactamase (ESBL) producing K. pneumoniae has
significantly been detected in different parts of the world [8] making treatment of the K. pneumoniae
infections with beta lactam antibiotics challenging. Moreover, carbapenems which are preferred
agents for treatment of serious infections caused by ESBL-producing K. pneumoniae are no longer
effective to some strains [9]. This has led to reintroduction of colistin for the treatment of
carbapenems-resistant gram-negative bacteria like K. pneumoniae. This antibiotic regarded as “last-
line” drug for the treatment of multi-drug-resistant (MDR) and extensively drug-resistant Gram-
negative bacteria was introduced in clinical practice in 1950s [10]. However, It was abandoned in
most parts of the world in the early 1980s because of the reported high incidence of nephrotoxicity
and neurotoxicity [11].

The exact mechanism to explain the antibacterial action of Colistin is still elusive. However the
most plausible mechanism is that, colistin targets lipopolysaccharide (LPS) of the gram-negative
bacteria membrane [12]. Colistin has a strong positive charge and a hydrophobic acyl chain that give
them a high binding affinity to LPS molecules[13]. The cationic polypeptide of Colistin interact
electrostatically with anionic LPS molecules and competitively displace divalent cations (magnesium
and calcium ions) from them causing disruption of the membrane[14]. Magnesium and calcium ions
act as stabilizers of the LPS molecules [15]. Therefore, their disruption results in increased
permeability of the cell envelope, leakage of the cell contents and subsequently, cell death [16].

Regrettably, with its increased use or misuse of colistin in human and animal medicine, colistin
resistance in gram negative bacteria in particular K. pneumoniae, Escherichia coli and Acinetobacter
baumanii has been detected in many countries [17], making infections caused by these bacteria
untreatable by our current arsenal of antibiotics. Mechanism of colistin resistance in K. pneumoniae
largely relies on modification of Lipid A moiety of LPS through addition of phosphoethanolamine
(PEtN) and 4-amino-4-deoxy-L-arabinose (L-Ara4N) [18] that results in decrease in the negative
charge on the bacterial surface. This reduces the electrostatic interaction between polycationic colistin
and lipopolysaccharide resulting into subsequent reduction of lipopolysaccharide binding to colistin
leading to resistance [19]. Lipid A modification with L-Ara4N is mediated by genes located
exclusively on the chromosome[20]. However, lipid A modification with PEtN is mediated by either
chromosomally mediated genes or plasmid-encoded genes[21].

Despite of the menace of colistin resistance, there is paucity of molecular details with regard to
colistin resistance especially in East Africa and Uganda is no exception. This scenario necessitated
more comprehensive research particularly application of genomics that could shed light into the
molecular details on K. pneumoniae. Therefore, this study aimed at establishing the genetic features
determining the colistin resistance in multi-drug resistant K. pneumoniae clinical isolates obtained
from patients admitted at Mulago National Referral Hospital in Kampala, Uganda.

2. Materials and Methods

2.1. Bacterial strains

The study used 31 archived K. pneumoniae isolates from “colistin resistance among gram-
negative rods study”. That parent study was a hospital based cross-sectional study conducted
between 25/10/2021 to 25/10/2022 among the patients admitted in the ICU of Mulago National
Referral Hospital. The isolates were obtained from rectal swabs of these patients hospitalized in the
ICU for advanced respiratory support with diagnoses including meningitis, pneumonia, sepsis,
hypertension, diabetic ketoacidosis, acute kidney injury and nephrotic syndrome. The other
indications for ICU admission included brain diseases such as brain tumor, post-tumor resection,
post-craniotomy and hematoma evacuation and severe subarachnoid hemorrhage. Of this only 7/31
(22.58%) isolates were resistant to colistin and were chosen for whole genome sequencing. Before
this, these isolates that had been phenotypically identified as colistin resistant K. pneumoniae were
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consecutively retrieved from the — 80°C freezer, thawed and sub-cultured on MacConkey. Isolates
were then re-identified as K. pneumoniae based on gram negative rod morphology, negative oxidase
test, negative indole test, negative motility test, positive urease test, positive simmon’s citrate Agar
test and triple sugar iron test. All 7 isolates grew upon subculturing and they were all re-confirmed
as K. pneumoniae on all the seven criteria set for this study.

2.2. Genomic DNA isolation

A total of 7 colistin resistant K. pneumoniae isolates were inoculated on Mueller Hinton Agar
plates and incubated for 24 h at 37°C. The bacterial DNA was extracted using a CTAB protocol as
previously described by Willner et al, 2012 [22]. For analysis of extracted DNA, gel electrophoresis
was carried out. DNA purity was determined on the Nanodrop 2000 (ThermoFisher Scientific,
Waltham, MA, USA) in which the purity ratio (A260:A280) was determined by determining the
absorbance value at 280 nm. DNA was quantified on the Qubit dsDNA fluorometer (ThermoFisher
Scientific, Waltham, MA, USA).

2.3. Whole genome Sequencing (WGS)

WGS of the isolates was carried out at Humanizing Genomics, Macrogen Inc, in Seoul,
Republic of Korea. A quality control experiment was conducted to evaluate the quantity and
condition of DNA before library preparation and sequencing. Quantity of DNA was done by
QuantiFluor®dsDNA system (promega, cat.#E2671) and verification of the genomic DNA integrity
was done using an agilent technologies 2100 Bioanalyzer (Agilent, Part # G2939BA). For preparation
of ready-to-sequence libraries of bacterial genomes, Nextera DNA XT library preparation kit
(IIumina, San Diego, CA, USA) was used following manufacturers recommended protocol followed
by sequencing using Illumina Novaseq 6000 platform at Humanizing Genomics, Macrogen Inc, in
Seoul in South Korea. Illumina sequencing generated paired-end short reads with approx. 50-fold
coverage and an average length of 150bp.

2.4. Raw data quality assessment, genome assembly and Annotation

FastQC v0.12.1 was used for quality check for Sequenced raw data and Trimmomatic v0.39 was
used for trimming raw reads to remove adaptors and low-quality sequences. The raw reads were de
novo assembled using SPAdes v.3.15.5 and assembly quality was assessed using BUSCO v5.4.7.
Chromosomes were generated by mapping the de novo assembly-derived contigs to relevant reference
genomes using the MeDuSa pipeline. Plasmids were separately de novo-assembled using plasmid
SPAdes v3.15.5 and then scaffolded with MeDuSa against closest references recovered from NCBI
BLASTn and/or plasmid database (PLSDB). The assembled genomes were annotated using the
Prokaryotic Genome Annotation Pipeline (PGAP)

2.5. Gene detection, Multi-locus Sequence typing (MLST) and phylogenetic analysis

Resistance genes determination was done using online databases including Comprehensive
Antibiotic Resistance Database (CARD), ResFinder and PlasmidFinder. To study the molecular
chromosomal mechanisms of colistin resistance, chromosomal loci alterations or disruptions
implicated in colistin resistance were analyzed in silico by running the BLAST program (BLASTn) by
aligning the assembled contigs against wild type gene sequence of Klebsiella pneumoniae subsp.
pneumoniae HS11286 [23] A change in protein level was explored with the NCBI BLASTx tool. To
establish individual gene polymorphism for Colistin resistance, the phenotypic effect of amino acid
substitutions on protein function were predicted using polymorphism phenotyping v2 web tool
(PolyPhen-2) as described G. Yadav et al and Azam et al [24,25]. To determine the phylogenetic
relatedness a concatenated marker gene maximume-likelihood tree was constructed using a number
of K. pneumoniae reference genomes chosen based on BLAST similarity results, clonal complexes and
sequence types. Pairwise alignment and visualization of selected genomes with the respective
reference strains was achieved through the MAFFT[26] using default parameters. The sequences
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were first processed with PhyloSift, the phylogenetic tree was then constructed using RAXML [27],
visualized and edited with Dendroscope [28]. Genome-based phylogeny were first deduced from the
Pathosystems Resource Integration Center (PATRIC) database [29]. Strain identification and possible
closest relatives were further done using the Type Strain Genome Server (TYGS), which integrates
several algorithms including genome to genome distance [30]. Pathogenwatch platform integrating
Kleborate v2.0 and Kaptive 2.0 was employed for Multi-locus sequence typing (MLST). Briefly to
confirm the taxonomic placement and predict the possible closest strains, each assembly was
uploaded and analyzed with the Microbial Genomes Atlas (MiGA) using TypeMat algorithm.

2.6. Data availability

Whole genome sequence data were submitted to the National center for Biotechnology
information (NCBI). They are archived under accession project number PRJNA985059

3. Results

3.1. General description of sequenced Klebsiella pneumoniae isolates

Only 5/7 DNA samples from colistin resistant Klebsiella pneumoniae clinical isolates passed
quality control and were sequenced. The isolates were multidrug resistant (MDR) showing resistance
to second, third and fourth generation cephalosporins (Cefuroxime, Ceftriaxone, Ceftazidime,
Cefepime), augmentin, piperacillin/tazobactam, imipenem, levofloxacin, ciprofloxacin, amikacin,
gentamicin, tigecycline, chloramphenicol, fosfomycin, sulfamethoxazole-trimethoprim and colistin.

3.2. Genomic features of K. pneumoniae strains, Multilocus sequence typing (MLST) and Phylogenetic
analysis

Whole genomes were generated from all isolates via illumina short-read sequencing (Illumina
Novaseq 6000). The genome size and the number of genes in each strain varied. Mean number of
genes across all strains was 5962.4 genes and the genome sizes ranged from 5.2 Mb to 5.4 Mb with
GC content averaging 57.48%, typical of K. pneumoniae genomes [23]. The average N50 was 303,298
base pairs. The isolates had 1-4 plasmid replicons, averaging 3 per isolate. In silico multi-locus
sequence typing (MLST) results from Klebolate analysis revealed a number of sequence types (STs)
of K. pneumoniae including ST1119, ST231, ST17, ST540-1LV and ST39. These results indicated that K.
pneumoniae were largely oligoclonal. General features of each genome were investigated and are
summarized in Table 1.

Table 1. Genome features of sequenced K. pneumoniae strains.

Strain  GenBank  Sequenc Conti N50 Size No. of GC Total No. of

Accession e type g (bp) plasmid(s % No. Protein
No. (ST) count ) of coding
s Gene sequence
S s (CDS)

MAKM CP129541. ST1119 106 4051 532178 4 575 6304 5800
-3381 1 8 8
MAKM CP129536. ST231 100 5067 531942 3 573 6031 5680
-RS081 1 8 5
MAKM CP129612. ST17 78 7400 523109 3 57.6 5694 5390

-RS083 1 8 1

doi:10.20944/preprints202310.1454.v1
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MAKM CP130497. ST540- 101 2185 540333 1 574 5908 5623

-RS045 1 1LV 8 6
MAKM CP130492. ST39 90 2944 540318 4 57.4 5875 5551
-5490 1

0 0

The evolutionary relationship of the five sequenced K.pneumoniae strains was inferred using the
maximum likelihood proteome and core genome phylogenomic analysis and put in context with
other completely sequenced strains of K. pneumoniae as shown in figure 1 and figure 2

Kiebsiella pneumoniae DSM 30104
niae ATCC 13883

2 preumorniae subsp. ozaenae ATCC 11296

ella preumoniae subsp. thinoscleromats ATCC 13884
Klebsiella quasipneumoniae subsp. simiipneumoniae 07A44

Klebsiella quasipneumoniae 01A030

Klebsiella varicola DSM 15968

Klebsiella singaporensis LMG 23571

Klebsiella varicola subsp. topica SBS531

Klebsiella quasivariicola KPN1705

Klebsiella aficana SB5657

KCTC 2190

NBRC 102467

Silvania confinis HANA

Enterobacter dykesii E1T

Phylobacter diazotrophicus DSM 17606

Enterobacter kobei ATCC BAA-260

Sematia bockelmannii 3 T

Figure 1. (Left) Phylogenomic tree inferred with FastME 2.1.6.1 from whole-proteome-based GBDP
distances. The branch lengths are scaled via GBDP distance formula d5. Branch values are GBDP

pseudo-bootstrap support values > 60 % from 100 replications, with an average branch support of 81.6
%. The tree was midpoint-rooted.
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Figure 2. Tree inferred with FastME 2.1.6.1 from GBDP distances calculated from chromosome
sequences. The branch lengths are scaled in terms of GBDP distance formula d5. The branches were
deduced from GBDP pseudo-bootstrap support values > 60 % from 100 replications, with an average
branch support of 65.0 %. The tree comprises selected strains from other studies as well as those
selected automatically by the TYGS algorithm. The tree was rooted at the midpoint.

3.3. Antimicrobial resistance determinants

Whole genome sequence (WGS) analysis of antimicrobial resistance genes via the
Comprehensive Antibiotic Resistance Database (CARD) revealed the presence of multiple resistance
genes encoding for resistance within and between antibiotic classes. (Table 2) The isolates carried (3-
lactamase genes, including extended-spectrum beta lactamase (ESBL) and carbapenemase genes
(PaSHV-1, blaSHV-11, YaTEM-1, PCTX-M-15, P2OXA-1, CRP and H-NS), Glycopeptide resistance genes
(VanG), aminoglycoside resistance genes (baeR, aadA5, aad A2), Peptide resistance genes that include
colistin resistance genes (ArnT, OmpA, eptB), Macrolide (Mrx, mphA), Fluoroquinolone resistance
genes (adeF, emrR, rsmA, QnrS1). The isolates also had resistance genes for other antibiotic classes
including msbA, tet (A) and tet (D), oqxA, sul2 for nitroimidazole, tetracycline, nitrofurantoin and
sulfamexothazole respectively. Resistance to other antibiotic classes was conferred by: trimethoprim
-dfrA17, dfrA12, fosfomycins-fosA6, Ecol_UhpT_FOF and even disinfectants and antiseptics — leuO,
qacEdeltal. Several genes for multi-drug efflux were detected; they included Ecol MarR_MULT,
Hinf PBP3_BLA, Kpne_KpnE, Kpne_KpnG, Kpne_KpnH, Kpne_KpnF, Kpne_ramR,
Kpne_OmpK37, marA Kpne_KpnE, LptD and marA.

Table 2. Resistance genes identified in 5 sequenced colistin-resistant K. pneumoniae using CARD,
ResFinder, PlasmidFinder and Kleborate.

Types of Resistance Genes Mechanism of Resistance Number of Isolate

B-lactam resistance PSHV-1 Antibiotic inactivation 1
including ESBL, bvaSHV-11 Antibiotic inactivation 3
carbapenemes, bSHYV- 42 Antibiotic inactivation 1
cephalosporins, PTEM 1 Antibiotic inactivation 5
monobactams baCTX-M-15 Antibiotic inactivation 4
resistance blaOXA-1 Antibiotic inactivation 2
CRP Antibiotic efflux 3
Macrolide resistance mphA Antibiotic inactivation 2
Mrx Antibiotic inactivation 2
CRP Antibiotic efflux 3
Peptide resistance EptB Antibiotic target alteration 3
ArnT Antibiotic target alteration 3
OmpA Reduced permeability to 3
antibiotics
Glycopeptide resistance VanG Antibiotic target alteration =~ 2
Aminoglycoside aac(3)-1la Antibiotic inactivation 4
resistance BaeR Antibiotic efflux 5
aadA5 Antibiotic inactivation 1
aadA2 Antibiotic inactivation 1
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Mrx Antibiotic inactivation 2
Fluoroquinolone AdeF Antibiotic efflux 5
resistance CRP Antibiotic efflux 3
emrR Antibiotic efflux 5
rsmA Antibiotic efflux 5
OgxA Antibiotic efflux 4
QnrS1 Antibiotic target protection 2
Sulfamethoxazole sul2 Antibiotic target alteration =~ 2
resistance sull Antibiotic target 4
replacement
Trimethoprim dfrA12 Antibiotic target 1
resistance replacement
dfrAl5 Antibiotic target 1
replacement
dfrA7 Antibiotic target 1
replacement
dfrA17 Antibiotic target 1
replacement
Tetracycline resistance ~ AdeF Antibiotic efflux 5
OgxA Antibiotic efflux 4
tet(D) Antibiotic efflux 1
tet(A) Antibiotic efflux 3
Chloramphenicol Catl Antibiotic inactivation 1
Catll Antibiotic inactivation 1
rsmA Antibiotic efflux 5
Fosfomycin Ecol_UhpT_FOF  Antibiotic target alteration 1
FosA6 Antibiotic inactivation 3
Nitrofuran antibiotic OgxA Antibiotic efflux 4
Nitroimidazole MsbA Antibiotic efflux 4
antibiotic
Biocides (disinfectants, LeuO Antibiotic efflux 3
antiseptics) QacG Antibiotic efflux 1
qacEdeltal Antibiotic efflux 4

Some common resistant genes detected in each isolate are shown in Figure 3. Besides, ResFinder
results showed all strains harbored plasmid carrying several resistant genes, for instance the strain
MAKM 5490 harbored a plasmid carrying several ESBL genes and aminoglycoside resistance genes,
all of which were encoded by the plasmid NZ CP130493.1Kp pMAKM-5490_plshown in figure 4.
Overall the isolates showed many resistance genes when compared with other strains as indicated in
the heatmap (figure 5)


https://doi.org/10.20944/preprints202310.1454.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 23 October 2023 doi:10.20944/preprints202310.1454.v1

ANARAARRRAARRAA - I
“AAAMARAKAARRRAAARA
AAAARRRKAARRRRAARARL
AAAAARAKAARRRKAARRALL
AAALRRRAARRRRAARRLL -

<:> 28 RO ?* X N \
PNGOWNSKITI S .\Y’%x\\v U RARNY
&’Q @°®'§’m S Q\%&o%é‘ ‘99)6 Q‘%O@
& °

Figure 3. Genetic determinant of resistance for each isolate. 1.Aminoglycoside resistance genes 2.
Peptide resistance Genes, 3. Fluoroquinolone resistance genes, 4. Chloramphenicol resistance genes,
5. Macrolide resistance genes, 6. Sulfamethoxazole resistance genes, 7. Trimethoprime resistance
genes, 8. Tetracycline resistance genes 9. ESBL genes.
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Figure 5. A heatmap representing a pairwise correlation of the strains in comparison with those
published from East Africa. The degree of correlation increases from blue to yellow based on the
number of AMR genotypes recovered from ResFinder.
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3.4. Colistin resistance determinants

Concerning genetic determinants related to colistin resistance, the BLAST results, CARD and
ResFinder analysis revealed several genetic modifications in chromosomal loci. The sequence
analysis of the commonly known genes involved in colistin resistance revealed several
polymorphisms in nucleotide sequences of pmrA/pmrB and phoP/phoQ operon likely affecting the
function of these proteins. There were non-synonymous deleterious mutations in pmrA (H219N,
G53S), pmrB (N8T, G250C, A252G, D150V, L332M, L237R, H267P, R315P, Q331H, R256G, T157P),
phoP (T151A) and phoQ (F163L, L30Q, H234Y, A351D) (figure 6)

Additionally there were non-synonymous deleterious mutations in mgrB (C28G). The insertion
sequences IS1 and IS5 are highly implicated in colistin resistance, which occurs via modification or
the inactivation of mgrB gene. The later plays role in the regulation the phoP/Q gene [31]. Therefore,
insertion-mediated inactivation of the mgrB gene upregulates the arnBCADTEF operon, a glycosyl
transferase, which adds 4-amino-4-deoxy-L-arabinose to lipids A, and PhoP/Q two component
signaling pathway, resulting in resistance to colistin. In this work, insertion transposase genes for
both of the insertion sequences were identified in all the five isolates and are located in the
chromosomal DNA at different genomic positions (Table 3).

EKp_KPB-2 ® MAKM-3381 m MAKM-RS081 = MAKM-RS083 ® MAKM-5490 m MAKM -RS045
14
121212
12
1111 1111 1111
10
10 9
8 8
8 77 7
6 66 6
6 5
4 4 444444
4
2 22
2 1101 111111 111111
0
0
B PD B PD B PD B PD
pmrA pmrB PhoP PhoQ
Resistance determinant SNPs

Figure 6. Resistant determinant SNPs for regulatory genes involved in colistin resistance; pmrA,
pmrB, phoP and phoQ.


https://doi.org/10.20944/preprints202310.1454.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 23 October 2023

doi:10.20944/preprints202310.1454.v1

Table 3. Location of insertion transposase genes in the chromosomal DNA.

11

Genes Isolates
MAKM- MAKM- MAKM- MAKM-5490 MAKM-RS045
3381 RS081 RS083
IS1 Geno  335760.337 424767.425 497812.498 104317..10501  104317..105014
transpo  mic 757 522 509 4
sase positio
n
Access WP_223290 WP_124057 WP_223290 WKU57685.1  WKU57685.1
ion 842.1 264.1 842.1
IS5 Geno  2716937.27  441139.442 2323866.23 2424129..24 242424129..24
transpo  mic 17611 107 24834 25097 25097
sase positio
n
Access WP_040089 WP_094316 WP_077266 WKU59790. WKU59790.1
ion 720.1 038.1 803.1 1 "

4. Discussion

Multidrug resistance has become a major health threat of our time imperiling the improvement
in medical health care in consideration of the increased morbidity, length of hospitalization and poor
clinical outcome. With the emergence of colistin resistant K. pneumoniae strains, the untreatable
infections are obvious. It is therefore crucial to curtail this problem through rapid detection and
genetic characterization of clinical relevant bacteria like K. pneumoniae to curb their spread. Whole
genome sequencing has emerged as a transformative tool in the field of clinical microbiology and is
now increasingly employed in clinical settings and research to investigate antimicrobial resistance
and virulence of bacteria for active surveillance.

Our study revealed several genetic determinants of colistin resistance which included pmrA,
pmrB, phoP, phoQ and mgrB gene mutations. There were significant non-synonymous deleterious
mutations in these genes in all isolates. Chromosomal mutation in the regulatory genes PhoP/PhoQ,
pmrA/pmrB and mgr B are important mechanisms leading to resistance (chromosomal mediated
resistance). The mutation results in modification in the lipid A of the LPS on the bacterial surface,
reducing the binding of Colistin. Other studies’ findings are in agreement with these results and
implicate the high prevalence of mutation in these genes with colistin resistance.[32]. Notably,
numerous amino acid substitutions were observed in pmrB, the finding are supported by previous
studies which also observed this trend. [33]. Our study did not identify plasmid-borne mcr genes.
In this study, we also identified mutations in arnT and eptB genes. Mutations in arnT and eptB
mediate colistin resistance via antibiotic target alteration [34]. It is therefore likely that these
mutations could also explain colistin resistance in the isolates.

One particularly crucial observation is that Colistin resistant K. pneumoniae harbored high
multidrug resistance genes. The high MDR genotypes in this study is possibly attributed to
chromosomal mutations and plasmid carrying genes conferring resistance to [-lactams,
fluoroquinolones, macrolides, aminoglycosides, among others. One of the most prevalent resistant
PaTEM, 2CTX-M, and PSHV gene
families. These findings depict a closely similar pattern from a study conducted by Liu et al, [35].
The high prevalence of "CTX-M-15 and P*TEM-1 coincide with the observation from clinical K.
pneumoniae sample isolates in a county clinical emergence hospital Romania [36] which revealed
worrying increase of these ESBL genes as well as recent worldwide reports on the distribution of
these ESBL genes [37]

genes was the (-lactamase genes in particular ESBL genes,
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With regard to fluoroquinolone resistance, a specific fluoroquinolone resistant gene QnrS1
which protect antibiotic target was detected in two isolates. The detection of several efflux pump
genes such as adeF, CRP, emrR,_ramR, marA, and rsmA in the isolates offers the significant reason
for their fluoroquinolone resistance. On the same note, the detected mutation in Kpne_ramR which
is arepressor that regulate Ram A expression may cause upregulation of AcrAB consequently leading
to alteration of antibiotic target hence resistance.

Similar to other studies macrolide resistant genes mphA, Mrx and other multi drug-efflux genes
were identified. Inspite of macrolide not being used in treatment of gram-negative infections, their
presence in these K. pneumoniae isolates or any other gram-negative bacteria may serve as the
reservoir of resistance genes that can be transferred to gram-positive bacteria thus enhancing
resistance.

Consistent with the previous studies, fosfomycin resistance gene such as plasmid-encoded
enzyme FosA6 was identified [38]. Another resistance gene Ecol_UhpT_FOF though rarely reported
in many studies has been detected in one isolate.

Regarding sulfamethoxazole/trimethoprim; sul2 and sull genes were detected and confer
resistance to sulfamethoxazole through antibiotic target protection/alteration [39] whereas in
trimethophoprim dfrA17 and dfrA12 genes were detected, each in one isolate.

Like in other previous studies, tet (A) and tet(D) were identified as the tetracycline resistance
genes [40]. Other multi-efflux pump genes like AdeF, H-NS, Kpne_ramR, marA, and OqxA were also
detected. Among chloramphenicol resistance, an antibiotic efflux gene rsmA was prevalent. Most
importantly, the commonly detected gene catl that mediate resistance through antibiotic inactivation
was identified in only one isolate..

Aminoglycoside are vital in treatment of K.pneumoniae infections. In our study aac(3)-Ila was
detected in four isolates and different multidrug efflux genes including BaeR, Kpne_KpnE,
Kpne_KpnG, Kpne_KpnH, Kpne_KpnF and genes were found in high frequency. Also aadA5 and
aadA2 genes that mediate resistance to aminoglycoside through antibiotic inactivation were each
detected in one isolate.

5. Conclusion

The study indicates many Chromosomal mutation in the regulatory genes involved in Colistin
resistance in K. pneumoniae isolates. This hints a grim situation which warrants attention. Besides,
the findings revealed a relatively high proportion of antimicrobial resistant genes. Therefore vigilance
surveillance with the use of high throughput technology is necessary to limit further spread of colistin
among K. pneumoniae strains to minimize the potential risk of pan-drug resistance. Finally our study
had some limitations; colistin resistance databases are still less exhaustive. Due to resource
limitations, we sequenced only five isolates, which although few, still give significant snapshot of
genomic determinants of colistin resistance in K. pneumoniae.
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