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ABSTRACT

A simple explanation for antimicrobial-resistant opportunistic infections in immunocompromised patients is Klebsiella pneumoniae
which gradually being associated in insidious infections globally with high mortality rate. Eight hundred fifty-six antibiotic resistant
K. pneumoniae isolates were collected over 3 years period (from different wards and different specimens) from the Microbiology
department of C.U. Shah hospital, whose AST checked by Kirby Bauer disk diffusion method. To study AMR genes, virulome,
interference of virulence gene with resistance gene, phylogenomic; 6 clinical isolates were proceeded for whole genome sequencing
and bio informatics analysis. Klebsiella pneumoniae is a multidrug-resistant (MDR) opportunistic and one of delegate of ESKAPE
pathogens groups. This pathogen causes nosocomial infections, urinary tract infections, liver abscesses, wound infections, meningitis.
These strains obtain a multidrug resistant phenotype by way of horizontal transfer of ARG transported by either transposons or
plasmids. This transfer is generally facilitated by Integrons. In this study antibiotic resistance profile and antibiotic resistance genes
analysis as well as virulence gene of K. pneumoniae strains were investigated. The study was carried out using 853 clinical isolates
collected during 3 years from C.U. Shah hospital of Surendranagar. Antibiotic resistance profile test was carried out by the VITEK
2 against 21 antibiotics. Out of that 6 samples were proceed for DNA extraction, WGS illumina sequencer and analysis of those raw
sequences by TORMES pipeline. In this study antibiotic resistance profile included 13 beta lactam antibiotics which classified under
3 class (Penicillin, Cephalosporin, Carbapenem) of beta lactam and in AMR gene study got total 15 different ESBL resistance genes
from 6 different klebsiella pneumoniae strain. All these genes detected with more than 90% identity by CARD. (TORMES Pipeline)
CTX-M-15, NDM-5, OKP-B-6, PDC-2, OXA-1, OXA-181, OXA-362, OXA-50, OXA-9, SHV-1, SHV-11, SHV-187, TEM-1, TEM150. In this study, we’ve analyzed the pattern of antibiotic resistance pattern as a phenotypic characteristic and antibiotic resistance
genes as genotypic characteristic and co related the results. As multidrug resistance is a worrying matter, constant observation and
regular clinical recognition of resistant bacteria are essential to avoid terrible public health incidents. So, our data should be inferred
as a warning for need for prevention and control of the MDR K. pneumoniae in hospital settings.
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INTRODUCTION
In the treatise Antibiotic resistance, a universal fact is
broadly defined which linked with therapeutic failure and
increase growth rate in sickness as well as death (Julian et al.
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2017). Spreading of resistance in Enterobacteriaceae family
is because of swapping the antimicrobial resistance gene
amongst the species in hospital environment by plasmid,
transposons and integrons like MEGs (Valentina et al. 2019;
Kelly et al. 2020).
This can be observed in gram +Ve and -Ve bacteria which
is classified by WHO as critical priority pathogens. K.
pneumoniae is one of the gram -ve pathogenic bacteria which
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is in red zone of WHO. As per literature total 8 integrons
class are available in which first 3 are specifically connected
with antibiotic resistance (Sara et al. 2018; Fernanda et al.
2018; Mehdi et al. 2021). Klebsiella pneumoniae is gradually
intrusive virulent pathogen with antibiotic resistance genes
like extended-spectrum β-lactamases (ESBLs), AmpCs
and carbapenemases in Enterobacteriaceae family. So, to
elaborate the resistome and its mechanism as well as MGEs
linked with them and phylogenomic of K. pneumoniae, we
carried out this study (Hongmao et al. 2021).

for whole bacterial genome sequencing (WGS) analysis
directly from raw Illumina paired-end sequencing data.
TORMES functioned with all bacterial WGS dataset,
despite the number, source, or species. TORMES pipeline
is freely available in https://github.com/nmquijada/tormes,
with a manual how to use it. TORMES pipeline and all the
required software and dependencies can be automatically
installed by using Conda (Quijada et al. 2019).

Material and Methods

The study about this suggest that genes linked with
antimicrobial resistance (AMR) are each strong and from
different sub populations (Holt et al. 2015; Wyres et al.
2019). So, there is a possibility of a dangerous strains
which are highly pathogenic and resistant to all or almost
available antibiotics. (Gu et al. 2017; Lam et al. 2019;
Mehdi et al. 2021).

In the present study, total 856 numbers of clinical specimens
in the form of different samples (urine, blood, sputum, CSF,
swab, pus etc.) from different wards (medicine, surgery,
orthopedics, pulmonary medicine, ENT, pediatrics) of
C.U Shah medical college were collected, processed
and examined at microbiology department of C.U. Shah
hospital, Surendranagar from duration of January (2016)
to December (2018) (Ethical approval taken-CUSMC/
IEC(HR)/APPROVAL-13/2018/1288). By morphological
characteristics on MacConkey agar (HI Media) clinical
isolates of Klebsiella (large mucoid colonies) were
identified and isolated. All isolates were further proceeded
for gram staining for primary confirmation of the strain.
(Clinical and Laboratory Standard Institute, 27th edition).
Antibiotic susceptibility testing was performed for all
bacterial isolates by modified Kirby Bauer disk diffusion
method as per Clinical and Laboratory Standards Institute
(CLSI) guidelines.
A suspension equivalent to 0.5 McFarland standards was
prepared from single isolated colony. A swab was dipped in
suspension and streaked over surface of a Mueller-Hinton
agar plate. (Clinical and Laboratory Standard Institute, 27th
edition). Obtained Isolates were subjected to susceptibility
testing for the following classes of antibiotics: Amikacin,
Amoxicillin, Amoxicillin/Clavulanic Acid, Cefepime,
cefixime, cefoperazone, cefoperazone/Sublactum,
cefotaxime, ceftazidime, ceftriaxone, chloramphenicol,
ciprofloxacin, co-trimoxazole, colistin, gentamycin,
imipenem, levofloxacin, ofloxacin, piperacillin/tazobactam,
tetracycline, tobramycin. (Clinical and Laboratory Standard
Institute, 27th edition). The DNA extraction was performed
using the HiPurATM Bacterial Genomic DNA Purification
Kit MB505. Samples were processed according to kit the
instructions for optimum yield. From each isolated DNA
sample, 2 µL was used to determine the 260:280 ratios
for DNA quality determination and to estimate the DNA
concentration using the Nano Drop 1000 spectrophotometer
and Qubit Fluorometer. At least 500 ng of DNA for each
sample was sent for further sequencing analysis.
Samples for WGS were processed at the Med Genome Labs
Pvt. Ltd., Bangalore 560 099, India. Different qualitative
and quantitative control steps were taken for samples at
various stages of the library construction (i.e., initial receipt,
post-shearing, post-library construction) as per GLP criteria.
The sequencing center provided libraries in Fastq format.
The raw sequences were assembled and annotated with
TORMES. It was an open-source, user-friendly pipeline

Results and Discussion

Figure 1: From the 3 years data of patients demonstrate the
frequency of different type specimen sources and ratio of
infected male and Female

Figure 2: Flow charts show the summary of TORMES
pipeline

All the isolates obtained from the samples were detected
phenotypically and genotypically as K. pneumoniae. All 6
isolates were phenotypically positive for ESBL production.
As per the study we found isolate 027 was MDR, 678 was
ESBL (+HL AmpC) and carbapanamase positive, 999 was
ESBL (+HL AmpC) and carbapanamase positive, 968 was
ESBL (+HL AmpC) and carbapenemase positive, 982
and 996 were ESBL positive. Penicillin class antibiotics
carried same MIC in all the isolates but variable MIC
demonstrated in carbapenem class antibiotics specifically
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with Imipenem. Four isolates were non susceptible for
cefuroxime, cefotaxime, ceftriaxone and cefepime facing
same MIC value (Mehdi et al. 2021).
Phenotypic resistance data matched mostly with the
genomic results with some exceptions in this study. In
this Phenotypic study included 13 beta lactam antibiotics
which classified under 3 class (Penicillin, Cephalosporin,

Carbapenem) of beta lactam and in genotypic result got
total 15 different ESBL resistance genes from 6 different
Klebsiella pneumoniae strain. All these genes detected with
more than 90% identity by CARD. (TORMES Pipeline)
CTX-M-15, NDM-5, OKP-B-6, PDC-2, OXA-1, OXA181, OXA-362, OXA-50, OXA-9, SHV-1, SHV-11, SHV187, TEM-1, TEM-150. (Figure-2) (Table 1) (Mehdi et al.
2021).

Table 1. Beta lactam resistance genes present in samples
GENE

Sample1(027) Sample2(678) Sample3(968) Sample4(982) Sample5(996) Sample5(999)

CTX-M-15
100
100				
NDM-5		
100				
OKP-B-6				
99.88		
OXA-1
100					
OXA-181
100
100				
OXA-50			
100			
OXA-9
100					
PDC-2			
100			
SHV-1					
100
SHV-11		
100				
SHV-187			
100			
TEM-1		
100				
TEM-150
100					

Figure 3: Phylogenetic diversity

100

against Virulence Factors Data Base by using Abricate
(Chen et al. 2005; Morales et al. 2021). It is to be noted that
these are the genes which are present in all the isolates either
resistant or susceptible for different antibiotic. As per VFDB
fimE and fimA are type one fimbriae protein and expressed
in 90% of clinical K. pneumoniae isolates as well as entA,
entB and entE are responsible for ion acquision. Whereas
fepA, fepB, fepC, and fepD are siderophore. (Morales et
al. 2021).
Phylogenomic and MLST Analysis:
Along with analysis of whole genome sequence, for
evolutionary study phylogenomic analysis was carried out
for selected K. pneumoniae isolates by Fast Tree. Which
infers approximately-maximum-likelihood phylogenetic
trees from alignments of nucleotide or protein sequences
(http://www.microbesonline.org/fasttree/). In this study it
is done with 365 Klebsiella species. (NCBI dataset). K.
pneumoniae isolates exhibited important phylogenetic
diversity (Figure-3), with the whole-genome phylogenetics
presenting higher resolution than the MLST typing scheme.
For example, K5 (982) was phylogenetically closer to K7
(999) than other K3(968) strains, which were themselves
found on different branches. Remarkably, K6 (027), K1
(996) had phylogenetically distant from other strain but
they both somewhat closer within the collection.

A total of 18 virulence genes were identified in all 6 strains.
OmpA, fimE, fimA, ents, fepD, fepC, fepA, entA, entB,
entE, fepB, yagV/ecpE, yagW/ecpD, yagX/ecpC, yagY/
ecpB, yagZ/ecpA, yagK/ecpR. The search of virulence
genes was performed by screening of the draft genome

Multilocus Sequence typing (MLST) was performed
according to the protocol described by PubMLST database
(for Klebsiella pneumoniae), Github https://github.com/
tseemann/mlst in Conda environment on the whole genome
assemblies. The MLST profile derived from the following
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housekeeping genes: gapA (glyceraldehyde 3-phosphate
dehydrogenase), infB (translation initiation factor 2), mdh
(malate dehydrogenase), pgi (phosphoglucose isomerase),
phoE (phosphorine E), rpoB (beta subunit of RNA
polymerase) and tonB (periplasmic energy transducer).
(Github https://github.com/tseemann/mlst). Molecular
mechanisms of resistance and virulence spreading in
clinical K. pneumoniae strains circulating in hospitals
were illustrated and noted to be ornately capable with
various factors of resistance, virulence and mobile-genetic
elements. Especially, the isolates were MDR to several
clinically important antibiotics except for reserved ones
such as the colistin. Presence of the MDR strain and the
strains which are sensitive to only one or two antibiotics in
specimens from the various patients in hospital make this a
very perturbing result (Nontombi et al. 2020).
The presence of the CTX-M, TEM, OXA, and SHV ESBL
genes in analogous genetic frameworks have been illustrated
previously in same and different species or different bacteria
from same family in India and global isolates. The presence
of these ARGs in the similar genetic environment and on the
similar plasmid replicons throughout similar and dissimilar
species everywhere in the world effectively indicates the
clonal and plasmid-mediated distribution of these ARGs
(Reza et al. 2019; Nontombi et al. 2020). Precisely, ISEcp1
plasmid have been revealed to mobilize and facilitate the
global spread of CTX-M-15. Including the various CTX-M
variants, CTX-M-15 was the major and it was first stated
from the Indian subcontinent (Roghieh et al. 2021).
Figure 4: Karim A., et al 2011) (https://www.ncbi.nlm.nih.
gov/nuccore/15636728/?from=1436&to=2312&report=g
raph)

Comparison of gene sequences in the GenBank database
revealed homology of the positions 1436 to 2312 in E. coli
with CTX-M-15 (100% identity, position 2719 to 3594;
accession number AY044436:1436-2312). In our study
isolate 027 and 678 which carried this gene were resistant
to cefotaxime, ceftriaxone, cefaperazone/sublactum (all
from 3rd generation) and cefepime from 4th generation
with >=64 MIC. It was located with the ISEcp1 sequence
at upstream of 5’ end on the plasmid. (Ramesh et al. 2017;
Roghieh et al. 2021).

ARGs in these isolates indicate the existence of one or
more plasmids. OXA-1 plasmid-mediated β-lactamases
among K. pneumoniae strains indicated the resistance
against beta lactam antibiotics especially ampicillin and
piperacillin. Several plasmid-encoded beta lactamases are
on multi resistance transposable elements. The OXA-1
beta-lactamase gene is part of Tn2603. Comparison of gene
sequences in the GenBank database revealed homology of
the positions 1400 to 2231 in Klebsiella pneumoniae with
OXA-1(100 % identity, position 274 to 1104; accession no.
JN420336.1:1400-2231) (Madhan et al. 2014; Roumayne
et al. 2019; Nontombi et al. 2020).
Figure 5: (Villa, L., et al 2012) (https://www.ncbi.nlm.nih.
gov/nuccore/JN420336.1?report=graph&from=1400&to
=2231)

Figure 6: Tolmasky M.E, et al 1993) (https://www.ncbi.nlm.
nih.gov/nuccore/M55547.1?report=genbank)

Figure 7: (Potron et al. 2011) (https://www.ncbi.nlm.nih.
gov/nuccore/JN205800.1?report=graph)

We reported a similar prevalence of OXA and SHV
β–lactamase genes in these isolates, make sure that this
apparently chromosomally encoded gene, is almost
present in K. pneumoniae species. The strong catalog of
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Gene OXA-9 was originally found within the structure of
Tn1331, a multi resistance transposon first isolated from a
clinical Klebsiella pneumoniae strain. Comparison of gene
sequences in the GenBank database revealed homology
of the positions 1 to 826 in Klebsiella pneumoniae with
OXA-9(100 % identity, position 130 to 954; accession no.
M55547:1-826). Both OXA-1 and OXA-9 are the part of
transposon which is part of plasmid but easily move from
plasmid to plasmid and plasmid to chromosome and vice
versa which were carrying antibiotic resistance genes
(Bojorquez et al. 1998; Navdezda et al. 2019; Katerina et
al. 2021).
Figure 8: (Potron et al. 2011)

Figure 9: Alignment of gene sequence by clustal omega

Comparison of gene sequences in the GenBank database
revealed homology of the positions 77 to 938 (isolate996, 999), in Klebsiella pneumoniae with SHV-1 (100
% identity, position 296087 to 296947(996), 254 to1114
(999); accession no FJ668814:77-938). SHV-1 was present
in isolate 996 and 999. Phenotypically isolate 999 show
resistance towards all the 3 class of beta lactam antibiotics.
But isolate 996 phenotypically susceptible for all beta
lactam antibiotics though there was presence of SHV-1.
Upstream 5’ UTR sequence detected in isolate 996 which
was under lined in figure -9 (Isabel et al. 2021).
Hypothetically we can predict this UTR sequence not
allow the gene expression.
SHV-11 is a broad-spectrum beta-lactamase found in E.
coli, Klebsiella pneumoniae, Proteus mirabilis, and Shigella
dysenteriae. It is differing from SHV-1 only at amino acid
position 35, instead of L(Leu) SHV-11 carried Q (Gln).
Comparison of gene sequences in the GenBank database
revealed homology of the positions 74 to 935 with SHV-11
(99.77 % identity, position 157681 to 158541; accession no.
X98101:74-935). It was present in isolate 678 and resistant
to all beta lactam antibiotics which used in our study (Anais
et al. 2011; Isabel et al. 2021).
Figure 10: (Chen, Y.T et al. 2014) (https://www.ncbi.nlm.
nih.gov/nuccore/NC_020893.1?report=graph&from=5572
9&to=57966&strand=true)

Figure 11: (Hornsey et al. 2011) (https://www.ncbi.nlm.nih.
gov/nuccore/JN104597.1?report=graph)

The OXA-181 (Carbapenem-Hydrolyzing Class D
β-Lactamase) gene was located on a pKP3-A type plasmid
and was linked to the insertion sequence ISEcp1 in
Klebsiella pneumoniae strain KP3. Comparison of gene
sequences in the GenBank database revealed homology of
the positions 4141 to 4939 in Klebsiella pneumoniae with
OXA-181(100 % identity, position 7309 to 8106; accession
no. JN205800:4141-4939). In our study we also found the
insertion sequence ISEcp1 was identified upstream of the
OXA-181 gene (Anais et al. 2011; Katerina et al. 2021).

TEM-1 is the commonly encountered and one of the most
well-known beta-lactamase in gram-negative bacteria
confirmed resistance against penicillins and generally firstgeneration cephalosporin. All TEM variants differ in amino
acid sequence (in general by one to five substitutions) and
many of them differ in resistance phenotype (the degree of
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resistance they confer to different antibiotics). In this study
TEM-1 was detected in isolate 678 and TEM-150 was in
isolate 027 (Salverda et al. 2010; Nadezhda et al. 2021).
NDM-5 new delhi metallo beta lactamase was detected in
isolate 678 only. It resembles resistance against penicillin,
cephalosporin and carbapenem class antibiotics. In the
study of Hazim et al. in 2016 and Lauren et al. in 2019
NDM-5 was responsible for the resistance against beta
lactam antibiotics. If we compare gene sequence in the
GenBank database, it revealed homology of the positions
115-928 in E. coli with NDM-5 (100% identity, position
457 to 1569; accession number JN104597:115-928) (Wang
et al. 2020).
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