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ABSTRACT

Emerging extensively drug-resistant (XDR) Klebsiella pneumoniae due to the production of B-lactamases
and porin loss is a substantial worldwide concern. This study aimed to elucidate the role of outer mem-
brane porin (OMP) loss, AmpC, and carbapenemases among extended-spectrum B-lactamase (ESBL)-
producing K. pneumoniae strains with XDR phenotype. This study analyzed 79 K. pneumoniae from several
clinical sources and detected ESBLs in 29 strains co-harbored with other B-lactamases using standard
microbiological practices and phenotypic procedures. Minimum inhibitory concentrations (MICs) were
determined against several antibiotics using Microscan WalkAway plus. OMP analysis was carried out
using sodium dodecyl sulfate-polyacrylamide gel electrophoresis. ESBL, AmpC, and carbapenemase
genes were detected using molecular methods. The microbiological analysis discovered 29 (36.7%)
ESBL strains of K. pneumoniae, which showed the co-existence of 7 (24.1%) AmpC B-lactamases and 22
(75.9%) carbapenemases. Porin loss of OmpK35 was observed in 13 (44.8%) and OmpK36 in 8 (27.5%)
K. pneumoniae strains. The strains were significantly associated with the intensive care unit (ICU)
(p = 0.006) and urinary sources (p = 0.004). The most commonly detected gene variants in each B-
lactamase class included 16 (55.2%) blacrx-m-1, 7 (100%) blacym-o, 11 (50%) blanpm-1, and integron-1
was detected in 21/29 (72.4%) strains. MICs of cephalosporin, fluoroquinolone, carbapenem, aminogly-
coside, and B-lactam combinations demonstrated a high number of XDR strains. Tigecycline (2 pug/mL
MICsp and >32 pg/mL MICgp) and colistin (1 pg/mL MICso and 8 pg/mL MICgg) presented lower resistance.
ESBL K. pneumoniae strains with OmpK35 and OmpK36 porin loss demonstrate conglomerate resistance
mechanisms with AmpC and carbapenemases, leading to emerging XDR and pan drug resistance.
© 2022 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access
article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

1. Introduction

throat, and intestinal tract (Podschun and Ullmann, 1998). A
diverse number of clones widely distributed geographically have

Klebsiella pneumoniae has emerged as one of the most challeng-
ing multidrug-resistant (MDR) organisms, defying the last line of
drugs and rapidly becoming untreatable. This organism shows a
significant tendency to acquire drug-resistant traits and can cause
a range of infections, including pneumonia and bloodstream infec-
tions (Palmieri et al., 2020). K. pneumoniae is widely regarded as an
opportunistic pathogen and colonizes healthy individuals’ skin,
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been identified, causing a large number of infections. K. pneumo-
niae has recently evolved as a significant public health threat due
to a large increase in the rate of nosocomial infections ascribed
to MDR strains that harbor extended-spectrum pB-lactamases
(ESBLs) and carbapenemases (Wyres et al., 2020). K. pneumoniae
and other Gram-negative pathogens are becoming increasingly
carbapenem-resistant (CR), a global concern that might undermine
the usefulness of a fundamentally essential antibiotic class used to
treat life-threatening infections (Rice, 2008).

According to the World Health Organization, K. pneumoniae has
become increasingly recognized as a priority antimicrobial-
resistant (AMR) pathogen that demands new management strate-
gies (WHO, 2017). The initial genetic source of resistance is the
expression of carbapenemases encoded on enormous plasmids
(Mathers et al, 2015). Hydrolysis of carbapenems by these
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enzymes renders them ineffective. The plasmids are transported
vertically from the parent cell to the daughter cells during cell divi-
sion or horizontally through conjugal transfer. Antibiotic influx
across the outer membrane of CR K. pneumoniae is limited by chro-
mosomal alteration of the main outer membrane porins, OmpK35
and OmpK36 (Pulzova et al., 2017). K. pneumoniae now comprises
AMR phenotypes ranging from CR to colistin-resistant, classifying
it as a highly resistant pathogen (Bi et al., 2017).

Outer membrane porins (OMPs) typically comprise trimers,
which serve as water-filled protein channels for the transportation
of hydrophilic substances through the external membrane. Porins
are also a vector for phages and bacteriocins and play a major
structural role in protecting cell integrity with peptidoglycan and
lipopolysaccharide (Achouak et al.,, 2001). Antibiotics gain access
to OMPs to reach the periplasm. The porin channels appear to be
the critical entry point for B-lactams, which are typically hydrophi-
lic and charged (Li et al., 2015). In Escherichia coli, two key porins,
OmpC and OmpF, have been thoroughly characterized. In compar-
ison to OmpC, OmpF has a slightly bigger functional pore; as a
result, molecules pass through the pore of OmpF with more ease
than with OmpC (Nikaido and Rosenberg, 1983; Nikaido et al,,
1983). OmpK35 and OmpK36, two main porins of K. pneumoniae,
are identical to OmpF and OmpC, respectively. Only OmpK36 is
expressed by the majority of ESBL-producing K. pneumoniae
strains, whereas most non-ESBL-producing K. pneumoniae contain
both OmpK35 and OmpK36 (Hernandez-Allés et al., 1999). The lack
of OmpK35 has been observed in ESBL producers, while OmpK36
loss is most often found in CR K. pneumoniae (Palasubramaniam
et al., 2009; Skurnik et al., 2010).

The group of B-lactam drugs is the foundation of the antibiotic
armamentarium because they inhibit bacterial cell wall synthesis.
Because B-lactam drugs infiltrate through porins into the exterior
membrane of different Gram-negative bacterial strains, porin loss
or deficiency governs antibiotic resistance (Nikaido, 1989). The K.
pneumoniae outer membrane represents an obstacle to permeabil-
ity that modulates a drug’s capacity to affect its intracellular target.
K. pneumoniae is rapidly becoming untreatable using last-line
antibiotics. This study focused on the role of OMPs among ESBL-
producing K. pneumoniae strains, their drug resistance spectrum,
and the molecular diversity of different B-lactamase genes.

2. Materials and methods
2.1. Ethical considerations

The study followed the ethics guidelines of the World Medical
Association (WMA) Declaration of Helsinki and did not include
any human or animal subjects (WMA, 2013). The Institutional
Research Ethics Committee approved the study project via
approval no. 08-04-42/Expedited.

2.2. Specimen collection

The clinical specimens were collected from the most prominent
specialist hospital of Al Jouf, Saudi Arabia. Diverse clinical speci-
mens, such as blood, urine, tracheal, CSF, pus swabs, secretions,
endotracheal tubes (ETTs), and wound swabs were processed to
isolate K. pneumoniae. The cephalosporin-resistant strains of
K. pneumoniae were initially included in the study based on
minimum inhibitory concentrations (MICs) until confirmed by
molecular techniques.

2.3. K. Pneumoniae isolation

The clinical specimens were cultured on blood, chocolate, and
MacConkey media except for urine processed on cystine lactose
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electrolyte deficient media (Nosheen et al., 2021). The identifica-
tion of the bacteria was accomplished using Gram’s stain, morphol-
ogy, oxidase, indole, citrate, sugar fermentation, and Microscan
WalkAway Plus (Beckman Coulter, USA). A total of 79 K. pneumo-
niae strains obtained from inpatients and outpatients were isolated
from the clinical specimens.

2.4. Phenotypic detection of ESBLs

The detection of ESBLs in K. pneumoniae was the inclusion crite-
ria and was performed by earlier-described phenotypic methods
(Ejaz et al., 2013). Quality control (QC) of the tests was performed
using ATCC E. coli 25,922 and K. pneumoniae 700,603 strains. Non-
ESBL-producing K. pneumoniae were excluded from further
processing.

2.5. AmpC detection

AmpC B-lactamase enzyme production was observed with the
help of cefoxitin discs by making 0.5 McFarland suspensions and
inoculating them onto the surface of MH agar plates incubated
overnight at 37 °C (Younas et al., 2018). The representative strains
were inoculated onto MH agar, and 30 pg cefoxitin discs alone and
with boronic acid were also transferred onto the plates. The cefox-
itin and boronic acid zones were compared to cefoxitin alone, and
an increase of >5 mm in the zone showed AmpC production. Non-
toxin-producing ATCC E. coli 25922 was used as a negative QC in
the test.

2.6. Carbapenemase production

The cloverleaf formation assessed carbapenemase enzyme pro-
duction in the modified Hodge test (MHT). The ATCC E. coli (25922)
suspension prepared compared to 0.5 McFarland’s standard was
diluted ten folds and streaked on MH agar. The test and QC K. pneu-
moniae ATCC strains (BAA-1705) were inoculated on the plate, and
cloverleaf indentations characterized the tested isolates as car-
bapenemase producers (Ejaz et al., 2020).

2.7. Minimum inhibitory concentrations (MICs)

Phenotypically characterized ESBL-producing K. pneumoniae
were processed for MIC determination against cephalosporin, fluo-
roquinolones, carbapenems, aminoglycosides, p-lactam combina-
tions, and several other antibiotic classes using Microscan
WalkAway plus. The broth microdilution technique was applied
wherever necessary to ensure the accuracy of the MICs (Jang
et al,, 2013). MIC breakpoints were observed and interpreted to
report the resistance profile of K. pneumoniae according to the Clin-
ical Laboratory Standards Institute (CLSI, 2020).

2.8. Detection of OMPs

OMP isolation was performed using the method described by
Hernandez-Alle (Hernandez-Allés et al., 1999). Mueller Hinton
broth was used to grow fresh K. pneumoniae strains. K. pneumoniae
cell envelopes were separated by centrifugation at 100,000g for 1 h
at 4 °C. By using sodium lauryl sarcosinate insoluble material, the
OMPs were removed from the solution. Samples were further
boiled for 5 min for electrophoresis analysis. Then, OMP elec-
trophoretic analysis was carried out by using the sodium dodecyl
sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) method,
which was performed with 11% acrylamide (11%), bisacrylamide
(0.35%), and SDS (0.1%) in the presence of Laemmli’s buffer. Coo-
massie blue stain was used for the staining of bands.
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2.9. Molecular characterization of p-lactamase genes and integrons

Polymerase chain reaction (PCR) was utilized to report the dif-
ferent AMR genes. The singleplex and multiplex techniques were
utilized to optimize the PCR protocol for ESBL genes blargy, blasyy,
and blacrx-m, and the AmpC gene blacyy.». For the detection of car-
bapenem genes blanpy, blapvp, and blaoxa_as, the protocol described
earlier, and PCR amplification using primers and cycling parame-
ters were adopted (Poirel et al., 2004; Poirel et al., 2011; Ejaz
et al., 2021). Multiplex PCR methodology was used to amplify the
Int-1, -2, and -3 (Machado et al., 2005). ESBL genes blargy, blaspy,
and blacrx.m were sequenced to analyze the amino acid substitu-
tions at the active site and analyzed using BlastN, BlastP (NCBI),
and ExPASy (SIB Group).

2.10. Statistical analysis

GraphPad Prism 6.0 and IBM SPSS v.26 were used for statistical
analyses. Descriptive statistics were performed to compute the fre-
quencies and percentages, and the chi-square test was used to cal-
culate p-values. P-values of less than 0.05 were considered
significant in this work.

3. Results
3.1. Isolation of K. Pneumoniae strains

Of 1546 disparate clinical sources, 79 K. pneumoniae strains
were included. The reminders strains were excluded due to lack
of growth or contamination with other species. K. pneumoniae
strains were processed for phenotypic identification of ESBLs,
which presented 30/79 (38%) ESBL positive isolates. The molecular
analysis confirmed 29/79 (36.7%) ESBL producers, which further
showed the co-existence of 7 (24.1%) AmpC B-lactamases and 22
(75.9%) carbapenemases. Loss of the OmpK35 porin was observed
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in 13 (44.8%) strains and OmpK36 in 8 (27.5%) strains, whereas 4
isolates showed the loss of both OmpK35 and OmpK36 simultane-
ously (Fig. 1).

3.2. Demographic characteristics

No statistically significant (p = 0.69) difference was observed
among the ESBL-producing and -non-producing K. pneumoniae
based on sex. There was no significant association of the patients
with hospital wards except for the intensive care unit (ICU), which
showed p = 0.006. ESBL producers were predominantly detected
among 11/29 (37.9) ICU, 8/29 (27.6%) medical, and 4/29 (13.8%)
coronary care unit (CCU) patients. K. pneumoniae demonstrated a
significant association (p = 0.004) with the urinary sources. In con-
trast, no statistically significant relationship was observed among
the other clinical sources. The infected patients included in the
study had a median age of 45.41 + 16.31 years (Table 1).

3.3. K. Pneumoniae B-lactamases from the clinical sources

Several ESBL-producing K. pneumoniae from the clinical sources
were found to co-harbor AmpC and carbapenemase enzymes. The
highest number of AmpC (6; 42.9%) and carbapenemase (11;
78.6%) enzymes were observed among the urinary isolates, as
shown in Fig. 2. The predominantly detected ESBL variants were
16 (552%) l)l(]c'r)(,]v[,]Y 9 (31%) blaSHv,jz, 9 (31%) blas]_[v_zg, and 8
(27.6%) blacrx-m—15. All of the 7 detected AmpC B-lactamases were
of the blacyy.» type. Among the carbapenemases, the most fre-
quent variants were 11 (50%) blanpm-1, 6 (27.3%) blanpm.s, and 4
(18.2%) blayp (Table 2). The heat map in Fig. 3 shows various genes
of ESBLs, AmpC, carbapenemases in each of the K. pneumoniae.
Twenty-one (72.4%) K. pneumoniae strains exhibited the presence
of the integron-1 (Int-1) gene. The co-existence of drug-resistant
genes and porin loss of OmpK35 (13/29) and OmpK35 (8/29) is
presented for each K. pneumoniae strain. Porin loss was seen in

Clinical specimens analyzed

n = 1546
Excluded due to lack of
\| growth or contamination
4 with other species
- n = 1467 (94.9%)
K. pneumoniae

n=79 (5.1%)

Non-ESBL-producing K.
P i luded from
analysis n = 49/79 (62%)

h 4

-
Phenotypically positive
ESBL K. pneumoniae
n =30/79 (38%)

Excluded based on

h. 4

Antimicrobial resistance
profile and MICs analysis

-~

Molecular confirmation of ESBL
producing K. pneumoniae

n =29/79 (36.7%)

lecular analysis
n=1/79 (1.2%)

<+

h 4

+

OMP K35 n =13 (44.8%)
OMP K36 n =8 (27.5)
[Together loss n =4 (13.7%)]

AmpC p-lactamases
n =17 (24.1%)

Carbapenemases
n =22 (75.9%)

Fig. 1. Isolation and processing of clinical strains.
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Table 1
Characteristics of patients infected with K. pneumoniae.
Characteristics ESBL (n =29) n (%) Non-ESBL (n = 50) n (%) p-value
Sex Male 17 (58.6) 27 (54) 0.69
Female 12 (41.4) 23 (46)
Wards ccu 4(13.8) 2 (4) 0.1
ICU 11 (37.9) 6(12) 0.006
Medical 8 (27.6) 11 (22) 0.57
Pediatric 2(6.9) 9(18) 0.16
Isolation 2 (6.9) 4 (8) 0.85
OPD 1(3.4) 11 (22) 0.02
Surgery 1(34) 7 (14) 0.13
Sources Urine 14 (48.3) 9 (18) 0.004
Tissue 3(10.3) 6(12) 0.83
Wound swab 3(10.3) 10 (20) 0.26
Blood 4(13.8) 6(12) 0.81
CVC Tip 1(3.4) 5(10) 0.28
Sputum 4 (13.8) 14 (28) 0.14
Age 45.41 £ 1631 47.42 £ 11.21 0.51
Bl Carbapenemase
@ AmpC
+=
< 30+
= B ESBL
n
o p—
G
© 204
-
0]
£
z
Specimens
Fig. 2. Distribution of B-lactamases in K. pneumoniae isolated from clinical sources (n = 29).
Table 2 all AmpC producers, while at least one or both porins were lost in
Distribution of p-lactamase gene variants among K. pneumoniae (n = 29). 10 of the carbapenemase-producing K. pneumoniae.
B-lactamase Type bla variants Number Percentage
ESBLs (n = 29) blacrs 16 552 3.4. Antibacterial resistance, MICsp, and MICqp of different antibiotics
blasyy-12 9 31
blasiy-»s 9 31 K. pneumoniae strains included in the study showed extensive
g;Z”X’M”S 2 %'g drug resistance (XDR) against several antibiotic classes, and all of
blagj\i’_’:f 3 103 them were resistant to cefotaxime, and cefuroxime. High bacterial
blarem.os 3 103 resistance was observed against 28/29 (96.6%) ampicillin-
blarem-s2 3 103 sulbactam and cefepime, 27/29 (93.1%) co-trimoxazole, 26/29
AmpC plact -7 ZiaSHV-‘“ ; ?-510 (89.7%) moxifloxacin, ceftazidime and ertapenem, 25/29 (86.2%)
mpC B-lactamases (n = Aeym-2 . 1 . . o
Carbapenemases (n = 22) Bl s 1 50 plper§c1111n—tazobactam anq . c1|.)ro-ﬂoxac1n, 24/29 (32.84) co-
blanpm.s 6 27.3 amoxiclav, aztreonam, cefoxitin, imipenem, levofloxacin, merope-
blayp 4 18.2 nem, and 22/29 (75.9%) tobramycin. There were 14/29 (48.3%)
blaoxa-as 2 9.1 organisms that showed moderate resistance to amikacin with
blanpm-7 1 45
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Fig. 3. Heat map x-axis shows the frequency of ESBLs, AmpC, carbapenemases, and integron genes. OMPK 35 and OMPK 36 porin loss can be observed in several isolates.
Each K. pneumoniae clinical strain is shown on the y-axis. The scale’s blue color given a numeric value of 1 represents the gene’s occurrence and porin loss in each isolate to
indicate high-level resistance due to these mechanisms. The yellow color with a numeric value of 2 represents the absence of a particular gene and the presence of porins in K.
pneumoniae strains. The co-existence of several genes can be observed in each K. pneumoniae strain.

antibiotics among these XDR strains was tigecycline and colistin,
which manifested resistance to 9/29 (31%) and 6/29 (20.7%) strains,
respectively. The MIC of tigecycline was 2 pg/mL MICsg and >32 ng/
mL MICgg, while colistin presented values of 1 pg/mL MICsq and
8 pg/mL MICgg as shown in Table 3.

4. Discussion

The wide prevalence and distribution of highly resistant clones
of K. pneumoniae have become a paramount global health disqui-
etude. K. pneumoniae imposes significant pressure on the health-
care system due to the emergence of XDR strains, leading to
severe nosocomial infections. The efficacy of available drugs has
been rapidly reduced and has evoked a search for efficient new
drugs (Padilla et al., 2010). Beta-lactam antimicrobial agents form
the foundation of our antibiotic armamentarium. The enzymatic
deactivation of antibiotics and reduction of membrane permeabil-
ity are some of the commonly identified primary mechanisms of -
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lactam resistance (Nikaido and Pagés, 2012). The K. pneumoniae
outer membrane has two non-specific porins, OmpK35 and
OmpK36, which play a vital role in transporting the most fre-
quently used antibiotics. XDR due to the production of diverse -
lactamases is a crucial concern and jeopardizes the therapeutic
approaches when associated with porin loss, leading to pan drug
resistance.

The current study reports an overall 36.7 % of ESBL producers of
K. pneumoniae, which was higher than reported in Pakistan (30.1%)
(Ejaz et al., 2017), India (23.6%) (Ananthan and Subha, 2005), and
less than found in Iran (57.5%) (Hashemi et al., 2014) and China
(83.3%) (Shi et al.,, 2002). A comparatively lower prevalence was
noted in the Western Pacific (24.6%) and Europe (22.6%)
(Gonlugur et al., 2004), potentially due to specific factors such as
sample size and collection technique disparities, including analyt-
ical method variations. Most obtained strains were from patients
admitted to ICU, similar to a Malaysian hospital study (Lau et al.,
2021). Many K. pneumoniae recovered from urine specimens
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Table 3
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In vitro antibacterial resistance, MICso and MICqq of clinical K. pneumoniae strains (n = 29).

Antibiotics Breakpoint MICso MICgo Resistant strains
pg/mL pg/mL pg/mL n (%)
Amikacin > 64 32 >512 14 (48.3)
Co-amoxiclav > 32/16 > 128/64 > 128/64 24 (82.8)
Ampicillin-sulbactam > 32/16 > 256/128 > 256/128 28 (96.6)
Aztreonam > 16 > 16 > 16 24 (82.8)
Cefepime > 16 > 128 > 128 28 (96.6)
Cefotaxime >4 >32 >32 29 (100)
Cefoxitin >32 > 128 > 128 24 (82.8)
Ceftazidime > 16 > 128 > 128 26 (89.7)
Cefuroxime >4 > 256 > 256 29 (100)
Ciprofloxacin >1 >32 >32 25 (86.2)
Ertapenem >2 > 32 > 32 26 (89.7)
Gentamicin > 16 64 > 128 20 (69)
Imipenem >4 >32 >32 24 (82.8)
Levofloxacin >2 > 64 > 64 24 (82.8)
Meropenem >4 > 32 > 32 24 (82.8)
Moxifloxacin >1 > 64 > 64 26 (89.7)
Piperacillin-tazobactam > 128/4 > 128/4 > 128/4 25(86.2)
Tigecycline >2 2 > 32 9(31)
Tobramycin >16 32 > 128 22 (75.9)
Co-trimoxazole > 4/76 16/304 > 32/608 27 (93.1)
Colistin >4 1 8 6 (20.7)

MIC minimum inhibitory concentration.

agreed with an earlier report (Hashemi et al., 2014). In the current
report, OmpK35 porin loss was observed in 13 strains of ESBL and
OmpK36 in 8 strains. Six carbapenemase-producing strains pre-
sented OmpK35 and 7 OmpK36 porin loss, while three of these K.
pneumoniae exhibited loss of both porins together. The absence
of porins in conjunction with ESBL production is demonstrated in
CR K. pneumoniae (Martinez-Martinez et al., 1999). The underlying
resistance mechanisms include point mutations that can result in
protein changes, premature truncation, or insertion sequences
resulting in porin gene interruption.

Regarding molecular characterization, the most commonly
found ESBL variants were (55.2%) blacrx-m-1, (27.6%) blacrx-m-15.
followed by 3 (]03%) blaCTX,M,g, with blaSHV_lz, blaSHV_zg (31%),
blaTEM_25 and blaTEM_Sz (103%) The blaCTx_M,15 (276%) rate in this
study is somehow similar to the study from Lebanon (Arabaghian
et al., 2019). The blacrx.m has been reported worldwide as the most
common ESBL type, and in most local areas, it can easily exceed the
proportion of blasyy and blargy ESBLs (Jorgensen et al., 2010).
Hashemi et al. reported 62.5% blacrx-m_15 of 48 ESBL-producing K.
pneumoniae, consistent with the current findings (Hashemi et al.,
2014). Another report from Brazil corroborated this study because
they also reported the highest rate of blacrx.y in K. pneumoniae
(Carvalhaes et al., 2010). Ferreira et al. worked on 25 ESBL produc-
ing K. pneumoniae obtained from a Brazilian ICU and found blatgy
in100% of the isolates (Ferreiraet al., 2018).

The expression of major porins may be altered by genetic muta-
tions, which result in either decreased porin expression or a com-
plete loss of porin (Martinez-Martinez et al., 1999). Porin loss is a
major source of resistance to several antimicrobials, most notably
B-lactams. All the strains were further analyzed for the occurrence
of the AmpC enzyme, carbapenemase production, and porin
expression. Surprisingly, many co-harboring carbapenemase
(82.7%) and AmpC (24.1%) producers were also detected in this
work. The porin loss among K. pneumoniae in the current study
was 44.8% for OmpK35, 27.5% OmpK36, and 13.7% for both porins.
An analysis from Hong Kong showed similar findings, with 33.8% of
isolates demonstrating OmpK36 loss and 11.3% both porins loss
(Ho et al., 2016). The results also agree with prior studies finding
that porin loss in ESBL-producing K. pneumoniae could be liable
for carbapenem resistance (Skurnik et al., 2010; Ferreiraet al.,
2018). In conjunction with porin loss and drug efflux, carriage of
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ESBL or AmpC has been identified as contributing factors to car-
bapenem resistance in Enterobacteriaceae (Ferreiraet al., 2018).
The analysis of different resistant gene determinants revealed
CTX M type ESBLs, AmpC, and porin loss to be highly prevalent
among carbapenem-resistant isolates, which corroborates the
results observed by Ho et al. in Hong Kong (Ho et al., 2016). Nord-
mann and Mammeri found that CTX-M-15 and CMY-2 are respon-
sible for reducing the sensitivity to several antibiotics (Nordmann
and Mammeri, 2007). Most of the K. pneumoniae co-harboring
CYM-2 gene and porin loss presented a high degree of multidrug
resistance, including carbapenems (Yang et al., 2009).

NDM is the most commonly distributed metallo-p-lactamase
enzyme identified in Enterobacteriaceae (Hsu et al., 2017).
Carbapenem-resistant K. pneumoniae may harbor more than one
gene, which is not surprising because blaypy carrying plasmids
are also associated with blapgxa4s and blayy, (Nordmann et al.,
2011). Two blaypm.1 isolates were found with both porins loss
and were highly resistant to the available drugs. These strains were
co-harboring blacyy.» genes, which suggested the loss of porin and
AmpC production, reducing carbapenem susceptibility, as noted by
Martinez-Martinez (Martinez-Martinez et al., 1999).

The detection of two blapxa_4g -harboring K. pneumoniae strains
is in good accordance with an Iranian study (Hashemi et al., 2014).
Alterations in the porin synthesis and acquisition of specific
enzymes hydrolyze several antibiotics, leading to XDR strains.
The MICsq and MICqg showed several bacterial strains that were
highly resistant to the different groups of drugs. The lowest resis-
tance rates were observed against colistin and tigecycline, agreeing
with a prior study from Brazil (Vivan et al., 2017). However, emerg-
ing colistin resistance has been reported from China (Liu et al.,
2021). An extensive spectrum of drug resistance has been observed
in OmpK35- and OmpK36-deficient K. pneumoniae, in association
with ESBL and AmpC production, leading to the development of
substantial resistance against the B-lactam antibiotics, fluoro-
quinolone, and aminoglycosides (Hamzaoui et al., 2018). K. pneu-
moniae OmpK35 and OmpK36 loss results in a higher rate of
antibacterial resistance and, in particular, leads to increased resis-
tance to carbapenems and other drugs. This study’s limitations
were that the sequencing of the porin genes could not be per-
formed to determine the point mutations, deletions, and
insertions.
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5. Conclusion

The findings of this study present a disquieting situation of XDR
K. pneumoniae that have acquired resistance to the last therapeutic
options to treat life-threatening infections. OmpK35 and OmpK36
porin loss associated with carbapenemases and AmpC B-
lactamases in ESBL-producing K. pneumoniae make these strains
particularly recalcitrant to almost all of the present-day repertoire
of antibiotics. Carbapenem resistance is not only limited to car-
bapenemase production but is also linked to porin loss. The expan-
sion and dissemination of such clones in healthcare settings may
pose serious therapeutic problems in the future, leaving tigecycline
and colistin as the only current therapeutic options.

Funding

The author’'s work was supported through grant number
“375213500” from the Deputyship for Research and Innovation,
Ministry of Education in Saudi Arabia.

Declaration of Competing Interest

The authors declare that they have no known competing finan-
cial interests or personal relationships that could have appeared
to influence the work reported in this paper.

Acknowledgments

The author extends his appreciation to the Deputyship for Research
& Innovation, Ministry of Education in Saudi Arabia, for funding
this work through the grant number "375213500". The author
would like to extend his sincere appreciation to the central labora-
tory at Jouf University for the support of this study. The author
would also like to thank Eman Salem from King Abdulaziz Special-
ist Hospital, Sonia Younas, the University of Hong Kong, and Kashaf
Junaid, Jouf University, for their support.

Author contributions

HE conceived the idea, performed experiments and analysis,
wrote the manuscript.

Availability of data and material

Data are contained within the article.

References

Achouak, W., Heulin, T., Pages, J.M., 2001. Multiple facets of bacterial porins. FEMS
Microbiol. Lett. 199 (1), 1-7. https://doi.org/10.1111/j.1574-6968.2001.
th10642.x.

Ananthan, S., Subha, A., 2005. Cefoxitin resistance mediated by loss of a porin in
clinical strains of Klebsiella pneumoniae and Escherichia coli. Indian J. Med.
Microbiol. 23 (1), 20-23. https://doi.org/10.4103/0255-0857.13867.

Arabaghian, H., Salloum, T., Alousi, S., Panossian, B., Araj, G.F., Tokajian, S., 2019.
Molecular characterization of carbapenem resistant Klebsiella pneumoniae and
Klebsiella quasipneumoniae Isolated from Lebanon. Sci. Rep. 9 (1), 531. https://
doi.org/10.1038/s41598-018-36554-2.

Bi, W., Liu, H., Dunstan, RA,, Li, B, Torres, V.V.L,, Cao, ]., Chen, L., Wilksch, ]J.,
Strugnell, R.A., Lithgow, T., Zhou, T., 2017. Extensively drug-resistant klebsiella
pneumoniae causing nosocomial bloodstream infections in china: molecular
investigation of antibiotic resistance determinants, informing therapy, and
clinical outcomes. Front. Microbiol. 8, 1230. https://doi.org/10.3389/
fmicb.2017.01230.

Carvalhaes, C.G., Picdo, R.C., Nicoletti, A.G., Xavier, D.E., Gales, A.C., 2010. Cloverleaf
test (modified Hodge test) for detecting carbapenemase production in
Klebsiella pneumoniae: be aware of false positive results. ]J. Antimicrob.
Chemother. 65 (2), 249-251. https://doi.org/10.1093/jac/dkp431.

CLSI, 2020. Performance Standards for Antimicrobial Susceptibility Testing. Clinical
and Laboratory Standards Institute (CLSI), Wayne, PA, USA.

3446

Saudi Journal of Biological Sciences 29 (2022) 3440-3447

Ejaz, H., Alzahrani, B., Hamad, M.E.S., Abosalif, K.O.A., Junaid, K., Abdalla, A.E., Elamir,
M.Y.M,, Aljaber, NJ., Hamam, S.S.M., Younas, S., 2020. Molecular analysis of the
antibiotic resistant NDM-1 gene in clinical isolates of enterobacteriaceae. Clin.
Lab. 66 (3). https://doi.org/10.7754/Clin.Lab.2019.190727.

Ejaz, H., Ul-Haq, I, Mahmood, S., Zafar, A Mohsin, Javed, M., 2013. Detection of
extended-spectrum B-lactamases in Klebsiella pneumoniae: comparison of
phenotypic characterization methods. Pak ] Med Sci 29 (3), 768-772 https://doi.
org/10.12669/pjms.293.3576.

Ejaz, H., Wang, N., Wilksch, ].]., Page, AJ., Cao, H., Gujaran, S., Keane, J.A., Lithgow, T.,
Ul-Hagq, I, Dougan, G., Strugnell, R.A., Heinz, E., 2017. Phylogenetic analysis of
Klebsiella pneumoniae from hospitalized Children, Pakistan. Emerg. Infect. Dis.
23 (11), 1872-1875. https://doi.org/10.3201/eid2311.170833.

Ejaz, H., Younas, S., Qamar, M.U., Junaid, K., Abdalla, A.E., Abosalif, K.O.A., Alameen,
A.AM,, Elamir, M.Y.M., Ahmad, N., Hamam, S.S.M., Salem, E.H.M. Bukhari, S.N.A.,
2021. Molecular Epidemiology of Extensively Drug-Resistant mcr Encoded
Colistin-Resistant Bacterial Strains Co-Expressing Multifarious p-Lactamases.
Antibiotics (Basel) 10 (4). https://doi.org/10.3390/antibiotics10040467.

Ferreira, R.L., da Silva, B.C.M., Rezende, G.S., Nakamura-Silva, R., Pitondo-Silva, A.,
Campanini, E.B., Brito, M.C.A,, da Silva, EMM.L., Freire, C.C.M., da Cunha, AF.
Pranchevicius, M.D.S., 2018. High Prevalence of Multidrug-Resistant Klebsiella
pneumoniae Harboring Several Virulence and B-Lactamase Encoding Genes in a
Brazilian Intensive Care Unit. Front. Microbiol. 9, 3198. https://doi.org/10.3389/
fmicb.2018.03198.

Gonlugur, U., Bakici, M.Z., Akkurt, 1., Efeoglu, T., 2004. Antibiotic susceptibility
patterns among respiratory isolates of Gram-negative bacilli in a Turkish
university hospital. BMC Microbiol. 4, 32. https://doi.org/10.1186/1471-2180-
4-32.

Z. Hamzaoui A. Ocampo-Sosa M. Fernandez Martinez S. Landolsi S. Ferjani E.
Maamar M. Saidani A. Slim L Boutiba-Ben Martinez-Martinez I. Boubaker Role
of association of OmpK35 and OmpK36 alteration and bla(ESBL) and/or bla
(AmpC) genes in conferring carbapenem resistance among non-
carbapenemase-producing Klebsiella pneumoniae Int. ]. Antimicrob. Agents
52 6 2018 898 905 10.1016/j.ijantimicag.2018.03.020.

Hashemi, A., Fallah, F., Erfanimanesh, S., Hamedani, P., Alimehr, S., Goudarzi, H.,
2014. Detection of B -Lactamases and Outer Membrane Porins among Klebsiella
pneumoniae Strains Isolated in Iran. Scientifica (Cairo) 2014. https://doi.org/
10.1155/2014/726179.

Hernandez-Allés, S., Alberti, S., Alvarez, D., Doménech-Sinchez, A., Martinez-
Martinez, L., Gil, J., Tomas, ].M. Benedi, V.J., 1999. Porin expression in clinical
isolates of Klebsiella pneumoniae. Microbiology (Reading) 145 (Pt 3), 673-679.
https://doi.org/10.1099/13500872-145-3-673.

Ho, P.L, Cheung, Y.Y., Wang, Y., Lo, W.U,, Lai, E.L.,, Chow, KH., Cheng, V.C., 2016.
Characterization of carbapenem-resistant Escherichia coli and Klebsiella
pneumoniae from a healthcare region in Hong Kong. Eur. J. Clin. Microbiol.
Infect. Dis. 35 (3), 379-385. https://doi.org/10.1007/s10096-015-2550-3.

Hsu, LY., Apisarnthanarak, A., Khan, E., Suwantarat, N., Ghafur, A., Tambyah, P.A,,
2017. Carbapenem-Resistant Acinetobacter baumannii and Enterobacteriaceae
in South and Southeast Asia. Clin. Microbiol. Rev. 30 (1), 1-22. https://doi.org/
10.1128/cmr.00042-16.

Jang, W., Park, Y., Park, K.G., Yu, J., 2013. Evaluation of MicroScan WalkAway and
Vitek 2 for determination of the susceptibility of extended-spectrum p-
lactamase-producing Escherichia coli and Klebsiella pneumoniae isolates to
cefepime, cefotaxime and ceftazidime. J. Antimicrob. Chemother. 68 (10), 2282-
2285. https://doi.org/10.1093/jac/dkt172.

Jorgensen, J.H., McElmeel, M.L., Fulcher, L.C., Zimmer, B.L., 2010. Detection of CTX-
M-type extended-spectrum beta-lactamase (ESBLs) by testing with MicroScan
overnight and ESBL confirmation panels. ]J. Clin. Microbiol. 48 (1), 120-123.
https://doi.org/10.1128/jcm.01507-09.

Lau, M.Y., Teng, F.E., Chua, K.H., Ponnampalavanar, S., Chong, C.W., Abdul Jabar, K.,
Teh, C.SJ., 2021. Molecular characterization of carbapenem resistant klebsiella
pneumoniae in malaysia hospital. Pathogens 10 (3). https://doi.org/
10.3390/pathogens10030279.

Li, X.Z., Plésiat, P., Nikaido, H., 2015. The challenge of efflux-mediated antibiotic
resistance in Gram-negative bacteria. Clin. Microbiol. Rev. 28 (2), 337-418.
https://doi.org/10.1128/cmr.00117-14.

Liu, Y., Lin, Y., Wang, Z., Hu, N,, Liu, Q., Zhou, W., Li, X,, Hy, L., Guo, J., Huang, X., Zeng,
L., 2021. Molecular mechanisms of colistin resistance in klebsiella pneumoniae
in a tertiary care teaching hospital. Front Cell Infect Microbiol 11 (678). https://
doi.org/10.3389/fcimb.2021.673503.

Machado, E., Cantén, R., Baquero, F., Galan, ].C.,, Rolldn, A., Peixe, L., Coque, T.M.,
2005. Integron content of extended-spectrum-beta-lactamase-producing
Escherichia coli strains over 12 years in a single hospital in Madrid. Spain.
Antimicrob. Agents Chemother. 49 (5), 1823-1829. https://doi.org/10.1128/
aac.49.5.1823-1829.2005.

Martinez-Martinez, L., Pascual, A., Herndndez-Allés, S., Alvarez-Diaz, D., Sudrez, AL,
Tran, J., Benedi, V.J., Jacoby, G.A., 1999. Roles of beta-lactamases and porins in
activities of carbapenems and cephalosporins against Klebsiella pneumoniae.
Antimicrob. Agents Chemother. 43 (7), 1669-1673. https://doi.org/10.1128/
aac.43.7.1669.

Mathers, AJ., Peirano, G., Pitout, ].D., 2015. The role of epidemic resistance plasmids
and international high-risk clones in the spread of multidrug-resistant
Enterobacteriaceae. Clin. Microbiol. Rev. 28 (3), 565-591. https://doi.org/
10.1128/cmr.00116-14.

Nikaido, H., 1989. Outer membrane barrier as a mechanism of antimicrobial
resistance. Antimicrob. Agents Chemother. 33 (11), 1831-1836. https://doi.org/
10.1128/aac.33.11.1831.


https://doi.org/10.1111/j.1574-6968.2001.tb10642.x
https://doi.org/10.1111/j.1574-6968.2001.tb10642.x
https://doi.org/10.4103/0255-0857.13867
https://doi.org/10.1038/s41598-018-36554-2
https://doi.org/10.1038/s41598-018-36554-2
https://doi.org/10.3389/fmicb.2017.01230
https://doi.org/10.3389/fmicb.2017.01230
https://doi.org/10.1093/jac/dkp431
http://refhub.elsevier.com/S1319-562X(22)00111-5/h0030
http://refhub.elsevier.com/S1319-562X(22)00111-5/h0030
https://doi.org/10.7754/Clin.Lab.2019.190727
https://doi.org/10.12669/pjms.293.3576
https://doi.org/10.12669/pjms.293.3576
https://doi.org/10.3201/eid2311.170833
https://doi.org/10.1186/1471-2180-4-32
https://doi.org/10.1186/1471-2180-4-32
https://doi.org/10.1155/2014/726179
https://doi.org/10.1155/2014/726179
https://doi.org/10.1007/s10096-015-2550-3
https://doi.org/10.1128/cmr.00042-16
https://doi.org/10.1128/cmr.00042-16
https://doi.org/10.1093/jac/dkt172
https://doi.org/10.1128/jcm.01507-09
https://doi.org/10.3390/pathogens10030279
https://doi.org/10.3390/pathogens10030279
https://doi.org/10.1128/cmr.00117-14
https://doi.org/10.3389/fcimb.2021.673503
https://doi.org/10.3389/fcimb.2021.673503
https://doi.org/10.1128/aac.49.5.1823-1829.2005
https://doi.org/10.1128/aac.49.5.1823-1829.2005
https://doi.org/10.1128/aac.43.7.1669
https://doi.org/10.1128/aac.43.7.1669
https://doi.org/10.1128/cmr.00116-14
https://doi.org/10.1128/cmr.00116-14
https://doi.org/10.1128/aac.33.11.1831
https://doi.org/10.1128/aac.33.11.1831

H. Ejaz

Nikaido, H., Pages, ].M., 2012. Broad-specificity efflux pumps and their role in
multidrug resistance of Gram-negative bacteria. FEMS Microbiol. Rev. 36 (2),
340-363. https://doi.org/10.1111/j.1574-6976.2011.00290.x.

Nikaido, H., Rosenberg, E.Y., 1983. Porin channels in Escherichia coli: studies with
liposomes reconstituted from purified proteins. ]. Bacteriol. 153 (1), 241-252.
https://doi.org/10.1128/jb.153.1.241-252.1983.

Nikaido, H., Rosenberg, E.Y., Foulds, ]J., 1983. Porin channels in Escherichia coli:
studies with beta-lactams in intact cells. J. Bacteriol. 153 (1), 232-240. https://
doi.org/10.1128/jb.153.1.232-240.1983.

Nordmann, P., Mammeri, H., 2007. Extended-spectrum cephalosporinases:
structure, detection and epidemiology. Future Microbiol. 2 (3), 297-307.
https://doi.org/10.2217/17460913.2.3.297.

Nordmann, P., Naas, T., Poirel, L., 2011. Global spread of Carbapenemase-producing
Enterobacteriaceae. Emerg. Infect. Dis. 17 (10), 1791-1798. https://doi.org/
10.3201/eid1710.110655.

Nosheen, S., Irfan Bukhari, N., Junaid, K., Anwar, N., Ahmad, F., Younas, S., Ejaz, H.,
2021. Phylogenetic diversity and mutational analysis of New Delhi Metallo-B-
lactamase (NDM) producing E. coli strains from pediatric patients in Pakistan.
Saudi. J. Biol. Sci. 28 (10), 5875-5883. https://doi.org/10.1016/j.
sjbs.2021.06.037.

Padilla, E., Llobet, E., Doménech-Sinchez, A., Martinez-Martinez, L., Bengoechea, ].A.,
Alberti, S., 2010. Klebsiella pneumoniae AcrAB efflux pump contributes to
antimicrobial resistance and virulence. Antimicrob. Agents Chemother. 54 (1),
177-183. https://doi.org/10.1128/aac.00715-09.

Palasubramaniam, S., Muniandy, S., Navaratnam, P., 2009. Resistance to extended-
spectrum beta-lactams by the emergence of SHV-12 and the loss of OmpK35 in
Klebsiella pneumoniae and Escherichia coli in Malaysia. J. Microbiol. Immunol.
Infect. 42 (2), 129-133.

Palmieri, M., D’Andrea, M.M., Pelegrin, A.C, Mirande, C. Brkic, S.,
Cirkovic, I, Goossens, H. van Rossolini, G.M. Belkum, A. 2020.
Genomic Epidemiology of Carbapenem- and Colistin-Resistant Klebsiella
pneumoniae Isolates From Serbia: Predominance of ST101 Strains Carrying a
Novel OXA-48 Plasmid. Front. Microbiol. 11, 294. https://doi.org/10.3389/
fmicb.2020.00294.

Podschun, R., Ullmann, U., 1998. Klebsiella spp. as nosocomial pathogens:
epidemiology, taxonomy, typing methods, and pathogenicity factors. Clin.
Microbiol. Rev. 11 (4), 589-603.

Poirel, L. Héritier, C., Toliin, V. Nordmann, P., 2004. Emergence of
oxacillinase-mediated resistance to imipenem in Klebsiella pneumoniae.
Antimicrob. Agents Chemother. 48 (1), 15-22. https://doi.org/10.1128/
aac.48.1.15-22.2004.

3447

Saudi Journal of Biological Sciences 29 (2022) 3440-3447

Poirel, L., Walsh, T.R,, Cuvillier, V., Nordmann, P., 2011. Multiplex PCR for detection
of acquired carbapenemase genes. Diagn. Microbiol. Infect. Dis. 70 (1), 119-123.
https://doi.org/10.1016/j.diagmicrobio.2010.12.002.

Pulzova, L. Navratilova, L, Comor, L, 2017. Alterations in outer membrane
permeability favor drug-resistant phenotype of klebsiella pneumoniae.
Microb. Drug Resist. 23 (4), 413-420. https://doi.org/10.1089/mdr.2016.0017.

Rice, L.B., 2008. Federal funding for the study of antimicrobial resistance in
nosocomial pathogens: no ESKAPE. ]. Infect. Dis. 197 (8), 1079-1081. https://
doi.org/10.1086/533452.

Shi, J., Li, Y., Li, C,, Cai, X,, Li, H., Peng, S., 2002. Drug resistance and genotyping of
Klebsiella pneumoniae in lower respiratory tract infection. Zhonghua Jie He He
Hu Xi Za Zhi 25 (10), 607-609.

Skurnik, D., Lasocki, S., Bremont, S., Muller-Serieys, C., Kitzis, M.D., Courvalin, P.,
Andremont, A., Montravers, P., 2010. Development of ertapenem resistance in a
patient with mediastinitis caused by Klebsiella pneumoniae producing an
extended-spectrum beta-lactamase. J. Med. Microbiol. 59 (Pt 1), 115-119.
https://doi.org/10.1099/jmm.0.012468-0.

Vivan, A.C.P., Rosa, J.F., Rizek, C.F., Pelisson, M., Costa, S.F., Hungria, M., Kobayashi, R.,
Vespero, E.C., 2017. Molecular characterization of carbapenem-resistant
Klebsiella pneumoniae isolates from a university hospital in Brazil. J Infect
Dev Ctries 11 (5), 379-386. https://doi.org/10.3855/jidc.8614.

WHO, 2017. Global priority list of antibiotic-resistant bacteria to guide research,
discovery, and development of new antibiotics Geneva, Switzerland. World
Health Organization, Available from: https://www.who.int/news/item/27-02-
2017-who-publishes-list-of-bacteria-for-which-new-antibiotics-are-urgently-
needed (accessed 15 December 2021).

WMA, 2013. WMA Declaration of Helsinki-Ethical Principles for Medical Research
Involving Human Subjects Fortaleza, Brazil. WMA Declaration of Helsinki,
Available  from:  https://www.wma.net/policies-post/wma-declaration-of-
helsinki-ethical-principles-for-medical-research-involving-human-subjects/
(accessed 18 December 2021).

Wyres, KL, Lam, M.M.C,, Holt, K.E., 2020. Population genomics of Klebsiella
pneumoniae. Nat. Rev. Microbiol. 18 (6), 344-359. https://doi.org/10.1038/
s41579-019-0315-1.

Yang, D., Guo, Y., Zhang, Z., 2009. Combined porin loss and extended spectrum beta-
lactamase production is associated with an increasing imipenem minimal
inhibitory concentration in clinical Klebsiella pneumoniae strains. Curr.
Microbiol. 58 (4), 366-370. https://doi.org/10.1007/500284-009-9364-4,

Younas, S., Ejaz, H., Zafar, A., Ejaz, A, Saleem, R., Javed, H., 2018. AmpC beta-
lactamases in Klebsiella pneumoniae: An emerging threat to the paediatric
patients. ]. Pak. Med. Assoc. 68 (6), 893-897.


https://doi.org/10.1111/j.1574-6976.2011.00290.x
https://doi.org/10.1128/jb.153.1.241-252.1983
https://doi.org/10.1128/jb.153.1.232-240.1983
https://doi.org/10.1128/jb.153.1.232-240.1983
https://doi.org/10.2217/17460913.2.3.297
https://doi.org/10.3201/eid1710.110655
https://doi.org/10.3201/eid1710.110655
https://doi.org/10.1016/j.sjbs.2021.06.037
https://doi.org/10.1016/j.sjbs.2021.06.037
https://doi.org/10.1128/aac.00715-09
http://refhub.elsevier.com/S1319-562X(22)00111-5/h0170
http://refhub.elsevier.com/S1319-562X(22)00111-5/h0170
http://refhub.elsevier.com/S1319-562X(22)00111-5/h0170
http://refhub.elsevier.com/S1319-562X(22)00111-5/h0170
https://doi.org/10.3389/fmicb.2020.00294
https://doi.org/10.3389/fmicb.2020.00294
http://refhub.elsevier.com/S1319-562X(22)00111-5/h0180
http://refhub.elsevier.com/S1319-562X(22)00111-5/h0180
http://refhub.elsevier.com/S1319-562X(22)00111-5/h0180
https://doi.org/10.1128/aac.48.1.15-22.2004
https://doi.org/10.1128/aac.48.1.15-22.2004
https://doi.org/10.1016/j.diagmicrobio.2010.12.002
https://doi.org/10.1089/mdr.2016.0017
https://doi.org/10.1086/533452
https://doi.org/10.1086/533452
http://refhub.elsevier.com/S1319-562X(22)00111-5/h0205
http://refhub.elsevier.com/S1319-562X(22)00111-5/h0205
http://refhub.elsevier.com/S1319-562X(22)00111-5/h0205
https://doi.org/10.1099/jmm.0.012468-0
https://doi.org/10.3855/jidc.8614
https://doi.org/10.1038/s41579-019-0315-1
https://doi.org/10.1038/s41579-019-0315-1
https://doi.org/10.1007/s00284-009-9364-4
http://refhub.elsevier.com/S1319-562X(22)00111-5/h0240
http://refhub.elsevier.com/S1319-562X(22)00111-5/h0240
http://refhub.elsevier.com/S1319-562X(22)00111-5/h0240

	Analysis of diverse b-lactamases presenting high-level resistance inassociation with OmpK35 and OmpK36 porins in ESBL-producingKlebsiella pneumoniae
	1. Introduction
	2. Materials and methods
	3. Results
	4. Discussion
	Funding
	Declaration of Competing Interest
	Acknowledgments
	Author contributions
	Availability of data and material
	References


