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ABSTRACT
The emergence of carbapenem-resistant Klebsiella pneumoniae (CRKP) isolates in Egyptian
hospitals has been reported. However, the genetic basis and the analysis of the plasmids
associated with CR-hypervirulent-KP (CR-HvKP) in Egypt are not presented. Therefore, we
attempt to decipher the plasmids sequences, which are responsible for transferring the
determinants of carbapenem-resistance, particularly the b/anpm-1 and blakec-2. Out of 34 K.
pneumoniae isolates collected from two tertiary hospitals in Egypt, 31 were CRKP. Whole-
genome sequencing revealed that our isolates were related to 13 different sequence types
(STs). The most prevalent ST was ST101, followed by ST383, and ST11. Among the CRKP
isolates, one isolate named EBSI036 has been reassessed using Nanopore sequencing.
Genetic environment analysis showed that EBSI036 carried 20 antibiotic resistance genes and
was identified as CR-HvKP strain, it harboured four plasmids, namely; pEBSI036-1-NDM-
VIR, pEBSI036-2-KPC, pEBSI036-3, and pEBSI036-4. The two carbapenemase genes,
blanpm-1 and blakpc-2, were located on plasmids pEBSI036-1-NDM-VIR and pEBSI036-2-
KPC, respectively. The IncFIB:IncHI1B hybrid plasmid pEBSI036-1-NDM-VIR also carried
some virulence factors, including regulator of the mucoid phenotype (rmpA), the regulator of
mucoid phenotype 2 (rmpA?2), and aerobactin (iucABCD, iutA). Thus, we set out this study to
analyse in-depth the genetic basis of pEBSI036-1-NDM-VIR and pEBSI036-2-KPC
plasmids. We reported for the first time a high-risk clone ST11 KL47 serotype of CR-HvKP
strain isolated from the blood of a 60-year-old hospitalised female patient from the ICU in a
tertiary-care hospital in Egypt, which showed the cohabitation of a novel hybrid plasmid co-
harbouring the blanpm-1 and virulence genes, besides a blakpc-2-carrying plasmid.
IMPORTANCE

CRKP had been registered in the critical priority tier by the World Health Organization

and became a significant menace to public health. Therefore, we set out this study to analyse
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in-depth the genetic basis of pPEBSI036-1-NDM-VIR and pEBSI036-2-KPC plasmids.
Herein, we reported for the first time (to the best of our knowledge) a high-risk clone ST11
KL47 serotype of CR-HVKP strain isolated from the blood of a 60-year-old hospitalised
female patient in a tertiary-care hospital from the ICU in Egypt, which showed the
cohabitation of a novel hybrid plasmid co-harbouring the blanpwm-1 and virulence genes,
besides a blakpc-2-carrying plasmid. Herein, the high rate of CRKP might be due to the
continuous usage of carbapenems as empirical therapy, besides the failure to implement an
antibiotic stewardship program in Egyptian hospitals. Thus, this study serves to alert the
contagious disease clinicians to the presence of hypervirulence in CRKP isolates in Egyptian

hospitals.

KEYWORDS, Klebsiella pneumoniae, NDM-1, KPC-2, Hybrid plasmid, Virulent plasmid,

Egypt
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101

102 Several studies have reported the emergence of carbapenem-resistant K. pneumoniae

103  (CRKP) isolates in Egyptian hospitals (1-4); however, to the best of our knowledge, the

104  genetic basis and the analysis of the plasmids associated with CR-hypervirulent-KP (CR-

105  HvKP) in Egypt are not presented. Therefore, we sought to analyse in-depth the genetic basis
106  of pEBSI036-1-NDM-VIR (a novel hybrid plasmid harbouring blanpm-1 and virulence genes)
107 and pEBSI036-2-KPC plasmids (a blakrc-2-carrying plasmid) which identified from a clinical
108 K. pneumoniae strain in Egypt.

109

110 A total of 34 nonduplicate K. pneumoniae isolates were recovered from the blood of

111 hospitalised patients in two tertiary care hospitals, namely; El-Demerdash hospital (Cairo,
112 Egypt) and National Cancer Institute (Cairo, Egypt) in the period between June 2017 and

113 March 2018 as a part of a study for the monitoring of antimicrobial resistance. Our isolates
114  were selected based on their clinical characteristics, where all of them were primarily

115  identified by VITEK®2 and MALDI-TOF MS as K. pneumoniae causing bloodstream

116  infections (BSIs), among which 31 were confirmed phenotypically and genotypically as

117  CRKP isolates. Overall, the CRKP isolates were isolated from the blood of 55.9% (19/34)
118  female and 44.1% (15/34) male hospitalised patients, aged from 9 days to 75yr. Minimum
119  inhibitory concentrations of all the 34 isolates were determined for 17 antibiotics using the
120  agar microdilution method according to (CLSI) (5), excepted for tigecycline and colistin

121 using the broth microdilution method according to EUCAST (6). Out of 34 isolates, 91.2%
122 (31/34) were resistant to ertapenem, whereas, 73.5% (25/34) and 61.8% (21/34) were

123 resistant to imipenem and meropenem, respectively. However, all isolates were susceptible to
124 colistin.

125
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126 All the isolates were assessed by whole-genome sequencing (WGS) using an Illumina

127  HiSeq 2000 platform. /n silico Multi-locus sequence typing showed that our isolates belong
128  to 13 different Sequence Types (STs). The most prevalent ST was ST101 (13/34, 38.2%),

129  followed by ST383 (5/34, 14.7%). One isolate EBSI036 belongs to ST11, where, ST11 is the
130  dominant ST clone responsible for the prevalence of CRKP worldwide and is considered as
131  an emerging high-risk clone (1, 7-9). According to the clinical data, the K. pneumoniae strain
132 EBSI036 was isolated from the blood of a 60-year-old female patient two days after

133 admission to the gastroenterology department of El-Demerdash hospital with symptoms of
134  pneumonia, diarrhoea, and fever. The patient’s symptoms improved following the

135  administration of intravenous ceftriaxone and colistin, and she was discharged from the

136  hospital eight days post-hospitalization. Of note, this strain co-harbours two carbapenemase
137  genes, blanpm-1 and blaxpc-2. Besides, blasuv-11, 0gxB, ogxA, and fosA6, were identified in
138  EBSI036 chromosome. The plasmid-associated virulence determinants rmpA/rmpA2,

139  iucABCD, and iut4 in EBSI036 were predicted using the Virulence Factor Database (VFDB;

140  http://www.mgc.ac.cn/VFs/main.htm). EBSI036 was determined as KLL47 capsular serotype

141 by using Kaptive software (https://github.com/katholt/Kaptive). The serotype K47 was the
142 most reported type among CRKP infections in Asia (10-12). The virulence level of EBSI036
143 was confirmed using the Galleria mellonella larvae model as previously described (Figure
144 S1) (10, 13). These results revealed that EBSI036 is a CR-hvKP strain.

145

146 As the EBSI036 co-harbours two carbapenem genes besides the plasmid-mediated

147  virulence genes, we have further analyzed the characteristics of the related fully sequenced
148  plasmids using a long-read MinlON sequencer (Oxford Nanopore Technologies, Oxford,

149  UK). Genomic analysis showed that EBSI036 included a 5,513,124 bp chromosome and four

150  plasmids, namely; pEBSI036-1-NDM-VIR (347 365 bp), pEBSI1036-2-KPC (129 869bp),
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151 pEBSI036-3 (10 060bp), and pEBSI036-4 (5 596bp) (Table S1). Twenty antimicrobial

152 resistance genes, including six B-lactamases-encoding genes, were identified in EBSI036
153  using ABRicate version 0.5 (https://github.com/tseemann/abricate) by aligning genome

154  sequences to the ResFinder database. The two carbapenemase genes, blanom-1 and blaxpc-2,
155  were located on plasmids pEBSI036-1-NDM-VIR and pEBSI036-2-KPC, respectively.

156

157 Hybrid plasmids that harbour resistance and virulence genes in a single genetic

158  environment have been reported recently in various K. pneumoniae isolates, including the
159  high-risk clones ST23 and ST11 (14-16). Herein, the largest pEBSI036-1-NDM-VIR plasmid
160  belongs to IncFIB: IncHI1B hybrid plasmid. BLASTn showed that pEBSI036-1-NDM-VIR
161  shared >99% identity with plasmid pKpvST383L (CP034201.2), pKpvST147B_virulence
162 (CP040726.1), and p51015_NDM 1 (CP050380.1) with query coverages of 97%-99%

163  (Figure S2). The backbone region of pEBSI036-1-NDM-VIR almost covered the complete
164  sequence of the MDR plasmid pKpvST101 5 with a length of 210 661 bp (CP031372.2)
165  (Figure 1). Most of the remaining sequences (~130 kb) of pEBSI036-1-NDM-VIR were

166  similar to the virulence plasmid pJX6-1 with a length of 228,974 bp (CP064230.1) (Figure 1).
167

168 A ~38 kb MDR region in pEBSI036-1-NDM-VIR harboured carbapenemase-encoding
169  gene blanpm-1 and another eight resistance genes mph(A4), sull, dfrA5, aph(3')-la, armA,

170  msr(E), mph(E), and gnrS. A truncated transposons ATnA4s/ (Tn3 family, 6694 bp) and IS26
171  elements (IS6 family, 820 bp) were located upstream of mph(A). The mph(A) gene and the
172 downstream complete IS6/00 sequence (Family IS6, 880bp) were separated by two ORFs.
173 sull and dfrA5 were surrounded by IS4321 (Family IS770, 1327bp), ATnAs3 (Tn3 family,
174 18375 bp), and IS26 elements. This fragment with 15448 bp containing the above resistance

175  genes was similar to plasmid pKpvST383L (Figure 1). The aph(3')-1a gene was flanked by
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176  1S26 elements, a similar structure was also found downstream of the resistance region in

177 pKpvST383L. A segment [S26-armA-1S26-msr(E)-mph(E)-ORF-ORF-1S26-ATn2 in

178  pEBSI036-1-NDM-VIR was also found to be identical to the sequence in pKpvST383L with
179  areversion order. Besides, the blanpm-1 and gnrS genes were on either side of this fragment,
180  while they were absent in pKpvST383L. By comparing the complete sequences of

181  pEBSI036-1-NDM-VIR and pKpvST383L, it was found that pKpvST383L had another

182  resistance region (26,683 bp) carrying blanpm-s and blaoxa-9. Compared with plasmid

183  p51015 NDM 1, the resistance region of plasmid pEBSI036-1-NDM-VIR lacked the

184  aph(3')-VI and sul2 genes (Figure 1). It is worth noting that in pEBSI036-1-NDM-VIR, the
185  multidrug-resistant region contained six IS26 elements and other transposon elements. Some
186  studies demonstrated that the resistance loci containing IS26 can be hotspots for the capture
187  of further resistance genes to constitute a novel multi-drug resistant region (17).

188 A group of virulence genes was detected in pEBSI036-1-NDM-VIR; rmpA and rmpA2,
189  which are commonly attributed to the hypermucoviscous phenotype of K. pneumoniae and
190  the iucABCD and iutA, associating with virulence, with increased colonisation and infection
191  producing capabilities (18). The ~39 kb region harbouring virulence genes exhibited high
192 similarity (99.9% identity and 98% query coverage) with pKpvST383L,

193  pKpvST147B_virulence, and p51015 NDM 1 (Figure 1).

194

195 The pEBSI036-2-KPC plasmid was determined to be an IncR: IncFII-type plasmid.

196  Comparative analysis showed that pEBSI036-2-KPC had 98%-99% query coverages and
197  99.9% nucleotide identity with the following plasmids, pKP19-2029-KPC2 (CP047161.1),
198  p69-2 (CP025458.1), and pl6HN-263 KPC (CP045264.1). The pEBSI036-2-KPC plasmid
199  carried carbapenemase-encoding gene blaxrc-2 and three B-lactamases-encoding genes;

200  blactx-m-65, blatem-1B, and blasuv-12. The pEBSI036-2-KPC plasmid had additional resistance
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201 genes; catA2, fosA3, and rm¢B. These resistance genes were located in two main resistance
202 regions (Figure 2). The blakrc-2 and blasuv-12 genes were separated by sequence ATnA4s/-

203 IS26-ATn3-ISKpn27, and ISKpn6 was located downstream of blakrc-2. The downstream of
204  blakrc-2 contained a mer operon responsible for mercuric resistance and transposons elements
205  (ATnAsI-1S26-ATnAs3). This segment carrying blakec-2, blasuv-12, and a mer operon, was
206  highly similar to other plasmids such as pKP1034 (19). There was another MDR region (15
207 254 bp) that consisted of blactx-m-¢s, fosA3, blatem-18, and rmtB genes, and five IS26

208  fragments (Figure 2). The basic structure of pEBSI036-2-KPC is similar to plasmid

209 pKPC2 040035 (CP028796.1) (99.98% identity and 88% query coverage), except for two
210  regions. One 10,379-10,795 locus carried fosA3, which was flanked by IS26. The other

211 region contained AISCfr3-ISKpn26-1S26-catA2-1S26-1S5075-ATn3-1S26 structure with a

212 length of 15,042bp, which was the same as plasmid p3 L1382 (CP033962.1) with 100% query
213 coverage and 99.99% nucleotide identity (Figure 2). Both fosA43 and cat42 were flanked by
214 IS26 as previously reported (19, 20). That evidence emphasizes the role of insertion elements

215  such as IS26 in insertion and deletion of resistance genes again.

216 In conclusion, to the best of our knowledge, this is the first report of a high-risk clone

217  ST11-KL47 of CR-HVKP strain isolated from the blood of a patient from the ICU in Egypt,
218  co-harbouring two plasmids, one is a novel hybrid plasmid harbouring the carbapenemase
219  gene blanpbm-1 and virulence genes, and the other is a blakpc-2-carrying plasmid. Further

220  countrywide surveillance studies are needed to elucidate the rate of prevalence of this high-
221 risk clone in Egypt and its burden on hospital-acquired infections.

222

223 Accession numbers. The sequences of the plasmids pEBSI036-1-NDM-VIR and pEBSI036-
224  2-KPC were deposited in GenBank with accession numbers MT648512 and MT648513.

225
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320 Figure Legends

321 FIG 1 Structure analysis of pEBSI036-1-NDM-VIR. Major structural features of plasmid
322 pEBSI036-1-NDM-VIR were compared with plasmids pKpvST101 5 (GenBank accession
323 number CP031372.2) and pJX6-1 (GenBank accession number CP064230.1). The

324  comparative schematic diagram of resistance region and virulence region in plasmids

325 pEBSI036-1-NDM-VIR, pKpvST383L (GenBank accession number CP034201.2),

326  pKpvST147B_virulence (GenBank accession number CP040726.1) and p51015 NDM 1
327  (GenBank accession number CP050380.1) were shown respectively. Grey shading indicates
328  shared regions with a high degree of homology. Red and purple represent the antibiotic

329  resistance and virulence genes, respectively, and yellow is the insertion sequences and

330 transposons.

331

332 FIG 2 Sequence alignment analysis among plasmids pEBSI1036-2-KPC, pKPC2 040035
333  (GenBank accession number CP028796.1) and p3_L382 (GenBank accession number

334  CP033962.1). Red and green represent the antibiotic resistance and heavy metal resistance
335  genes, respectively. And yellow is the insertion sequences and transposons.

336

337

338  Supplementary Materials

339  Table S1 Overall features of the K. pneumoniae EBSI036 genome

340 Table S2 Putative virulence genes detected on the K. pneumoniae EBSI036 chromosome
341  FIG S1 Virulence potential of K. pneumoniae strain EBSI036 as depicted in a Galleria
342 mellonella infection model with an inoculum of 1 x 10* CFU.

343  FIG S2 Sequence alignment analysis among plasmids pEBSI036-1-NDM-VIR and

344  pKpvST383L (GenBank accession number CP034201.2), pKpvST147B_virulence (GenBank
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345 accession number CP040726.1) and p51015 NDM 1 (GenBank accession number
346  CP050380.1).

347

15


https://doi.org/10.1101/2021.02.26.433140

I\ |
I \ |
~ \ |
]
& LN _
o |
\
_ \ M _ B
_ \ = -
_ = I
9zSI ydu | N\ =
m | =\ = |
| 4 _
E0SASI ydu | M m I
~ ams uﬂ _ e = |
gest e L0§ST pdury _ = = |
- 1 9zSIydu | \ = _
Grudys| ydur | = \ S=
P =
921 dus * | = m |
b or-( g0 B o 620ASI s = I
9zSI s QT 17 | = _ i
¥ 3 - W4E° i
_ =
cuLyduy . eosAST ydur £osqSI pdur ()ydu _ M _
9zSI ydur | 4
ams * Gt - | // I
LogsIvduy SL0§STyduy 9zst v Ig = = |
(@ydu 97SI ydu 9zSI ydur - _ / |
zuL pduy I \ it
()4sut i w pudip. v _ W - _
szomST ydus 6224S1 pdul 6224SIT ydul f3 m_\wﬂw _ | = / W | qon
yuLw * (s (s N | — | = | Dont
9¢SI ydur 61udyST ydu = | gont
ondss ydury (@)yduu (@Hdu | = I
TS_QZQ\Q — = yont
_ 14-(&)ydv | = m |
orS pdut 9zSI v ccIvqysi ydu | = = |
& . - —| / _
9zSI ydus ZuL pdury cuL pduy ZndgS| ydu _ m \ “ | 0£9SIV ydu
I-(,€)ydp A'r -
gzsi vdu 1 9zSI ydur .._ 92SI v ” 1NaNpyq | M W “
£spulpduy £spul ydury esyuL yduy _ |M| W _
svilp Svip Sv4p | = =
1ms 1ms s 9zSI ydur X I M \W |
_ . _ sspulyduy = ‘, (= |
12641 pdur 12€#ST ydu 12€#SI ydu crap | m . =
| = I
£ & 8 5 F - |
001981yt 0019 ydia 0019ST s 128#S1 ydur “ M \ W | arsryday
‘ ===
/ I
| 4 Z
() M ()ydu M () M 001981 e | == “
9zsI ydur 1 9zSI ydus 5 9zSI ydur | e |
_ — _ pduit
1syul” ydus [SyuL” pdus [SyuL pdu (v)ydu | M I
9zSI v | W | ~
4*1 m _ VISI ydu
971 ydur | =
. _ = _
]
[SpuL pduy _ i“ln. _
—|
| = -
| m | wrzersryan w m
Iy | _ 2 |
| = | I
£ _ \ = \ _
on
£ | \ I
m m / & \ | m
2 > “ / W \ | g2 p
7] =] —
‘2 =) i / a ) 2 _
£ A 28 g2 22 11 = - e\ | f g 23 Bz 32
o T 9 - <o S = = Q =a O\ ] O = xS — Z @
£ © S Q Z |/ = S I I3 T *
] S48 =9 25 -3 Q S35 Es o\ | £ Sz g9 %S w'8
P — s — —
E o &S 5E sg 11 32 22 23 \| £ ZE i ZE sg
= e 29 ad 2g Il %5 8BS 25 0\ ° e £ Ed &l
=


https://doi.org/10.1101/2021.02.26.433140

2k
13 $ 9 > S % B o p
$ 5 2 2 z "‘5 S E 1 _ —
~Sol e I © o~ © S - g 8 & b S
Z’F@%# 2 2 BLBE == 2 2] o 258 o« % i 4 5 g S
sl 5 | Sl o | 3 = { z < % 20X b I X 5 o ] Q
FE1if Iy L&:iwie 3 3 § £ IEFEL S % g i g 5 s 5 © © S ©
£58ss § £% S£55% £s5% = S = £ & s = s s = 3 19} %) S I = 2 I}
55852 ¢ £& §3§F3 §3% &1 s < 3 §385=5 3 < g 3 = 2 z 2 & 4 £ 2
| | I~ | I I I
= < T Y X 3 X I
B R L I T A Rl §FOF OB¥E R R OGB
’ N
. 5 ~ L7 p3 L382
~ - - » -
\
% ne S Fid (CP033962.1)
LY 4 ~ /’
\\ ’ \\ ,’
i ’, e .
Y z g &

pEBSI036-2-KPC

(MT648513) iy IN AV A ANIRAN LA A A AN A AVANAN A A8 AN L AR I il AR AL AAAL AN AL AR AV A I ’«"H'«.» MI

N
\

\ 0%
PKECZ 010035 ML/ AN A LML 4L (NS SN MUY A ANA AN ALY /LALLM I A UMAMALL AN AL AN AR WA MWW LI A I
(CP028796.1) WNidiani | i 40 70%


https://doi.org/10.1101/2021.02.26.433140

