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Obijective: To understand the prevalence and transmission of carbapenem-resistant Klebsiella
pneumoniae (CRKP) in ICU patients in Zhejiang Province, China, and determined the genetic
and phenotypic characteristics of these CRKP strains.

Materials and Methods: A total of 202 ICU patients from eight tertiary hospitals were
recruited and 55 non-duplicate CRKP strains were collected during July and August in 2017.
These strains were subjected to determination of MICs, carriage of carbapenemase genes and
tet(A) variants, PFGE, MLST and virulence potential using G. mellonella larvae infection
model.

Results: A total of 55 CRKP strains were recovered from 42 patients, representing a carriage
rate of 20.8%. CRKP strains were recovered from both the intestinal and respiratory tract of 13
patients. Importantly, strains isolated from sputum and fecal samples often displayed identical
PFGE profiles, suggesting that CRKP may also colonize the respiratory tract. The most dominant
ST type of these CRKP strains was ST11, accounting for 78% (43/55) of the test strains. The
majority of CRKP strains were resistant to multiple antibiotics, with the exception of tigecycline
and ceftazidime/avibactam. Interestingly, 32 strains were found to harbor the tet(4) variant, which
is known to confer reduced tigecycline susceptibility. Assessment of the virulence potential of
these CRKP strains by string test showed that results were negative for 53 of the 55 test strains.
However, further assessment of virulence potential using a G. mellonella larvae infection model
showed that CRKP isolated from sputum consistently exhibited a higher virulence level than
strains recovered from fecal samples.

Conclusion: CRKP is highly prevalent in ICU patients in Zhejiang Province with strains
isolated from respiratory exhibiting higher virulence potential than those from GI tract. These
data provide essential insight into development of new infection control measures to halt the
transmission of CRKP in clinical settings.

Keywords: carbapenem-resistant Klebsiella pneumoniae, surveillance, sputum, feces, ICU,

resistance, virulence

Introduction

Carbapenems are considered antimicrobial agents of the last resort, especially in cases
where extended-spectrum [-lactamase—producing organisms were involved. In 1996,
Klebsiella pneumoniae carbapenemases (KPCs) were first identified in the USA,! further
limiting the therapeutic options that remained (colistin, tigecycline, or aminoglycosides)
-bearing K.

and causing infections that may result in significant mortality.* To date, bla, . ,

pneumoniae strains have emerged worldwide and become a major public health threat.?
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In China, the first KPC-positive, carbapenem-resistant K.
pneumoniae isolate was recovered from a 75-year-old inten-
sive care unit (ICU) patient in Zhejiang Province in 2004.*
Thereafter, KPC-2 has become the most common carbapen-
emase detectable in China, especially in Zhejiang Province.’
One dominant genotype of KPC-2-producing K. pneumoniae
(KPC-2-KP) strains in China is ST11, which is closely related
to ST258.¢ KPC-2-KP strains readily spread via physical
contact as well as contaminated food and water and have the
propensity to acquire genetic materials, mostly in the form of
plasmids and transposons, through horizontal gene transfer.”
Recently, several reports indicated that intestinal carriage of
KPC-2-KP plays an important role in transmission of this
organism.'“!"" K. pneumoniae is a ubiquitous colonizer of the
human intestinal tract,'> which may serve as a reservoir from
which KPC-2-KP strains are disseminated in health care set-
tings. To date, intestinal colonization with KPC-2-KP is known
to be increasingly common among hospitalized patients. In
addition, several reports have shown that the use of ventilator
in hospitalized patients, in particular in ICU, plays an important
role in transmission of CRKP in hospitals. In this work, we
performed a cross-sectional surveillance of CRKP isolated
from fecal and sputum samples of patients in ICUs and char-
acterized their resistance and virulence potential. Findings of
this study shall provide insight into the current prevalence rate
and features of transmission of CRKP in hospitals in China, as
well as development of intervention strategies.

Materials and methods

Research design

We first assessed the prevalence of CRKP in patients in ICUs of
eight hospitals located in different regions of Zhejiang Province,
China, during July and August 2017. Sputum and fecal samples
were obtained from each patient in the ICU of each hospital and
subjected to isolation of K. pneumoniae. The K. pneumoniae
strains were isolated according to standard clinical procedures;
species identity of the strains was confirmed by MALDI-TOF
MS (Bruker Microflex LT; Bruker Daltonik GmbH, Bremen,
Germany). Besides, this study was reviewed and approved by
the Second Affiliated Hospital of Zhejiang University Ethics
Committee with a waiver of informed consent. The reason for
the support of waiver of patient consent for this study is because
that this study only focuses on characterization of the bacterial
strains and no information on the patients was used.

Antimicrobial susceptibility tests and phenotypic and
genotypic characterization

Antimicrobial susceptibilities were performed by the
micro-broth dilution method on all carbapenem-resistant

K. pneumoniae (CRKP) isolates according to Clinical and
Laboratory Standards Institute (CLSI) guidelines.!* The
minimum inhibitory concentrations (MICs) of antimicrobial
agents imipenem, meropenem, ertapenem, cefmetazole,
ceftazidime, cefotaxime, cefepime, piperacillin/tazobactam,
cefoperazone/sulbactam, ceftazidime/avibactam, tigecycline,
ciprofloxacin, amikacin, and aztreonam against CRKP
were interpreted according to CLSI breakpoints except
for polymyxin B and tigecycline, which were interpreted
according to the European Committee on Antimicrobial
Susceptibility Testing criteria (available at http://www.cucast.

org/clinical breakpoints/).

PCR assays were used to assess the carriage rate of
KPC? blaNDM’ bla
),!+1> B-lactamase genes (bla

carbapenemase-encoding genes (bla
blaIMP’ and blaOXA»48-like CTX-M’
bla_,,,, and blag,)," and plasmid-mediated quinolone
resistance determinants (gnrd, gnrB, gnrS, qnrC, gnrD,
aac(6')-1b-cr, ogxA, ogxB, and gepA)'"*° in these CRKP
strains. PCR was also performed to screen for carriage of the

VIM?

tigecycline resistance determinant fet(4) according to pro-
cedures described in a previous report,? using the following
primers, 5-CGGCAGGCAGAGCAAGTAG-3’ (forward);
5’-ACGTGAAACCCAACAGACCC-3’ (reverse). The PCR
products were then analyzed by agarose gel electrophoresis
and sequencing. Pulsed-field gel electrophoresis (PFGE) and
multilocus sequence typing (MLST) were performed on all
CRKP isolates to investigate the scale of clonal dissemination
of the test strains as previously described.?!

Virulence assay

Expression of the hypermucoviscosity phenotype in the
CRKP strains was determined by the string test as previ-
ously described.?? For virulence testing, we employed the
Galleria mellonella model to further investigate toxicity.
Eight randomly selected insects weighing about 300 mg each
(purchased from Tianjin Huiyude Biotech Company, Tianjin,
China) were used for the assessment of the virulence level of
each isolate. Fresh K. pneumoniae strains were adjusted with
PBS to concentrations of 1x10® CFU/mL. The subsequent
infection assay was conducted as described previously,* fol-
lowed by recording of survival rate every 12 hours for 2 days.
All experiments were performed in duplicate and repeated
in the case of discrepancy. Unpaired f-test was performed
to analyze the differences between two groups using Prism
GraphPad (GraphPad Software, Inc., La Jolla, CA, USA).

Results
A total of 202 ICU patients in eight participating hospitals
were recruited for this study. One sputum sample and one
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fecal sample were collected from each of these 202 patients,
yielding a total of 404 samples for further analysis (Table 1). A
total of 132 K. pneumoniae strains were isolated from clinical
specimens of these patients, among which 51 were isolated
from sputum and 81 from fecal samples. Among these 132 K.
pneumoniae strains, 55 (41.7%) were found to be resistant to
carbapenems and designated as CRKP (30 from fecal and 25
from sputum samples). These 55 CRKP strains were isolated
from 42 of the 202 (20.8%) patients tested. The isolation
rate of CRKP in each hospital was significantly different,
with the highest rate being in YWC Hospital (YWCH) and
the lowest in Huzhou People’s Hospital and Hangzhou First
Hospital. Among these participating hospitals, there were
three hospitals with isolation rate approaching or exceeding
50%. The rate of recovery of CRKP in the eight hospitals
and carriage of specific carbapenemase genes are shown in
Table 1 and Figure 1.

Clonal relationship of CRKP strains

To investigate if CRKP strains were clonally transmitted
within a hospital or even among different hospitals, PFGE
(it was considered to be homologous when the similarity
was not less than 80%) and MLST analyses were performed,
with results showing that clonal transmission was often
observed in the same hospital, but not between different
hospitals (Figure 1). In some hospitals, such as YWCH
and HZSH, CRKP was found to belong to a single clone.
ST type analysis led to the identification of seven ST types
among the 55 CRKP isolates. The most dominant ST type
was ST11 (43/55), followed by ST15 (3/55) and ST2193
(2/55). One strain each of ST437,ST1916, ST290, and ST23
was also found. On the other hand, three strains were found
to belong to new ST types, with two isolates belonging

to the same clone. Seven CRKP strains isolated in TZFH
belonged to ST11 type.

Among the 42 patients who carried CRKP strains, 13 were
found to simultaneously harbor CRKP in their intestine and
respiratory tract. Strains isolated from different body sites
or specimen types of a patient often showed identical PFGE
profiles, suggesting that CRKP is readily transmitted between
different body sites. Although the PFGE patterns of some
strains recovered from sputum and fecal samples were not
identical, they nevertheless belonged to the same ST type.
However, there were also exceptions, for example, strains
CX 250 and CX 931, which were, respectively, isolated from
the respiratory and intestinal tract of the same patient, were
found to be genetically unrelated.

Antibiotic susceptibility and potential
mechanisms of resistance to important

antibiotics in CRKP strains

All CRKP strains were found to exhibit resistance to the
majority of antibiotics tested. Over 90% of the strains were
resistant to all B-lactams, piperacillin/tazobactam, cefo-
perazone/sulbactam, and ciprofloxacin. Nevertheless, all
except two strains remained susceptible to tigecycline and
ceftazidime/avibactam (Table 2). Difference in drug sus-
ceptibility profiles was not observed among strains isolated
from sputum and fecal samples. An interesting observation
is that tigecycline susceptibility was reduced in some strains,
with MIC being >0.5 pg/mL. It was previously reported that
anovel tet(4) variant located in a conjugative plasmid could
mediate reduced tigecycline susceptibility in CRKP. Among
the 55 CRKP isolates tested, we found that 32 strains car-
ried the tet(4) variant, including two which harbored a new
tet(4) variant, accounting for 58.2% of the test isolates. Our

Table | Information regarding ICU patients and CRKP strains recruited for this study

Hospitals No. of No. of Positive No. of Positive No. of Positive No. Positive

patients patients rate (%) CRKP rate (%) fecal rate (%) sputum rate (%)
with CRKP strains CRKP CRKP

ZJPPH 41 14 34.1 16 57.1 9 52.9 7 63.6

CXPH 8 2 25 3 429 2 40 | 50

HZPH 16 2 12.5 2 222 2 333 0 0

HZSH 41 8 19.5 12 50 5 333 7 778

SAHZJU 30 4 13.3 6 333 2 25 4 40

WYCH 14 5 357 7 100 4 100 3 100

HZFH 20 2 10 2 222 | 16.7 | 333

TZFH 32 5 15.6 7 233 5 25 2 20

Total 202 42 20.8 55 41.7 30 37.0 25 49.0

Abbreviations: CRKP, carbapenem-resistant Klebsiella pneumoniae; CXPH, Cixi People’s Hospital; HZFH, Hangzhou First Hospital; HZPH, Huzhou People’s Hospital;
HZSH, Hangzhou Second Hospital; ICU, intensive care unit; SAHZJU; Second Affiliated Hospital of Zhejiang University; TZFH, Taizhou First Hospital; YWCH, YWC

Hospital; ZJPPH, Zhejiang Provincial People’s Hospital.
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0%  10% 20% 30% 40% 50% 60% 70% 80%  90%  100% Hospitals Patients Sources variants B-lactamase genes
ZR-A8 SAHZJU 33  Sputum 2193 + blaypc_p: blacry.m-e5
ZR-A16 SAHZJU 34  Sputum 2193 blapc.o
ZR-A9 SAHZJU 35  Sputum 11 blapc.o blacrym-es
ZR-B9 SAHZJU 35 Feces " blaypc .o, blactx.m-es
SR-17 HZSH 25 Feces 11 + blaypc.o, blacrx.m.es
SR22 HZSH 32 Sputum 11 +  blagpe. blacryy.es

SR-803-1 HZSH 27 Feces 11 + blaypc.o, blacrx.m.es5
SR-803-2 HZSH 57  Seutum 11 + blaype.
SR-803-3 HZSH 26 Feces 11 + blaypc.o, blactx.m.es
SR-803-4 HZSH 29 Sputum 11 + blaypc .o, blactx.m-6s
SR-826-4 HZSH 29 Sputum 11 + blaypc.o, blactx.m.es5
SR-826-5 HZSH 25 Feces " + blaypc.o, blacty.m.e5
SR-18 HZSH 24 Sputum 11 + blaypc.o, blactx.m.es
SR-14 HZSH 3 Sputum 11 +  blakpc.p blacTxm-es
SR-40 HZSH 0  sputum 11 +  blagpc. blacTymes
ZR-A18 SAHZJU 32 Sputum New blaype. o blactxm.ss
ZRAM8 SAHZJU 32 Feces New blaype.o blacrs.es
SRe814-4 HZSH 31 Feces New blaypc.»
SR M-76 ZJPPH 14 Feces 15 blaypc.n
SRM-73 ZJPPH 5 Feces 15 blaypc.o. blacty.m.e5
SRNI-53 ZJPPH 1 Sputum 15 blaypc.o
HZ-7 HZPH 36 Feces 23 blaypc.o
SRM-18 ZJPPH 8 Sputum 11 + blaypc.o, blacTy.m.es
SRM-1 ZJPPH 1 Feces 1 + blaypc.o, blacty.m.e5
SRNI-74 ZJPPH 0 Feces 1" + blaypc.o, blacTy.m.es
SRM-41 ZJPPH 4 Sputum 11 + blagpc.o. blacTxm-es
SR N1-75 ZJPPH 2 Feces 11 +  blagpc. blacTymes
SRM-46 zJPPH €& Sputum 11 +  blapc.y blacryes
SRM-39 ZPPH 3 sputum 11 +  blagpe. blacryaes
SRM-67 ZPPH | Feces 11 * blagpe.y blagryy.os
CX-931 CXPH 126 Sputum 11 + blaypc.»
SRNI-66 ZJPPH 13 Feces " + blaypc.o, blacty.m.es5
CX-250 CXPH 16 Feces 11 blaypc.p, blacrx.m.es5
CX-3-2 CXPH 15 Feces 1 blaypc.o, blacry.m.e5
SRNI-16 ZJPPH 10 Sputum 11 blaypc.p, blactx.m.es5
SRM-21 ZJPPH 1 Sputum 11 + blaypc.o, blacty.m.e5
SRNI-8 ZJPPH 1 Feces 1916 blaypc.o, blactx.m.es
SRM-7 ZJPPH 9 Feces 437 blaypc.o, blacry.m.e5
w-8 YWCH 12 Feces 290 blagpe.o
| W-3-1 YWCH 19 Sputum 11 + blaypc.o
WA ywcH 20 sputum 11 +  blagpe. blacryaes
Vw14 YWCH 12 Feces 11 +  blagpe.y blagryy.cs
YVV-21 YWCH 21 Sputum 11 + blaypc.p, blacrx.m.es5
YW-22 YWCH 21 Feces 11 + blaypc.o, blacry.m.e5
VW-6 YWCH 17 Feces 11 + blaypc.p, blactx.m.es5
SV-17 HZFH 22 Feces 1 + blaypc.o, blacry.m.es5
SY-40 HZFH 23  Sputum 11 + blaypc.p, blactx.m.es5
12152 HZPH 37 Feces 11 blaypc.o

Figure | Characteristics of CRKP strains isolated from patients in ICUs of various hospitals in Zhejiang Province, China.
Abbreviations: CRKP, carbapenem-resistant Klebsiella pneumoniae; CXPH, Cixi People’s Hospital; HZFH, Hangzhou First Hospital; HZPH, Huzhou People’s Hospital;
HZSH, Hangzhou Second Hospital; ICU, intensive care unit; SAHZJU; Second Affiliated Hospital of Zhejiang University; TZFH, Taizhou First Hospital; YWCH, YWC

Hospital; ZJPPH, Zhejiang Provincial People’s Hospital.

data showed that the amino acid sequence of the new tet(4)
variant exhibited 90% homology to the conventional fet(4)
variant. As shown in Figure 2, the MIC values of strains
harboring tet(4) variant were mostly 1 and 2 ng/mL (27/32;
84.4%), whereas the MIC values of strains without tet(4)
variant were all <0.25 pg/mL (15/23; 65.2%). Interestingly,

all CRKP isolates harboring the fet(4) variant were found to
harbor gnrS1 gene.

Virulence-associated features
All CRKP strains were subjected to string test to determine
their virulence level, with results showing that 53 of the 55

I 4 submit your manuscript

Dove

Infection and Drug Resistance 2019:12


www.dovepress.com
www.dovepress.com

Dove

Prevalence and phenotypic characterization of CRKP in ICU patients

~ - o I~ ? tet(A) variant (+)
3/8883m888%8 'EEIE i
2222822232003 3K|F tet(A) variant (-)
g
kel 20
o ) g
° = $ d [Ty
flooco2bdoooo0oXocooo Y
£ 15
m ™ ~ NN 19
0 ™ m 0o 09 m|g
» o ) o~ Y S v VW Mo =
RS WicoomooooocoN—=—mam|N 8
I ad
2 T 10
5|8 o 3 s
2l |e S g z
Slelo X = o}
~Q 0 0 0 0 0 O O @ oo | .2
Sl T SRR SIS O < g o o|a 5
2 § ZISAAAARAAANANTFT A A AR|G
'_
| * —
c|® © g
e} .E ~ -
El2(2 S g 0
£l 3|0 © O O n ® ®| 0o
sl2lFleazss sy R St SV > B B O <0.25 0.50 1.00 2.00
(9} - m O 0V 0V OV A A AN—= AVIO A AN AN|o .. T .
o X Minimum inhibitory concentration (ug/mL)
k=]
O
*3 o o o o o o S ;aEJ Figure 2 Tigecycline susceptibility of CRKP strains with or without the tet(A) variant.
9 éo S S O ®ww S S O 8 © © 3 5 Abbreviation: CRKP, carbapenem-resistant Klebsiella pneumoniae.
s - - —®©®o0o — — — o — oo o © — 5
[~
) g
o 8 N
Y ; <
o Blooovrroooocoo®oooo o
- L g . . . .
& - ° §£  strains were negative for the test. These strains were subjected
b S o o o . . .
= 32 8 ¥8¢ad& £ &  to further assessment of virulence potential using a G. mel-
o a NG lonella larvae infection model, using an inoculum of 1x10°
el © =P . .
£|E o < & © %  CFU/mL. Importantly, the virulence level of CRKP isolated
o |y © 0 0 o 3 3 ] . . .
S|g| 838333838+ 3 o & 8| ¢ 5§ fromrespiratory tract was found to be consistently higher than
~[C[E|[SAANAANNAANTFT Aw AAR|ES . . . .
S5l 3 that of strains recovered from the intestinal tract, which was
=3 -] a = . . . L . .
£ ®lo Q o &  basically consistent with the distribution of virulence genes
ol .= <+ = o
0 ‘alwm = - U= . . . .
118, 2R 8338, 3 R8s (Figure 1). As shown in Figure 3, it was clear that the death
- - = ~ -~ c = . .
£ EES-A=AANAAI A== ANATR % & rate caused by strains isolated from sputum samples had
& £¢ 0 ; ;
< clecorvoso o — o |3l exceeded 10% by 12 hours, almost twice the mortality caused
9 gleeegxess 2 o ¥ ©| 8 . . . .. .
& ~™ © o ® ~ o |d Y Dby stool specimens. Likewise, a similar trend in death rate
0 ¥ 9
“ _ £ £ was observed at the subsequent 24 and 36 hours. Of course,
c o ) : &< . . . .
s LloocoNumoooooloooolf é not all strains from different hospitals had shown consistent
b 3° S . . . . .
o © - o o~ i £ virulence. In one hospital (HZSH), however, intestinal strains
S 32 i ; 832 w|EE o .
S WoocomnooooloR22Q4:= Eg were found to exhibit a higher level of virulence.
€ |@ 82
S |w 2 X
Q|1 © g
S| e ~ & £ o o
alElg xS 2 s Discussion
N o = = E c
182,838 388 8,3 2 8818 & This study provides important information regarding the
E[E[ZE[P A A AANANANANT At e AANRN|EE y p p g g
2|8 A £ current status of prevalence and transmission kinetics of
HE = © <Lz . . . .. . . .
g 2le <+ & U €  CRKP in hospital ICUs in Zhejiang Province, China. First,
el e ® o B B © | E o . .
g |.£ % + 8928588 x 33 2 egg ourdatashowed that the prevalence of CRKP in ICU patients
5|3 N A ANAN= AV — AANAIZS . . . .
&y & 2z  varied wildly between different hospitals, probably reflect-
S |5 e g e . . .
g ‘5 « 24 z £ ing variation in effectiveness of infection control measures.
0 9 F <5 . . .
5|8 FURFUIRN Y =0 Second, the isolation rate of CRKP was found to be higher
I @ o XN XA ~ o | &Y
Fll Y LQAZIIIT I LI T8 S .
=[alwR AT s aIR Tuw 27 2|25  insputum than fecal samples, which is alarming as fecal
D18 &7 AL AN 1232242813355 )
S22+ b2 4+ SITRICSAAVT VS § carriage of CRKP is supposed to be much more common
Q <
2 o @ . than other sites of human body. The high carriage of CRKP
n |5 oK . . .
~ |38 g “EJ in sputum of ICU patients might be due to the use of ven-
o |8 > 8 . . . .
Q1|5 = N N > U v
3 3 o ety E Sl Z & Bey 55 tilator, which has been reported to be a major risk factor of
- =+ u FoUwae PO L<Ig3 CRKP infections in ICU. Among these CRKP strains, car-
Infection and Drug Resistance 2019:12 submit your manuscript 15

Dove


www.dovepress.com
www.dovepress.com

Shu et al

Dove

A

30

N
o

Death rate %

10

Sputum Feces

12 h post infection

80

60

40

Death rate %

20

Sputum Feces

24 h post infection

80

60

40

Death rate %

20

Sputum Feces

36 h post infection

Figure 3 Virulence potential of CRKP strains as determined by means of a Galleria
mellonella infection model.

Notes: G. mellonella was infected with 1x10* CFU of CRKP. The death rate of the
worms infected by CRKP strains recovered from sputum and feces was recorded at
12 hours (A), 24 hours (B) and 36 hours (C). *P<0.05; **P<0.01.

Abbreviation: CRKP, carbapenem-resistant Klebsiella pneumoniae.

riage of the bla gene seems to be the major contributor

KPC-2
of the carbapenem resistance phenotype. The finding that ST
11 was the most dominant type is consistent with previous
studies in China. Importantly, clonal spread in a hospital was

commonly observed, presumably due to ineffective infection

control measures. Fortunately, widespread dissemination of
specific strains between different hospitals has not occurred
at this stage.

Among the CRKP strains tested, resistance to colistin
has already reached 23%, a very high rate when compared
to previous reports. In fact, colistin has not been officially
used in China until the beginning of 2018. Instead, the drug
has been sporadically used for the treatment of patients who
purchased the drug from overseas. Since the use of colistin in
clinical settings in China is uncommon, the high prevalence
of colistin resistance in clinical CRKP strains is alarming,
and suggests that clinical CRKP strains readily develop into
colistin resistance. Upon the approval of use of colistin in
hospitals in China, the rate of colistin resistance in CRKP
is expected to increase further. In contrast, tigecycline has
been widely used to treat infections caused by CRKP, often in
combination with carbapenems. Yet resistance to tigecycline
remained low in CRKP, with all strains displaying suscepti-
bility to the drug. Interestingly, we found that a significant
shift of MIC of tigecycline to the reduced susceptibility
range in the test strains. Tigecycline resistance was reported
to be due to the overexpression of efflux pumps such as
AcrAB-TolC and OgxAB.>** A recent report showed that
that a fet(A4) variant gene could mediate tigecycline resistance
in CRKP? In the present study, the MIC50 and MIC90 of
tigecycline in these strains were found to be 1 and 2 pg/mL,
respectively. Further analysis showed that carriage of the
tet(4) variant in these strains contributed to an increase in
MIC of tigecycline. Consistently, Akiyama et al found that
the fet(4) variant could mediate a shift of tigecycline MIC
from 0.19 to 3 pg/mL.?” In our study, we observed that a few
strains carrying the tet(4) variant exhibited MIC as low as 0.5
pg/mL but the majority of strains exhibited MIC of 1-2 pg/
mL. We therefore hypothesize that the tet(4) variant might
be under strict regulation in these CRKP strains, so that a
small number of the variant genes do not efficiently encode
resistance to tigecycline. Further studies are needed to tract
the transmission of fet(4) variants among CRKP strains and
test how such gene is regulated in different host backgrounds.

Another important observation of this study is that we
showed that the rate of isolation of CRKP from sputum was
even higher than that of the gastrointestinal tract. Previous
studies focused more on the surveillance of CRKP in the GI
tract of patients, and the respiratory tract is not a common
site from which CRKP is isolated. Yet our data show that
carriage of CRKP in the airways of specific patients may be
areason why CRKP is commonly transmitted within an ICU.
Whether the transmission process involves ventilators, which
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are commonly used in ICU, needs to be determined. These
findings warrant the inclusion of sputum samples in screen-
ing of CRKP in ICU. More alarmingly, our data consistently
showed that CRKP strains isolated from sputum exhibited
significant higher virulence potential than those recovered
from feces, suggesting that strains from sputum may cause
more serious infections. The molecular basis of difference in
virulence of CRKP strains recovered from the respiratory and
GI tract needs to be investigated. Furthermore, these findings
also appear to suggest that strains of differential virulence
potential also exhibit difference in the ability in colonizing
different body sites. The genetic basis of such difference also
needs to be determined.
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