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INTRODUCTION

eview question / Objective Primary
R objective: To estimate the global prevalence

of CR-hvKP infection; To estimate the
mortality of CR-hvKP infection. Secondary
objective: To summarize the risk factors associated
with CR-hvKP infection; To summarize the current
treatment strategy and outcome of CR-hvKP
infection.Primary objectives: Systematically collect
susceptibility and drug resistance data for
Aspergillosis (specifically Aspergillus fumigatus,
Aspergillus flavus and Aspergillus niger) and
mucormycosis (specifically Rhizopus spp., Mucor
spp., and Rhizomucor spp.) against different types
of antifungal agents (specifically Isavuconazole,
Posaconazole, Amphotericin B, itraconazole,
voriconazole).
Secondary objectives: Susceptibility and drug
resistance data among different subgroups: 1.

Between environmental and clinical isolates; 2. In
different patient populations.

Background Klebsiella pneumoniae (KP) is a
common Gram-negative bacterium in clinical
practice, and its multiple resistance to antibiotics
and high virulence have become important clinical
issues. Multiple drug resistance (MDR) has led to
KP becoming the main pathogen of hospital
acquired infections, especially resistance to
carbapenems. Hypervirulent KP (hvKP) often leads
to life-threatening invasive infections, such as liver
abscess and endophthalmitis. Early research
suggests that high virulence and multidrug
resistance belong to different evolutionary
branches on the KP genome. Although hvKP
exhibits high virulence, it is rarely resistant to
commonly used antibiotics other than ampicillin.
Carbapenem antibiotics against
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extended-spectrum [-lactamase (ESBLs) and
cephalosporin enzymes (AmpC) have strong
stability and a wide antibacterial spectrum, making
them first-line drugs for the clinical treatment of
multidrug-resistant gram-negative bacteria.
However, with the widespread use of broad-
spectrum antibiotics and the spread of resistant
plasmids, the resistance rate of hvKP continues to
rise. In recent years, the carbapenem-resistant and
hypervirulent Klebsiella pneumoniae (CR-HVKP) as
a "super bacterium" has attracted global attention,
posing great challenges to clinical treatment.
Epidemiological investigation results show that
there are significant differences in the distribution
of different subtypes of carbapenem-resistant
Klebsiella pneumoniae (CRKP) worldwide.
Sequence type (ST) 11 clones aremainly seen in
studies from China and South America, ST258 is
mainly reported in the United States, ST512 is
mainly seen in ltaly and Greece, and ST147 is
mainly seen in India and Tunisia. Epidemiological
analysis of CR-hvKP in China shows that 80% of
CR-hvKP strains belong to the ST11 type that
produces KPC-2. ST11-CR-hvKP has high
transmission, resistance, and virulence, posing a
serious threat to human health. With the spread of
virulence and resistance genes, the cloning
background of strains presents

diversity. The reported sequence types (ST) of CR-
hvKP include ST11, ST14, ST23, ST25, ST36,
ST65, ST86, ST1797, ST43, ST231, ST147, ST15,
ST383, ST268, ST595, ST375, ST48, and ST307,
and the carbapenemases carried by them include
KPC-2, NDM (NDM-1, NDM-5, and NDM-7), IMP,
SIM, VIM (VIM-1 and VIM-2) and OXA-48 .
CR-hvKP has a strong ability to colonize the
intestine, which poses a high risk of transmission
and may lead to serious infections. In an
epidemiological study targeting the gut carrying of
Klebsiella pneumoniae among pregnant women in
low-income countries, it was found that
environmental exposure factors include food,
animal contact, or hospitalization of family
members, as well as intestinal colonization of MDR
hvKP in

pregnant women, and even detection of ST23
CRKP strain in ready-to-eat vegetables. These
results indicate that CRKP is not only a food safety
issue, but also a public health threat. Zheng et al.
screened patients hospitalized for diarrhea in a
teaching hospital and found that the carrier rate of
carbapenem producing Enterobacteriaceae (CPE)
bacteria was 12.4%, with KP being the most
common (65/87) and ST11 being the predominant
type

(58/65; 89%). S1 nuclease PFGE (S1-PFGE) and
Southern blot analysis showed that ST11-CR-
HVKP isolates carried at least four types of rmpA -

and rmpA2 - positive plasmids. The size ranges
from approximately 146 kb to approximately 218
kb, and feces may be thesource of the ST11-CR-
HvKP strain. The rapid spread and outbreak of CR-
hvKP in the medical environment pose significant
challenges to infection control. In 2016, Chinese

scholar Gu et al. isolated 21 ST11 type CRKP
strains producing KPC-2 from ICU wards. These
strains were from the same clone and obtained
pLVPK-like virulence plasmids, ultimately leading
to the death of 5 patients during hospitalization.

Rationale CR-hvKP has become a popular clone
that affects patients, but the development of
targeted antibiotics lags far behind the emergence
of drug-resistant bacteria, resulting in limited
treatment options for carbapenem resistance. For
CR-hvKP with gradually increasing detection rates,
China mainly uses a combination therapy regimen
based on tigecycline, polymyxin, and
phosphomycin, as well as a new type of B-
lactamase inhibitors such as ceftazidime/
avibactam. Cefotaxime avibactam and tigecycline
showed activity against all CR-hvKP strains in vitro
testing. There are also research results indicating
that the combination of tigecycline and polymyxin
has a synergistic effect in vitro, which can be used
as a potential choice for clinical treatment of CR-
hvKP infection (18). However, in cases of fatal
outbreaks of ST11 CR-hvKP infection in a hospital,
polymyxin and tigecycline did not cure severely
infected patients. Since the emergence of CR-
hvKP strains poses a significant public threat, to
comprehensively address related issues about CR-
hvKP would increase our understanding of this
new strains and identify current clinical gaps in this
area. Thus, this evidence mapping aimed to
summarize the incidence, mortality, risk factors,
treatment pattern of CR-hvKP and CR-classic KP
and CRKP.

METHODS

Strategy of data synthesis PubMed

#1. "Carbapenem-Resistant"[tw] OR "carbapenem
non-susceptible"[tw] OR "carbapenem
nonsusceptible"[tw] OR "Carbapenems-
Resistant"[tw] OR "carbapenems non-
susceptible"[tw] OR "carbapenems
nonsusceptible"[tw] OR "Doripenem Resistant"[tw]
OR "doribax Resistant"[tw] OR "Ertapenem
Resistant"[tw] OR "invanz Resistant"[tw] OR
"Thienamycine Resistant"[tw] OR "Thienamycin
Resistant"[tw] OR "Meropenem Resistant"[tw] OR
"Imipenem Resistant"[tw] OR "imipemide
Resistant"[tw] OR "biapenem Resistant"[tw] OR
"panipenem Resistant"[tw] OR "betamipron
Resistant"[tw] OR ST11[tw] OR
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(("Carbapenems”[mesh] OR "Carbapenems"[tw]
OR "Carbapenem"[tw] OR "Doripenem"[tw] OR
"Ertapenem"[tw] OR "Thienamycins"[tw] OR
"Imipenem"[tw] OR "Meropenem"[tw]) AND ("beta-
Lactam Resistance"[majr] OR ‘“resistant"[ti] OR
"resistance"[ti] OR "drug resistant"[tw] OR "drug
resistance"[tw] OR "multidrug resistant"[tw] OR
"multidrug resistance"[tw] OR "antimicrobial
resistance"[tw]))

#2. (("Klebsiella pneumoniae"[Mesh] OR
Klebsiella[tw] OR "K. pneumonia"[tw]) AND
(Hypervirulen*[tw] OR "Hyper-virulen*"[tw] OR
virulen*[tw] OR hypermucovisco*[tw] OR "hyper-
mucovisco™'[tw] OR ST23[tw] OR ST25[tw] OR
ST65[tw] OR ST1797[tw] OR KL1[tw] OR K1[tw] OR
KL2[tw] OR K2[tw] OR KL64[tw] OR K64[tw])) OR
"Hv-CRKP"[tw] OR "CR-HvKP"[tw] OR hvKP[tw]
OR CRhvKP[tw] OR hvCRKP[tw] OR "MDR-
hvKP"[tw]

#3. #1 AND #2 986

#4. "Review Literature as Topic"[Mesh] OR
"Review" [Publication Type] OR Review[ti]] OR
"Meta-Analysis"[pt] OR "Meta-Analysis as
Topic"[Mesh] OR "Systematic Review" [pt] OR
"Systematic Reviews as Topic"[Mesh] OR
"systematic"[Filter] OR "Systematic Review*"[ti] OR
"Meta-Analysis"[ti]] OR Metaanalys™[ti]

#5. #3 NOT #4

EMBASE

#1. 'carbapenem-resistant Enterobacteriaceae'/
exp OR 'carbapenem resistance'/exp OR
'multidrug resistance'/exp OR ((Carbapenem* OR
Doripenem OR Ertapenem OR Imipenem OR
Meropenem OR biapenem OR multi-drug OR MRD
OR multiple OR multidrug) NEAR/3 (Resistant OR
nonsusceptible OR "non-susceptible")):ab,ti,kw OR
ST11:ab,ti,kw

#2. 'carbapenem derivative'/exp OR
‘carbapenem'/exp OR (Carbapenem®* OR
Doripenem OR Ertapenem OR Thienamycin* OR
Imipenem OR Meropenem OR doribax OR invanz
OR imipemide OR biapenem OR
panipenem):ab,ti,kw

#3. 'beta-lactam resistance'/exp OR (Resistant OR
resistance):ti OR ((drug OR multidrug OR
antimicrobial) NEAR/3 (Resistant OR resistance OR
nonsusceptible OR "non-susceptible")):ab,ti,kw

#4. #1 OR (#2 AND #3)

#5. 'Klebsiella pneumoniae'/exp OR (Klebsiella OR
"K. pneumonia"):ab,ti,kw

#6. (Hypervirulen* OR "Hyper-virulen*" OR virulen*
OR hypermucovisco* OR "hyper-mucovisco*" OR
ST23 OR ST25 OR ST65 OR ST1797 OR KL1 OR
K1 OR KL2 OR K2 OR KL64 OR K64):ab,ti,kw

#7. ("Hv-CRKP" OR "CR-HvKP" OR hvKP OR
CRhvKP OR hvCRKP OR "MDR-hvKP"):ab,ti,kw
#8. (#5 AND #6) OR #7

#9. #4 AND #8

*11

#10. [review]/lim OR 'review'/exp OR 'meta
analysis'/exp OR 'meta analysis (topic)'/exp OR
'systematic review'/exp OR ‘'systematic review
(topic)'/exp OR (Review OR "Meta-Analysis"):ti
#11. #9 not #10

Wos

#1. TS=((Carbapenem®* OR Doripenem OR
Ertapenem OR Thienamycin® OR Imipenem OR
Meropenem OR doribax OR invanz OR imipemide
OR biapenem OR panipenem) NEAR/3 (Resistant
OR nonsusceptible OR "non-susceptible")) OR
TS=(ST11)

#2. TS=(Carbapenem* OR Doripenem OR
Ertapenem OR Thienamycin® OR Imipenem OR
Meropenem OR doribax OR invanz OR imipemide
OR biapenem OR panipenem)

#3. Tl=(Resistant OR resistance) OR TS=((drug OR
multidrug OR antimicrobial) NEAR/3 (Resistant OR
resistance OR nonsusceptible OR "non-
susceptible"))

#4. #1 OR (#2 AND #3)

#5. TS=(Klebsiella OR "K. pneumonia") AND
TS=(Hypervirulen* OR "Hyper-virulen*" OR virulen*
OR hypermucovisco* OR "hyper-mucovisco*" OR
ST23 OR ST25 OR ST65 OR ST1797 OR KL1 OR
K1 OR KL2 OR K2 OR KL64 OR K64)

#6. TS=("Hv-CRKP" OR "CR-HvKP" OR hvKP OR
CRhvKP OR hvCRKP OR "MDR-hvKP")

#7. #5 OR #6

#8. #4 AND #7

#9. Tl=(Review OR "Meta-Analysis") OR Review
Article (Document Types)

#10. #8 NOT #9

Cochrane

#1 ((Carbapenem* OR Doripenem OR Ertapenem
OR Thienamycin* OR Imipenem OR Meropenem
OR doribax OR invanz OR imipemide OR
biapenem OR panipenem) NEAR/3 (Resistant OR
nonsusceptible OR "non-susceptible" OR
ST11)):ti,ab,kw

#2 (Carbapenem* OR Doripenem OR Ertapenem
OR Thienamycin* OR Imipenem OR Meropenem
OR doribax OR invanz OR imipemide OR
biapenem OR panipenem):ti,ab,kw

#3 (Resistant OR resistance):ti

#4 ((drug OR multidrug OR antimicrobial) NEAR/3
(Resistant OR resistance OR nonsusceptible OR
"non-susceptible")):ti,ab,kw

#5 #3 or #4

#6 #2 and #5

#7 #1 or #6

#8 MeSH descriptor: [Klebsiella pneumoniae]
explode all trees

#9 (Klebsiella OR "K. pneumonia"):ti,ab,kw

#10 #8 OR #9

#11 (Hypervirulen® OR "Hyper-virulen*" OR virulen*
OR hypermucovisco* OR "hyper-mucovisco*" OR

*11
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ST23 OR ST25 OR ST65 OR ST1797 OR KL1 OR
K1 OR KL2 OR K2 OR KL64 OR K64):ti,ab,kw

#12 #10 AND #11

#13 ("Hv-CRKP" OR "CR-HvKP" OR hvKP OR
CRhvKP OR hvCRKP OR "MDR-hvKP"):ti,ab,kw
#14 #12 OR #13

#15 #7 AND #14

Cnki (HBF). 2. i, PEXFTE: 2, F
X)
SU%=(EEHE+mEEIHE+TRISE+XZT15/E
+E R IR +AEERE+ CMIEfE+ LIS m 2 EiEfkE
+ZAIEE+Z NIER+ SR+ BESR+INE
E+MEE+URMEE+ AT 1Em) (A +M 25 1E)
+TR S B A+ RS BIH L+ IR IS+ =T 1
B+ &S R + MY 1E e 15 e + Y /B A 45 g + Y EE Pl i
B+ Z iR+ Z RIS R+ 2 NS+ IR E S
Z+I N E R+ TR B =+t IARRE =+ ST11 OR
TKA % ((REEHE+e A+ RIERm+XT 18R
+E R IR +AEERE+ CMIEE+ LS m 2 EiEfk
+ZAIEE+Z NIERE+ SR+ BESER+INE
A+ E+URMEE+ AT 1Em) (A +M 25 1E)
+TR S B A+ RS BIHE L+ IR IS+ =T 1
B+ &S R + MY 1H e 15 i + Y /B A 45 g + Y EE Pl 4
B+ Z iR+ Z RIS R+ 2 NS+ IR E S
Z+MPAER+THMB R+ IRMEE+ ST11)
and (SU%=XRERKER+IHRREAKE+AD
RAERRKERE+MARERER+HRAREHR
+IRTERERR+IIR = EHATER+ X RER
HE+ X R B ETE R+ R R ERETE -+
TKA % IR REAREFR+HIIR=SHERE IR T
ERRKERE+IIRREARR+MX R ERE R
REHRRE+RTEATER+MAREATE
+IIRREATERR+IAREERTE+AR)
AND (SU%=aEh+a5sH1tR+SHER+SHEF
+ ST23+ ST25+ ST65+ ST1797+ KL1+ K1+ KL2+
K2+ KL64+ K64 OR TKA % &= +a=1ik+5H
HEE+SHEF+ ST23+ ST25+ ST65+ ST1797+
KL1+ K1+ KL2+ K2+ KL64+ K64)

BAE (BT, 2. 210

(FEE:('EEH" OR "IEIER" OR "=ZHERE"
OR "E£&1E/" OR "tHEIEZE" OR "[EIZRE" OR "
tEpiERS" OR "ZE15/" OR "ZHiER" OR "2 H
¥EEE" OR "ZI71%R" OR "IEBES =" OR "WHE X
" OR "MiZR" OR "LMMEBR" OR "AFIEME")
AND F:(f1245)) OR £ ("MxEEME" OR "ML
fE1ER" OR "MYEZ HER" OR "M¥3&1ER" OR "fit
TAfEERE" OR "fii/EftiEr" OR "fifttfytERs" OR "
MZEEm" OR "MMZFIER" OR "M== HiEr"
OR "iZ3II1EE" OR "MHIRES X" OR "V HEE
" OR "MWMEZXR" OR "MILRMEZR" OR ST11))

and EEL(#EEA" OR "M%’ and TH(ES
" OR "&EHH" OR "SHER" OR "BHET"
OR "ST23" OR "ST25" OR "ST65" OR "ST1797"
OR "KL1" OR "K1" OR "KL2" OR "K2" OR "KL64"
OR "K64")

CBM

("HREEH"[FEFERERE OR "HREBHE"FH
FEEHE] OR "IRIERE"[EAFTERERE OR "%
BE'[EATEERE] OR "EFIER'[FAFRE4E
OR "SEi&1ER"[F AFECEHAE] OR "S5 [E XK
£8E] OR “BIEEYT"[FHAFEEHRE OR "HiBETS
%' [EAFEREEE] OR "&&5F" [£FHFEREHE) OR
"B S R [E TR E L) OR "IHEER [EAF
EX:E8E] OR "®ET'[FRFE:EHE] OR "ChiE
" [ BAFECEEE] OR "[EitiSm  [F B E: 5 4E
OR "fAAZ"[FBFE:-EaE OR "tLfiERm " [£HF
E%:Z38E] OR "Rt [% BFE:E8E] OR "&&F'[£H
FE:E58E] OR "&MNM " [ERAFER:E8E] OR "ZfEls
M [EATEREEE OR "ZFIEE"[FAFR ke
OR "ZHIERE"[¥ BT &AL OR "ZIIE/E"[EH
FEXERE] OR "RAEBR"[EAFEEHE OR "MW
SX'EHEFERERE OR "MEBXR'FEHAFEERE
OR "IfRMEB X" HFEE8E OR AT M %
FFE:E8E] OR "BH'[EAFE:EH] OR "X
T [EAFERELE]) AND ( "4 [EAFRH4E
OR "Z414" [#FAFER:E58E) OR ( "HE B [F
FAFE 8] OR "MkEEHE"[¥HFE S
OR "MHIIRRISRS"[¥ AFER:-ERE] OR "MEF1E
R [ FAFECEEE) OR "S85/ " [¥ B E: & aE]
OR '"MIHEIER"[¥AFER:-EEE] OR "Mi/EfhiE
m" [ FAFECEEE]) OR "M LL RS R [ AR E B e
OR "MZEERE"[EHAFEREEE] OR "M ZFItE
' [FAFREEE) OR "M NS [ AR &
OR "MZIiEf"[¥ BT ERE] OR "MIEZHSE
' [EHFREEE) OR "MV HER"[F AT
OR "MMEBEBXR"FHFEEEE] OR "MIRKE
R'[EAFERERE) AND ( "MAREBARER"[E
FAFECERE] OR "MAREREKE"[EHFEE8E
OR "X =B HEKERR [FRAFERE8E OR "M%
RERER'[FRAFEREEE OR "MARSHE"[F
FFELEEE) OR "MARBHERR'[EEFRE
8] OR "fi X RHE B ER"[F AT 8 OR "fi
REFBETE"[FEFERERE OR "MARHATE
R [EAFERERE] OR "MAREHRTE"[EH
FEX:E3RE] OR "' [FAFEEARE) AND ( 'S
N'ERFEREL] OR "&SZFHK'[ERAFERELE
OR "SHER'"ZBFE:E&] OR "SHAF'[FH
FER:EHRE] OR "ST23"[®EHFER:EH] OR
"ST25"[EFAFER:E#BE] OR "ST65"[H F=FER: EAE
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OR "ST1797"[E T E:E8E] OR "KL1'[EAFER
£8E] OR "K1'[EAFE:E8E] OR "KL2'[EAFE:
Z8E] OR "K2"[# ¥ & 8E] OR "KL64"[& ¥
Z15E] OR "K64" [ AFEL:E8E)).

Eligibility criteria Population(s): Infections caused
by carbapenem-resistant hypervirulent Klebsiella
pneumoniae (CR-hvKP);

Outcomes: 1. General prevalence, 2. Prevalence
by regions, 3. Mortality rate, 4. Risk factors, 5.
Treatment and outcome by different strategy;
Study design: For CR-hvKP: RCTs, CCTs, cohort
studies, case-control studies, case series, cross-
sectional studies. For carbapenem-resistant
-classic

Klebsiella pneumoniae (CR- classic Kp) and
carbapenem-resistant -Klebsiella pneumoniae (CR-
Kp): systematic review.

Studies that did not report in English or Chinese
will be excluded.

Source of evidence screening and selection
Two reviewers will screen studies after reading
titles and abstracts of the search results. And the
third party will be responsible for resolving the
inconsistency. All potentially relevant citations will
be requested and inspected in detail using the full-
text version where available. Disagreements will be
resolved by discussion, with assistance from a
third party if necessary. A Preferred Reporting
ltems for Systematic Reviews and Meta-Analyses
(PRISMA) flow diagram will be constructed to
show the full study-selection process.

Data management All data collected for the
study should be recorded accurately, promptly,
and legibly. For primary data collection, the
investigator or qualified designee is responsible for
recording and verifying the accuracy of subject
data. For data not obtained from a primary source
(i.e., secondary data, such as claims and electronic
health records), the investigator is responsible for
reviewing data quality and relevance to the best of
the investigator’s knowledge. By signing this
protocol either electronically or written, the
investigator confirms that the quality and relevance
of data has been assessed to meet the minimum
requirements for all study objectives.

Language restriction No restriction.
Country(ies) involved China.
Keywords carbapenem-resistant and hypervirulent

Klebsiella pneumoniae; prevalence; mortality; risk
factors; treatment strategy.
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