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Purpose: Carbapenem-resistant Klebsiella pneumoniae (CRKP) infection has become
a critical clinical concern for its high mortality. Rectal carriage of CRKP has been reported
playing an important role in CRKP infection; however, the extent to which carrier develops
clinical CRKP infection is unclear. This study aimed to identify risk factors for developing
subsequential CRKP clinical infection in rectal carriers with CRKP.

Patients and Methods: Patients were screened for rectal carriage of CRKP in a tertiary
university hospital; then, rectal CRKP carriers were divided into case group (those who
developed subsequential clinical infection) and control group. Demographics, comorbid
conditions, invasive procedures, antimicrobial exposure and other clinical parameters of
those two groups were compared and analyzed using univariate and multivariate logistic
regression analyses. Antimicrobial susceptibility profile and carbapenemase phenotype/gen-
otype of those CRKP isolates were determined. MLST was applied to elucidate the molecular
epidemiology of rectal CRKP isolates and clinical infection ones.

Results: Eight hundred and thirty-five patients were screened for rectal CRKP carriage.
A total of 62 CRKP rectal carriers were identified; among them, 37.1% (23/62) developed
CRKP clinical infection. CRKP isolates were resistant to most of the tested antimicrobial
agents. ST11 was the dominant MLST type in rectal CRKP isolates (71.0%), and all the 23
clinical infection isolates were ST11. Multivariate analysis revealed that admission to the
intensive care unit (ICU) (OR, 6.753; P=0.006), being in coma condition (OR, 11.085;
P=0.015) and receiving central venous catheter (OR, 8.628; P=0.003) were independent
risk factors for progressing to subsequential CRKP infection among those rectal carriers.
Conclusion: This study identified independent risk factors for developing subsequential
CRKP clinical infection among CRKP rectal carriers, with being in coma condition as a new
finding. It would help clinician target those high-risk rectal CRKP-colonized patients for
prevention of subsequential clinical infection.

Keywords: carbapenem-resistant Klebsiella pneumoniae, infection, risk factors, rectal

carriage

Introduction

Carbapenem-resistant Enterobacteriaceae (CRE) has been reported becoming a serious
public health threat worldwide during recent years.'”* Carbapenem-resistant Klebsiella
pneumoniae (CRKP) has been recognized as the most frequently encountered CRE-
producing carbapenemases including K. pneumoniae carbapenemases (KPCs), New
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Delhi metallo-B-lactamases (NDM), Verona integron-encoded
metallo-B-lactamases (VIM), imipenem-hydrolyzing metallo-
lactamases (IMP) or, the oxacillin-hydrolyzing metallo--
lactamases (OXA) type carbapenemase,” > with KPC being
the most common carbapenemase in US, China and other
countries.® ° CRKPs are often extremely drug resistant to
most available antimicrobial agents and associated with high
morbidity and mortality, as well as high cost.'® Thus, appro-
priate measures to control their infections are in urgent need.

Previous studies have shown that rectal carriage of
CRE played an important role in disseminating those
organisms within the hospital settings. Studies have inves-
tigated the prevalence of rectal carriage of CRE ranging
from 0.3% to 69.5%."' "% In our previous study, we found
8.5% hospitalized patients colonized with rectal CRE, and
KPC-producing K. pneumoniae ST11 were the dominant
clone. We further revealed the close clonal relatedness
among most of those CRKP isolates.'® A number of stu-
dies have explored the risk factors for CRE rectal coloni-
zation and revealed several predictors including hospital
sickbed
malignancy, surgery previous use of antimicrobial, and

readmissions, changes, invasive procedures,
staying in ICUs were independent risk factors associated
with CRE colonization.'"'”'® Though understanding the
risk factors for rectal CRE colonization has been well
addressed in previous studies, identifying the carrier who
is prone to developing subsequential clinical infection is
essential for targeting the population to implementing con-
trol measures, making the infection control measures effi-
ciently. However, knowledge of risk factors associated
with developing CRKP infection among rectal carrier is
limited."”?" In this study, we aimed to identify risk factors
for developing CRKP clinical infection among CRKP
rectal carrier and investigate the antimicrobial susceptibil-
ity profile and genotypes of those CRKP isolates.

Patients and Methods

Study Design

This study was conducted between December 2014 and
January 2016 at Xiangya Hospital, which is a 3500-beds
tertiary university hospital (68 wards) with an annual
admission of more than 130,000 inpatients in Central-
south of China. Hospitalized patients with stool samples
submitted for routine analysis were screened for CRKP.
Patients with rectal CRKP carriage and without prior posi-
tive clinical cultures for CRKP were then divided into case
group and control group. Case group included CRKP

rectal carriers who developed subsequential CRKP infec-
tions in the following 45 days after the first rectal CRKP
identified, while control group included asymptomatic
carriers.”’ Demographics, comorbid conditions, invasive
procedures, antimicrobial exposure and other clinical para-

meters among those two groups were compared.

Data Collection

All data were extracted from the electronic medical records
including 1) demographics: gender, age, length of hospital
stay, previous hospitalization, history of smoking, history of
alcohol, intensive care unit (ICU) admission, hospital trans-
fer and sickbed change; 2) Comorbid conditions: solid tumor,
hypertension, heart disease, diabetes mellitus, hematopathy,
lung disease, renal disease, liver disease, pancreatitis, enter-
itis, gastritis, craniocerebral trauma; 3) Invasive procedures:
arterial catheter, central venous catheter, endotracheal intu-
bation, tracheotomy, mechanical ventilation, urinary catheter
and nasogastric tube; 4) Other clinical parameters: previous
surgery in one month and in three months, coma condition
(the Glasgow Coma Scale (GCS) score < 8);** and 5)
Antimicrobial exposure within 4 weeks of rectal CRKP
detected including penicillin, cephalosporins, carbapenems,
aminoglycosides, fluoroquinolones, [-lactam/B-lactamase
inhibitors, vancomycin, tigecycline, metronidazole and anti-
fungal agents. CRKP clinical infection included bloodstream
infection, pneumonia, peritonitis, wound infection, urinary
tract infection, etc., with CRKP isolated in relevant infection
sites and having the signs and symptoms meet the criteria of

the corresponding infection definition.*?

Microbiological Methods

Stool samples were screened for CRKP as previous
described,'® clinical samples were cultured and organisms
identification was performed using MALDI Biotyper
(Bruker, Germany). Antimicrobial susceptibility testing was
carried out by Vitek 2 (bioMerieux, France). E. coli strain
ATCC 25922 was used for quality control. Results were
interpreted using the Clinical and Laboratory Standards
Institute (CLSI) breakpoints for all the antimicrobial agents
except tigecycline,”® which were interpreted using the
European Committee on Antimicrobial Susceptibility
Testing (EUCAST) breakpoints standards from 2014
(http://www.eucast.org/clinical breakpoints/). Confirmation

of carbapenemase phenotype was performed by CarbaNP
test.”
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Detection of Genotypes

The presence of carbapenemase encoding genes (KPC,
NDM, IMP, VIM, and OXA-48) were identified by poly-
merase chain reaction (PCR) as previously described.'®
PCR products were sequenced (Sangon, Shanghai, China)
and then confirmed by using BLAST programs (http://blast.
ncbi.nlm.nih.gov/Blast.cgi). The clonal relatedness of car-

bapenem-resistant K. pneumoniae isolates was analyzed by
multilocus sequence typing (MLST).'®

Statistical Analysis

Continuous variables were analyzed by Student’s ¢ test
(normally distributed variables) or the wilcoxon rank-sum
test (non normally distributed variables), and categorical
variables were compared by Chi-square test or Fisher’s
exact test. The odds ratio (OR) and 95% confidence inter-
vals (95% CI) were calculated. A two-tailed P-value<0.05
in the univariate analysis were entered into the logistic
regression model for the multivariate analysis, in which
variables with P-value<0.05 was considered statistically
significant. Then, identified independent risk factors were
checked for multicollinearity. Data were analyzed by using
SPSS version 22.0 software (IBM corporation, USA).

Ethics

This study was reviewed and approved by the Ethics
Committee of Xiangya Hospital of Central South University
in accordance with the Declaration of Helsinki and its amend-
ments or comparable ethical standards. The written informed
consent was waived due to the noninterventional and retro-
spective nature of the study, all patient data were analyzed in
anonymity, this retrospective study did not directly interfere
with any patient and there was no adverse effect on the rights
of patients.

Results

Clinical Characteristics

A total of 835 patients from all 68 wards were screened for
rectal CRKP colonization in this study, including 105
patients from the central intensive care unit (ICU), 89
from the respiration wards, 68 from the pediatric wards,
59 from the gastroenterology wards, 56 from the infections
wards, 53 from the hematology wards, 41 from the tradi-
tional Chinese medicine ward. The rest 364 patients were
originated from other wards ranging from 1 to 28 patients in
one ward. Among the 835 patients, 7.4% (62/835) patients
were identified as CRKP rectal carriers. Twenty-three

carriers (37.1%, 23/62) developed CRKP clinical infection
in the later period, while 39 carriers did not. The majority
clinical infections were pneumonia (16, 69.6%), followed
by urinary tract infection (2, 8.7%), bloodstream infection
(2, 8.7%), wound infection (1, 4.3%), peritonitis (1, 4.3%),
and multiple sites infection (1, 4.3%).

Antimicrobial Susceptibility

Antimicrobial-resistant rate of rectal CRKP isolates between
case group and control group is shown in Table 1. Although
the antimicrobial-resistant rate of rectal CRKP isolates
between the case group and control group showed no statis-
tically significant difference, rectal CRKP isolates from case
group had higher antimicrobial-resistant rate than those from
control group, and they were resistant to most tested anti-
microbial agents. In case group, CRKP isolates originated
from clinical infection sites presented the exact same anti-
their  rectal

microbial  susceptibility phenotype as

counterparts.

Genotypic Characteristics

In case group, all rectal CRKP isolates produced KPC
carbapenemase, with one isolate co-producing both KPC
and NDM, and one isolate co-producing both KPC and
IMP. Also shown in control group, most isolates (97.4%,
38/39) produced KPC, 5.1% (2/39) produced NDM, and
2.6% (1/39) produced IMP. VIM and OXA-48 were not
detected. There was no significant difference of the carba-
penemase genes detected between case group and control
group (Table 2). All CRKP isolates originated from clinical
infection sites also produced KPC. ST11 were the dominant
MLST type (44/62, 71.0%) among rectal K. pneumoniae
isolates. Other ST types included ST208, ST307, ST309,
ST414, ST722, ST1466 and ST1899. All the clinical CRKP
isolates were also ST11 type.

Risk Factors Analysis

The median age of the patients in case group (CRKP infec-
tion) was 55 years (range, 22—81) while it was 42 years in
control group (range, 0—84) (P=0.039). The length of hos-
pital stay in case group was significantly longer than that in
control group (interquartile range, 45 versus 18 days,
P=0.026). On univariate analysis, case group patients
were more likely to be admitted to ICU (78.3% versus
38.5%, P=0.002), having received central venous catheter
(65.2% versus 30.8%, P=0.008), having mechanical venti-
lated (69.6% versus 41.0%, P=0.030), having gastritis
(52.2% versus 17.9%, P=0.005), being in coma condition
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Table | Antimicrobial Resistance of Rectal Carbapenem- coma condition (OR, 11.085; 95% CI, 1.588-77.386;

Resistant Klebsiella pneumoniae Isolates P=0.015) and receiving central venous catheter (OR, 8.628;
Antimicrobial No.(%) of Resistant Isolates P 95% CI, 2.033-36.624; P=0.003) (Table 4) The multicolli-
Agents Case Group | Control Group nearity parameters of eigenvalue, condition index and var-

(n=23) (n=39) iance proportion showed that those identified independent
risk factors were not collinear (Supplementary Table S1).

Meropenem 23 (100) 38 (97.4) 0.788
Imipenem 23 (100) 36 (92.3) 0.045 . .
Ertapenem 23 (100) 38 (97.4) 0.788 Discussion
Ampicillin-sulbactam 23 (100) 38 (97.4) 0.788 In this study, we screened 835 patients for rectal CRKP and
Piperacillin-tazobactam | 23 (100) 36 923) 0.045 found 37.1% CRKP those rectal carriers developed CRKP
Cefazolin 23 (100) 38 (97.4) 0.788 linical infection. A sub ) 1
Cefuroxime 23 (100) 38 (97.4) 0788 clinical infection. A subsequent retrospective case—contro
Ceftriaxone 23 (100) 38 (97.4) 0788 study identified that admission to ICU, being in coma con-
Ceftazidime 23 (100) 38 (97.4) 0.788 dition and receiving central venous catheter are the inde-
Cefepime 23 (100) 38 (97.4) 0.788 pendent risk factors for the subsequential infection.
Cefotetan 23 (100) 38 (97.4) 0788 Compared with limited studies undertaking to identify
Aztreonam 23 (100) 37 (94.8) 0719 . . o .
Ciprofloxacin 23 (100) 32 (820) 0.082 risk factors for progressing to clinical infection among rectal
Levofloxacin 23 (100) 31 (79.5) 0.053 CRKP carriers, which are limited to particular wards,15’26’27
Gentamicin 18 (78.3) 34 (87.2) 0.572 and mainly focused on certain type of infection,>**' this
Tobramycin 18 (78.3) 31 (79.5) 0835 study not only included patients originated from various
Amikacin 18 (78.3) 26 (66.7) 0331 dsinal teachi versity hospital but also included
Trimethoprim- 9 (39.1) 8 (20.5) o112 war. sma.arge e.ac 1ng university hospital but a so. inc u. e
sulfamethoxazole various clinical infections such as bloodstream infection,
Tigecycline 4 (17.4) 9 (23.1) 0.835 pneumonia, urinary tract infection, wound infection and

Note: Values are presented as number (%).

Table 2 Carbapenemase Genes Detected in Rectal Carbapenem-
Resistant Klebsiella pneumoniae Isolates

Carbapenemase | Case Group Control Group® | P
Genes (n=23) (n=39)

KPC 21(91.3) 35(89.7) 0.788
KPC+NDM® 1(4.3) 2(5.1) 0.635
KPC+IMP* 1(4.3) 1(2.6) 0.719
VIM - - -
OXA-48 - - -

Notes: Values are presented as number (%). *One carbapenem-resistant Klebsiella
pneumoniae isolate did not detect any of the tested carbapenemase genes.
bCarbapenem-r'esist;am: Klebsiella pneumoniae isolates co-produce both KPC and
NDM genes. “Carbapenem-resistant Klebsiella pneumoniae isolates co-produce
both KPC and IMP genes.

Abbreviations: KPC, Klebsiella pneumoniae carbapenemase; NDM, New Delhi
metallo-B-lactamases; IMP,  imipenem-hydrolyzing metallo-B-lactamases; VIM,
Verona integron-encoded metallo-B-lactamases; OXA, oxacillin-hydrolyzing
metallo-B-lactamases.

(30.4% versus 7.7%, P=0.019), or receiving carbapenems
(69.6% versus 41.0%, P=0.030), or receiving Tigecycline
(26.1% versus2.6%, P=0.005) (Table 3).

Multivariate analysis revealed that the variables that
remained independent risk factors for CRKP clinical infec-
tion among CRKP rectal carriers were admission to ICU
(OR, 6.753; 95% CI, 1.732-26.327; P=0.006), being in

peritonitis. In this study, we used 45 days as the time period
watching for subsequential infection according to the obser-
vation that all the rectal CRKP carriers either developed
subsequential infection or not and got discharged from hos-
pital within 45 days after the first rectal CRKP identified.
A previous study of subsequential bloodstream infection
among rectal CRKP carries also used the same observation
time period.?! This study showed 37.1% CRKP rectal carrier
developed subsequential CRKP clinical infection and the
infection rate is lower than that in a previous study which
conducted in a medical-surgical ICU in Isreal. That study
showed that of 49 CRKP rectal-colonized ICU patients, 23
(47%) subsequently developed clinical microbiological
cultures.”® Their higher infection rate might be attributed to
the studied population were ICU patients. While, according
to another study in Isreal, only 9% CRKP-colonized patients
developed clinical CRKP infection in an acute tertiary care
university teaching hospital.'® Two studies focused on blood-
stream infection showed that the rate of developing subse-
quential bloodstream infection among rectal CRKP carriers
was7.8%, 20%, respectively.?’2! It may due to geographic
differences in studied population.

In this study, we identified admission to ICU, receiving
central venous catheter and being in coma condition were the
independent risk factors for progression to clinical infection
among CRKP carriers. Previous studies showed that
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Table 3 Univariate Analysis of Risk Factors Associated with Subsequential CRKP Clinical Infection Among CRKP Rectal Carriers

Variables Case Group (n=23) Control Group(n=39) Univariate Analysis

OR 95% ClI P
Demographics
Male sex, n(%) 17 (73.9) 33 (84.6) 0.515 0.144-1.842 0.303
Median age (range), years 55 (22-81) 42 (0-84) - - 0.039*
Age<65 years, n(%) 9 (39.1) 10 (25.6) 0.141 0.129-1.106 0.266
Length of stay (days), IQR (range) 45 (14-84) 18 (5-57) - - 0.026*
Previous hospitalization, n(%) 6 (26.1) 13 (33.3) 0.706 0.225-2.217 0.550
History of smoking, n(%) 3 (13.0) 13 (33.3) 0.300 0.075-1.197 0.132
History of alcohol, n(%) 3(13.0) 9 (23.1) 0.500 0.120-2.077 0.508
Admission to ICU, n(%) 18 (78.3) 15 (38.5) 5.760 1.766-18.789 0.002*
Transfer from another hospital, n(%) 5(21.7) 9 (23.1) 0.926 0.268-3.198 1.000
Sickbed change, n(%) 11 (47.8) 15 (38.5) 1.467 0.517-4.157 0.470
Comorbid Conditions, n(%)
Solid tumor 2(8.7) 5(12.8) 0.648 0.115-3.645 1.000
Hypertension 8 (34.8) 13 (33.3) 1.067 0.360-3.160 0.907
Heart disease 5(21.7) 7 (17.9) 1.270 0.351-4.589 0.748
Diabetes mellitus 1 (4.3) 6 (15.4) 0.250 0.028-2.222 0.243
Hematopathy 0 (0) 5(12.8) 0.872 0.773-0.983 0.148
Lung disease 12 (52.2) 15 (39.5) 1.673 0.588-4.757 0.333
Renal disease 6 (26.1) 5(12.8) 2.400 0.640-9.002 0.302
Liver disease 6 (26.1) 7 (17.9) 1.613 0.467-5.570 0.447
Pancreatitis 3 (13.0) 6 (15.4) 0.825 0.185-3.672 1.000
Enteritis 3 (13.0) 2 (5.1) 2.775 0.428-18.006 0.350
Gastritis 12 (52.2) 7 (17.9) 4.987 1.568-15.857 0.005*
Craniocerebral trauma 1 (4.3) 2 (5.1) 0.841 0.072-9.821 1.000
Invasive Procedures, n(%)
Arterial catheter 8 (34.8) 6 (15.4) 2933 0.86-9.954 0.078
Central venous catheter 15 (65.2) 12 (30.8) 4219 1.412-12.609 0.008*
Endotracheal intubation 11 (47.8) 10 (25.6) 2.658 0.895-7.899 0.075
Tracheotomy 9 (39.1) 9 (23.1) 2.143 0.699-6.573 0.179
Mechanical ventilation 16 (69.6) 16 (41.0) 3.286 1.101-9.808 0.030*
Urinary catheter 16 (69.6) 19 (48.7) 2.406 0.811-7.140 0.110
Nasogastric tube 13 (56.5) 19 (48.7) 1.368 0.485-3.857 0.553
Other Clinical Parameters
Previous surgery
In a month 6 (26.1) 14 (35.9) 0.630 0.202-1.966 0.425
In three months 11 (47.8) 14 (35.9) 1.637 0.574-4.666 0.355
Being in coma condition 7 (30.4) 3(7.7) 5.250 1.201-22.951 0.019*
(GCS score<8)
Antimicrobial Exposure, n(%)
Penicillin 0 (0) 4 (10.3) 0.897 0.807-0.998 0.287
Cephalosporins 7 (30.4) 14 (35.9) 0.781 0.259-2.354 0.661
Carbapenems 16 (69.6) 16 (41.0) 3.286 1.101-9.808 0.030*
Aminoglycosides 4(17.4) 2 (5.1) 3.895 0.653-23.217 0.183
Fluoroquinolones 9 (39.1) 10 (25.6) 1.864 0.618-5.621 0.266
B-lactam/pB-lactamase inhibitors 14 (60.9) 19 (48.7) 1.637 0.575-4.664 0.354
Antifungal agents 10 (43.5) Il (28.2) 1.958 0.665-5.765 0.220

(Continued)
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Table 3 (Continued).

Variables Case Group (n=23) Control Group(n=39) Univariate Analysis

OR 95% CI P
Other antibiotics
Vancomycin 9 (39.1) 10 (25.6) 1.864 0.618-5.621 0.266
Tigecycline 6 (26.1) | (2.6) 13.412 1.497-120.184 0.005*
Metronidazole I (4.3) 2 (5.1) 0814 0.072-9.821 1.000
The use of antibiotics 23, n(%) 10 (43.5) 14 (35.9) 1.374 0.479-3.935 0.554

Note: *P<0.05.
Abbreviations: OR, odds ratio; Cl, confidence interval; IQR, interquartile range.

Table 4 Multivariate Analysis of Risk Factors Associated with
Subsequential CRKP Clinical Infection Among CRKP Rectal
Carriers

Variables OR (95% CI) P

Admission to ICU 6.753 (1.732-26.327) 0.006
Being in coma condition (GCS score <8) | 11.085 (1.588-77.386) | 0.015
Central venous catheter 8.628 (2.033-36.624) 0.003

Abbreviations: OR, odds ratio; Cl, confidence interval.

admission to ICU, central venous catheter, previous invasive
procedures, tracheostomy, urinary catheter insertion, inva-
sive abdominal procedures, diabetes mellitus, solid tumor,
antipseudomonal penicillin, chemotherapy/radiation therapy
and colonization at site besides stool were independent pre-
dictors for infection development patients with CRKP
colonization.'”* Both shown in our study and others,
patients admitted to ICU, or receiving invasive procedures
are more likely to get infected with CRKP. However, the
identification of being in coma condition as a risk factor has
never been reported before, but a coma patient might be
associated with receiving invasive procedures such as urinary
catheter insertion or tracheal intubation, which are in accor-
dance with those findings above.

In this study, we found KPC is the dominant carbapene-
mase both in the rectal and clinical infected CRKP isolates.
This finding is similar to previous reports in China.® Among
62 rectal CRKP isolates, only one K. pneumoniae was not
found any of the five carbapenemase genes tested, possibly
due to producing another carbapenemase gene or having
other carbapenemase-resistant mechanism. There is no sig-
nificant difference of the type of carbapenemase genes in
CRKP isolates between the case group and control group.

Differed from other previous studies, we also investigated
the clonal relatedness between the rectal CRKP and subse-
quential infection CRKP isolates by using MLST. The result
showed that KPC-producing ST11 K. pneumoniae was the

most common MLST type (71.0%) in rectal CRKP isolates.
It is worth noting that all the subsequential infection CRKP
isolates were also ST11 type, which is accordance with that
ST11 is the most frequently reported ST type in China, con-
tributing to the spread of antimicrobial resistance.®*®

The limitation of this study is that it is a single-center
study and the limitation of patient populations may result in
the conclusion lacking of generalization. However, our hos-
pital is a 3,500-beds hospital, one of the largest hospitals in
Southern China with more than 130,000 annual admission
from all over the region. Despite the limitation, the investiga-
tion of the risk factors of progressing to clinical infection
among CRKP carriers in a large scope of a teaching hospital
in China is noteworthy.

Conclusion

In conclusion, this study identified independent risk factors
for developing subsequential CRKP clinical infection
among CRKP rectal carrier. Especially, being in coma
condition as an independent risk factor is an important
new finding. These findings would be useful to help clin-
ician target those high-risk rectal CRKP-colonized patients
for prevention of subsequential infection.
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