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Abstract

Background: The increasing incidence of carbapenem-resistant Enterobacteriaceae (CRE), has resulted in a difficult
problem in the current clinical anti-infective treatment. We performed a retrospective analysis of prevalence and treat-
ment for CRE infections patients.

Methods: This study was conducted in three tertiary care hospitals from January 1, 2010 to December 30, 2016. Base-
line data, treatment, and outcomes were collected in patients with ventilator-associated bacterial pneumonia (VABP),
bacteremia, complicated urinary tract infection (cUTI)/acute pyelonephritis (AP), hospital-acquired bacterial pneumo-
nia (HABP), superficial wound infection (SWI), biliary tract infection (BTI), deep wound infection (DWI) and sterile body
fluids infection (SBFI) due to CRE.

Results: One hundred twenty-four cases of CRE infection were identified: 31 VABP, 22 bacteremia, 18 cUTI/AP, 16
HABP, 16 SWI, 9 BTI, 7 DWI and 5 SBFI. The patient population had significant immunocompromised (33 of 124, 26.6%)
and severe sepsis (43 of 124, 34.7%). The most common CRE pathogens were Klebsiella pneumoniae (84 of 124, 67.7%)
and Enterobacter cloacae (24 of 124, 19.4%). And the production of IMP-type carbapenemase was the main antibiotic
resistance mechanism. The majority of patients to take monotherapy for empiric therapy and dual therapy for direct
treatment. Outcomes were universally poor (28-day mortality was 22.6%, 28 of 124) across all sites of infection.

Conclusions: We identified a large number of cases of CRE infection in 7 years from different parts, most of these
pathogens have been confirmed to produce IMP-type carbapenemases. The retrospective analysis of cases of such
bacterial infections will help to control future infections of these pathogens. Despite the high mortality rate, we
still found that the selection of quinolone antibiotics can be effective in the treatment of CRE producing IMP type
enzymes.
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Background B-lactamases (ESBLs) has been reported worldwide [1].
Since 2000, spread of community-acquired entero- Carbapenems have become the best and last drug for
bacterial isolates that produce extended-spectrum treating this strain of infection. However, the frequent

use of carbapenems has contributed to the increase

of carbapenem resistance by Enterobacteriaceae [2,
*Correspondence: jiaxiugin11@163.com 3]. In countries such as the United States, Germany
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multidrug-resistant pathogens had become a problem
in clinical care of patients and in public health [4-6]. In
China, two cases of pulmonary infection due to carbap-
enem-resistant Klebsiella pneumoniae strains producing
bla;yp., and armA were found in Hangzhou [7]. A subse-
quent multisectoral study confirmed the presence of CRE
strains in several districts and hospitals in China [8]. Due
to their resistance to most available antimicrobial agents,
invasive infections with these organisms have been asso-
ciated with high rates of morbidity and mortality [9, 10],
Studying the characteristics of clinical infection with
CRE is conducive to the targeted treatment of this kind of
infection. Our previous study has confirmed the presence
of a large amount of IMP-producing carbapenemase CRE
in three hospitals of Liaocheng city, in China. This study
mainly focuses on the clinical data of pre-CRE strains in
order to obtain the measures to control and treat infec-
tion of such strains.

Methods

Setting and study design

This was a retrospective analysis of patients with CRE
infection at three large comprehensive tertiary hos-
pital in Liaocheng city (Liaocheng People’s Hospital,
Liaocheng Chinese Medicine hospital, Liaocheng Third
People’s Hospital). The three hospitals can represent the
whole city of bacteria infection. Patients were included if
CRE pathogens identified from respiratory, blood, urine,
superficial pus, bile, deep pus or sterile body fluid sam-
ples from January 1, 2010 to December 30, 2016. Any
patient who had clinical evidence of ventilator-associated
bacterial pneumonia (VABP), bacteremia, complicated
urinary tract infection (cUTI)/acute pyelonephritis (AP),
hospital-acquired bacterial pneumonia (HABP), superfi-
cial wound infection (SWI), biliary tract infection (BTI),
deep wound infection (DWI) and sterile body fluids
infection (SBFI) requiring antimicrobial treatment was
eligible for inclusion. The same patient with recurrent
infections were defined only once infection. In cases of
concurrent infection, patients were classified according
to the primary CRE infection. Patients’ data were com-
piled until death or hospital discharge.

Three hospital conducted susceptibility of Enterobac-
teriaceae according to Clinical and Laboratory Standards
Institute (CLSI) breakpoint definitions. Carbapenem
resistance was defined according to CLSI M100S, 26th
[11]. The resistance mechanisms of CRE was proved by
modified Hodge test and sequencing as our previous
studies [12].

Clinical definitions
A prior culture positive for CRE was defined as a culture
for CRE obtained from any site within 90 days before the
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qualifying CRE infection. In view of some strains were
isolated from the pediatric ward, the data for pediatric
patients (age <1 year) have been excluded when calcu-
lating mean and standard deviation of the age. Surgi-
cal wards included hepatobiliary surgery, orthopedics,
urology surgery, gastrointestinal surgery and anorectal
surgery. Pediatric wards included general pediatric, pedi-
atric intensive care unit and neonatal intensive care unit.
Medical wards included respiratory, neurology, urology,
hematology, cardiology and gastroenterology. Other
wards included dermatology, otolaryngology, burns,
radiotherapy and emergency department. Immunocom-
promised conditions included hematologic malignancy,
prior bone marrow transplant, or received immunosup-
pressive therapy, such as cancer chemotherapy, antire-
jection medications for transplantation, or long-term
(>2 weeks) use of systemic steroids. Neutropenia was
defined as <500 neutrophils/mm?® for adults patients,
and <750 neutrophils/mm? for pediatric patients. Severe
sepsis was defined as infection associated with any of
the following: hypotension (systolic blood pressure
[SBP] <90 mmHg or a decrease in SBP of>40 mmHg
from baseline unresponsive to fluid challenge), hypother-
mia (core temperature<35.6 °C), or disseminated intra-
vascular coagulation (DIC) as evidenced by prothrombin
time or partial thromboplastin time 2x the upper limit
of normal or platelets less than 50% of the lower limit of
normal. Septic shock was defined as infection associated
with hypotension (SBP <90 mmHg or a decrease in SBP
of > 40 mmHg). Clinical cure was defined as resolution of
signs and symptoms, no further antibiotics for the treat-
ment of CRE infection were needed [13].

Empiric treatment was defined as any antimicrobial
treatment that began before the date on which all suscep-
tibility data were available for CRE pathogen. Directed
treatment was defined as any antimicrobial treatment
that began on or after the date on which all susceptibil-
ity data were available for CRE pathogen. Empiric and
directed therapies were categorized according to the
number of agents with in vitro activity for at least 3 cal-
endar days. Microbiological eradication was defined as
absence of CRE on follow-up cultures.

Results

Infection types and patient characteristics

One hundred twenty-four cases of CRE infection were
identified: 31 VABP, 22 bacteremia, 18 cUTI/AP, 16
HABP, 16 SWI, 9 BTIL, 7 DWI and 5 SBFI, and surgical
wards and intensive care unit (ICU) were the most fre-
quent residence of pathogen. The average age of patients
was 56 years (exclusion of pediatric patients age <1 year)
with a male predominance (66.9%) across all disease
types. VABP appeared a high incidence (64.5%) in the



Pang et al. Ann Clin Microbiol Antimicrob (2018) 17:13

ICU, while the cUTI/AP, SWI, BTL, DWI and SBFI have
a high proportion in the surgical ward, accounting for
61.1, 75.0, 88.9, 57.1 and 80.0% respectively. Thirty-four
patients (27.4%) had a prior positive culture for CRE
within the preceding 90 days, and average duration of
hospitalization before CRE infection was 9.7 days. The
patient population had significant immunocompromised
(33 of 124, 26.6%) and severe sepsis (43 of 124, 34.7%).
Patients with diabetes were more likely to isolate CRE
from VABD, bacteremia and cUTI/AP. Infected patients
with VABP and bacteremia associated with multiple
comorbidities and serious presentations frequently. It is
worth noting that among the 31 patients with VABP, 10
(32.3%) had concurrent CRE bacteremia (Table 1).

Characteristics of infecting isolates

The most common CRE pathogens were K. pneumoniae,
other isolates included Enterobacter cloacae, Escheri-
chia coli and Klebsiella oxytoca. However, E. cloacae was
the commonly isolate in SWI (Table 2). Confirmed by
sequencing, 54 strains of CRE were produced IMP-4 type
carbapenemase, which included 42 K. pneumoniae, 8 E.
cloacae and 4 K. oxytoca. While 40 strains of CRE were
confirmed to produce IMP-8 carbapenemase, including
20 K. pneumoniae, 12 E. cloacae, 6 E. coli and 2 K. oxy-
toca. The other 30 strains did not detect the carbapen-
emase genetype (Table 3).

All CRE isolates showed resistance to ceftriaxone,
ceftazidime, cefepime and other cephalosporins anti-
microbial agents. More than 80% of the isolates were
nonsusceptible (intermediate or resistant) to tobramy-
cin (93.5%) and trimethoprim-sulfamethoxazole (88.7%).
The nonsusceptible rate of CRE to gentamicin was 56.5%,
while 46.3% nonsusceptible to piperacillin/tazobactam,
38.7% nonsusceptible to ciprofloxacin, 20.2% nonsuscep-
tible to tigecycline and 7.3% nonsusceptible to polymyxin
B.

Treatment and outcomes

Among the 124 patients included, a majority (110 of 124,
88.7%) received empiric therapy with antibiotic against
gram-negative pathogens. Approximately half of the
patients (63 of 124, 50.8%) were received empiric mon-
otherapy, including VABP (13 of 31, 41.9%), bacteremia
(10 of 22, 45.5%), cUTI/AP (12 of 18, 66.7%), HABP (8
of 16, 50.0%), SWI (11 of 16, 68.8%), DWI (4 of 7, 57.1%)
and SBFI (3 of 5, 60.0%). BTI patients were most likely
to receive empiric therapy with two agents with gram-
negative activity (4 of 9, 44.4%). Despite this, only 35
antibiotic subjects (28.2%) had in vitro activity against
the CRE isolates (Table 4). The most common classes of
empiric antimicrobials were B-lactam/p-lactamase inhib-
itor combinations (e.g., ampicillin, ampicillin-sulbactam,
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amoxicillin-clavulanic acid), cephalosporins (e.g., cef-
triaxone, cefotaxime) and carbapenems (e.g., imipenem,
meropenem).

The majority of patients (112 of 124, 90.3%) ultimately
received directed antimicrobial gram-negative therapy.
The proportion of monotherapy, dual therapy, three drug
combinations and four and more drug combinations were
25.0, 40.3, 21.0 and 4.0% respectively. In vitro activity
against CRE isolate of one agent, two agents, three agents
and four agents were 57.3% (71 of 124), 21.8% (27 of 124),
1.6% (2 of 124) and 0.8% (1 of 124) (Table 5). The most
common directed antimicrobials were quinolones, piper-
acillin/tazobactam, tigecycline, carbapenems, polymyx-
ins and aminoglycosides. Nevertheless, we were unable
to identify a best available monotherapy or combination
regimen against CRE due to the large number of different
regimens used in the treatment of CRE infections.

The average duration of hospitalization for CRE infec-
tion was 11.3 days, while the average duration of ICU
stay was 5.1 days. Majority of patients (88 of 124, 71.0%)
achieved clinical cure and 81 of 124 (65.3%) achieved
microbiologic eradication at the completion of antibi-
otic treatment. Twenty-eight patients (22.6%) died within
28 days across all sites of the CRE infection. Clinical cure
and 28-day mortality of six patients could not be traced
due to transfer to other hospital. And nine patients did
not carry out microbiological testing after the condition
improved, thus CRE eradication of those patients could
not retrospectively observe (Table 6).

Discussion

CRE pathogens are reported continuously in recent years,
but the type of infection and pathogen species were not
the same, thus effective treatment has not yet formed [14,
15]. Deaths caused by an increase in CRE infection have
been reported in a variety of susceptible populations such
as children, cancer and burns [3, 16, 17]. In the Mary-
land National Institutes of Health report, carbapenem-
resistant K. pneumoniae emerged in the clinical setting
caused an outbreak in 18 patients, 11 of which died [18].
A report of hospital in Beijing showed a high mortality
rate, 98 cases of CRE infection were studied. Pathogenic
strains including KPC, IMP, NDM and other genotypes
have a high mortality rate (57.4%) after infection [14]. In
contrast, the data showed a lower mortality rate (<30%)
in our study than previously reported data. The main
reason is due to lower resistance to quinolone antibacte-
rial drugs, which are effective in treating many infected
patients. The sensitivity to quinolones has not been
reported in other reports, and the specific resistance may
be related to the production of IMP metalloenzymes. But
other cases of CRE infection with IMP enzyme did not
appear the same drug [19-21], indicating that resistance
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Table 1 Characteristics of the study cohort stratified by type of infection

Variable Number (%) of patients

Infection type

VABP Bacteremia cUTI/AP HABP Swi BTI(N=9) DWI(N=7) SBFI(N=5) All(N=124)
(N=31) (N=22) (N=18) (N=16) (N=16)

Demographic variables
Male sex 23 (74.2%) 14 (63.6%) 8 (44.4%) 12(750%)  9(56.3%) 6(66.7%) 6 (85.7%) 5 (100%) 83 (66.9%)

Age, years, mean 604 (20.2) 48.1 (26.0) 594 (15.5) 729 (14.5) 52.8(17.3) 55.6(83) 576(11.8)  408(84) 56.1(19.3)
(SDy*

Department of residence®

ICU 20 (64.5%) 6 (27.3%) 2(11.1%) 0 1(11.1%) 1(14.3%) 1 (20.0%) 31 (25.0%)
Pediatric wards 11 (35.5%) 6 (27.3%) 0 8 (50.0%) 0 0 0 25 (20.2%)
Surgical wards 0 3(13.6%) 11 (61.1%) 0 12 (75.0%) 8 (88.9%) 4 (57.1%) 4 (80.0%) 42 (33.9%)
Medical wards 0 7(31.8%) 4(22.2%) 6 (37.5%) 2(12.5%) 0 0 0 19(15.3%)
Other wards 0 0 1(5.5%) 2 (12.5%) 2(12.5%) 0 2 (28.6%) 0 7 (5.6%)
Specific risk factors
Prior culture 12 (38.7%) 8 (36.4%) 2(11.1%) 2 (12.5%) 1 (6.3%) 3(33.3%) 0 1 (20.0%) 34(27.4%)
positive for CRE
Duration of 10.8 (6.3) 11.54.7) 6.6 (3.4) 9.6 (5.9) 8.8(5.0) 71(33) 11.9(5.3) 98(1.9 9.7 (4.6)
hospitaliza-
tion before
CRE infection,
mean (SD)
Immunocom- 10 (32.3%) 6 (27.3%) 4 (22.2%) 5(31.3%) 4 (25.0%) 1(11.1%) 2 (28.6%) 1 (20.0%) 33 (26.6%)
promised
condition®
Presence of 2 (6.5%) 3(13.6%) 0 1(6.3%) 0 0 0 0 6 (4.8%)
neutropeniad®
Prior transplanta- 2 (6.5%) 2(9.1%) 0 0 0 1(111%) 0 0 5 (4.0%)
tion
Comorbidities
Diabetes mellitus 6 (19.4%) 5(22.7%) 7 (38.9%) 2 (12.5%) 3(18.8%) 0 1(14.3%) 1 (20.0%) 25 (20.2%)
Solid tumor 3(9.7%) 2(9.1%) 3(16.7%) 2 (12.5%) 4 (25.0%) 2 (22.2%) 1(14.3%) 2 (40.0%) 19 (15.3%)
Chronic renal 5(16.1%) 4(18.2%) 5(27.8%) 0 3(18.8%) 0 1(14.3%) 0 18 (14.5%)
insufficiency
Heart failure 5(16.1%) 4(18.2%) 0 2 (12.5%) 0 0 0 1 (20.0%) 12 (9.7%)
Hematologic 1(3.2%) 3(13.6%) 0 0 0 0 0 0 4 (3.2%)
malignancy
Concurrent bacte- 10 (32.3%) NA 2 (11.1%) 4 (25.0%) 1 (6.3%) 3(33.3%) 3(42.9%) 2 (40.0%) NA
remia
Presentation with 20 (64.5%) 10 (45.5%) 2(11.1%) 4 (25.0%) 1(6.3%) 2 (22.2%) 2 (28.6%) 2 (40.0%) 43 (34.7%)
severe sepsis®
Presentation with 16 (51.6%) 8 (36.4%) 1(5.5%) 2 (12.5%) 1 (6.3%) 2 (22.2%) 2 (28.6%) 2 (40.0%) 34 (27.4%)

septic shockf

AP acute pyelonephritis, BT/ biliary tract infection, CRE carbapenem-resistant Enterobacteriaceae, cUTI complicated urinary tract infection, DIC disseminated
intravascular coagulation, DWI deep wound infection, HABP hospital-acquired bacterial pneumonia, ICU intensive care unit, NA not applicable, SBF/ sterile body fluids
infection, SBP systolic blood pressure, SD standard deviation, SW/ superficial wound infection, VABP ventilator-associated bacterial pneumonia

@ The data for pediatric patients (age < 1 year) have been excluded when calculating mean and SD of the age

b Surgical wards include hepatobiliary surgery, orthopedics, urology surgery, gastrointestinal surgery and anorectal surgery. Pediatric wards include general pediatric,
pediatric intensive care unit and neonatal intensive care unit. Medical wards include respiratory, neurology, urology, hematology, cardiology and gastroenterology.
Other wards include dermatology, otolaryngology, burns, radiotherapy and emergency department

¢ Immunocompromised conditions included hematologic malignancy, prior bone marrow transplant, or received immunosuppressive therapy, such as cancer
chemotherapy, antirejection medications for transplantation, or long-term (> 2 weeks) use of systemic steroids

4 Neutropenia was defined as < 500 neutrophils/mm? for adults patients, and < 750 neutrophils/mm? for pediatric patients

¢ Severe sepsis was defined as infection associated with any of the following: hypotension (SBP <90 mmHg or a decrease in SBP of > 40 mmHg), hypothermia (core
temperature < 35.6 °C), or DIC as evidenced by prothrombin time or partial thromboplastin time 2x the upper limit of normal or platelets less than 50% of the lower
limit of normal [3]

f Septic shock was defined as infection associated with hypotension (SBP <90 mmHg or a decrease in SBP of > 40 mmHg) [3]
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Table 2 Microbiology of carbapenem-resistant Enterobacteriaceae isolate by type of infection

Pathogen VABP Bacteremia  cUTI/AP HABP SWI(n=16) BTI(n=9) DWI(n=7) SBFI(n=5) All(n=124)
(n=31)n (n=22)n (n=18)n (n=16)n n (%) n (%) n (%) n (%) n (%)
(%) (%) (%) (%)
Klebsiella 27 (87.1%) 18 (81.8%) 10 (55.6%) 11 (68.8%) 3(18.8%) 4 (44.4%) 6 (85.7%) 5 (100%) 84 (67.7%)
pnheumo-
niae
Enterobacter 3 (9.7%) 2(9.1%) 3(16.7%) 2(12.5%) 10 (62.5%) 4 (44.4%) 0 0 24 (19.4%)
cloacae
Escherichia 0 2(9.1%) 5(27.8%) 2 (12.5%) 1(6.3%) 0 0 0 10 (8.1%)
coli
Klebsiella 1(3.2%) 0 0 1 (6.3%) 2 (12.5%) 1(11.1%) 1(14.3%) 0 6 (4.8%)
oxytoca

AP acute pyelonephritis, BT/ biliary tract infection, cUTI complicated urinary tract infection, DWI deep wound infection, HABP hospital-acquired bacterial pneumonia,
SBFl sterile body fluids infection, SW/ superficial wound infection, VABP ventilator-associated bacterial pneumonia

Table 3 Resistance mechanisms of infecting isolate
by pathogen type

Pathogen IMP-4 IMP-8 Not detected All
Klebsiella pneumoniae 42 20 22 84
Enterobacter cloacae 8 12 24
Escherichia coli 0 6 10
Klebsiella oxytoca 4 2 6
Total 54 40 30 124

of CRE to carbapenem involve many complex multi-drug
resistance factors other than carbapenemase. In addition,
some patients who were treated with carbapenems were
still cured due to lack of an ideal antimicrobial drug. This
effect may be explained on the basis of PK/PD principles
and clinical adjuvant interventions. Proper nutritional
support and timely removal of sources of bacterial infec-
tion such as drainage or ventilator are beneficial for the
recovery of patients.

Several studies have investigated the clinical character-
istics and outcomes of CRE-infected patients, who were

Table 4 Empiric antimicrobial agents stratified by type of infection

Empiric antimi- Number (%) of patients

crobial therapy
Infection type

VABP Bacteremia cUTI/AP HABP SWI(N=16) BTI(N=9) DWI(N=7) SBFI(N=5) All(N=124)
(N=31) (N=22) (N=18) (N=16)
No treatment 0 1 (4.5%) 4(22.2%) 1(6.3%) 3(18.8%) 2(22.2%) 1(14.3%) 0 12 (9.7%)
No Gram-nega- 0 0 1 (5.6%) 0 1(6.3%) 0 0 0 2 (1.6%)
tive coverage
Gram-negative 31(100%) 21 (%) 13 (72.2%) 15 (93.8%) 12 (75%) 7(778%)  6(85.7%) 5(100%) 110 (88.7%)
therapy
Monotherapy 13(41.9%) 10 (45.5%) 12 (66.7%) 8 (50.0%) 11 (68.8%) 2(222%)  4(57.1%) 3 (60.0%) 63 (50.8%)
Dual therapy 9 (29.0%) 8 (36.4%) 1 (5.6%) 5(31.3%) 1 (6.25%) 4(444%)  2(28.6%) 2 (40.0%) 32 (25.8%)
Three drug 6 (19.4%) 2(9.1%) 0 2(12.5%) 0 1(110%) 0 0 11 (8.9%)
combinations
Fourand more 3 (9.7%) 1 (4.5%) 0 0 0 0 0 0 4 (3.2%)
drug combi-
nations
Number active agents
No active agent 20 (64.5%) 15 (68.2%) 7 (38.9%) 13 (81.3%) 6 (37.5%) 5(556%)  5(71.4%) 4(80.0%) 75 (60.5%)
One active 9 (29.0%) 5(22.7%) 6 (33.3%) 2(12.5%) 6 (37.5%) 2(222%)  1(14.3%) 1 (20.0%) 32 (25.8%)
agent
Two active 2 (6.45%) 1(4.5%) 0 0 0 0 0 0 3 (24%)
agents

AP acute pyelonephritis, BT/ biliary tract infection, cUTI complicated urinary tract infection, DWI deep wound infection, HABP hospital-acquired bacterial pneumonia,
SBFl sterile body fluids infection, SWI superficial wound infection, VABP ventilator-associated bacterial pneumonia
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Table 5 Directed antimicrobial agents stratified by type of infection

Directed Number (%) of patients
antimicrobial
therapy Infection type
VABP Bacteremia cUTI/AP HABP SWI(N=16) BTI(N=9) DWI(N=7) SBFI(N=5) All(N=124)
(N=31) (N=22) (N=18) (N=16)
No treatment 2 (6.5%) 1 (4.5%) 1 (5.6%) 1(6.3%) 3(18.8%) 1(11.1%) 1(14.3%) 0 10 (8.1%)
No Gram- 0 0 0 0 1(6.3%) 0 1(14.3%) 0 2 (1.6%)
negative
coverage
Gram-nega- 29 (93.5%) 21 (95.5%) 17 (94.4%) 15 (93.8%) 12 (75.0%) 8 (88.9%) 5(71.4%) 5 (100%) 112 (90.3%)
tive therapy
Monother- 3(9.7%) 1 (4.5%) 12 (66.7%) 5(31.3%) 6 (37.5%) 2 (22.2%) 1(14.3%) 1 (20.0%) 31 (25.0%)
apy
Dual therapy 13 (41.9%) 8 (36.4%) 5(27.8%) 8 (50.0%) 6 (37.5%) 5 (55.6%) 3 (42.9%) 2 (40.0%) 50 (40.3%)
Threedrug 10 (32.3%) 10 (45.5%) 0 2 (12.5%) 0 1(11.1%)  1(14.3%) 2 (40.0%) 26 (21.0%)
combina-
tions
Four and 3(9.7%) 2(9.1%) 0 0 0 0 0 0 5 (4.0%)
more drug
combina-
tions
Number active agents
No active 3(9.7%) 3(13.6%) 1 (5.6%) 2 (12.5%) 1(6.3%) 0 1(14.3%) 0 11 (8.9%)
agent
One active 16 (51.6%) 12 (54.5%) 15 (83.3%) 10 (62.5%) 8 (50.0%) 4 (44.4%) 3(42.9%) 3(60.0%) 71 (57.3%)
agent
Two active 9 (29.0%) 4 (18.2%) 1 (5.6%) 3(18.8%) 3(18.8%) 4 (44.4%) 1(14.3%) 2 (40.0%) 27 (21.8%)
agents
Three active 1 (3.2%) 1 (4.5%) 0 0 0 0 0 0 2(1.6%)
agents
Fouractive 0 1(4.5%) 0 0 0 0 0 0 1(0.8%)

agents

AP acute pyelonephritis, BT biliary tract infection, cUTI complicated urinary tract infection, DWI deep wound infection, HABP hospital-acquired bacterial pneumonia,
SBFI sterile body fluids infection, SWI superficial wound infection, VABP ventilator-associated bacterial pneumonia

usually elderly, physically weaker, and had multiple com-
plications including diabetes and immunosuppressive [3,
17]. Our analysis confirmed the same situation, in which
elderly patients are a significant contributor to CRE infec-
tion and newborns in the neonatal ICU and other pediat-
ric wards are also susceptible to infection. Such patients
were often exposed to the hospital environment and
invasive operations, and suffering from serious illness,
need special care. Our analysis confirmed that CRE had
spread in different types of sites, such as the respiratory
tract, urinary tract, bacteremia and surgical wounds. It
has been reported infection CRE were highly correlated
with indwelling catheter and mechanical ventilation,
which was an important cause of related infection [22—
24]. The findings of our analysis confirmed urinary tract
infections were more concentrated in patients with uro-
logical tumors, and infections associated with local tissue
damage involving SWI, BTI, DWI and SBFI were more
present in surgical department. So strict disinfection and

isolation measures to block the transmission of infection
between patients is particularly important.

Treatment problems were mainly found in the treat-
ment of CRE infection with only a few antimicrobial
options, including polymyxin, aminoglycosides, tigecy-
cline and fosfomycin [25, 26]. In the possible combination
regimen, the effect of carbapenem treatment remains
to be determined, such as high-dose infusion or double
carbapenem treatment [27, 28]. Now the practical prob-
lem is that health care workers will face a rapid increase
number of CRE infected patients, which may require
special infection control measures and strict compliance.
Moreover, the development of new antimicrobial agents
and the use of traditional antimicrobic should be a rec-
ommended and effective method.

Conclusions

In summary, we identified a large number of cases of
CRE infection in 7 years from different parts, including
site of infection, type of infection pathogens, risk factors,
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Table 6 Outcomes of infections due to carbapenem-resistant Enterobacteriaceae by type of infection

Outcome Number (%) of patients
Infection type
VABP Bacteremia cUTI/AP HABP SWI(N=16) BTI(N=9) DWI(N=7) SBFI(N=5) All(N=124)
(N=31) (N=22) (N=18) (N=16)
Duration of 15.8 (14.3) 146 (7.9) 6.7 (9.4) 10.5(4.5) 93(3.2) 76 (54) 83 (4.9) 104 (2.1) 11.3(9.7)
hospitaliza-
tion for CRE
infection®
(mean=+SD)
Duration of 84 (6.9) 9.2 (84) 2339 359 1.7 (4.4) 1924 24(24) 20(2.8) 5142
ICU stay®
(mean £ SD)
Clinical cure, n (%)
Yes 18 (58.1%) 10 (45.5%) 16 (88.9%) 11 (68.8%) 15 (93.8%) 9 (100%) 5(714%) 4 (80.0%) 88 (71.0%)
No 11 (35.5%) 11 (50.0%) 2 (11.1%) 4 (25.0%) 1(6.3%) 1(14.3%) 1 (20.0%) 30 (24.2%)
Unknown 2 (6.5%) 1 (4.5%) 0 1(6.3%) 0 0 1(143%) 0 6 (4.8%)
CRE eradicated, n (%)
Yes 15 (48.4%) 12 (54.5%) 16 (88.9%) 10 (62.5%) 10 (62.5%) 9 (100%) 5(714%) 4 (80.0%) 81 (65.3%)
No 12 (38.7%) 9 (40.9%) 1 (5.6%) 4(250%)  6(37.5%) 1(143%) 1(20.0%) 34 (27.4%)
Unknown 4 (12.9%) 1 (4.5%) 1 (5.6%) 2(125%) 0 0 1(143%) O 9(7.3%)
28-day mortality, n (%)
Yes 10 (32.3%) 10 (45.5%) 1 (5.6%) 4 (25.0%) 1(6.3%) 0 1(143%) 1(20.0%) 28 (22.6%)
No 19 (61.3%) 11 (50.0%) 17 (94.4%) 10 (62.5%) 15 (93.8%) 9 (100%) 5(714%) 4 (80.0%) 90 (72.6%)
Unknown 2 (6.5%) 1 (4.5%) 0 2(125%) 0 0 1(14.3%) 6 (4.8%)

AP acute pyelonephritis, BT biliary tract infection, CRE carbapenem-resistant Enterobacteriaceae, cUTI complicated urinary tract infection, DW/ deep wound infection,
HABP hospital-acquired bacterial pneumonia, ICU intensive care unit, SBF/ sterile body fluids infection, SD standard deviation, SW/ superficial wound infection, VABP

ventilator-associated bacterial pneumonia

? Duration of hospitalization for CRE infection refers to the duration of hospitalization required for treatment of the CRE infection after diagnosis. Duration of ICU stay

refers to the duration of ICU stay required for treatment of the CRE infection

etc. Most of these pathogens have been confirmed to
produce IMP-type carbapenemases, and retrospective
analysis of cases of such bacterial infections will help
to control future infections of these pathogens. Despite
the high mortality rate, we still found that the selection
of quinolone antibiotics can be effective in the treatment
of CRE producing IMP type enzymes. The report on the
treatment of Enterobacteriaceae producing IMP-type
metallo-beta-lactamase is not common, our report is
conducive to infection antimicrobial selected to provide a
basis for the empirical treatment.

Abbreviations

CRE: carbapenem-resistant Enterobacteriaceae; VABP: ventilator-associated
bacterial pneumonia; cUTI: complicated urinary tract infection; AP: acute
pyelonephritis; HABP: hospital-acquired bacterial pneumonia; SWI: superficial
wound infection; BTI: biliary tract infection; DWI: deep wound infection; SBFI:
sterile body fluids infection; CLSI: Clinical and Laboratory Standards Institute;
SBP: systolic blood pressure; DIC: disseminated intravascular coagulation; ICU:
intensive care unit; PFGE: pulsed field gel electrophoresis.

Authors’ contributions
XJ design and coordinate all the authors to complete the retrospective study.
QZ and YZ analyzed and interpreted the patient data regarding the infection

disease. FP compiled all the datas and was a major contributor in writing the
manuscript. All authors read and approved the final manuscript.

Author details

! Department of Clinical Laboratory, Qilu Hospital of Shandong University,
Jinan 250012, Shandong, People’s Republic of China. > Department of Clinical
Laboratory, Liaocheng People’s Hospital, Liaocheng 252000, Shandong, Peo-
ple's Republic of China. * Department of Clinical Pharmacy, Liaocheng People’s
Hospital, Liaocheng 252000, Shandong, People’s Republic of China.

Acknowledgements
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Availability of data and materials
Not applicable.

Consent for publication
Not applicable.

Ethics approval and consent to participate
Not applicable.

Funding
This study was funded by Shandong Provincial Natural Science Foundation,
China (ZR2014HL090).



Pang et al. Ann Clin Microbiol Antimicrob (2018) 17:13

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Received: 31 July 2017 Accepted: 17 March 2018
Published online: 23 March 2018

References

1.

Pitout JD, Laupland KB. Extended-spectrum beta-lactamase-producing
Enterobacteriaceae: an emerging public-health concern. Lancet Infect
Dis. 2008;8:159-66.

Nordmann P, Dortet L, Poirel L. Carbapenem resistance in Enterobacte-
riaceae: here is the storm! Trends Mol Med. 2012;18:263-72.

Little ML, Qin X, Zerr DM, Weissman SJ. Molecular diversity in mechanisms
of carbapenem resistance in paediatric Enterobacteriaceae. Int J Antimi-
crob Agents. 2012;39:52-7.

Lowe C, Katz K, McGeer A, Muller MP, Toronto ESBL, Working Group.
Disparity in infection control practices for multidrug-resistant Enterobac-
teriaceae. Am J Infect Control. 2012,40:836-9.

Borer A, Saidel-Odes L, Eskira S, Nativ R, Riesenberg K, Livshiz-Riven |, et al.
Risk factors for developing clinical infection with carbapenem-resistant
Klebsiella pneumoniae in hospital patients initially only colonized with
carbapenem-resistant K. pneumoniae. Am J Infect Control. 2012;40:421-5.
Huang SR, Liu MF, Lin CF, Shi ZY. Molecular surveillance and clinical out-
comes of carbapenem-resistant Escherichia coli and Klebsiella pneumo-
niae infections. J Microbiol Immunol Infect. 2014;47:187-96.

LiuY, Zhang B, Cao Q Huang W, Shen L, Qin X. Two clinical strains of
Klebsiella pneumoniae carrying plasmid-borne blayyp.y, blas;y,.1,, and armA
isolated at a Pediatric Center in Shanghai, China. Antimicrob Agents
Chemother. 2009;53:1642-4.

Yang Q,Wang H, Sun H, Chen H, Xu'Y, Chen M. Phenotypic and genotypic
characterization of Enterobacteriaceae with decreased susceptibility to
carbapenems: results from large hospital-based surveillance studies in
China. Antimicrob Agents Chemother. 2010;54:573-7.

Patel G, Huprikar S, Factor SH, Jenkins SG, Calfee DP. Outcomes of
carbapenem-resistant Klebsiella pneumoniae infection and the impact of
antimicrobial and adjunctive therapies. Infect Control Hosp Epidemiol.
2008;29:1099-106.

Livermore DM, Warner M, Mushtag S, Doumith M, Zhang J, Woodford N.
What remains against carbapenem-resistant Enterobacteriaceae? Evalua-
tion of chloramphenicol, ciprofloxacin, colistin, fosfomycin, minocycline,
nitrofurantoin, temocillin and tigecycline. Int J Antimicrob Agents.
2011,37:415-9.

. CLSI. Performance standards for antimicrobial susceptibility testing;

twenty-sixth informational supplement M100. Wayne: Clinical and Labo-
ratory Standards Institute; 2016.

Pang F, Jia XQ, Song ZZ, Li YH, Wang B, Zhao QG, et al. Characteristics and
management of Enterobacteriaceae harboring IMP-4 or IMP-8 carbapen-
emase in a tertiary hospital. Afr Health Sci. 2016;16:153-61.

Bone RC, Balk RA, Cerra FB, Dellinger RP, Fein AM, Knaus WA, et al. Defini-

tions for sepsis and organ failure and guidelines for the use of innovative
therapies in sepsis. The ACCP/SCCM Consensus Conference Committee.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Page 8 of 8

American College of Chest Physicians/Society of Critical Care Medicine.
Chest. 1992;101:1644-55.

. Wang Q, Zhang Y, Yao X, Xian H, Liu Y, Li H, et al. Risk factors and clinical

outcomes for carbapenem-resistant Enterobacteriaceae nosocomial
infections. Eur J Clin Microbiol Infect Dis. 2016;35:1679-89.

. Ocampo AM, Chen L, Cienfuegos AV, Roncancio G, Chavda KD, Kreiswirth

BN, et al. A two-year surveillance in five Colombian Tertiary Care Hospitals
reveals high frequency of Non-CG258 clones of carbapenem-resistant
Klebsiella pneumoniae with distinct clinical characteristics. Antimicrob
Agents Chemother. 2015;60:332-42.

. Logan LK. Carbapenem-resistant enterobacteriaceae: an emerging prob-

lem in children. Clin Infect Dis. 2012;55:852-9.

. Rastegar Lari A, Azimi L, Rahbar M, Fallah F, Alaghehbandan R. Pheno-

typic detection of Klebsiella pneumoniae carbapenemase among burns
patients: first report from Iran. Burns. 2013;39(1):174-6.

. Snitkin ES, Zelazny AM, Thomas PJ, Stock F, NISC Comparative Sequenc-

ing Program Group, Henderson DK, et al. Tracking a hospital outbreak
of carbapenem-resistant Klebsiella pneumoniae with whole-genome
sequencing. Sci Transl Med. 2012;4:148ra116.

. YuF,Ying Q Chen C, LiT, Ding B, Liu Y, et al. Outbreak of pulmonary

infection caused by Klebsiella pneumoniae isolates harbouring blalMP-4
and blaDHA-1 in a neonatal intensive care unit in China. J Med Microbiol.
2012;61:984-9.

Xia, Liang Z, Su X, Xiong Y. Characterization of carbapenemase genes

in Enterobacteriaceae species exhibiting decreased susceptibility to
carbapenems in a university hospital in Chongging, China. Ann Lab Med.
2012;32:270-5.

Limbago BM, Rasheed JK, Anderson KF, Zhu W, Kitchel B, Watz N, et al.
IMP-producing carbapenem-resistant Klebsiella pneumoniae in the United
States. J Clin Microbiol. 2011;49:4239-45.

Neuner EA, Sekeres J, Hall GS, van Duin D. Experience with fosfomycin for
treatment of urinary tract infections due to multidrug-resistant organ-
isms. Antimicrob Agents Chemother. 2012;56:5744-8.

Neuner EA, Yeh JY, Hall GS, Sekeres J, Endimiani A, Bonomo RA, et al.
Treatment and outcomes in carbapenem-resistant Klebsiella pneumoniae
bloodstream infections. Diagn Microbiol Infect Dis. 2011;69:357-62.

van Duin D, Kaye KS, Neuner EA, Bonomo RA. Carbapenem-resistant
Enterobacteriaceae: a review of treatment and outcomes. Diagn Micro-
biol Infect Dis. 2013;75:115-20.

Kohira N, West J, Ito A, Ito-Horiyama T, Nakamura R, Sato T, et al. In Vitro
Antimicrobial activity of a siderophore cephalosporin, S-649266, against
Enterobacteriaceae clinical isolates, including carbapenem-resistant
strains. Antimicrob Agents Chemother. 2015;60:729-34.

Huang LF, Lee CT, Su LH, Chang CL. A snapshot of co-resistance to
carbapenems and tigecycline in clinical isolates of Enterobacter cloacae.
Microb Drug Resist. 2017;23:1-7.

Daikos GL, Markogiannakis A. Carbapenemase-producing Klebsiella
pneumoniae: (when) might we still consider treating with carbapenems?
Clin Microbiol Infect. 2011;17:1135-41.

Bulik CC, Nicolau DP. Double-carbapenem therapy for carbapenemase-
producing Klebsiella pneumoniae. Antimicrob Agents Chemother.
2011;55:3002-4.

Submit your next manuscript to BioMed Central
and we will help you at every step:

* We accept pre-submission inquiries

e Our selector tool helps you to find the most relevant journal
* We provide round the clock customer support

e Convenient online submission

e Thorough peer review

e Inclusion in PubMed and all major indexing services

e Maximum visibility for your research

Submit your manuscript at

www.biomedcentral.com/submit ( BiolMed Central




	Factors associated to prevalence and treatment of carbapenem-resistant Enterobacteriaceae infections: a seven years retrospective study in three tertiary care hospitals
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Methods
	Setting and study design
	Clinical definitions

	Results
	Infection types and patient characteristics
	Characteristics of infecting isolates
	Treatment and outcomes

	Discussion
	Conclusions
	Authors’ contributions
	References




