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INTRODUCTION

ABSTRACT

INTRODUCTION: Over the past 10 years, the prevalence of carbapenem-resistant
Enterobacteriaceae (CRE) has been increasing dramatically with numerous hospital
outbreaks reported. Bacteraemia caused by CRE have limited treatment options and have
been associated with high mortality rates. As a result, preventing both CRE transmission
and CRE bloodstream infections have become important objectives in managing
intensive care unit (ICU) patients. The study aims to determine the incidence and risk
factors of CRE bacteraemia in intensive care settings, and its’ clinical outcome.
MATERIALS AND METHODS: A retrospective, descriptive study was conducted, where
data of the patients admitted to general ICU of Hospital Pulau Pinang from January 2017
till December 2018 were collected and assessed for incidence, presence of predisposing
factors and clinical outcome for CRE bloodstream infection. RESULTS: Out of 2,585 total
ICU admissions, there were 37 cases of CRE bacteraemia with an incidence rate of
1.43%. An analysis of risk factors revealed that the use of indwelling catheter has the
highest association with CRE bacteraemia in which 95% of the patients were exposed.
The commonest organisms of CRE bacteraemia were Klebsiella pneumoniae (97.3%) and
Escherichia coli (2.7%). The 30-day mortality rate after CRE bacteraemia was 78.4%.
CONCLUSION: CRE bacteraemia among ICU patients showed a high mortality rate. Most
of the patients were exposed to multiple risk factors. A high index of suspicion and rapid
identification of patients at risk for CRE infection are important for effective therapy and

initiation of infection control measures to prevent further spread.

Escherichia  coli, Klebsiella  pnenmoniae, Citrobacter of infections as well has high potential for transmission of

frenndii,  Morganella  morganii,

Protens  mirabilis, carbapenem resistance through genetic elements.2¢ The

Enterobacter species, and Serratia species are examples of
Enterobacteriacea which are causative agents for multiple
infections including sepsis, meningitis, pneumonia,
peritonitis and pyelonephritis.12 Carbapenem class of
antibiotics have been the choice of treatment for
infections caused by Enterobacteriacea as they could
overcome extended spectrum beta-lactamases through

several mechanisms.!-3
Enterobacteriacea resistant to Carbapenem is noted to

have high mortality and has raised alarms in the medical

fraternity as it frequently noted to be the causative agent

53

World Health Organization cited CRE as bacteria with a
critical priority and wurged development of new

antibiotics.”

Several factors have been identified as the culprit for
increasing the risk of CRE colonisation and infection such
as underlying diseases, prolonged hospital stay, presence
of indwelling devices and exposure to antimicrobials.?8
CRE infections are associated with clinical and economic
adverse effects, which includes decreased functional
status, increased risk of death and increased healthcare

associated costs. 8
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However, information regarding CRE bloodstream
infection in the Intensive Care Unit (ICU) is not widely
available. A study of CRE bacteraemia in our population
is thus essential and would help to refine the criteria used
for target active surveillance screening for CRE amongst

patients admitted in our local hospital setting. >7

CRE is a global threat and most of the information
available is from western literature. Malaysian literatures
on CRE bloodstream infection is scarce even though
CRE infection in our country is increasing in trend and
alarming.” In view of the scarcity of information of CRE
bacteraemia in critically ill patient, this study will provide
valuable information that may guide decision making in
the ICU, to prevent the emergence and spread of CRE
bacteraemia.2” Hence a study on CRE bloodstream
infection in a tertiary Malaysian Hospital with clinical

outcome would be imperative.

Our primary objective was to determine the incidence of
CRE bacteraemia among critically ill patients while our
secondary objective was to analyse the presence of

predisposing factors and its clinical outcome.

MATERIALS AND METHODS
Study Design and population

This was a retrospective descriptive study conducted in a
tertiary hospital general ICU of Hospital Pulau Pinang,
whete data was collected from the ICU, infectious disease
department and medical records from January 2017 till
December 2018. Critically ill patients admitted to the ICU
during the study period with CRE bloodstream infection
were selected. Adult patients more than 18 years of age
and were in the ICU at the time of study were included.
Those who have been transferred out from ICU upon
diagnosis of CRE bacteraemia were excluded from the

study.

Data Collection

The data collected were the total number of GICU
admission during the study period, total number of CRE
infections in the study hospital (Hospital Pulau Pinang),
total number of CRE infections in ICU, number of
patients who developed CRE bacteraemia in ICU,
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demographic data, presence of predisposing risk factors
such as underlying diseases, prolonged hospitalization
more than 2 weeks, antibiotic exposure 30 days prior to
CRE bacteraemia, type of device present 30 days prior
to CRE bacteraemia including mechanical ventilation,
presence of tracheostomy, urinary catheter and central
venous catheter (CVC). These data were tabulated and
analysed. Incidence of CRE bacteraemia and mortality

rate were calculated.

Ethical approval

Ethical approval was obtained from the local ethics
committee Medical Research and FEthics Committee
(MREC) of the Ministry of Health (MOH), Malaysia prior
to study. This study was registered under National
Medical Research Registration (NMRR-19-1953-48797

IIR).

RESULTS

Total number of admission to the ICU of Hospital Pulau
Pinang during the study period was 2,585 patients in
which 104 patients developed CRE infection and 37
patients were diagnosed with CRE bacteraemia. There
were a total of 373 reported cases of CRE infection in
Hospital Pulau Pinang in 2017 and 2018. Refer Table L.

The positive CRE patients showed a high male
preponderance and majority of them aged between 50-70
years. Refer Table 1. CRE K. pnenmoniae was the major
causative organism isolated (n=36, 97.3%) while E. co/i

was isolated in 1 patient only (2.7%).

Table I CRE infection

Total n (%)

CRE infection in ICU 104 (4%)

CRE bacteraemia in ICU 37 (1.43%)

CRE infection in the hospital 373 (0.32%)

The analysis of risk factors shown that the CRE
bacteraemia were detected in 73% (n=27) of patients with
undetlying comorbidities such as diabetes mellitus (DM),
hypertension, malignancy and end stage renal disease
(ESRD); 89.2% (n=33) in patients who had prolonged
hospitalisation of more than 2 weeks; 89.2% (n=33 in

mechanically ventilated patients; 46% (n=17) in post



Table II Gender and age-based comparison

Gender n (%)
Male 23 (62.15%)
Female 14 (37.85%)
Age group (years) n (%)
<30 3 (8.1%)
30-50 8 (21.6%)
51-70 22 (59.5%)
>70 4 (10.8%)

tracheostomy patients; 83.8% (n=31) in patients with
central venous catheter (CVC); and 94.5% (n=35) in
patients with continuous bladder drainage (CBD). Refer
Fionre 1.

Table III Antibiotics with highest exposure prior to CRE bacteracmia

Antibiotic/Antifungal Total (n)

Cefepime
Meropenem
Piperacillin Tazobactam
Colistin
Ampicillin Sulbactam
Imipenem
Vancomycin

Amphotericin B

All patients were exposed to antibiotics in the last 30 days
prior to isolation of CRE in which majority of them
received a combination of multiple groups of antibiotics.
An antibiotic exposure is shown in Table III. The
commonest antibiotics exposed prior to CRE bacteraemia
were cefepime, meropenem and piperacillin-tazobactam.
As majority of patients were on multiple antibiotics, the
total antibiotic days prior to developing CRE bacteraemia
was added up. The analysis for duration of exposure to
the antibiotics prior to the detection of CRE bacteraemia
shown that 35.8% had exposure of more than 7 days
prior; 41.6% for 3-7 days prior; and 22.6 % were exposed
less than 3 days prior. The 30-day mortality for patients
with CRE bacteraemia was 78.4%.

46%
| I

Tracheostomy

95%

84%

cve CBD

Figure 1 Predisposing Risk Factors

73%

Underlying Mechanicl Hospital Stay

comorbidities  ventilation 2weeks
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DISCUSSION

The incidence of CRE infections and bacteraemia in our
study was 0.33 and 0.12 per 100,000 persons per years
respectively. Studies on incidence of CRE in United
States population reported the incidence were 0.3-2.93
infections per 100,000 person-years.!0 However, the data

on CRE bacteraemia incidence was limited.

A total of 37 CRE bacteraemia isolates were collected
during the study period, among which the predominant
organism was K. pnenmoniae (97.3%) and E. coli was (2.7%).
There were two previous studies which shown K
prenmoniae as a predominant organism with incidence ranging
from 42.2 -78%.711 Ling ML et al reported E. co/i is the
next commonly seen CRE after K puenmoniae” The
predominance of K. pneumoniae being the cause of CRE
to the mechanism for

bacteraemia could be due

catbapenem resistance via production of Klebsiella
preumoniae carbapenemase (KPC), an Ambler molecular
class A enzyme that utilizes serine at the active site to

facilitate hydrolysis of a broad variety of 3-lactams.3.12-14

Majority of our study patients who were shown to have
CRE bacteraemia during our study period were exposed to

all  the

which includes presence of underlying comorbidities,

almost possible  predisposing  factors
mechanical ventilation, presence of tracheostomy, urinary
catheter, CVC and prior exposure to antibiotics. Similar
studies on risk factors of CRE bacteraemia shown that
mechanical ventilation and wurinary catheter played a
significant role in causing CRE bacteraemia.351215-18 An
indwelling devices especially CVC is an independent risk
factor for developing CRE bacteraemia in a previous
study.” Meanwhile, Rosenthal VD ¢ 4/ found that
mechanical ventilation, CVC and indwelling urinary
catheter were the main causes of device-associated

nosocomial infections leading to CRE infections. ¥

Prior usage of antibiotics is a crucial risk factor for
developing CRE bacteraemia. All of our studied patients
who developed CRE bacteraemia were exposed with
antibiotics; with piperacillin /tazobactam, cefepime and

meropenem being the three commonest antibiotics used.
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Several studies reported an increased risk of CRE
bacteraemia in patients with a prior exposure to the
antibiotics from penicillin group.”1620 There were studies
reported an increased risk of CRE infections in patients
with prior usage of fluoroquinolone and carbapenem
group of antibiotics.22! Our study results were similar
with other results in which previous exposure to any

broad-spectrum antibiotic had led to CRE bacteraemia.
3:4,6,12,15,22

Our study shown that the mortality rate of patients with
78.4%.
conducted in 2018, the CRE mortality rate ranged from

CRE bacteraemia was In a meta-analysis
18.6-94.1%.2 The commonest pathogen isolated in
previous study was K. preumonia, was similar to our study
results.?? The general reasons for higher mortality in CRE
bacteraemia includes lack of general overview of the
prevalence of CRE infections and bacteraemia. Thus the
patients at risk should be prioritised in screening and
control of the spread. Apart from the common risk
factors mentioned eatlier,

patients with mobility

restriction and prolonged hospitalisation are also
associated with CRE infection.2* Similarly to our study
population, CRE related death appears to be higher
among medical patients rather than surgical patients.225
In subgroup analyses, patients with carbapenem-resistant
K. pneumoniae  bloodstream infection have a higher

mortality rate.23

Time to Initiate effective antibiotic treatment may have
played a part in higher mortality. Several studies
demonstrated that patients with CRE are at an increased
risk for delayed administration of a microbiologic active
antibiotic.2223 It has been widely accepted that prompt
initiation of treatment during the initial critical hours of
the infection process has an important impact on survival
and each hour of delay increases mortality by 7%.23:26
We could not ascertain from the data collected whether
delay in initiation of antibiotics contributed to mortality in

these patients.

Treatment regimens for CRE infections vary widely
nowadays.?’28 Mono- and combination therapy could be
used to combat CRE infections. Carbapenem-containing

combination therapy may be more beneficial than
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carbapenem-sparing combination therapy in the treatment
of CRE bacteraemia.! Survival of patients with CRE
bacteraemia significantly improved with combination
therapy as compared to monotherapy. 2930 Several
combinations appeared to be effective with the most
common successful combination regimens used were
either colistin-polymyxin B or tigecycline, in combination
with a carbapenem.?? More recently, several newer
antibiotics such as ceftazidime-avibactam and meropenem
-vaborbactam for CRE and ceftolozane-tazobactam

for carbapenem-resistant P.  aeruginosa infections  were

developed and becoming important treatment options.3!

Lastly, strict and timely measures need to be taken to
prevent and spread of CRE. Screening for patients at risk
for CRE carriage should begin upon admission to a
healthcare setting.?? A simplified questionnaire can be
used as a tool to assist frontline workers for evaluation
and decision making when admitting patients to
healthcare settings. Based on the results of the active
screening, the patient should be admitted and managed
according to their risk. The FEuropean Centre for
Disease Prevention and Control recommends pre-emptive
isolation of patients on admission, active screening on
admission and contact precautions for CRE “at risk”
patients with known or unknown microbiological
results.32 Use of accurate and fast methods of CRE
detection can provide rapid notification of results which is
vital for both effective therapy and infection control
measures. Limit the use of invasive devices when possible
and daily review of the need. Every hospital should
implement an antimicrobial stewardship programme to
provide appropriate antimicrobial therapy and prevent the
development of resistance.’23 Involvement of staff at
every level is essential to curb spread of CRE infection.
Regular training and monitoring of compliance to

infection control measures should be done routinely. 3233

CONCLUSION

The incidence of CRE bacteraemia during this study
period and the mortality rate following CRE infection and
bacteraemia are comparable with previous studies. The
predisposing factors to CRE bacteraemia in our study
were undetlying comorbidities, mechanical ventilation,

presence of tracheostomy, urinary catheter, CVC and


about:blank
https://aricjournal.biomedcentral.com/articles/10.1186/s13756-017-0259-z
https://aricjournal.biomedcentral.com/articles/10.1186/s13756-017-0259-z

ptior exposure to antibiotics. Routine screening and rapid

identification of patients at risk for CRE infection or

bacteraemia should be done and appropriate barrier 6.

precautions  should be

applied when

necessary.

Continuous education and training of staff is essential to

spread awareness. A prospective multicentre clinical trial

is warranted to establish causal relationships and further 7.

evaluate the response to treatment among patients with

CRE bacteraemia.
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