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Abstract

Sepsis is one of the major challenges of today. Although
gram-positive bacteria related infections are more
prevalent in hospital setting, the highest mortality
rate is associated with gram-negative microorganisms
especially Enterobacteriaceae. Enterobacteriaceae,
including Escherichia coli, Klebsiella spp., Proteus spp.,
Enterobacter spp. and Serratia spp. Resistance to
B-lactams in Enterobacteriaceae is primarily attributed
to the production of B-lactamase enzymes with sub-
sequent antibiotic hydrolysis and to a lesser extent
by alteration of efflux pump or porins expression.
Carbapenem resistant Enterobacteriaceae (CRE) and
Acinetobacter baumannii are the most notorious
pathogens due to the high incidence of morbidity
and mortality especially in the immunocompromised
patients in the intensive care unit. The most
appropriate antimicrobial therapy to treat CRE is still
controversial. Combination therapy is preferred over
monotherapy due to its broad-spectrum coverage
of micro-organisms, due to its synergetic effect
and to prevent development of further resistance.
Current suggested therapies for CRE resistance as
well as promising antibiotics that are currently under
investigation for winning the war against the emerging
CRE resistance are reviewed and discussed.
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Core tip: Carbapenem resistant Enterobacteriaceae
(CRE) is the most notorious pathogens contributing
to a significant morbidity and mortality rate in septic
patients especially in the intensive care unit. The most
appropriate antimicrobial therapy to treat CRE is still
controversial. This review is conducted to discuss the
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effectiveness of available therapies at this moment and
to elaborate on different promising drugs that are still
under investigation in order to win the combat on rising
antimicrobial resistance.

Alhashem F, Tiren-Verbeet NL, Alp E, Doganay M. Treatment
of sepsis: What is the antibiotic choice in bacteremia due to
carbapenem resistant Enterobacteriaceae? World J Clin Cases
2017; 5(8): 324-332 Available from: URL: http://www.wjgnet.
com/2307-8960/full/v5/i8/324.htm DOIL: http://dx.doi.org/10.12998/
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INTRODUCTION

Sepsis is a global healthcare problem and one of the
major challenges that health care practitioners face
worldwide!!. It has become one of the major causes
of death and its incidence is continuing to rise making
it @ huge burden in terms of increased morbidity
and mortality, prolonged hospital stay, increased risk
of having antimicrobial resistance and increasing
hospital cost. It was estimated that the incidence of
septic cases increased 13.7% each year over a period
of 22 years”™. Sepsis is newly re-defined as a life-
threatening organ dysfunction due to a dysregulated
host response to infection. Septic shock is defined
as a subset of sepsis in which particularly profound
circulatory, cellular and metabolic abnormalities
substantially increase mortality™’.

Sepsis is a medical emergency; hence, antimicrobial
treatment should be started as soon as sepsis is
suspected. To prevent development of further comp-
lications and progression of the patient into septic
shock and multi organ failure, profound knowledge
of the causative pathogens is needed to select the
proper antibiotic treatment. To reduce sepsis associated
mortality, it has been widely advocated to start empirical
antibiotic therapy from the first hour following sepsis
identification. This strategy leads to a reduction in
mortality of 13.7%°®. The most common primary
site involved in sepsis is the respiratory tract, mainly
pneumonia, followed by genitourinary tract infections.
Other sites involved are the abdomen, wound and soft
tissue infections, the central nervous system (CNS)
and the cardiovascular system. In some cases, the
source origin is unknown (Table 1)®' However,
the most commonly isolated pathogens depend on
the infection site. In wound infections Staphylococcus
aureus and coagulase negative staphylococci was
found to be the most causative organism of both
meningitis and pneumonia, while Escherichia coli is the
most prevalent cause of urinary tract infections (UTI)
related sepsist''?, Regarding blood stream infection
(BSI), coagulase negative staphylococci and E. coli are
the notable organisms isolated!”..

In the intensive care unit (ICU) setting, the most
common isolated pathogens causing severe sepsis
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are S. aureus followed by Pseudomonas infection,
Enterobacteriaceae and fungal infection, respectively.
Acinetobacter baumannii was involved in 9% of all
infections™®. But in general, gram negative pathogens
are the most commonly found in sepsis patients™****,
Although gram-positive bacteria related infections
(especially Staphylococcus) are more prevalent in
the hospital setting (62.2%), the highest mortality
rate is associated with gram-negative micro-orga-
nisms. Enterobacteriaceae are the most common
microorganisms in gram-negative sepsis™*.

EPIDEMIOLOGY OF
ENTEROBACTERIACEAE

Enterobacteriaceae, a family of Gram negative patho-
gens, includes E. coli, Klebsiella spp., Proteus spp.,
Enterobacter spp. and Serratia spp. These organisms
account for half of the bacteremia’s that are usually
caused by overspill of bacteria from their primary
sites™™, E. coli and K. pneumoniae, in particular, are
the major community and hospital acquired pathogens
that usually cause intra-abdominal infections, urinary
tract infections and primary bacteremia'®. The
emergence of multi-drug resistant microorganisms
has become one of the most important hazards that
health care is facing worldwide. Development of such
resistance can be attributed to many risk factors
including previous ICU admission, presence of a
central venous catheter especially in hemato-oncology
patients who are receiving chemotherapy, presence
of an indwelling catheter insertion, prolonged use of
antibiotics, prolonged hospital stay, hospitalization in
an area endemic for multidrug resistance (MDR) and
a history of previous colonization or infection with
these microorganisms''®’), Resistance to p-lactams
in Enterobacteriaceae is primarily attributed to the
production of B-lactamase enzymes with subsequent
antibiotic hydrolysis and to a lesser extent by alteration
of efflux pump or porins expression™. One of the main
causes of Enterobacteriaceae resistance is extended
spectrum beta-lactamases (ESBL) production. ESBLs
are plasmid encoded enzymes that are able to hydrolyze
penicillins, broad-spectrum cephalosporins with an
oxyiminoside chain, e.g., cefotaxime, ceftazidime and
ceftriaxone as well as oxyimino-monobactams such
as azetreonam. However, they are ineffective against
cephamycins or carbapenems and their antimicrobial
activity is inhibited by clavulanic acid™®?%, The
main problem concerning ESBL-producing bacteria
is that they usually acquire multiple antimicrobial
resistance mechanisms causing not only resistance
to cephalosporins but also to aminoglycosides and
fluoroquinolones, which further narrows the choices of
finding an effective therapeutic agent’®!!,

Regrettably, these organisms belonging to the
B-lactamases producing Enterobacteriaceae have ac-
quired new genetic mutations and became resistant to
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Table 1 The most common sites of infection and mortality
rates in sepsis

Site of infection Mortality (%)

Blood stream infection 34.2
Respiratory 22
Genitourinary 8.2
Wound and soft tissue infection 10.55
Abdomen 10.25
CNS 17.4
Device related 9.5
Endocarditis 25.95
Others 7.05

Table was modified from the ref. [9]. CNS: Central nervous system.

Table 2 Resistance mechanisms of carbapenemase producing
Enterobacteriaceae

Class Genetic mutation Clavulanic acid inhibition

Class A Chromosomal encoded (NmcA,
Sme, IMI-1, SFC-1)
Plasmid encoded (IMI-2, GES, KPC)

Partially inhibited

Class B Metallo-p-lactamase (IMP, VIM  Resistant to clavulanic acid
and NDM-1, SIM, GIM, SPM)
Class D Plasmid encoded oxa-48 Resistant to clavulanic aci

KPC: K. pneumoniae carbapenemases; OXA: Oxacillin-hydrolising; NDM:
New Delhi metallo-beta-lactamase. Table was modified from the ref. [22].

carbapenem antimicrobial therapy.

These carbapenemase producing Enterobacteriaceae
are classified into group A, B and D. B-lactamases micro-
organisms based on the type of gene mutation (Table 2).
Class A and D have a serine based hydrolytic mechanism,
but class B consists of metallo- f-lactamase™ ",

Carbapenem resistant Enterobacteriaceae (CRE) and
A. baumannii are the most notorious pathogens due to
the high incidence of morbidity and mortality especially
in the immunocompromised patients in the ICU. The
incidence of CRE was reported in various countries
worldwide including East Asia, India, USA and many
European countries. A multicenter study, conducted in
Shanghai, China, revealed a high proportion of ESBL
type E. coli as a cause of bloodstream infections. In
addition, it was noted that the most common involved
gene was CTX-M (CTX-M-15 CTX-M-14 and CTX-M-55,
respectively). No carbapenemases producing Entero-
bacteriaceae were reported'®. On the contrary, in
Turkey a retrospective study evaluating ICU patients
over ten years, showed that antibiotic resistance most
dramatically increased due to carbapenem resistant A.
baumannii followed by Pseudomonas spp, E. coli and
K. pneumoniae, respectively. In addition, a reduction
in methicillin resistant S. aureus (MRSA) prevalence
from 96% to 54% was noticed®, In the United States,
it was reported in CRE outbreaks that resistance,
especially to K. pneumoniae and to a lesser extent
other Enterobacteriaceae, were important in CRE
resistance’”.
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A case control study in New York showed that the
majority of deaths due to bacteremia in neutropenic
oncology patients were caused by CRE infections in
53%, of which gram negative Enterobacteriaceae
was found in 13%-18% of the patients. Independent
risk factors for increased CRE susceptibility were:
Previous use of B -lactam antibiotics (e.g., 3 or 4"
generation cephalosporins or carbapenems) within the
last 30 d; receiving trimethoprim-sulfamethoxazole
or glucocorticoids at the time of onset of blood stream
infection and having previous CRE infection isolate™”.
In order to avoid development of more resistance, it
is crucial to be selective in the choice of antibiotics.
Choosing the proper antibiotic regimen should be based
on clinical findings supported by rapid diagnosis®*..

Goodman et al'*® tried to develop a clinical decision
tree to predict whether a patient with bacteremia
was infected with an ESBL-producing pathogen. They
retrospectively studied a cohort of patients with bactere-
mia in Johns Hopkins hospital to identify clinical criteria
to diagnose those patients with ESBL bacteremia,
especially gram negative Enterobacteriaceae, to avoid
misuse of antibiotics in the future. The clinical criteria
were: A history of ESBL colonization or infection in
the last 6 mo with chronic usage of indwelling venous
catheter or dialysis, patient age = 43 years, recent
hospitalization in an ESBL high-burden area and a
history antibiotic use for = 6 d in the previous 6 mo.
They made a dlinical decision based on these five yes-
or-no questions. When the patient had a history of
ESBL colonization or infection in the last 6 mo with
chronic usage of indwelling venous catheter or dialysis
they had a 92% chance of being ESBL positive. With
these criteria, positive predictive value was 90.8%
and negative predictive value was 91.9%. In addition,
they found that 43% of patients with an ESBL positive
culture had received chemotherapy in the recent
history.

Another score has been developed to identify
patients with high suspicion of CRE or ESBL-BSI so
antibiotic therapy might be started on time to reduce
mortality (Table 3). Risk factors were chemotherapy
in the last 3 mo, foreign invasive device, absence
of peripheral vascular disease, reduced level of
consciousness, hospitalization of > 3 d and age <
65 years old. With a total score = 32 patients were
considered as high risk for CRE BSI infections and
required antimicrobial therapy targeted for CRE BSI
infections. Although this test showed a lower sensitivity
and specificity, its negative predictive value might
prevent needless use of toxic antibiotics™,

The Carba NP test is such a rapid diagnostic
with a very high sensitivity and specificity that can
differentiate between class A, B and C CRE. In addition,
other promising tests such as PCR assay and matrix
assisted laser desorption ionization might facilitate
CRE diagnosis. In addition, fast gram-negative blood
culture assays and film array blood culture can help
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Table 3 Bed side risk score for carbapenem resistant
Enterobacteriaceae

Risk factor Score (points)

19

10
10

History of chemotherapy in the last 3 mo
Invasive devices
Absence of peripheral vascular disease

Impairment of level of consciousness at the time of 9
illness
Hospitalization for 3 or more days before development 7
of BSI
Age < 65 years old 6

Table was modified from the ref. [28]. BSI: Blood stream infection.

in identifying carbapenemase genes within two
hours™>", However, deciding on the most appropriate
antibiotic choice in bacteremia due to CRE can be very
challenging.

TREATMENT OF CRE

The most appropriate antimicrobial therapy to treat CRE
is still controversial. No consensus has been reached
regarding the optimal choice of antibiotic therapy. As a
consequence of the evolving broad spectrum antibiotic
resistance, the old fashioned antibiotics, previously
discarded because of their side effects, e.g., polymyxin E
(colistin), polymyxin B, aminoglycosides and fosfomycin,
have reappeared, because of effectiveness to some
extent’®*?, Despite the numerous publications on the
subject, no consensus has been reached even on the
preference of monotherapy or combination therapy®®.

Monotherapy vs combination therapy for treatment of
sepsis

In a study conducted in a mice sepsis model, no
significant difference was shown between colistin
monotherapy and tigecycline monotherapy in treating
carbapenem-resistant K. pneumoniae. In addition,
combination of both colistin and tigecycline did not
show superiority over monotherapy®*. However,
several studies suggested that combination therapy
might be superior to monotherapy in terms of mor-
tality rates. A review conducted by Falagas et a/**!
described a cohort of 692 patients in which majority
had confirmed Klebsiella pneumoniae carbapenemase
producing K. Pneumoniae (KPC-KP) isolates and
most of them related to bacteraemia. Mortality rate
among those who received combination antimicrobial
therapy ranged from 50% to 67% with the lowest
rate associated with combination of tigecycline and
gentamicin and highest rate with colistin and car-
bapenem (50% mortality rate in combination of
tigecylcine with gentamicin, 64% in tigecycline-colistin
and 67% for carbapenem-colistin combination).
Patients who received colistin monotherapy had a
mortality rate of 57% and patients who received
tigecycline monotherapy 80%. The superiority of using
combination therapy was shown in only three studies.
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No hard conclusions can be drawn from this review to
decide on the use of single agent or combined therapy.
Except in the critically ill patients, it is preferable to use
combination therapy with superiority of tigecycline and
gentamicin as a first choice, but randomized clinical
trials need to confirm this statement.

But even with combination therapy, mortality rate
remains high in patients with CRE related bacteremia.
The underlying illness of the patient remains the most
important risk factor for mortality. Tumbarello et a/*®!
showed the lowest mortality rate in patients with
KPC-KP related sepsis using combined antimicrobial
regimens especially those containing meropenem (when
MIC < 8 mg/L).

In a retrospective cohort study by Tumbarello et a/*®
it was shown that combined therapy was superior to
monotherapy in treating KPC-KP infection. Survival
in patients with blood stream infection (mainly septic
patients) with KPC-KP receiving monotherapy had
a mortality rate of 54.3% while those receiving a
combination therapy had a mortality rate of 34.1%.
The same study demonstrated that a combination of
tigecycline or colistin with meropenem had a better
outcome compared to other combination therapies
(12.5% mortality rate compared to 16.6% for tige-
cyclin, gentamicin with meropenem, 57% for colistin-
gentamicin, 50% for tigecyclin-gentamicin and 30.4%
tigecycline and colistin combination therapy).

Interestingly, in a prospective study by de Maio
Carrilho et al®” in patients with infections caused
by KPC-KP (but also Enterobacteriaceae and E. coli)
regimens of three or more antibiotics did not show
any improved survival in comparison to regimens
with two antibiotics. Moreover, monotherapy was just
as effective as combination therapy in patients with
UTI. Other independent risk factors such as dialysis,
older age and septic shock seem to influence patient
outcome more than monotherapy vs combination therapy.

Nevertheless, taken all current evidence into
account, combination therapy can have a significant
association with a lower mortality rate and increase
the cure rate compared to monotherapy in the septic
patient since each drug has its own mechanism of
action, which can create a synergistic environment
while combating resistant bacterial strains. The limited
number of antimicrobial agents currently available to
treat CRE will be further discussed in this review.

Colistin
Colistin is one of polymyxin antibiotics with bactericidal
activity against Gram-negative bacterial infection®®.
Although the usage of this antibiotic was banned for
many years due to its nephrotoxicity and neurotoxicity
effect, it was reintroduced again due to emergence of
MDR microorganisms. However, the use of colistin in
treating CRE infection is still controversial®,

Qureshi et al*” retrospectively evaluated a cohort
of 41 patients admitted to the ICU from two different
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hospitals in the United States with almost similar
clinical and demographic variables. Of the 41 patients
who developed bacteremia with a KPC-producing K.
pneumoniae, seven patients died before initiating
treatment. Among those who received combination
therapy with carbapenem/tigecycline or carbapenem/
colistin 28 d survival was significantly higher than in
those on monotherapy (2 out of 15 patients receiving
combination therapy died compared to 11 out of 19
patients receiving monotherapy).

Regarding the optimal dose for colistin, Gibson
et al*"! showed that use of high dose colistin (> 4.4
mg/kg per day) in patients with CRE bacteremia was
associated with a better clinical outcome, i.e., reduction
of leucocyte < 12000 cells/mm?, no fever for 48 h and
hemodynamically stable without any vasopressor. Also
a better microbiological outcome was demonstrated,
i.e., eradication of CRE on day 7 after starting colistin.

Unfortunately, although still rare, colistin resistant
CRE species are emerging in China, United States and
different European countries. It is most often observed
in Enterobacteriaceae harboring the mcr-1 gene along
with carbapenemase resistant gene!***4,

Despite the fact that some investigators showed that
development of colistin resistant CRE did not correlate
with an increased mortality compared to patients
without colistin resistant CRE®”, others have found that
having colistin resistant KP is an independent risk factor
of death especially in those with bacteremia***!,

Colistin seems to be a good alternative in vulnerable
patients (without any evidence of renal impairment)
especially when combined with other antibiotics such
as carbapenems. However, it is very important to pay
extra-attention for colistin resistant strains.

Carbapenems
Despite the fact of developing resistance to car-
bapenems anti-microbial therapy, they still can be of
use especially in combination with other antimicrobial
agents in colistin resistant Enterobacteriaceae. In a
review by Bassetti et al'**, it was recommended that
patients with KPC-KP and a MIC of isolate between
8 mg/L-16 mg/L or < 8 mg/L should receive a high
dose of carbapenem containing therapy with a
prolonged infusion together with colistin, tigecycline
or an aminoglycoside. The underlying reason was
prevention of developing new resistance to the rest of
CRE antimicrobial therapy

In a case report on ertapenem and meropenem
combination therapy, it was reported that an elderly
patient with KPC-producing E. coli isolated from surgical
site and nosocomial pneumonia with a contra-indication
to colistin use due to a recent renal transplantation was
started on combination therapy with ertapenem and
meropenem showing good response. Unfortunately, the
patient died later due to hemorrhagic shock!*.

In order to have a better outcome in colistin resistant
Enterobacteriaceae, double carbapenem treatment
was introduced. In two patients with carbapenemase-
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producing K. pneumoniae who were also colistin
resistant, a combination of meropenem 2 g every 8 h
and ertapenem 1 g every 24 h were given. In a third
patient, dosages were adjusted for renal function.
Both patients showed clinical improvement and also
in vitro bactericidal activity was maintained up to 24 h.
In conclusion, in such select cases like resistance to
colistin, where options to treat CRE related sepsis are
limited, a combination of two carbapenem antibiotics
could be beneficial*”".

In a trial performed by Cprek et al*® ertapenem/
carbapenem double therapy (consisting of one gift of
1 g ertapenem given daily 1 h before administration
of meropenem 2 g or doripenem 500 mg and the rest
of the daily doses of meropenem or doripenem given
normally) a favorable outcome was observed with
maximum benefit in patients with CRKP bacteremia
(43%) followed by pneumonia, intraabdominal, UTI
and skin associated CRE infections.

Taking these observations into account, a combination
of two carbapenems can be effective and even superior
to other combination regimens in bacteremia patients
due to its synergistic effect.

Tigecycline and other tetracyclines

Tetracyclines are a group of antibiotics that exhibit
bacteriostatic activity by reversible binding to 30S
ribosomes that interfere with protein synthesis. It is
widely used due to its coverage of both gram-positive
and gram-negative bacteria as well as some anaerobes
and parasites'*®. Tigecycline is a glycylcycline, which is
a tetracycline derivative and exhibits broad spectrum
activity covering many organisms including MDR path-
ogens™. Many studies were conducted to evaluate the
efficacy of tetracyclines mainly tigecycline in treating
CRE related sepsis. A systematic review demonstrated
that tigecycline did not significantly improve sepsis
related mortality'®". However, combination therapy
containing tigecycline did significantly improve survival.
In addition, it was found that administration of high
dose regimen was associated with better outcome
compared to standard dose tigecycline in combination
therapy.

Administration of tigecycline monotherapy was
associated with a high mortality rate™?. Tigecycline
might have a role in the treatment of CRE if it is used
as a part of combination therapy particularly with
aminoglycoside group or colistin®®?. Other tetracyclines,
minocycline and eravacycline, are also studied in the
treatment of CRE. Although high dose intravenous
minocycline (200 mg twice daily) can be effective in
carbapenem resistant A. baumannii up to 74%, its
efficacy is less when dealing with CRE with only 12%
of the CRE susceptible to minocycline™. Another
promising agent is eravacycline, belonging to the
fluorocyclines. In vitro it showed a potent effectiveness
to MDR organisms™". An ongoing phase 3 clinical trial
with eravacycline (GNITE4) might give us more data
on its effectiveness® ., The preliminary results suggest
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that there is no place for the use of tetracyclines in
the treatment of CRE related sepsis; however the
definitive results have not been published until now.

Aminoglycosides

The antibiotic group of aminoglycosides consists of
gentamicin, amikacin, streptomycin, paromomycin,
streptomycin and plazomicin, the last one still under
clinical research. This group covers mainly gram
negative and to some extent gram-positive pathogens
and Mycobacteria®®. It is usually used in combination
with other antimicrobial agents in serious infections
due to its synergistic effect’®”. The major side effects
are ototoxicity and nephrotoxicity together with its
narrow therapeutic window it can limit its usel®.
Aminoglycosides (especially gentamicin and amikacin)
have shown their efficacy in treating carbapenem
resistant KP UTI compared to other carbapenem
resistant antimicrobial treatment (88% clearance
compared to tigecycline and colistin), but its role in
carbapenem resistant bacteremia as monotherapy
is still uncertain™®. A retrospective cohort study
demonstrated that administration of gentamicin is an
independent factor, which can improve 30 d mortality
mainly in cases of KPC-KP related sepsis.

Especially in patients with both Carbapenem and
colistin resistant KP, it decreased the mortality rate
to 20.7% in comparison to 61.9% in patients treated
with non-gentamicin containing therapy™.

In conclusion, the role of aminoglycosides, mainly
gentamicin, was studied previously particularly in
combination with tigecycline with promising results.
Now, it can be considered as a good option in the
CRE patient with sepsis. Regarding the rest of amino-
glycoside group antibiotics, further prospective studies
are recommended.

Fosfomycin

The same might be applied for fosfomycin which
has shown only its effectiveness in the treatment of
patients with CRE UTI, but up until now no sufficient
data exists supporting the use of fosfomycin either as
a monotherapy or as part of a combination therapy
in treating sepsis™®. In a study by Bowers et a/®”,
68 patients were treated with intravenous fosfomycin
either in combination with colistin or with tigecycline.
Effectiveness was demonstrated in 54.2% of patients
at day 14. Mortality rate was 37.5% at day 28, with
the highest mortality in having bacteremia; ven-
tilator associated pneumonia and CRE KP isolates or
P. aeruginosa isolates. Interestingly, three patients
developed fosfomycin resistance shortly after treatment.

PROMISING NEW TREATMENTS

Alternative combination regimens can be considered
in the future as curative agents in CRE related sepsis,
but further clinical trials and prospective studies are
required to assess its effectiveness. Fortunately, many
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new promising drugs might win the current battle
against the current CRE resistance. One of them is
plazomicin that belongs to the group of aminogly-
cosides. Recently, a phase 3 clinical trial was published
showing efficacy of plazomicin. It was demonstrated
that plazomicin significantly reduced mortality rate and
reduced complications in patients with severe infection
including CRE bacteremia, ventilation associated
pneumonia and hospital acquired pneumonia related
to CRE compared to colistin (28 d mortality rate was
11.4% in the plazmicin group compared to 40% in
the colistin group). It also showed that plazomicin
has the same efficacy of ertapenem in treating
UTI®Y, therefore it might play an important role in
ceftazidime-avibactam combination therapy. In a
recent study by Wu et al'®¥, three patients with CRE
bacteremia (one patient with septic shock and one
patient with suspected endocarditis) were successfully
treated with ceftazidime-avibactam combination
therapy. Combination of ceftazidime-avibactam is
effective against oxa-48 and KP CRE™®?,

Another option in the battle of CRE might be the
addition of vabobactam to meropenem. Vabobactam
is a boronic acid beta-lactamase inhibitor, which acts
mainly on the serine carbapenamase and it has shown
its efficacy in treating complicated UTI including those
caused by CRE in phase 1 and 2 trials. A phase 3 trial
is still ongoing now. In addition, its role in treating
bacteremia needs further investigation®*.

In addition, combination of relebactam with imipenem
and cilastatin is a promising option. Relebactam belongs
to same group of vabobactam antibiotics. A phase
3 trial is designed to compare this combination with
piperacillin/tazobactam in the treatment of complicated
UTL. Its role in treatment of bacteraemia has not been
investigated up until now!®?.,

One of the promising discoveries that can help in
reducing the rate of CRE resistance is the peptide-
conjugated phosphorodiamidate morpholino oligomer.
It is a neutral DNA analogue which can inhibit gene
expression of carbapenemases. It has been demon-
strated that PRMO can target NDM1 (class B carba-
penemases). It was shown that in combination with
meropenem, it improved patient survival up to 92%
because it re-established meropenem function™®.

CONCLUSION

The most appropriate antibiotics to treat CRE related
sepsis is still debatable. Combination therapy is
preferred over monotherapy in most of the studies
due to its broad-spectrum coverage of organisms, its
synergetic effect and to prevent development of further
resistance.

In severely ill patients with co morbidities, a
combination of two or more antibiotics is preferred.
One of the best treatments up until now has been a
combination of meropenem, tigecycline and colistin. A
second option might be the combination therapy with
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Suspected patient with
CRE bacteriaemia

—

Severely ill
patient

!

Initial choice
Tigecycline
+ gentamicin + colistin

MIC of meropenem

Meropenem + colistin + tigecycline Tigecycline +
or gentamicin +
tigecycline + gentamicin + meropenem colistin

N

Moderately ill
patient

!

Initial choice
Tigecycline + gentamicin
or
tigecycline + colistin

MIC of meropenem

pd

N

Tigecycline + gentamicin
tigecycline + colistin

colistin + gentamicin

Meropenem + tigecycline
or or
meropenem + colistin

or

Figure 1 Suggested algorithm for antibiotic choice in patient with bacteriaemia of carbapenem resistant Enterobacteriaceae’. 'The algorithm is based on the

following references: [35,36,40,45,51,59]. CRE: Carbapenem resistant Enterobacteriaceae.

tigecycline, gentamicin and meropenem. In moderately
ill patients, it is recommended to administer the
combination of tigecycline and gentamicin. If the MIC
is less than 8 ug/mL, it is advisable to switch to a
carbapenem containing therapy. In case of colistin
resistance, a combination of two carbapenems can
be used (e.g., ertapenem with meropenem or erta-
penem with doripenem) besides the combinations
shown in the algorithm (Figure 1). Many promising
antibiotics are currently under investigation. The most
optimal treatment still needs to be determined to win
the battle against the emerging CRE resistance.
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