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Abstract

Carbapenemase-producing Enterobacterales (CPE) infections have increased in recent years. Colombia
has become an endemic country for this group of microorganisms, and the infections they cause have a
serious impact in terms of morbidity and mortality. The early identification of CPE carriers who are admit-
ted to health care centers as patients is necessary to implement adequate isolation and infection control
measures to limit the spread of this type of microorganisms in hospitals. Furthermore, treating these in-
fections is a challenging task due to the limited therapeutic alternatives available and the fact that there
are only a few studies proving their effectiveness in this setting.

Therefore, the objective of the present work is to develop a clinical practice guideline (CPG) for the screen-
ing of patients at risk of CPE colonization and the treatment of inpatients with suspected or confirmed
infections caused by this type of bacteria through a CPG adaptation process based on the ADAPTE meth-
odology. With this purpose in mind, evidence-informed recommendations for the screening and timely
identification of CPE carriers admitted to hospitals are made, as well as for the adequate pharmacologi-
cal treatment of CPE infections in this context.

Keywords: Clinical Guidelines as Topic; Enterobacteriaceae; Klebsiella pneumoniae; Drug Resistance,
Bacterial; Polymyxins (MeSH).

Resumen

Las infecciones por Enterobacterales productores de carbapenemasas (EPC) han aumentado en los Gl-
timos afios. Colombia se ha convertido en un pais endémico para este grupo de microorganismos y las
infecciones que causan tienen un impacto importante en términos de morbimortalidad. La identificacién
temprana de los portadores de EPC que ingresan como pacientes a las instituciones de salud es necesaria
paraimplementar medidas de aislamiento y control de infecciones adecuadas que limiten la diseminacion
de este tipo de microorganismos en los hospitales. Ademas, el tratamiento de estas infecciones es dificil
debido a las limitadas alternativas terapéuticas disponibles y la escasez de estudios que demuestren su
efectividad en este escenario.

Por lo anterior, el objetivo del presente trabajo es desarrollar una guia de practica clinica (GPC) para la ta-
mizacion de pacientes con riesgo de colonizacion por EPC y para el manejo de pacientes con infecciones,
ya sea sospechadas o confirmadas, causadas por este tipo de bacterias, mediante un proceso de adapta-
cién de GPC basado en la metodologia ADAPTE. Con este propdsito en mente, se hacen recomendaciones
informadas en evidencia para realizar la tamizacién y oportuna identificacién de portadores de EPC admi-
tidos en instituciones hospitalarias, asi como para el adecuado manejo farmacoldgico de las infecciones
por CPE en este escenario.

Palabras clave: Guias de practica clinica como asunto; Enterobacteriaceae; Klebsiella pneumoniae; Far-
macorresistencia bacteriana; Polimixinas (DeCS).
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CPG for screening patients with CPE

Introduction

Antibiotic resistance is a public health problem that
hasincreased worldwide in recent years. In Europe, for
example, the European Centre for Disease Prevention
and Control, cited by Carlet et al.,* reported that about
25 000 people die each year from infections caused by
antibiotic-resistant bacteria.

Carbapenems are a subclass of antibiotics with the
broadest spectrum; they have high efficacy and safe-
ty profile compared to other therapeutic alternatives
against Gram-positive and Gram-negative bacteria and
are considered a fundamental resource for the treat-
ment of infections by resistant microorganisms. Thus,
the emergence and spread of antibiotic resistance is a
major public health concern.?

There are microorganisms such as Stenotrophomonas
maltophilia® that are intrinsically resistant to carbap-
enems; however, most bacteria acquire resistance to
these antibiotics. For example, in the 1990s, chromo-
somal metallo-B-lactamases (MBL) were discovered in
some carbapenem-resistant isolates of Pseudomonas
aeruginosa, later were detected in species of the genus
Acinetobacter, and most recently were shown to have
migrated to Enterobacteriaceae.”

Gram-negative bacteria have developed multiple resis-
tance mechanisms: some species prevent carbapenems
from reaching penicillin-binding proteins by reducing
permeability in the cell membrane, while others actively
expel canapenemases with efflux pumps.° The production
of B-lactamases is the most important form of resistance
at the clinical and epidemiological level; thus, the car-
bapenems most recognized for their hydrolytic capacity
and international dissemination power through high-
risk clones are Klebsiella pneumoniae carbapenemase
(KPC), Verona Integron-encoded Metallo-B-lactamase
(VIM), New Delhi MBL (NDM), imipenemase (IMP), and
oxacillinase (OXA)-48-like carbapenemase. In Latin
America, the first carbapenemase-producing bacteria
to be identified was KPC and the first country to do so
was Colombia in an isolation of K. pneumoniae.®”’

In the order of Enterobacterales, the Enterobacteriace-
ae family provides the largest number of species that can
be resistant to carbapenems, which can cause serious in-
fections such as bacteremia, pneumonia, and complicated
urinary and intra-abdominal infection.® The most frequent-
ly identified form of resistance in these organisms is the
generation of enzymes capable of hydrolyzing B-lactam
antibiotics such as carbapenems; these bacteria are known
as carbapenemase-producing Enterobacterales (CPE).°

In 2017, the World Health Organization (WHO)'° re-
leased a priority list of antibiotic-resistant bacteria that
included 12 families of pathogens in order to guide and
promote research on the subject and develop new an-
tibiotics. In this group, CPEs were considered a critical
priority because the infections they cause can increase
complications and mortality, the latter estimated at
about 40% by Ramos-Castafieda et al.'* Similarly, in a
systematic literature review, Martin et al.'? reported a
significantly higher risk of overall mortality (OR: 3.39,
95%CI: 2.35-4.89) compared to infections caused by
microorganisms sensitive to carbapenems, which coin-
cides with the studies conducted in Colombia by Gualtero
etal.”> and Cienfuegos-Gallet et al.**
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The health costs generated by infections caused by
CPE are higher than those caused by other infections,
such as influenza, or chronic conditions such as asth-
ma, high blood pressure, or diabetes. In this regard,
Bartsch et al.'® state that costs increase proportionally
with the incidence of infection, increasing 2.0, 3.4 and
5.1times forincidencerates of 6, 10 and 15 per 100 000
persons, respectively. In Colombia, where KPC-produc-
ing bacteria are endemic, Vargas-Alzate et al.'®describe
an increased health care cost in patients with infections
caused by carbapenem-resistant enterobacteria; for ex-
ample, in the case of urinary tract infection, costs are
USD 633 higher than in individuals whose infections
are caused by microorganisms sensitive to B-lactams.

The aim of the present research was to develop a
guideline that makes recommendations based on sci-
entific evidence and adapted to the Colombian context.
This is a joint effort of the Hospital Universitario Nacion-
al de Colombia, Universidad Nacional de Colombia, the
District Health Department of Bogota, Pontificia Univer-
sidad Javeriana, Asociacién Colombiana de Infectologia
and other institutions in Bogota.

The recommendations made here are intended to be
implemented in Colombian healthcare centers by in-
fection control groups (infection committees, infection
prevention committees, healthcare-associated infection
committees or those in charge of these activities), as well
as by general practitioners or specialists involved in the
clinical care of patients with these types of infections,
including internists, critical care specialists, infectiol-
ogists, etc. They can also be implemented by nurses,
pharmaceutical chemists, microbiology professionals
(bacteriology, microbiology) and administrative staff
involved in the treatment of infections caused by CPE.

Objectives

Given this scenario, the aim of this study was to devel-
op a clinical practice guideline (CPG) for the screening
of patients at risk of colonization by CPE and the treat-
ment of patients with suspected or confirmed infections
caused by this type of bacteria through a process of ad-
aptation of CPGs based on the ADAPTE methodology.'’
Similarly, derived from this objective, it was intended
to make useful recommendations for screening and
timely identification of CPE carriers admitted to hospi-
talsin order to initiate appropriate antibiotic treatment,
taking into account the clinical scenario and the factors
that increase resistance.

Aspects addressed by the guideline

The proposed CPG comprises two main topics: the screen-
ing of patients at risk of colonization by CPE and the
pharmacological treatment of individuals with suspect-
ed or confirmed infection by these microorganisms.

Target patients

The guidelines were designed to be implemented in adult
patients (over 18 years of age), treated or hospitalized
in healthcare centers, who are at risk of colonization
with CPE, and in whom there is clinical suspicion or con-
firmation of infection by these microorganisms.
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Users

The recommendations set forth in this CPG are intended
for health care teams performing infection control activi-
ties or caring for adult patients at risk of colonization with
CPE, or with suspected or confirmed infection by such
microorganisms. These teams include healthcare pro-
fessionals such as general practitioners or specialists in
emergency medicine, internal medicine, intensive care,
infectious diseases and infection control or prevention,
as well as professionals working in clinical laboratories
(bacteriology or microbiology) and nurses.

The guidelines are also aimed at health care deci-
sion-makers, both collective and individual, working in
clinical, administrative, or financial areas in hospitals
and health insurance companies.

Methodology

The ADAPTE methodology was used for the development
of this CPG, '’ as it allows adapting or modifying recom-
mendations already established for a specific scenario
so that they can be used in different settings. This meth-
odology is a rational option for generating new CPGs.

The purpose of using the ADAPTE methodology is to
develop and implement new CPGs from existing CPGs
more effectively in order to acquire a high level of qual-
ity and ensure recommendations that take into account
particular and relevant health aspects in the new con-
text in which they will be utilized. It also intends to abide
by specific requirements, legal conditions, regulations,
priorities, and political and budgetary availability of the
institutions.

The recommendations contained in this CPG were
established using participatory methods based on a
systematic search and identification of scientific litera-
ture, as well as on an assessment of the epidemiological
context and the operation of the Colombian health sys-
tem. This process was carried out in the following order:

Step 1

The topics to be covered in the consensus document
were defined, and specific questions to be resolved were
raised in accordance with the need to properly identify
and treat CPEs. The topics and questions were selected
based on the experience of the guideline development
group (GDG).

This first step allowed establishing the global terms
of reference, the feasibility of the adaptation in terms
of information availability, the methodology to be em-
ployed, the needs identified, and the process planning.

The GDG consisted of an infectologist (JAC), a mi-
crobiologist with training in infection control (ALL), and
three internal medicine specialists (GAM, JSB, LCNB).
It should be noted that the infectiologist (JAC) has ex-
perience in the development of CPGs.

Step 2

Questions were formulated following the PICO format
and systematic literature searches were made in da-
tabases (PubMed and Embase) and GPC sites (SIGN,
Guideline Central, etc.) to answer each of them.
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Moreover, during this second stage, the criteria for
inclusion of the documents to be selected were de-
fined; this process is described in Annex 1. The GDG
was responsible for the initial searches and the selec-
tion process.

Step 3

Once the systematic search of the literature was car-
ried out, the documents and studies that contributed to
the resolution of the questions posed in step 2 were se-
lected, and their methodological quality was evaluated
using the AGREE II instrument. ¢ This instrument eval-
uates several aspects related to methodology, quality,
clarity, and relationship with the sponsors of the CPG,
as well as its validity.

For the evaluation of the CPGs, the time of publica-
tion and the periods in which the scientific literature
was searched for were considered in order to obtain
the most recent evidence. The content of the CPGs was
assessed by identifying whether the recommendations
were adequately supported by evidence and wheth-
er there was consistency with the respective graded
levels. Likewise, consistency was evaluated by analyz-
ing how articles supporting the recommendations were
searched for and selected and by establishing whether
there was a correlation between the evidence reported
in the literature and how it was summarized and inter-
preted, and between how information was interpreted
and recommendations were formulated.

Finally, it was determined whether the recommen-
dations were acceptable and valid in the Colombian
context and according to the operation of the nation-
al health system and the financial resources available
in the country.

Step 4

Finally, the CPGs identified by the GDG members were
evaluated, all recommendations were collected, and
their potential for implementation was defined. Four
documents were selected for this process: “Guidelines
for the prevention and control of carbapenem-resistant
Enterobacteriaceae, Acinetobacter baumannii and Pseudo-
monas aeruginosa in health care facilities”,** “Screening
for carriage of carbapenem-resistant Enterobacteriace-
ae in settings of high endemicity: a position paper from
an Italian working group on CRE infections”,?° “Israeli
National Policy for Carbapenem-Resistant Enterobacte-
riaceae Screening, Carrier Isolation and Discontinuation
of Isolation”,?* and “French recommendations for the
prevention of ‘emerging extensively drug-resistant bac-
teria’ (eXDR) cross-transmission”.??

The recommendations were made based on the data
gathered during the evaluation process described above,
which was carried out using the GRADE approach?® and
with the participation of experts. Likewise, in this step,
concordance between the established recommenda-
tions and the articles on which they were based was
evaluated.

The GRADE approach has the following elements of
judgment to define the strength and direction of rec-
ommendations: a) problem prioritization; b) benefit
of desirable outcomes; c) desirable and undesirable
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effects; d) certainty of the evidence of adverse out-
comes; e) uncertainty concerning values and preferences
of patients, or their variability among patient, about
each outcome; f) balance between gains and the risks
and drawbacks of the recommendations; g) costs and
resource use; h) certainty of economic requirements;
i) cost-effectiveness of recommendations; and j) eqg-
uity of recommendations.

Recommendations were categorized according to the
level of evidence and each category pointed out two
aspects: 1) the level of reliability given to the estimat-
ed effect (beneficial or adverse) of the intervention, so
that the recommendations are for or against it, and 2)
the level of certainty available to define whether its fa-
vorable effects outweigh the adverse effects (Annex 1).

Health professionals who participated in the devel-
opment of this CPG declared whether they had conflicts
of interest regarding the development of the guideline
in general or the recommendations in particular; this
form included information about several areas that may
or may not be related to the aspects defined in the CPG
and was completed before starting the preparation of
the document and holding the consensus meeting.

Questions

1. Which patients should be screened for colonization
with carbapenemase-producing Enterobacteriaceae?

2. What is the recommended technology for screening
hospitalized patients colonized with carbapenemase-pro-
ducing Enterobacteriaceae?

3. How often should screening tests for carbapenemase-pro-
ducing Enterobacteriaceae be performed in selected
patients?

4. Which antimicrobials can be used to treat infections
caused by carbapenemase-producing Enterobacteria-
ceae and what is the best management strategy?

It should be pointed out that the development of this
CPG involved the participation of health professionals
from different areas who were able to guide the recom-
mendations and assess potential organizational barriers
or barriers to the implementation of the CPG. An update
of these recommendations is expected to be complet-
ed within 5 years.

Recommendations and evidence review

Question 1: Which patients should be screened
for colonization with carbapenemase-producing
Enterobacterales?

Recommendations

1. Active surveillance for colonization with CPE is rec-
ommended. Strength of recommendation: strong for.
Quality of evidence: low (®®00).

2. We recommend screening for asymptomatic coloniza-
tion based on local epidemiology and risk assessment.
Strength of recommendation: strong for. Quality of ev-
idence: low (®®00).

3. We recommend screening for CPE infection in patients
with previous CPE colonization; who have been in con-
tact with other patients colonized or infected with CPE;
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who have a history of hospital stay >24 hours in the last
6 months; who have been admitted to intensive care
units (ICU); patients in dialysis, chemotherapy, chronic
care, oncology, transplant or hemato-oncology units;
patients readmitted to ICUs; patients who have been
treated with carbapenems; and patients referred from
any other healthcare center. Strength of recommen-
dation: strong for. Quality of evidence: low (®®00).

Recommendation rationale

a. Due to the clinical significance (morbidity and mortality)
of CPE infections, itis considered necessary to perform
active and continuous surveillance in patients who have
been or may be infected with this type of bacteria.

b. Most of the studies that evaluated the usefulness of
screening for colonization with CPE showed that the
number of infections caused by these microorganisms
decreases when screening tests are performed in at-
risk groups through weekly cultures; these results were
associated with other interventions such as contact iso-
lation measures, education of healthcare personnel,
improved adherence to hand hygiene, and optimiza-
tion of antimicrobial formulation.

c. The consensus panel, as a whole, considered that the
strength of these three recommendations was strong for
the intervention, despite having a low-quality evidence,
because they take into account that Enterobacteriace-
ae resistance to carbapenems in Colombia is a public
health problem with high rates of sustained resistance
over time and that there is an endemic circulation of
CPE in the country.

d. Risk factors for colonization with CPE include previous
infection by this microorganism, prolonged hospital
stay (especially in critical care, dialysis, transplanta-
tion units, etc.), and previous use of carbapenems.

e. Early identification of patients infected with CPE allows
timely isolation; nevertheless, it should be noted that
these patients do not require treatment.

Evidence

The prevalence of resistance to carbapenems in clini-
cal isolates in Colombia varies considerably depending
on the type of microorganism, the population stud-
ied and the geographic area where the infection is
contracted, with results as low as 1% for Escherichia
coli, or as high as 23% for K. pneumoniae and 60% for
Providencia rettgeri.**

Furthermore, in Colombia, it has been established
that in 89% of CPE isolates, resistance is mediated by
the production of carbapenemases, while the remaining
11% is explained by other mechanisms such as hyperpro-
duction of AmpC B-lactamases and porin mutations.?2¢

It has been established that the most common car-
bapenemases worldwide are KPC (65%) and NDM
(22%).?7?¢ Although data are presented in a general
way, this information, particularly the local epidemiol-
0gy, is critical for healthcare centers because evidence
suggests that most of the circulating CPE in Colombia
produce Class A and B carbapenemases. Therefore, in-
fection control programs should focus their efforts on
detecting these antimicrobials, which, besides being
the most common, have the greatest impact on public
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health and the dissemination of resistance in hospi-
tals.?”?° In this sense, local information is decisive to
define the applicability of the recommendations pro-
vided here, as well as the best strategies for identifying
CPEs and the most effective treatment.

The studies found in the systematic literature search
that support the second recommendation and active sur-
veillance in patients with asymptomatic CPE colonization
have assessed the impact of screening along with oth-
er strategies applied simultaneously, highlighting the
importance of always combining screening with other
interventions to reduce the dissemination of resistance.

The reviewed literature presented multiple interven-
tions used on patients with CPE infections, which can be
combined in a variety of ways. For example, Viale et al.*°
conducted a quasi-experimental study in a university
hospital in Italy in which they compared a pre-interven-
tion period (June 2019 to July 2011) with an intervention
period (August 2011 to January 2014) to assess the im-
pact of an infection control program on the incidence of
CPE. They found a significant decrease in the incidence
rates of bloodstream infections caused by these micro-
organisms (risk reduction: 0. 96, 95%CI: 0.92-0.99,
p=0.03) and of colonization with CPE (risk reduction:
0.96, 95%CI: 0.95-0.97, p<0.0001) in the second study
period, thus proving the benefit of multidisciplinary in-
tervention based on asymptomatic screening.*°

Hayden et al.** conducted a study in which they found
that combined intervention was significantly associated
with a reduction in cases of KPC colonization and infec-
tion in four Chicago long-term acute care hospitals with
a high endemic prevalence of KPC (p=0.004).

In turn, Gagliotti et al.*?> published a study with the
results of the implementation of a series of measures
to prevent CPE infections in the Emilia-Romagna region
of Italy. They included confirmation of CPE infection by
phenotypic testing; active surveillance of asymptomatic
CPE carriers through rectal swabs for close contacts of
hospitalized patients with CPE, patients transferred from
other hospitals or from endemic countries, and patients
admitted to ICU or transplant, oncology and hematol-
ogy units; isolation for patients infected with CPE and
asymptomatic carriers during their hospital stay; and
reporting of the presence of CPE at the time of patient
transfer. The authors found that the intervention was
effective in reducing the incidence rate of CPE infections
from 32 cases per 100 000 hospital patient days to 15
cases per 100 000 hospital patient days.

In a larger study conducted in a hospital of Israel,
Ciobotaro et al.** evaluated the implementation of a
multidisciplinary strategy over a 3-year period that in-
cluded active surveillance of patients at high risk for CPE
colonization; guidelines for patientisolation, cohorting,
and environment cleaning; and education of staff. Ac-
tive surveillance was performed by means of rectal swab
cultures taken only once from asymptomatic patients
in contact with individuals with CPE infection or coloni-
zation, admitted to the ICU or transferred from another
hospital. The authors found that the incidence of KPC
infections had a 16-fold decrease, while the cross-infec-
tion rate went from 6% to 2.7% after this intervention.

The studies presented above show the benefit of
active surveillance by rectal swabbing, as long as it is
implemented in along with contact isolation measures
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and with a third or fourth factor that may include the
training of healthcare personnel, optimization of hand
hygiene, or a decrease in the formulation of carbapen-
ems through antimicrobial use optimization programs.

The risk groups chosen for active surveillance differed
somewhat among papers, which could be attributed to
the fact that the populations studied were drawn from
both endemic and non-endemic regions for CPE and
therefore the protocols were heterogeneous. Regardless
of these differences, what should be emphasized about
screening in these studies is that none of them system-
atically tested all patients admitted to the centers and
that, in all hospitals, the population for active surveil-
lance was specifically selected. These strategies should
be adopted in Colombia bearing in mind the epidemiology
of each healthcare center and using the patient groups
proposed in the studies described above as a guide.

Based on these studies, it is also possible to estab-
lish previous colonization, prolonged hospitalization,
prolonged stay in long-term care facilities, and the use
of invasive devices (orotracheal tubes, endovenous
catheters, bladder catheters, etc.), mechanical ven-
tilation and antibiotics (especially carbapenems and
quinolones) as risk factors for CPE colonization and
infection.>*¢

Question 2: What is the recommended technology
for screening hospitalized patients colonized with
carbapenemase-producing Enterobacterales?

Recommendation

1. We suggest that each center defines the technology to
be employed based on the algorithm described below
(Figure 1 and Table 1), considering the prevalence of CPE
and the availability of resources. Strength of recommen-
dation: weak for. Quality of evidence: very low ®000.

Good clinical practice points

e We suggest estimating CPE infection every 2 months if
the prevalence of CPE infection in the healthcare cen-
teris <15%.

e Laser nephelometry as a screening test when the prev-
alence of CPE infection is 215% in the healthcare center
is not recommended. In addition, we suggest repeat-
ing this test with a new rectal swab sample if the initial
screening was negative, because its low sensitivity and
low negative predictive value are not sufficient to rule
out CPE infection in high-prevalence settings.

e We do not recommend performing a confirmation test
using CarbaNP if the prevalence of CPE infection in a
healthcare center is 215%, since its negative predic-
tive value is insufficient to rule out an infection of this
type with certainty. Therefore, repeating the confirma-
tory test with another method is suggested.

e The screening test performed on MacConkey agar with
meropenem disks, or supplemented with meropenem,
could be used in low or high prevalence scenarios if
the clinical laboratory previously performs standard-
ization and validation tests to improve the reliability of
results. This test may be an option in care centers with
limited resources, where the purchase of chromogen-
ic agars or laser nephelometry equipment is limited.
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Rectal lswab
I
ChromD®
mSuperCarba® -
ChromAgar KPC® Multiplex PCR
Laser Nephelometry

+ [ | -
Suspected CPE, requires CPE ruled out:
confirmation: No further
MALDI - TOF testing
Carba NP®
mCIM — +| - -
Immunochromatography Positive for Negative for
carbapenemase carbapenemase

Confirmed CPE: +
No further testing

CPE ruled out:
No further testing

No further testing
required

Figure 1. Algorithm for screening and confirming infection with carbapenemase-producing Enterobacterales.
Source: Own elaboration.

Table 1. Diagnostic performance of tests available in Colombia for screening and confirming infection with carbapene-
mase-producing Enterobacterales.
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199.995) 2172.692 10000) 4868.228)
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CDC: Center for Desease Control and Prevention; MHT: modified Hodge test; CarbaNP: carbapenemase Nordmann-Poirel
test; mCIM: modified carbapenem inactivation method; MALDI-TOF: matrix-assisted laser desorption ionization-time of
flight mass spectrometry; CMSC: CHROMagar™ mSuperCARBA™; CI: confidence interval; AUC: area under the curve.
Source: Own elaboration.

Recommendation rationale evidence demonstrating the superiority of any of them
in terms of reducing the frequency of nosocomial in-

a. Screening for colonization with CPE may be performed fections or transmission of CPE.

on samples obtained by rectal swabbing.

b. Nasal swabs, pharyngeal swabs, bronchial aspirates,
and urine cultures in patients with bladder catheters
are alternatives for sampling that should be considered
when there is direct suspicion of infection or coloniza-
tion with CPE in these sites.

c. There are several methods available for screening
in-patients for CPE colonization; however, there is no

. We recommend performing microbiological tests to

screen for CPE colonization if confirmatory tests for
carbapenemase production are also performed or, alter-
natively, tests that allow screening for CPE colonization
directly from the rectal swab without requiring initial
microbiological isolation (molecular tests).

. Since there is no evidence to establish that one test is

superior to the others, each healthcare center should
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define the test to be used based on its CPE infection
prevalence and resource availability. The proposed algo-
rithm (Figure 1, Table 1) summarizes the most relevant
data regarding diagnostic performance that should be
considered when making such decisions.***’

f. The proposed algorithm (Figure 1) enables the user
to select between a screening test and a confirmatory
test or a polymerase chain reaction (PCR) test. Im-
portantly, due to the high sensitivity and specificity of
PCR tests, PCR test results do not require confirmation.

g. Thetests (or set of tests) should be selected according
to the availability of resources at each healthcare center.

Evidence

Diagnostic tests for screening patients at risk of CPE col-
onization are scarce. However, there are technological
alternatives, such as microbiological culture tests, laser
nephelometry and tests based on molecular methods,
which should be performed depending on their avail-
ability in each healthcare center.*® These tests can be
classified as molecular or phenotypic:

Molecular tests: They identify resistance genes and
have the advantage of detecting and differentiating en-
zymes directly, thus facilitating the screening process.
They include the PCR test, which can be performed on
agar colonies or directly on rectal swab or stool samples;
it has a high sensitivity and specificity and is considered
confirmatory. Another advantage of the PCR test is that
direct detection in rectal swabs saves time, allowing rap-
id definition of the need for further isolation and correct
identification of resistance mechanisms.*° There are sev-
eral techniques in Colombia that allow for the use of this
approach, but its primary constraint is financial, and
unfortunately, there are no cost-effectiveness studies
that allow for protocolization of its proper application.

Phenotypic tests: They identify (or suggest) resistance
and can be classified depending on their ability to cap-
ture or screen for potential resistance; their turnaround
times are relatively short, and they can identify the type
of enzyme produced in differentiation and classification
tests. Some of these tests are described below.

In Atlanta, the Centers for Disease Control and Pre-
vention*® developed a screening test in which the rectal
swab sample is emulsified in 5 mL of Trypticase soy broth
(TSB) and then supplemented with a 10-pg carbape-
nem (ertapenem or meropenem) disc. This mixture
is incubated overnight and subsequently subcultured
onto MacConkey agar to be incubated for an additional
night. If no bacterial growth is observed after 48 hours,
itis considered negative; nevertheless, if growth is ob-
served, the species must be identified and confirmation
tests for carbapenemases must be performed, requir-
ing up to 4 days for a final result. Both the sensitivity
and specificity of this approach are 82.7%.

Directinoculation on a MacConkey agar plate containing
a carbapenemic sensi-disc is a simple and cost-effec-
tive method for detecting suspected CPE colonies in
good-quality samples.“*** Similarly, it has been sug-
gested that using a meropenem disc with boronic acid
allows the isolation of KPC-producing bacteria; how-
ever, these discs do not allow for the differentiation of
enzymes such as OXA-48, VIM and NDM. The result of
direct inoculation is obtained in 16 to 24 hours.*
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The modified Hodge test has a high sensitivity for
finding KPC and OXA-48, but low sensitivity for de-
tecting MBL. In addition, it can frequently yield false
positive results with cephalosporinases such as ex-
tended-spectrum and AmpC B-lactamases (ESBL). This
test provides results in 18 to 24 hours, is less expen-
sive than direct inoculation of rectal swabs in specific
selective chromogenic agars containing carbapenems
(although the latter allows for direct study of certain
carbapenemases), and its diagnostic performance is
variable, with a sensitivity of 80-90% and a specific-
ity of 60-90%.%°

Other phenotypic tests are described below:

CHROMagar™ mSuperCARBA™ (France): It provides
results within 24 hours and detects OXA-48, KPC,
NDM, VIM and IMI.*> One of its advantages is that
rectal swabs, perineal swabs, stool, and even urine
can be used as samples.

ChromID® CARBA (France): This agar also allows
direct detection of OXA-48, KPC and NDM-1; rectal
swab and fecal samples can be inoculated on it. The
estimated time to obtain a result is 18 to 24 hours
and it has a good yield.*®

Carbapenem inactivation method: It is based on the hy-
drolysis of a 10pug meropenem sensi-disc incubated
with a bacterial suspension in Trypticase soy broth.
Results are obtained within 18 to 24 hours, and al-
though the addition of ethylenediaminetetraacetic
acid facilitates MBL differentiation, this test does not
detect enzyme co-productions.®¢

Laser nephelometry: It is a technique in which the in-
tensity of scattered radiation is measured as it passes
through a suspension of colloidal particles. The vi-
als contain a suspension of carbapenems and are
inoculated with the rectal swab sample; CPE is de-
tected in approximately 6 hours. In Colombia, it was
established that this methodology has a good per-
formance in detecting CPE (sensitivity of 85% and
specificity of 100%)."

Carba NP: It is an acidimetric confirmatory test that
detects KPC, NDM-1, VIM, IMP, and OXA-48 produc-
ing bacteria from the pH change generated during
imipenem hydrolysis following contact with a bacte-
rial lysate.*> The time required to obtain the results
is 30 minutes to 2 hours, but the total time must in-
clude the time required for the first culture, which is
typically 24 hours.**

Matrix-assisted laser desorption/ionization-time of flight
(MALDI-TOF): It is based on the separation of par-
ticles according to their mass; in order to detect
carbapenemases specifically, the microorganism is
incubated with carbapenems, and the protein peaks
formed during hydrolysis are recognized. The time to
obtain the result is 4-6 hours and its yield depends
on the expression and type of enzyme.**
Semi-automated microbiology systems: They allow,
besides identifying the species, to establish carbap-
enem-resistant microorganisms and to infer the
presence of CPE through expert software. However,
they require additional confirmatory testing due to
the limited sensitivity established to date.*® Some
of the systems available in Colombia are Phoenix™,
MicroScan™, and Vitek-2™.
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In summary, the algorithms for screening patients
at risk of colonization by CPE recommended in this CPG
offer several alternatives with specific yields that overall
allow >90% certainty of the presence of a carbapene-
mase. However, as previously stated, due to the lack of
greater certainty regarding the diagnostic performance
of the various tests and the lack of a cost-effectiveness
analysis of these tests in the country, each healthcare
center must analyze their options for establishing a diag-
nostic pathway to identify suspected cases and confirm
the presence of a resistance mechanism.

Likewise, itis critical to keep in mind that, due to the
costs of the tests, the use of certain technologies may
result in increased inequity; in other words, hospitals
with limited economic capacity would be at a disad-
vantage compared to hospitals with the possibility of
obtaining certain technologies and controlling better the
spread of these multidrug-resistant microorganisms.

Question 3: How often should screening tests for
carbapenemase-producing Enterobacterales be
performed in selected patients?

Recommendations

1. Rectal swab screening once a week until hospital dis-
charge or until colonization with CPE is demonstrated
in patients in services at high risk of infection is sug-
gested. Strength of recommendation: weak for. Quality
of evidence: very low ®000.

2. We suggest using a single rectal swab sample for screening
patients who meet the criteria for screening on admission
to the healthcare center but do not require hospitaliza-
tion in high-risk services. Strength of recommendation:
weak for. Quality of evidence: very low ®000.

Recommendation rationale

a. Although evidence on the optimal frequency of screening
testsis scarce, of very low quality and heterogeneous,
studies frequently design a program with weekly or bi-
weekly screenings.

Evidence

Ambretti etal.,”° Solter etal.’* and Lepelletir et al.? rec-
ommend screening for CPE every week, while the WHO*
recommends screening every one to two weeks; how-
ever, there are no primary studies regarding the optimal
frequency of screening. In this sense, the CPG proposed
here seeks to ensure that patients at a higher risk of
colonization with CPE during hospital stay can be iden-
tified in a timely manner.

Question 4. Which antimicrobials can be used to
treat infections caused by carbapenemase-producing
Enterobacterales and what is the best management
strategy?

Recommendations

1. Estimating the mortality score using the INCREMENT-CPE
instrument (Tables 2 and 3) in patients with CPE bac-
teremia and to initiate treatment with combination
therapy in those with values =8 is recommended.
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Strength of recommendation: strong for. Quality of
evidence: low ®@®00.

2. Combination therapy (ceftazidime/avibactam in com-
bination with carbapenems, polymyxins, tigecycline,
aminoglycoside, fosfomycin sodium or fluoroquinolones)
as the first line of treatment for Class A KPC infections
is suggested. Strength of recommendation: weak for.
Quality of evidence: low ®®00.

3. We suggest starting treatment with polymyxin B or
colistin in combination with carbapenems, tigecycline,
aminoglycoside, fosfomycin sodium or fluoroquinolones
when ceftazidime/avibactam is not available or when
patients present resistance to the latter. Strength of rec-
ommendation: weak for. Quality of evidence: low ®®00.

Table 2. INCREMENT-CPE risk score.

Severe sepsis or septic shock 5
Pitt bacteremia score =6 4
Charlson Comorbidity Index >2 3

Origin of bacteremia other than urinary
tract or biliary tract

Inappropriate early antibiotic therapy 2

Note: The cut-off point for defining high mortality risk and need
for combination therapy is established when the score is >8.
Source: Elaboration based on Gutiérrez-Gutiérrez et al.

Table 3. Pitt Score

<35°C o >40°C
35.1-36°C 0 39-39.9°C
36.1-38.9°C

Temperature

orRN

Acute event with drop in systolic
blood pressure >30mmHg

and diastolic blood pressure
>20mmHg or requirement for 2
vasopressor agents or

systolic blood pressure

Hypotension

<90mmHg
Mechanical ventilation 2
Cardiac arrest 4
Alert 0
Mental status gii%g?gﬁesd ;
Coma 4

Note: This table presents the Pitt bacteremia score used in
the INCREMENT-CPE score.

Source: Elaboration based on Gutiérrez-Gutiérrez et al.
and Hilf et al.

Good practice points
¢ Antibiotic therapy should be initiated considering the

anatomical site of infection, the mortality risk score,
the local epidemiology, and the availability of antibi-
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otics. In addition, this therapy can be adjusted based
on the patient’s clinical diagnosis, type of isolate, sus-
ceptibility profile, minimum inhibitory concentration
(MIC), and adverse events and drug contraindications.
Depending on each case, it is also possible to choose
between monotherapy or combination therapy.

e Itisrecommended to use combined therapy in the case
of CPE infections, except for bacteremia secondary to
urinary tract infection in the absence of MBL, and to
consider the use of monotherapy in low-risk patients.

o If the patient has intermediate sensitivity to the sec-
ond antibiotic of the combination therapy scheme or
if a second drug with in vitro susceptibility is not avail-
able, a third antibiotic should be added.

e The use of meropenem should be considered in com-
bination therapy when the MIC of the isolate against
this antibiotic is <8 pg/mL.

o If possible, the mechanism of carbapenem resistance
should be confirmed, including the presence of MBL,
OXA-48 enzymes, or enzyme co-productions.

o If the presence of MBL (NDM, VIM, etc.) or enzyme
co-production (KPC + VIM) is confirmed, adding azt-
reonam should be considered.

Recommendation rationale

a. There are no randomized clinical studies on the man-
agement of patients with infections associated with CPE,
but the research retrieved from the literature review
suggests a benefit of using combination therapy, es-
pecially in patients with more severe disease. It should
be noted that the drugs available for the treatment of
these infections may have low efficacy when used in
monotherapy, which is especially true for polymyxins;
in the latter case, the application and interpretation of
susceptibility testing is controversial, and automated
systems may have low sensitivity (<70%).

b. The ceftazidime/avibactam combination has been prov-
en to have adequate in vitro susceptibility in a large
amount of CPE isolates. However, its clinical benefit is
not well documented, as there are only case series and
a few cohort studies in which there seems to be no dif-
ference in efficacy when used alone or in combination.

c. Beta-lactams in general, and the ceftazidime/avibac-
tam combination in particular, have a better safety
profile than polymyxins, which is why their use is pre-
ferred as the basis for combination therapy schemes.

d. Cohort studies have shown that urinary and biliary
tract infections due to CPE have a lower mortality rate
than infections located in other organs and, therefore,
they could be treated with a single drug.

Evidence

The efficacy of active drugs studied in vitro in mono-
therapy for the treatment of CPE infections has not yet
been clearly determined; moreover, it is considered that
certain combinations with antimicrobials may generate
synergistic or additive effects. In this regard, Rodri-
guez-Bafio et al.>* state that in vitro and in vivo studies
have evaluated the effects of using double and triple
therapies with drugs that have different mechanisms of
action. However, there are no randomized clinical trials
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comparing combination therapy with monotherapy for
CPE infections, in part because their design, conduct,
and interpretation are complex due to the heterogene-
ity of the populations treated and the drugs and doses
used, making it extremely difficult to synthesize the
evidence.

So far, there are only observational studies com-
paring outcomes of patients with CPE infection treated
with monotherapy or combination therapy. However, it
is important to treat the patient not only from a phar-
macological perspective but also keeping in view the
focus of the infection, as controlling it may be critical
for reducing the risk of mortality.**

Falagas et al.,”* in a systematic review of 20 stud-
ies that included 692 patients who received definitive
treatment, compared mortality in patients with CPE
infection treated with combination therapy and mono-
therapy, finding rates of 60% and 80%, respectively.

Zusman et al.>® performed a systematic review and
meta-analysis in which they assessed the evidence of
in vitro synergy of polymyxin-carbapenem combina-
tion therapy against Gram-negative bacteria and found
that mortality is lower with this type of therapy than
with monotherapy. This same study exposed the biases
identified in the studies on combined therapy, reporting
that when it is evaluated mainly as targeted therapy,
there is survival bias and confounding by indication bias
because the probability of receiving combined therapy
is greater for the most critically ill patients; also, the
definition of exposure to different treatments is het-
erogeneous, and there are inconsistent criteria for the
number of days of treatment.

On the other hand, van Duin*® established that there
are studies on CPE performed in populations that are
not significant and in which the control of confounding
factors was not sufficient.

Finally, Gutiérrez-Gutiérrez et al.>' conducted a retro-
spective study on 480 patients with bacteremia caused
by CPE enrolled in the INCREMENT cohort who were
treated in 26 tertiary care hospitals across 10 coun-
tries. They compared 30-day all-cause mortality in
patients who received appropriate or ineffective ther-
apy using the INCREMENT-CPE scale; among patients
who received adequate therapy, they made compar-
isons between those who received monotherapy and
those who received combination therapy using a pref-
erence to receive combination therapy score and a
validated mortality score. The researchers found that
appropriate therapy was associated with lower mor-
tality than inappropriate therapy (38.5% vs. 60.6%).
They also established that overall mortality was not dif-
ferent between those who received combined therapy
or monotherapy, although the former was associat-
ed with lower mortality than the latter in patients with
high mortality scores (48% vs. 62%). A subsequent
validation showed similar performance of the INCRE-
MENT-CPE scale.”’

Discussion
The following is a discussion of the available evidence

on the therapeutic alternatives used in the treatment
of infections caused by CPE (Tables 4 and 5).
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Table 4. Antibiotics used for the treatment of infections caused by carbapenemase-producing Enterobacterales.

o Dosage in patients with normal .
Antibiotic Usage scenario Most common adverse effects

Aztreonam 2g every 8 hours
Ceftazidime/
avibactam 2.5g every 8 hours
100-200mg loading dose and
) . 50-100mg every 12 hours (does
Tigecycline

not require adjustment due to
impaired kidney function).

gentamycin 5-7 mg/kg/day or

Azl eesds amikacin 15-20 mg/kg/day

2g every 6 hours or 3g every 8

Fosfomycin hours

meropenem 2g every 8 hours in
a 3-hour infusion or ertapenem
1-2g per day.

polymyxin B 2.5mg/kg as a
2-hour infusion loading dose;
polymyxin B 100mg as a
1-hour infusion 12 hours later
and every 12 hours (does

not require adjustment due

to impaired kidney function)

or colistin 2.5-5 mg/kg/day
(requires adjustment due to
impaired kidney function).

UTI: urinary tract infection.

Source: Elaboration based on Cunha & Cunha.*®

Carbapenems

Polymyxins

Complicated UTI, complicated
intra-abdominal infection,
soft tissue infection due to
metallobetalactamases

Complicated UTI,
pyelonephritis, complicated
intra-abdominal infection,
nosocomial pneumonia, soft-
tissue infection, etc.

Intra-abdominal infection,
nosocomial pneumonia, soft-
tissue infection, etc.

UTI, nosocomial pneumonia,
blood stream infection
(monitoring), soft tissue
infection

UTI in combination with two
additional antibiotics

Use of meropenem with
minimum inhibitory
concentration <8 pg/mL.

Ventilator-associated
pneumonia, nosocomial
pneumonia.

Low risk of allergic reactions

Hypersensitivity reactions,
Clostridiodes difficile infection,
nephrotoxicity

Hypersensitivity reactions,
nephrotoxicity, liver failure.

Hypersensitivity reactions,
nephrotoxicity, ototoxicity.

Hyponatremia, vomiting,
diarrhea, hypersensitivity
reactions, liver failure

Hypersensitivity reactions,
seizures.

Nephrotoxicity, neuropathy,
photosensitivity

Table 5. Adjustment of drugs used in the treatment of carbapenemase-producing Enterobacterales infections based on

renal function.

Renal function (mL/ Ceftazidime/ o

>80 2/0.5g every 8
50-80 hours
30-50 1/0.25g every 8

hours
} 0.75/0.1875g
el every 12 hours
) 0.75/0.1875g

o 13 every 24 hours

<5 orrenal 0.75/0.1875¢g

replacement therapy every 48 hours
Source: Elaboration based on Cunha & Cunha.*®

15 mg/k every 24 hours
7.5 mg/k every 24 hours

3.75 mg/k every 48

7.5 mg/k every 48 hours

2g cada every 8 hours

1g every 24 hours

2g every 12 hours

7.5 mg/k every 48 hours

1gevery 12 hours

hours

0.5g every 24 hours

0.5g every 24 hours

0.5g every 24 hours

Ceftazidime/Avibactam

Itis a combination of a third-generation cephalosporin
and a B-lactamase inhibitor approved by the Food and
Drug Administration (FDA) and the European Medicines
Agency for the management of complicated urinary
tract infection (including pyelonephritis), complicated
intra-abdominal infections (metronidazole is added in
this context), and hospital and ventilator-associated
pneumonia. Similarly, in Europe, it is used to treat in-

fections caused by Gram-negative bacteria when no
other therapeutic options are available.

Avibactam has in vitro activity and inhibits class A
(ESBL and KPC), class C (chromosomal and plasmid
AmpC B-lactamases) and class D (OXA-48) carbapene-
mases; however, it has no activity on MBL (VIM, NDM and
IMP) or against the Acinetobacter baumannii complex.>°

Ceftazidime, on the other hand, is a drug adminis-
tered as an intermittent infusion that is not metabolized,
with a pharmacodynamic effect that is independent of
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concentration, a half-life of 1.7-2 hours and a protein
binding percentage of 17%; its elimination route is exclu-
sively renal. This drug requires a dosage adjustment to
maintain the recommended 4:1 ratio of ceftazidime:avi-
bactam. Its most frequent side effects are abdominal
pain, vomiting, diarrhea, headache, and infusion site
reactions.®® 7 (Tables 4 and 5).

In a meta-analysis involving 11 studies, Onorato
etal.”* compared the efficacy of ceftazidime/avibactam
as monotherapy and as combination therapy in car-
bapenem-resistant CPE and P. aeruginosa infections in
396 patients (202 with combination therapy and 194
with monotherapy), finding a mortality rate of 38.1%
for combination therapy and 30.9% for monothera-
py (RR: 1.18; 95%CI: 0.88-1.58). The researchers
found no significant differences in the two groups and
the microbiological cure rates were similar (64.9% for
combination therapy and 63.4% for monotherapy; RR:
1.04, 95%CI: 0.85-1.28). Based on these results, the
study suggested that the use of ceftazidime/avibactam
in monotherapy or combination therapy for infections
caused by CPE could show a similar effect on mortality
and microbiological cure rates, although further research
is still required.

Onthe other hand, Shields etal.”? conducted an obser-
vational study of 37 patients with CPE infection treated
with ceftazidime/avibactam and reported that the 30-
day survival was 76% and the microbiological failure
rate was 27%.

In 2018, van-Duin et al.”*published a study comparing
the outcomes of 38 patients treated with ceftazidime/
avibactam and 99 patients treated with colistin and
found that the 30-day mortality rate was 8% for the
former and 33% for the latter. Similarly, using an anal-
ysis of disposition at 30 days, that same study found
that patients treated with ceftazidime/avibactam had
an inverse probability of treatment weighting-adjust-
ed probability of a better outcome of 64%.

The following year, Tumbarello et al.”* conducted a
study of 208 individuals with carbapenem-resistant K.
pneumoniae infections, 104 treated with rescue regi-
mens containing ceftazidime/avibactam (cases) and
104 with alternative rescue regimens (controls). The
therapy was administered for 14 days, finding that the
30-day mortality rate was 36.5% for the case group
and 55.7% for the control group.

Between 2015 and 2019, Jorgensen etal.”> conducted
a multicenter retrospective cohort study at 6 U.S. med-
ical centers involving 203 adult patients who received
ceftazidime/avibactam treatment for multidrug-resis-
tant germ infections, including CPE and P. aeruginosa.
They reported that the most frequent sources of infec-
tion were respiratory (37.4%), urinary (19.7%) and
intra-abdominal (18.7%), that blood cultures were pos-
itive in 22 (10.8%) patients, and that clinical failure,
30-day mortality and 30-day recurrence occurred in
59 (29.1%), 35 (17.2%), and 12 (5.9%) patients, re-
spectively. This author also established that primary
bacteremia and respiratory tract infection were the fac-
tors most associated with clinical failure (OR: 2.27 and
OR: 1.23, respectively) and that initiation of ceftazi-
dime/avibactam within 48 hours of infection onset was
associated with better outcomes (OR: 0.4). It should
be noted that 17 patients (8.4%) experienced poten-
tial drug-related adverse effects: 10 acute renal failure,
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3 C. difficile infection, 2 skin rashes, 1 gastrointestinal
intolerance, and 1 neutropenia.

Between March 2015 and April 2016, King et al.”® con-
ducted a multicenter retrospective cohort study of 60
patients with CPE infection treated at 9 U.S. healthcare
centers with ceftazidime/avibactam and found that there
was a high prevalence of acuteillness: 59% of patients
were in the ICU at the time of treatment, 38% required
mechanical ventilation, and 21% required vasopres-
sors. In this study, the overall mortality rate was 32%,
being higher in patients with pneumonia and in those
who required admission to the ICU (46%). No signifi-
cant differences were found in hospital mortality rates
for patients on combination therapy versus patients on
ceftazidime/avibactam monotherapy, or for patients
with bacteremia versus patients without bacteremia.

Data on the efficacy of ceftazidime/avibactam in criti-
cally-illand mechanically ventilated patients are limited;
however, the retrospective cohort study by Tsolakietal.,””
conducted in 2 ICUs in Greece, compared the outcomes
of 41 patients who received ceftazidime/avibactam with
36 patients who received other antibiotics to treat CPE
infections and found that microbiological eradication
was achieved in 94.3% and 67.7% of these patients, re-
spectively (p=0.021), and clinical cure was observed in
80.5% and 52.8%, respectively (p=0.01). Results were
similar in the bacteremia subgroups and 28-day survival
was 85.4% for patients treated with ceftazidime/avi-
bactam and 61.1% for the others (p=0.035); relapses
occurred in 2 and 12 patients in each group, respective-
ly (p=0.042). No significant side effects were reported
in this study and the authors concluded that a ceftazi-
dime/avibactam regimen is more effective than other
available antibiotic agents for the treatment of CPE infec-
tions in ICU patients requiring mechanical ventilation.””

In 2019, Alraddadi et al.’® published a retrospective
cohort study conducted between January 2017 and Au-
gust 2018 in which they compared two groups of patients
with CPE infection; the first group (n=10) was treat-
ed with ceftazidime/avibactam and the second group
(n=28) received other agents. The authors found that
the 30-day all-cause mortality rate was 50% and 57%,
respectively, while clinical remission was achieved in
80% and 53%, respectively.

Similarly, observational studies such as those by Bow-
ers et al.”” and Falcone et al.?° compared the mortality
outcome in treatments with ceftazidime/avibactam with
that of other therapies in patients with urinary tract in-
fection, nosocomial pneumonia, and intra-abdominal
and bloodstream infections, reporting lower mortality
rates with this first management protocol.

Buckman et al.°® conducted a study in which they
evaluated the chemistry, pharmacodynamics, pharma-
cokinetics, and metabolism of ceftazidime/avibactam for
the treatment of complicated intra-abdominal infections.
They concluded that, in combination with metronida-
zole, itis a viable option due to its broad action against
ESBL-producing Gram-negative bacteria and thus may
be used as an alternative to carbapenems.

In 2020, Tamma et al.?* published a guideline for the
treatment of Gram-negative bacterial infections; never-
theless, the methodology of the document is not clear,
and the recommendations made lack sufficient scien-
tific evidence to properly support them. Furthermore, it
includes drugs that are not available in Colombia, such
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as meropenem/vaborbactam and imipenem/relebac-
tam, and therefore this guideline cannot be applied in
the country.

Itis worth mentioning that, as demonstrated by Appel
etal.,* resistance to carbapenems among enterobacteria
is associated with a susceptibility to ceftazidime/avi-
bactam, which in Colombia ranges from 68.6% to 81%.

As noted above, to date, there are no clinical trials
comparing the use of ceftazidime/avibactam with other
therapies for the treatment of CPE infections.

Tigecycline

Itis a tetracycline derivative that lacks activity against
P. aeruginosa (Proteus spp., Providencia spp. and Morgan-
ella spp.) asitis intrinsically resistant to this antibiotic.
It is used to treat CPE infections, but its clinical effica-
cy remains controversial.®’

Ni et al.®*conducted a systematic review and meta-anal-
ysis comparing the efficacy and safety of tigecycline in
the treatment of CPE infections with other antimicrobial
agents and evaluated whether combination therapy and
high-dose regimens are beneficial. The authors includ-
ed 21 controlled studies and 5 single-arm studies and
found that the efficacy of this drug is similar to that of
other antibiotics for these types of infections and that
tigecycline combination therapy and high-dose regimens
may be more effective than monotherapy and stan-
dard-dose regimens, respectively. Likewise, Rodrigues
et al.,** based on a systematic review of the literature,
concluded that the efficacy of tigecycline in monothera-
py may be similar to other antimicrobial options in adult
patients with skin and soft tissue infections and that it
should be considered especially as adjunctive therapy
in patients with polymicrobial infections.

Moreover, Osorio et al.,*° in a study in which they
evaluated the available evidence to generate recommen-
dations regarding the efficacy and safety of tigecycline
in adults with complicated intra-abdominal infection,
found that monotherapy with tigecycline has the same
efficacy and safety as other antimicrobial therapeutic
options and does not increase mortality compared to
other antibiotics.

Additionally, pharmacological modeling studies have
considered the use of higher doses to improve the phar-
macokinetic/pharmacodynamic relationship of the drug.
For example, Xia & Jiang®® conducted a study to deter-
mine the safety and efficacy of tigecycline in elderly
patients with multidrug-resistant bacterial infections
(51 received high doses and 106 received convention-
al doses) and found that, compared to conventional
doses, high doses were associated with better clinical
effectiveness (58.8% vs. 34%; p=0.003) and a higher
percentage of microbiological eradication (41.2% vs.
23.6%; p=0.023).

Although nausea, vomiting, and diarrhea are the most
frequently reported adverse effects of tigecycline, it has
been recently established that this drug can cause acute
pancreatitis. This effect was analyzed by Hung et al.,®’
who concluded that being aware of this adverse effect
is essential to promote timely and adequate treatment
of pancreatitis, including drug discontinuation; there-
fore, treating physicians should monitor the symptoms
of abdominal pain during treatment with tigecycline.
Similarly, since tigecycline-induced pancreatitis is still

https://doi.org/10.15446/revfacmed.v69n3.90140

considered a rare phenomenon, the authors recom-
mended further research focused on identifying the
mechanism leading to this adverse reaction.

Aminoglycosides

This is a group of bacteriostatic agents that have been
used both in monotherapy and in combination with other
drugs. They have higher urinary K. pneumoniae clear-
ance rates than tigecycline and polymyxin B.%van Duin
et al.®® studied a cohort of 157 patients with urinary
tract infection caused by K. pneumoniae KPC-producing
strains, with a sensitivity close to 85%, finding a lower
probability of failure when compared to colistin, TMP/
SMX, or fosfomycin.

Nephrotoxicity and ototoxicity caused by aminogly-
cosides have been established to be 15-50% and 10%,
respectively. It has also been found that resistance to
these drugs is mediated by the activity of their mod-
ifying enzymes and the ribosomal protection of rRNA
methyltransferases (ArmA, RmtA, etc.) found mainly
in NDM-producing bacteria.*’

Fosfomycin sodium

Itis a broad-spectrum antibiotic. The literature review
conducted for the preparation of this CPG did not find
any study with sufficient samples of individuals to com-
pare the outcomes of patients treated with this drug
versus other equivalent drugs.

Fosfomycin sodium is not considered the first choice
of the treatment for severe CPE infections if other ac-
tive drugs are available. Furthermore, resistance to
this antibiotic has been described in 5% of isolates,
even when used in combination with other drugs forin-
fections caused by KPC-producing Enterobacterales. Its
toxicity is mainly associated with a high sodium load (14
mEq/g, corresponding to 350 mEq/day with doses of
24g), which has been reported in 15-30% of patients.®!

Treatment with fosfomycin sodium should be adjusted
to the patients’ renal function, as described in Table 6.

Table 6. Adjustment of fosfomycin sodium depending on
renal function.

>90
80-90
70-80 2g every 6 hours or 3g every
60-70 8 hours (normal dose)
50-60
40-50
30-40 70% normal dose every 8 or
12 hours
20-30 60% normal dose every 8 or
12 hours
. 40% normal dose every 8 or
D=2 12 hours
<10 20% normal dose

2 g (at the end of the
hemodialysis session) every
48 hours

Source: Elaboration based on Cunha & Cunha.

Hemodialysis
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Polymyxins

They are cationic polypeptide antibiotics that have long
been considered the last resort for the treatment of in-
fections caused by multidrug-resistant Gram-negative
bacteria such as CPE. According to Rodriguez-Bario et
al.,> these drugs are effective against enterobacteria,
except for Proteus spp., Serratia spp., Morganella spp.,
and Providencia spp.

In 2017, Zusman et al.° published a systematic re-
view that included 22 studies to examine the efficacy
of polymyxin-based monotherapy versus combination
therapy. In this study, the authors found that 30-day
mortality was significantly higher with monotherapy
(OR=1.58; 95%CI: 1.03-2.42) compared to combi-
nation therapy with tigecycline, aminoglycosides, or
fosfomycin.

Zarkotou et al.® conducted a study that evaluated risk
factors for mortality in bloodstream infections caused
by KPC and found that overall mortality was 52.8%
and infection-related mortality was 34%. They also es-
tablished that the main predictors of infection-related
mortality were APACHE II score at infection onset, ad-
vanced age and inadequate antimicrobial treatment,
the latter being the only modifiable variable that could
be used to improve outcomes. Therefore, the authors
concluded that, in addition to implementing infection
control strategies, it is critical to identify patients at
risk for adverse outcomes and ensure effective evi-
dence-based treatment.

In a retrospective cohort study of 41 patients with
Klebsiella pneumoniae KPC-producing bacteria, Qureshi
et al.°* found an overall 28-day crude mortality rate of
39% and, using a multivariate analysis, established that
combination therapy as definitive therapy remained an
independent predictor of survival (OR: 0.07, 95%CI:
0.009-0.71, p=0.02).”

As stated by Tsuji et al.”* in their consensus, the rec-
ommendation of using polymyxins for CPE infections
is based on the results of some analytical studies (co-
horts, cases, and controls) and observational studies
(case series) in which there is a significant risk of bias,
since there are no clinical trials that establish which is
the most appropriate use of this drug: monotherapy or
combined therapy.

Additionally, there is considerable debate on the ap-
propriate usage of polymyxins (colistin or polymyxin B)
in terms of the identification of their in vitro susceptibili-
ty®> and pharmacokinetics, especially in individuals with
acute infections.”® In this regard, Osorio et al.,*” citing
Abdelraouf et al., suggest that administering polymyxin
B every six hours may increase the severity and earlier
onset of associated nephrotoxicity, and that administra-
tion of a single dose per day equivalent to the amount
that would be administered daily every 6 hours would
decrease the risk of developing nephrotoxicity without
affecting the bacteriostatic activity of the drug.®’

In summary, data from clinical studies suggest that
polymyxins should not be used as monotherapy in CPE
infections and should only be considered as alternatives
to available regimens. However, it should be stressed
that Tsuji et al.°* published an extensive guideline on
the use of polymyxins in collaboration with several spe-
cialized medical societies.
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The dosage of this drug depends on the polymyxin to
be used. Miglis et al.,*® in a population pharmacokinetics
study, suggest that a weight-based loading dose and a
fixed maintenance dosing strategy, i.e., weight-inde-
pendent, of polymyxin B may maximize its efficacy and
balance toxicity issues for most patients.

Regarding colistin, Tsuji et al.”* recommend initiating
intravenous therapy with a loading dose of 300 mg (~9
million IU) infused over half an hour to 1 hour and admin-
istering the first maintenance dose 12 to 24 hours later.

Table 7 shows the dosage adjustment of colistin based
on renal function.

Table 7. Dosage adjustment of colistin based on renal function.

Renal function mg per day

(mL/min) (colistimethate MiIIionz:fIU =i
base activity) Y
>90 360 10.9
80-90 340 10.3
70-80 300 9
60-70 275 8.35
50-60 245 7.4
40-50 220 6.65
30-40 195 5.9
20-30 175 5.3
10-20 160 4.4
<10 130-145 3.95-4.4
Hemodialysis 48 hours

Source: Elaboration based on Cunha & Cunha.

Carbapenems

These are broad-spectrum antibiotics that must be admin-
istered intravenously and include imipenem, meropenem,
ertapenem, and doripenem.

This type of drug has also been extensively studied.
For example, Kuti et al.°® conducted a study to compare
the pharmacodynamic target attainment rates of vari-
ous meropenem dosing regimens when the infusion is
prolonged by more than 3 hours compared to the tradi-
tional 30-minute infusion. They found that in the case of
mild infections caused by Enterobacteriaceae, prolong-
ing the meropenem infusion by 3 hours allows using a
lower dose (500mg prolonged infusion every 8 hours)
orincreasing the interval between doses (1 000mg pro-
longed infusion every 12 hours).

In turn, Daikos et al.’® suggest that the therapeu-
tic efficacy of carbapenems against KPC isolates with
MIC <4 mg/L increases when these agents are admin-
istered in combination with another active antibiotic.
However, there is still controversy regarding the effica-
cy of these drugs in monotherapy, as studies published
before 2010 indicate that the frequency of treatment
failure could be higher compared to their use in com-
bination therapy.

Based on the information presented here, adding
meropenem to the treatment may be considered if the
isolate has a MIC <8 pg/mL, provided that other in vi-
tro active drugs in monotherapy are not acceptable for
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treating the specific source of infection, especially if the
other combinations pose a high risk of toxicity.

Finally, it should be noted that there is no evidence
of CPE mediated by the production of MBL, OXA-48 or
any other resistance mechanism. The use of carbap-
enems may facilitate the emergence of higher levels of
resistance to this group of drugs or maintain endemic-
ity in countries such as Colombia.

Double-carbapenem therapy

Carbapenems have a broad spectrum of antibacteri-
al activity and play an extremely important role in the
treatment of serious infections; however, antimicrobi-
al treatment options to combat carbapenem-resistant
Gram-negative bacteria are limited.

Inthisregard, and taking into account that many com-
bination therapies have shown improved survival and
reduced mortality rates compared to monotherapy regi-
mens, Lietal.'*° published a study in which they compared
the efficacy and safety of double-carbapenem therapy
with other antibiotics for the treatment of multidrug-re-
sistant Gram-negative bacterial infections, finding that
this modality was as effective as other antibiotics in this
context and could therefore be considered as a thera-
peutic option in patients with these types of infections.
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Implementation, applicability, management indi-
cators, and updating of the guidelines

An important element to consider when implement-
ing a CPG is the generation of indicators to monitor its
usefulness and performance. In this sense, some indi-
cators that could allow the evaluation of this guideline
and generate institutional improvement plans are pro-
posed below.

It is worth mentioning that one of the barriers to
access and implementation of this guideline is the ineqg-
uity of the Colombian health system, as the differences
between the commercial values of the diagnostic and
treatment options can result in significant restrictions on
the acquisition, access, and use of the technology and
drugs available in the country. Moreover, as mentioned
above, there are no extensive studies in Colombia on
the cost-effectiveness of diagnosis and treatment of CPE
infections, so research is needed to define the most ef-
fective strategies considering the current health system.

Also, this guideline is expected to be updated within
the following 5 years or sooner if new evidence or novel
antimicrobials with activity against CPE become avail-
able in the country.

Table 8 presents the management indicators pro-
posed for the implementation and follow-up of this CPG.

Table 8. Management indicators for the implementation of the guideline.

Interpretation

Incidence of CPE infections x Number of monthly CPE
10 000 days of stay infections

Number of CPE infections
among patients with
negative screening or not
screened

Incidence of CPE infections x
10 000 days of stay among
patients with negative
screening or not screened

Number of screened
individuals from the
populations selected by the
healthcare center

Percentage of special
population screened

Number of individuals with
positive screening results
and confirmation tests

Bimonthly prevalence of CPE
infection among screened
patients

Number of patients with
severe CPE infection on

any of the recommended
combination therapy options

Percentage of patients with
severe CPE infection on
combination therapy

Percentage of mortality in
patients with severe CPE
infection

Number of patients with
severe CPE infection who die

CPE: Carbapenemase-producing Enterobacterales.
Source: Own elaboration.

Number of new CPE infection
cases allowing comparisons
within and between
healthcare centers

It is expected to be close to
0. It is an indicator of general
infection control measures,
and its increase may suggest
the need for screening tests
among previously undefined
groups in the healthcare
center

Days of hospital stay

Days of hospital stay
among patients with
negative screening or not
screened

Number of individuals from
the populations selected
by the healthcare center
for screening

It indicates compliance with
screening in selected groups

It is optional and allows
assessing the prevalence
of CPE infection among
the population referred to
the healthcare center or
considered at risk

It is optional and allows
identifying whether

the groups follow the
recommendations of the
guideline

It assesses the effectiveness
of the recommendations. A
high percentage may imply
an earlier consideration

of patient identification
measures and a reduction in
carbapenem use

Number of patients
screened

Number of patients with
severe CPE infection

Number of patients with
severe CPE infection
identified
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Annex1

Scenarios of strength and meaning of the recommendations

Strength and meaning of the Definition
recommendation

Strong for The beneficial effects of the intervention clearly outweigh the adverse effects
Weak for The beneficial effects of the intervention may outweigh the undesirable effects
Weak against The undesirable effects of the intervention may outweigh the benefits

Strong against The undesirable effects of the intervention clearly outweigh the benefits

Source: Elaboration based on Andrews et al. !

Methodology

The PICO (population, intervention, comparison and outcome) methodology used to prepare each of the questions
to be answered is presented below. The search terms and inclusion criteria of the documents used to answer
each of the questions are also presented.

Question 1: Which patients should be screened for colonization with carbapenemase-producing Enterobacterales
I D -

Patients over 18 years of age
hospitalized in emergency

Decrease in the rate of

Screening of all patients -
resistance to carbapenems

. : Screening of selected hospitalized in the .
deparmentsaitensiveicare atients gased on clinical emgr ency room, general i L €21
units, or diagnosed with gnd demoaraphic criteria ﬂoorsg or iﬁtensiv’egcare Decrease in the transmission
carbapenemase-producing grap o of carbapenem-resistant
. . units .
Enterobacterales infection bacteria

Search terms

Population:

Carbapenemase* - “Carbapenem resistant” - (carbapenem* AND resistan*)

KPC - blakPC - NDM - blaNDM - VIM - blaVIM - IMP - blaIMP - OXA-72 - blaOXA-72

OXA-48 - blaOXA-48 - OXA-40 - blaOXA40 - “Carbapenem-Resistant Enterobacteriaceae”[Mesh] - “carbapen-
emase” [Supplementary Concept]

“carbapenemase-2, Klebsiella pneumoniae” [Supplementary Concept]

“beta-lactamase IMP-4" [Supplementary Concept]

“OXA-72 carbapenemase, Acinetobacter baumannii” [Supplementary Concept]

“beta-lactamase OXA-40, Acinetobacter baumannii” [Supplementary Concept]

Intervention:

Systematic screening - Systematic surveillance - Systematic detection -

Comparison:

Selective screening - Selective surveillance - Selective detection

Risk based screening - Risk based surveillance - Risk based detection

Patient based screening - Patient based surveillance - Patient based detection

Stratified screening - Stratified surveillance - Stratified Detection

In case of low sensitivity, unify intervention and comparison with OR instead of using AND.

Outcome:

“Iatrogenic Disease”[Mesh] - “Cross Infection”[Mesh] - "Drug Resistance, Multiple, Bacterial”[Mesh] - “"Drug Re-
sistance, Bacterial”[Mesh] - “Infection Control”[Mesh] - Healthcare - “"Health care” - Disemination — Acquisition
- Dissemination -"Infection control”

Systematic search

(Carbapenemase* OR “Carbapenem resistant” OR (carbapenem* AND resistan*) OR KPC OR blaKPC OR NDM
OR blaNDM OR VIM OR blaVIM OR IMP OR blaIMP OR OXA-72 OR blaOXA-72 OR OXA-48 OR blaOXA-48 OR OXA-
40 OR blaOXA40 OR “Carbapenem-Resistant Enterobacteriaceae”[Mesh] OR “carbapenemase” [Supplementary
Concept] OR “carbapenemase-2, Klebsiella pneumoniae” [Supplementary Concept] OR “beta-lactamase IMP-4"
[Supplementary Concept] OR “"OXA-72 carbapenemase, Acinetobacter baumannii” [Supplementary Concept] OR
“beta-lactamase OXA-40, Acinetobacter baumannii” [Supplementary Concept]) AND ((Systematic screening)
OR (Systematic surveillance) OR (Systematic detection)) AND ((Selective screening) OR (Selective surveillance)
OR (Selective detection) OR (Risk based screening) OR (Risk based surveillance) OR (Risk based detection) OR
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(Patient based screening) OR (Patient based surveillance) OR (Patient based detection) OR (Stratified screening) OR
(Stratified surveillance) OR (Stratified Detection)) AND (“latrogenic Disease”[Mesh] OR “Cross Infection”[Mesh] OR
“Drug Resistance, Multiple, Bacterial”[Mesh] OR “Drug Resistance, Bacterial”[Mesh] OR “Infection Control”[Mesh]
OR Healthcare OR “Health care” OR Disemination OR Acquisition OR Dissemination OR “Infection control”)

Criteria for inclusion of articles

1. Clinical practice guidelines.

2. Systematic reviews.

3. Consensus documents.

4. Language: English and Spanish.

(Consensus OR Meta-Analysis[ptyp] OR Practice Guideline[ptyp] OR Review[ptyp] OR systematic[sb] OR Me-
ta-Analysis OR guideline OR statement)

Question 2: What is the recommended technology for screening hospitalized patients colonized with
carbapenemase-producing Enterobacterales

./ - | ¢ | o |

Patients over 18 years of age . Decrease in the rate of
hospitalized in emergency Technolqu 7o screening resistance to carbapenems

- - hospitalized patients . . .
departments, intensive diaanosed with Other technologies available in the healthcare center
care units or diagnosed with carga enemase-producin for screening tests Decrease in the transmission
carbapenemase-producing p P 9 of carbapenem-resistant

Enterobacterales infection Bz bl s el bacteria

Search terms

Population:

Carbapenemase* - “"Carbapenem resistant” - (carbapenem* AND resistan*)

KPC - blakPC - NDM - blaNDM - VIM - blaVIM - IMP - blaIMP - OXA-72 - blaOXA-72

OXA-48 - blaOXA-48 - OXA-40 - blaOXA40 - “Carbapenem-Resistant Enterobacteriaceae”[Mesh] - “carbapenemase”
[Supplementary Concept]

“carbapenemase-2, Klebsiella pneumoniae” [Supplementary Concept]

“beta-lactamase IMP-4" [Supplementary Concept]

“OXA-72 carbapenemase, Acinetobacter baumannii” [Supplementary Concept]

“beta-lactamase OXA-40, Acinetobacter baumannii” [Supplementary Concept]

Consider adding colonization to improve specificity.

Intervention and comparison:

Screening - Surveillance - Detection - (Culture AND screening) - (Agar AND screening)

(Culture AND surveillance) - (Agar AND surveillance) - (Culture AND detection)

(Agar AND detection) - (("Nucleic Acid Amplification Techniques”[Mesh]) AND (screening OR surveillance OR
detection))

((“lateral flow” OR immunochromatographic OR immunochromatography) AND (screening OR surveillance OR
detection))

“Rectal swab"” - "Rectal swabs” - "Rectal screening” - Swab*

In case of low specificity, it will be refined for specific antimicrobials and microorganisms.

Outcome:

“Iatrogenic Disease”[Mesh] - “Cross Infection”[Mesh] - "Drug Resistance, Multiple, Bacterial”[Mesh] - “Drug
Resistance, Bacterial”[Mesh] - “Infection Control”[Mesh] - Healthcare - “Health care” - Disemination - Acquisition
- Dissemination -"Infection control”

Systematic search

(Carbapenemase* OR “Carbapenem resistant” OR (carbapenem* AND resistan*) OR KPC OR blaKPC OR NDM
OR blaNDM OR VIM OR blaVIM OR IMP OR blaIMP OR OXA-72 OR blaOXA-72 OR OXA-48 OR blaOXA-48 OR OXA-
40 OR blaOXA40 OR “Carbapenem-Resistant Enterobacteriaceae”[Mesh] OR “carbapenemase” [Supplementary
Concept] OR “carbapenemase-2, Klebsiella pneumoniae” [Supplementary Concept] OR “beta-lactamase IMP-4"
[Supplementary Concept] OR "OXA-72 carbapenemase, Acinetobacter baumannii” [Supplementary Concept] OR
“beta-lactamase OXA-40, Acinetobacter baumannii” [Supplementary Concept]) AND (Screening OR Surveillance
OR Detection OR (Culture AND screening) OR (Agar AND screening) OR (Culture AND surveillance) OR (Agar
AND surveillance) OR (Culture AND detection) OR (Agar AND detection) OR ((“Nucleic Acid Amplification
Techniques”[Mesh]) AND (screening OR surveillance OR detection)) OR ((“lateral flow” OR immunochromatographic
OR immunochromatography) AND (screening OR surveillance OR detection)) OR “Rectal swab” OR “Rectal swabs”
OR “Rectal screening” OR Swab*) AND (“Iatrogenic Disease”[Mesh] OR “Cross Infection”[Mesh] OR “Drug
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Resistance, Multiple, Bacterial”[Mesh] OR “Drug Resistance, Bacterial”[Mesh] OR “Infection Control”[Mesh] OR
Healthcare OR “Health care” OR Disemination OR Acquisition OR Dissemination OR “Infection control”)

Criteria for inclusion of articles

1. Clinical practice guidelines.

2. Systematic reviews.

3. Consensus documents.

4. Language: English and Spanish.

(Consensus OR Meta-Analysis[ptyp] OR Practice Guideline[ ptyp] OR systematic[sb] OR Meta-Analysis OR guide-
line OR statement)

Question 3: How often should screening tests for carbapenemase-producing Enterobacterales be performed in
selected patients?

S S A S TR N

Patients over 18 years of age Decrease in the rate of

hospitalized in emergency Screening of selected resistance to carbapenems

departments, intensive Periodic screening of atients upon admission to in the healthcare center
care units or diagnosed with selected patients Ehe healthEare center Decrease in the transmission
carbapenemase-producing of carbapenem-resistant
Enterobacterales infection bacteria

Search terms

Population:

Carbapenemase* - “Carbapenem resistant” - (carbapenem* AND resistan*)

KPC - blakPC - NDM - blaNDM - VIM - blaVIM - IMP - blaIMP - OXA-72 - blaOXA-72

OXA-48 - blaOXA-48 - OXA-40 - blaOXA40 - “Carbapenem-Resistant Enterobacteriaceae”[Mesh] - “carbapenemase”
[Supplementary Concept]

“carbapenemase-2, Klebsiella pneumoniae” [Supplementary Concept]

“beta-lactamase IMP-4" [Supplementary Concept]

“OXA-72 carbapenemase, Acinetobacter baumannii” [Supplementary Concept]

“beta-lactamase OXA-40, Acinetobacter baumannii” [Supplementary Concept]

Intervention and comparison:

Screening - Surveillance - Detection - Rectal swab -Rectal screening - Swab*

(Timing[Title/abstract] OR Interval[Title/abstract] OR Frecuency[Title/abstract] OR weekly[Title/abstract OR
periodic[Title/abstract] OR intermittent[Title/abstract] OR periodical[Title/abstract] OR recurrent[Title/abstract]
OR cyclic[Title/abstract] OR occasional[Title/abstract] OR sporadic[Title/abstract] OR fitful[Title/abstract])
Outcome:

“Iatrogenic Disease”[Mesh] - “Cross Infection”[Mesh] - "Drug Resistance, Multiple, Bacterial”[Mesh] - “Drug
Resistance, Bacterial”[Mesh] - “Infection Control”[Mesh] - Healthcare - “Health care” - Disemination — Acquisition
- Dissemination -“Infection control”

Systematic search

(Carbapenemase* OR “Carbapenem resistant” OR (carbapenem* AND resistan*) OR KPC OR blaKPC OR NDM
OR blaNDM OR VIM OR blaVIM OR IMP OR blaIMP OR OXA-72 OR blaOXA-72 OR OXA-48 OR blaOXA-48 OR OXA-
40 OR blaOXA40 OR “Carbapenem-Resistant Enterobacteriaceae”[Mesh] OR “carbapenemase” [Supplementary
Concept] OR “carbapenemase-2, Klebsiella pneumoniae” [Supplementary Concept] OR “beta-lactamase IMP-4"
[Supplementary Concept] OR "OXA-72 carbapenemase, Acinetobacter baumannii” [Supplementary Concept] OR
“beta-lactamase OXA-40, Acinetobacter baumannii” [Supplementary Concept]) AND ((Screening OR Surveillance
OR Detection OR (Rectal swab) OR (Rectal screening) OR Swab*) AND (Timing[Title/abstract] OR Interval[Title/
abstract] OR Frecuency[Title/abstract] OR weekly[Title/abstract OR periodic[Title/abstract] OR intermittent[Title/
abstract] OR periodical[Title/abstract] OR recurrent[Title/abstract] OR cyclic[Title/abstract] OR occasional[Title/
abstract] OR sporadic[Title/abstract] OR fitful[Title/abstract])) AND (“Iatrogenic Disease”[Mesh] OR “Cross
Infection”[Mesh] OR “Drug Resistance, Multiple, Bacterial”[Mesh] OR “Drug Resistance, Bacterial”[Mesh] OR
“Infection Control”[Mesh] OR Healthcare OR “Health care” OR Disemination OR Acquisition OR Dissemination
OR “Infection control”)
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Criteria for inclusion of articles

1. Clinical practice guidelines.

2. Systematic reviews.

3. Consensus documents.

4. Language: English and Spanish.

(Consensus OR Meta-Analysis[ptyp] OR Practice Guideline[ptyp] OR Review[ptyp] OR systematic[sb] OR Me-
ta-Analysis OR guideline OR statement)

Question 4: Which antimicrobials can be used to treat infections caused by carbapenemase-producing
Enterobacterales and what is the best management strategy?

v/ '/ _c ]| o

Patients over 18 years of age

hospitalized in emergency Available treatment used Decreased mortality in
. : Treatment for L - - - K
departments, intensive care . in infections caused by patients infected with
; ; - carbapenemase-producing ) .
units, or diagnosed with Enterobacterales carbapenemase-producing  carbapenemase-producing
carbapenemase-producing Enterobacterales Enterobacterales

Enterobacterales infection

Search terms

Population:

Carbapenemase* - “"Carbapenem resistant” - (carbapenem* AND resistant*) KPC - blaKPC - NDM - blaNDM
- VIM - blaVIM - IMP - blaIMP - OXA-72 - blaOXA-72 OXA-48 - blaOXA-48 - OXA-40 - blaOXA40 - “Carbapenem-
Resistant Enterobacteriaceae”[Mesh] - “carbapenemase” [Supplementary Concept] “carbapenemase-2, Klebsiella
pneumoniae” [Supplementary Concept] “beta-lactamase IMP-4" [Supplementary Concept] "OXA-72 carbapenemase
Intervention and comparison:

(Treatment[Title/abstract] OR Drug[Title/abstract] OR drug effects[Title/abstract] OR drug therapy[Title/abstract)
OR treatment agent [Title/abstract] OR treatment and control[Title/abstract]

Outcome:

“Iatrogenic Disease”[Mesh] - “Drug Resistance, Multiple, Bacterial’[Mesh] - "Drug Resistance, Bacterial”[Mesh]
- “Therapy”[Mesh] - - "Drug Therapy” “Mortality and morbidity”[Mesh] - Mortality and survival[Mesh]

Systematic search

(Carbapenemase* OR “Carbapenem resistant” OR (carbapenem* AND resistan*) OR KPC OR blaKPC OR NDM
OR blaNDM OR VIM OR blaVIM OR IMP OR blaIMP OR OXA-72 OR blaOXA-72 OR OXA-48 OR blaOXA-48 OR OXA-
40 OR blaOXA40 OR “Carbapenem-Resistant Enterobacteriaceae”[Mesh] OR “carbapenemase” [Supplementary
Concept] OR “carbapenemase-2, Klebsiella pneumoniae” [Supplementary Concept] OR “beta-lactamase IMP-
4" [Supplementary Concept]) AND (treatment OR management) AND ((Consensus OR Meta-Analysis[ptyp] OR
Practice Guideline[ptyp] OR systematic[sb] OR Meta-Analysis OR guideline OR statement))

Criteria for inclusion of articles

1. Clinical practice guidelines.

2. Systematic reviews.

3. Consensus documents.

4. Language: English and Spanish.

(Consensus OR Meta-Analysis[ptyp] OR Practice Guideline[ptyp] OR Review[ptyp] OR systematic[sb] OR Meta-
Analysis OR guideline OR statement)
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