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Abstract
TheWorld Health Organization (WHO) proposed a global priority pathogen list (PPL) of multidrug-resistant (MDR) bacteria. Our
current objective was to provide global expert ranking of the most serious MDR bacteria present at intensive care units (ICU) that
have become a threat in clinical practice. A proposal addressing a PPL for ICU, arising from theWHOGlobal PPL, was developed.
Based on the supporting data, the pathogens were grouped in three priority tiers: critical, high, and medium. A multi-criteria
decision analysis (MCDA) was used to identify the priority tiers. After MCDA, mortality, treatability, and cost of therapy were of
highest concern (scores of 19/20, 19/20, and 15/20, respectively) while dealing with PPL, followed by healthcare burden and
resistance prevalence. Carbapenem-resistant (CR) Acinetobacter baumannii, carbapenemase-expressing Klebsiella pneumoniae
(KPC), and MDR Pseudomonas aeruginosa were identified as critical organisms. High-risk organisms were represented by CR
Pseudomonas aeruginosa, methicillin-resistant Staphylococcus aureus, and extended-spectrum beta-lactamase (ESBL)
Enterobacteriaceae. Finally, ESBL Serratia marcescens, vancomycin-resistant Enterococci, and TMP-SMX-resistant
Stenotrophomonas maltophilia were identified as medium priority. We conclude that education, investigation, funding, and
development of new antimicrobials for ICU organisms should focus on carbapenem-resistant Gram-negative organisms.

Keywords Multidrug-resistant bacteria . Infection control . Colonization . Prevention . Research . Antimicrobials . Intensive
care . Sepsis

Introduction

Multidrug-resistant (MDR) bacteria have become a health pri-
ority [1] and efforts have been made to prevent colonization,

infection, and decrease mortality [2–7]. The World Health
Organization (WHO) proposed a global priority pathogen list
(PPL) of MDR bacteria to guide research, discovery, and de-
velopment of new antibiotics [3, 8]. However, critically ill
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patients are particularly susceptible to infections arising from
MDR bacteria [9, 10]. To develop a more solid understanding
of the issues facing critically ill patients, we established the
TOp TEn resistant Microorganisms (TOTEM) in critical care
study group (Appendix 1). The scope was to identify the most
important resistant bacteria for intensive care units (ICU) for
which there is an urgent need for new therapies. The primary
objective of the TOTEM study was to describe, as assessed by
expert opinion and current evidence, a global list of the top ten
most clinically relevant MDR bacteria affecting critically ill
patients. The secondary objective was to prioritize the list to
focus efforts proportionately according to perceived clinical
need.

Methods

The study consisted of score prioritization by a panel of ten
experts invited to prioritize organisms using MCDA. A
steering committee (Appendix 2a) with experience of identi-
fication, prevention, and treatment of MDR bacteria in criti-
cally ill patients were invited to participate. They contributed
in the revision of first drafts of the study protocol and selection
of pathogens.Mycobacteria, Rickettsia, viruses, and parasites
were excluded. Panel experts were suggested by the TOTEM
project leader (JR) based on their prior experience or their
expertise in clinical practice, clinical trials, and publications,
seeking to provide global geographic coverage and member-
ship from the range of professionals whose roles are impacted
by MDR bacteria. MDR bacteria were defined as reported
elsewhere [6]. The coordinating group represented
intensivists, anesthesiologists, clinical microbiologists, and in-
fectious disease (ID) consultants with experience in ICU set-
tings (Appendix 2b). Pediatric and neonatal intensive care
units (ICUs) were excluded. The list was ranked using the
following (WHO) prioritization factors: all-cause mortality,
healthcare and community burden, prevalence of resistance,
5-year trend of resistance, transmissibility and preventability,
treatability, and current drug pipeline, with the addition of
estimated cost of therapy. Definitions for the variables used
in the prioritization list were reported elsewhere [8]. For each
variable, scores were assigned from 1 (least) to 10 (most)
according to importance and the average value was multiplied
by 2 providing a maximal potential score of 20. The study
used no patient-specific data and thus the need for ethical
research committee approval or informed consent was
waived.

Statistical and MCDA analysis

All responses were categorical variables presented as summa-
ry statistics, reporting proportions (percentages). The

prioritization exercise was performed through the following
steps: (1) selection of antibiotic-resistant organisms to be pri-
oritized, (2) selection for criteria of prioritization, (3) data
extraction and synthesis, (4) scoring of the alternatives and
weighting of criteria by experts, and (5) finalization of the
pathogens’ ranking. As a summary of sources of data on the
different variables, participants were referred to the evidence-
based information released by the WHO final report [8]. Data
sources were PubMed and Ovid databases and did not have
time restriction, last update in September 2016. The multiple-
criteria decision analysis (MCDA) methodology has been de-
tailed in Online Resource 1.

Results

After MCDA, mortality and treatability were of highest con-
cern (Scores of 19/20) while dealing with PPL, followed by
cost of treatment, healthcare burden, and resistance preva-
lence. Carbapenem-resistant (CR) Acinetobacter baumannii,
Klebsiella pneumoniae-expressing carbapenemase (KPC),
andMDR Pseudomonas aeruginosawere classified as critical
organisms. High-risk organisms were represented by CR
P. aeruginosa, methicillin-resistant Staphylococcus aureus
(MRSA), and extended-spectrum beta-lactamase (ESBL)
Enterobacteriaceae. Finally, ESBL Serratia marcescens,
vancomycin-resistant Enterococci, and TMP-SMX-resistant
Stenothophomonas maltophilia were identified as medium
priority. Distribution of scores is detailed in Table 1. In the
PPL scoring, CR A. baumannii , KPC, and MDR
P. aeruginosa scored high for mortality, treatability, and cost
of treatment while MDR P. aeruginosa, KPC, and ESBL
K.pneumoniae were prioritized for healthcare burden.
Overall prevalence of resistance was high for ESBL
Enterobacteriaceae. Along with other critical and high-
priority pathogens, S. marcescens too scored high among dif-
ficult to treat pathogens. Preventability was worst with KPC
followed by MRSA.

Discussion

CR Acinetobacter baumannii, CR Klebsiella pneumoniae,
andMDR Pseudomonas aeruginosawere classified as critical
organisms (priority 1), confirming the WHO PPL [8]. In con-
trast, priority 2 represented by high-risk organism is markedly
different. However, this finding is not a surprise as the risk
factors for the selection of resistant organisms in hospitals
vary from the community. Our findings emphasize a global
concern regarding Gram-negative bacteria.

Indeed, while dealing with PPL, mortality and treatability
were considered the highest priority followed by cost of treat-
ment, healthcare burden, and resistance prevalence in MCDA
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analysis. Carbapenem-resistant organisms were indisputably
perceived as the highest threat for mortality, treatability, and
cost. The results support the difficulty faced in managing
MDR P.aeruginosa infections in ICUs [11]. Mortality by CR
organisms is contributed particularly by the non-availability of
effective drugs rather than increased virulence [12–15].
Currently, the biggest gap exists in the investigational pipeline
for compounds active against CR A. baumannii,which is per-
ceived as a critical organism for treatability. Our findings sug-
gest that CRA. baumannii is of major concern, despite it being
considered conventionally of low virulence [16]. Not surpris-
ingly, given the focus on intensive care major concerns, the
prioritization list came up with a different ranking of patho-
gens and resistance markers than the WHO PPL, which takes
a more global view.

WHO reports estimate approximately 30% of ICU patients
are affected by at healthcare-associated infections while inci-
dence is 3-fold higher in low- and middle-income countries
[17]. Several reports from these countries suggest the lack of
surveillance data thus having a negative influence on the im-
plementation of preventive measures [18–22]. Two EPIC
studies in a span of 10 years have demonstrated a 20% in-
crease in prevalence of ICU-acquired infections [23, 24].

There are a number of limitations to this study. The survey
panel has not uniformly represented the regions of global
hotspots of MDR infections, such as Asia, whereas Europe
is over-represented. The study did not take into consideration
the current evidence for infections in respect to the frequency
and burden, discrepancies in CDC vs ECDC definitions, un-
derlying immune status, sub-classification of infections based
on underlying condition (medical, trauma, burns, cardiac sur-
gery, special patient population etc), pediatric patients, and
public health threats. Other bacterial pathogens causing severe
infections that are potentially drug resistant and are acquired
in the community were not covered. The strengths include the
study methodology (MCDA) incorporating expert opinion
and evidence-based data that showed a high stability of the
final ranking and its future adaptability for regional updates of
the priority pathogen lists.

Conclusions

Carbapenem-res is tant Acinetobacter baumanni i ,
carbapenemase-expressing Klebsiella pneumoniae, and
MDR Pseudomonas aeruginosa were classified as critical or-
ganisms (priority 1) causing ICU infections. Education, inves-
tigation, funding, and development of new antimicrobials for
ICU organisms should be focused on the identified priorities.
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