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Strengths and limitations of this study.

 ► Data synthesis will involve collection and summary 
of available data on rates and outcome estimations 
of different types of infections caused by prioritised 
antibiotic- resistant pathogens, overall and for spe-
cific patient populations and geographical areas in 
Europe.

 ► Previous databases for infections and pathogens 
surveillance identified by systematic reviews from 
EPI- net (https://epi-net.eu/) such as Surveillance 
Systems from Public Health Institutions and 
Scientific Societies for Antimicrobial Resistance and 
Healthcare- Associated Infections in Europe (doi: 
10.1016/j.cmi.2017.07.014) will be available.

 ► Data from sources of information not publicly avail-
able will be missed. Also, available data are ex-
pected to be scarce for some infections. However, 
the study will also be useful to identify the gaps in 
information.

 ► Definitions for outcomes and methodology for 
follow- up of patients may be heterogeneous across 
studies.

AbStrACt
Introduction Despite the increasing importance of 
infections due to multidrug- resistant organisms (MDROs), 
there is a lack of comprehensive information about 
the burden of disease and outcomes of key infections 
caused by these pathogens. The aim of the ABOUT- MDRO 
(A systematic review on the burden and outcomes of 
infections due to multidrug resitant organisms) project is to 
provide estimations of the burden of some key infections 
and their outcomes caused by the target MDROs.
Methods and analysis A systematic literature search will 
be performed using MEDLINE/PubMed, Elsevier’s SCOPUS, 
Cochrane library, Clinical trials and Web of Science, as well 
as the Surveillance Systems from Public Health Institutions 
and Scientific Societies for Antimicrobial Resistance and 
Healthcare- Associated Infections in Europe database of 
European surveillance systems, for data on prevalence/
incidence, mortality and length of stay of target infections 
in hospitalised patients (including ventilator- associated 
pneumonia, hospital- acquired pneumonia, complicated 
intra- abdominal infections, complicated urinary tract 
infections, skin and soft tissue infections and bloodstream 
infections) and in specific populations (children, hospital 
wards, neutropenic patients) caused by cephalosporin- 
resistant or carbapenem- resistant Enterobacteriaceae, 
carbapenem- resistant Pseudomonas aeruginosa and 
Acinetobacter spp., methicillin- resistant Staphylococcus 
aureus, and vancomycin- resistant Enterococcus spp. 
The information retrieved will be tabulated and pooled 
estimates and 95% CIs calculated of rates and outcomes, 
using random effects models. Relationships between 
rates and outcomes in randomised control trials and 
epidemiological studies, and data of proportions and 
incidence/prevalence rates will also be analysed. The 
information collected in this study will be useful for 
identifying gaps in our knowledge in terms of incidence/
prevalence and clinical outcomes of infections caused by 
MDROs, and for informing priorities in infection control and 
the research and design of appropriate studies.
Ethics and dissemination This study will be based on 
published data so we did not require ethical approval. 
Formal consent is not required. The results of this review 

will be reported according to the Preferred Reporting Items 
for Systematic Reviewand Meta- Analyses statement. 
Data will be presented at international conferences and 
published in peer- reviewed journals.
registration details PROSPERO (https://www. crd. york. 
ac. uk/ prospero/) (CRD42019124185).

IntroduCtIon
The worldwide spread of organisms that are 
resistant to multiple antibiotics, generally 
referred to as multidrug- resistant organ-
isms (MDRO), has become a public health 
concern.1 2 The WHO recently established 
a priority list of microorganisms to inform 
research priorities for the development of 
new antibiotics, with carbapenem- resistant 
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Acinetobacter baumannii (CRAB) and Pseudomonas aerugi-
nosa, third- generation or carbapenem- resistant Entero-
bacteriaceae, vancomycin- resistant Enterococcus spp. and 
methicillin- resistant Staphylococcus aureus considered crit-
ical and of high priority.3 There is also an urgent need for 
improvements in surveillance to help optimise empirical 
therapy, drive antimicrobial stewardship and infection 
control measures, and help in the rational use of old and 
new drugs against resistant organisms.4

The main sources of information on rates of infection 
caused by MDROs come from regional, national or inter-
national surveillance systems, published epidemiological 
studies and outbreak reports. Two databases developed 
in the context of EPI- NET (epidemiologic European 
network)/Combatting Bacterial Resistance in Europe - 
Molecules against Gram- negative Infections consortium 
identified relevant sources of information: the SUSPIRE 
Study (Surveillance Systems from Public Health Institu-
tions and Scientific Societies for Antimicrobial Resistance 
and Healthcare- Associated Infections in Europe) recently 
mapped all surveillance systems with publicly available 
data in Europe and showed that, despite recent improve-
ments and studies which control and study this issue, the 
available data still remain to be excessively heterogeneous 
and scarce to generate an exhaustive correlation and 
comparison with publicly available surveillance systems 
information across Europe.5 Additionally, published 
outbreak reports were mapped by the EMBARGO 
(EpideMiology and control measures of outBreaks due to 
Antibiotic- Resistant orGanisms in EurOpe) Study.6 While 
frequent use is made of data from surveillance systems 
and studies providing proportions of isolates with resis-
tance to specific antimicrobials, comprehensive data on 
pathogen incidence rates and infections are very limited. 
This is important because data based on proportion of 
resistant isolates can be misleading if not adequately 
interpreted; to give an example, if hospital A found two 
carbapenem- resistant A. baumannii out of 4 isolates of 
this pathogen in 1 year, while hospital B, despite having 
a similar number of admissions, found 20/40, in both 
cases, the proportion is 50%, but the burden of infec-
tion caused by carbapenem- resistant A. baumannii is 
very different. Furthermore, the clinical burden varies 
according to the predominant infection type or popula-
tion affected. To have such data available would be of crit-
ical importance for informing the public, as well as policy 
makers, hospital managers, research funding bodies and 
companies working on the development of diagnostic 
and therapeutic tools for priority research and infection 
control activities. The clinical impact of MDRO infections 
is usually measured using crude mortality and length of 
overall hospital stay. The studies attempting to estimate 
the attributable influence of antimicrobial resistance on 
the outcome of patients are heterogeneous in the popu-
lations included and in the methodology.7–11

Overall, in view of the data provided, the main research 
question is: What is the burden of infections and resis-
tance caused by MDROs overall and for specific types of 

infections, microorganisms and patients in the different 
countries/geographical areas/hospitals in Europe, and 
which is the clinical burden due to carbapenem- resistant 
Klebsiella pneumoniae, CRAB and vancomycin- resistant 
Enterococci (VRE)?

The major aim of the ABOUT- MDRO project (a system-
atic review on the burden and outcomes of infections due 
to MDRO) is to estimate the burden of key infections and 
their outcomes caused by target MDROs.

MEthodS/dESIgn
design
A systematic review of the scientific and grey literature 
will be performed. The target MDROs for this study 
are carbapenem- resistant Acinetobacter spp and P. aerugi-
nosa; cephalosporin- resistant or carbapenem- resistant 
Enterobacteriaceae; vancomycin- resistant Enterococcus spp., 
and methicillin- resistant S. aureus. The target infections 
include ventilator- associated pneumonia and hospital- 
acquired pneumonia, complicated intra- abdominal 
infections, complicated urinary tract infections, compli-
cated skin and skin structure infections, and bloodstream 
infections.

Eligibility criteria
Studies will be considered for inclusion if providing 
any of the following, for the target infections caused by 
the target MDROs occurring in hospitalised patients: 
incidence rate, incidence density, prevalence, all- cause 
mortality or length of stay. Studies not providing the esti-
mations but for which the numerators and denominators 
for their calculation is available will also be included. All 
other eligibility criteria are shown in box 1. Studies from 
systematic reviews will only be included if the data from 
the individual studies included in them are not available.

Information sources
This systematic review followed the Preferred Reporting 
Items for Systematic Reviewand Meta- Analysis Protocols 
guidelines scheme (online supplementary figure S1) and 
checklist (online supplementary table S1) for method-
ology development and structure research. The following 
electronic databases will be searched: MEDLINE- PubMed, 
Cochrane library, SCOPUS and Web of Science. The 
updated surveillance systems databases for antimicrobial- 
resistant pathogens and hospital- acquired infections 
from the SUSPIRE project5 and EPI- NET (https:// epi- 
net. eu/) will also be searched.

Search strategy
A comprehensive search strategy will be performed for 
peer- reviewed literature, with no language restrictions. 
The search strategy will be performed using MeSH 
(Medical Subject Headings) terms and No- MeSH terms, 
selected after piloting different search strategies. Finally, 
and according to the piloting, No- MeSH search terms 
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box 1 Inclusion criteria

 ► Study designs: systematic reviews, randomised controlled trials, 
non- controlled trials, quasi- experimental studies, cohort studies, 
case- control studies, outbreak reports, cross- sectional studies and 
surveillance reports.

 ► Studies providing data on any of the targeted patho-
gens: cephalosporin- resistant or carbapenem- resistant 
Enterobacteriaceae, carbapenem- resistant Pseudomonas aerugino-
sa, carbapenem- resistant Acinetobacter spp., vancomycin- resistant 
Enterococcus spp., methicillin- resistant Staphylococcus aureus.

 ► Studies providing information on any of the targeted infections: 
hospital- acquired pneumonia, ventilator- associated pneumonia, 
complicated intra- abdominal infections, complicated urinary tract 
infections or bloodstream infections.

 ► For data on the burden of infections: studies providing estimates 
or data on the frequency of targeted infections caused by MDROs, 
including at least one of the following: prevalence, incidence rate 
or cumulative incidence, incidence density, percentage of resistant 
isolates.

 ► For data on outcomes of infections: studies providing data on out-
comes of targeted infections caused by MDROs, including at least 
one of the following: mortality rates, length of stay.

 ► Time period and geographical scope: January 2005 through 
December 2018, European countries according to the ESCMID 
(European Society of Clinical Microbiology and Infectious Diseases) 
definition of geographical regions (https://www.escmid.org/file-
admin/src/media/PDFs/5Profession_Career/Parity_Commission/
ESCMID_Definition_of_Geographic_Regions_140703.pdf).

 ► No age or language restrictions.

box 2 Keyword combinations for search strategy.

Pathogens and resistance terms
 ► Target Gram negatives: ‘multidrug- resistant’ or ‘MDR’ or 
‘extensively- drug resistant’ or ‘XDR’ or ‘cephalosporin- resistance’ 
or ‘extended- spectrum beta- lactamase’ or ‘ESBL’ or ‘CTX- M’ or 
‘SHV’ or ‘TEM’ or ‘AmpC’ or ‘imipenem- resistant’ or ‘meropenem- 
resistant’ or ertapenem- resistant’ or ‘carbapenemase’ or ‘KPC’ 
or ‘metallo- beta- lactamase’ or ‘NDM’ or ‘VIM’ or ‘IMP’ or ‘oxacil-
linase’ or ‘OXA-48’ or ‘OXA-48- like’ or ‘CRE’ or ‘CPE’ or ‘porin 
loss’ AND ‘Enterobacteria’ or ‘Enterobacteriaceae’ or ‘Klebsiella’ 
or ‘coli’ or ‘Proteus’ or ‘Morganella’ or ‘Citrobacter’ or ‘Serratia’ or 
‘Enterobacter’ or ‘Pseudomonas’ or ‘Acinetobacter’

 ► Target Gram positives: ‘multidrug- resistant’ or ‘MDR’ or ‘extensive-
ly drug- resistant’ or ‘XDR’ or ‘methicillin- resistant’ or ‘meticillin- 
resistant’ or ‘oxacillin- resistant’ or ‘vancomycin- resistant’ or 
‘MRSA’ or ‘VRE’ AND ‘Staphylococcus aureus’ or ‘Enterococcus’ or 
‘enterococci’

And infection type terms
 ► ‘bacteremia’ or ‘bloodstream infection’
 ► ‘healthcare- associated pneumonia’ or ‘ventilator- associated pneu-
monia’ or ‘hospital- acquired pneumonia’ or ‘pneumonia’ or ‘respira-
tory infections’ or ‘cystic fibrosis’ or ‘bronchiectasis’

 ► ‘urinary tract infections’ or ‘UTI’ or ‘cystitis’ or ‘pyelonephritis’ or 
‘catheter- associated urinary tract infections’

 ► ‘intra- abdominal infection’ or ‘peritonitis’ or ‘cholangitis’ or ‘chole-
cystitis’ or ‘appendicitis’ or ‘intra- abdominal abscess’ or ‘IAI’

 ► ‘SSSI’ or ‘skin and skin structures infections’ or ‘surgical site infec-
tions’ or ‘cellulitis’ or ‘skin and soft tissue infections’

And burden or outcome
 ► For burden of infections: ‘prevalence’ or ‘incidence’ or ‘rate’ or ‘per-
centage of resistance’ or ‘proportion of resistance’

 ► For outcomes of infections: ‘length of stay’ or ‘mortality’ or ‘death 
rate’ or ‘fatality’ or ‘survival rate’ or ‘death’ or ‘dead’ or ‘died’have been developed for this study using a combination 

of keywords (listed in box 2).

data management, selection process and data collection 
process
A two- step selection procedure will be followed for the 
selection of studies. A single reviewer will screen the 
titles and abstracts of studies retrieved during the search 
strategy to discard ineligible studies (eg, case reports, 
case series, basic science studies). The full- text results of 
potentially eligible documents will be uploaded to Zotero 
software; duplicates will be removed. Two reviewers will 
assess these for relevance against the predefined selec-
tion criteria. The reference list of identified articles will 
be searched for potential additional studies.

The data will be extracted independently by two 
reviewers using a standardised electronic data extraction 
form, to be previously pilot tested on a representative 
sample. Disagreements will be resolved by a third reviewer. 
Data extraction from a 10% random sample of included 
articles will be checked by a third reviewer.

data items: primary end points and other variables
The main end points to collect will be: (1) For burden 
of infections, incidence rate or density of infections 
(defined as the number of new cases of infection per 100 
hospitalised patients and/or 1000 patient- days occurring 
in a specific time period, respectively) and prevalence 

(defined as the proportion of existing cases of infection 
per 100 patients admitted at a particular time point). (2) 
For clinical outcomes, crude and infection- attributable 
mortality, and length of hospital stay (overall and in inten-
sive care units). Mortality will be collected as defined in 
each study, but the primary intention is to analyse in- hos-
pital, 14- day, 30- day and 90- day mortalities. Also, length 
of stay will be collected as defined in the studies. Data on 
the proportion of resistant pathogens causing the infec-
tions will also be collected if available. We will calculate 
the end points even if not directly provided in the articles, 
provided the numerators and denominators are available. 
Other data to be collected are shown in table 1; for these, 
we will rely on the definitions used in the studies but will 
provide descriptive information about the definitions.

Quality assessment
The quality of the data retrieved will be evaluated by two 
reviewers using the following criteria: (1) The risk of 
selection bias (low, medium, high) for measuring burden 
of disease, in terms of ability to detect cases and represen-
tativeness of specific populations. (2) The risk of infor-
mation bias (low, medium, high) based on definition of 
case, infection type and microbiological assessment. (3) 
The quality of randomised control trials will be measured 
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Table 1 Variables to be collected from included studies

Core element Variable

Study, site, time First author, title, country, year(s)

Scope* One hospital, multicentre, region, country

Design* Surveillance; randomised trial; cohort; case- control

Population* Age: all/children/adults
Ward: all hospital ward, specific wards (ICU, etc)
Specific underlying conditions: neutropenia, dialysis, and so on

Infections* HAP/VAP, cUTI, cIAI, cSSSI, BSI (including source)

Microorganism(s)* Genre and species, phenotypical resistance, mechanism(s) of resistance (if available)

Epidemiological situation* Outbreak, endemic situation

End point variables† Burden: Prevalence, cumulative incidence, incidence density, proportion of resistant isolates
Clinical outcomes: all- cause mortality, infection- related mortality, length of hospital stay

Mortality definitions* In- hospital, fix- day

*As defined in the articles.
†Definitions in the text.
. BSI, bloodstream infection; cIAI, complicated intra- abdominal infection; cSSSI, complicated skin and skin structure infection; cUTI, 
complicated urinary tract infection; HAP, hospital- acquired pneumonia; ICU, intensive care unit; VAP, ventilator- associated pneumonia.

using the Effective Practice and Organisation of Care 
Scale, and the quality of non- randomised controlled trials 
with the Newcastle- Ottawa Scale.

data synthesis and analysis
The collected data will be summarised in tabular form, 
indicating the core characteristics of surveillance systems 
and studies. For each pathogen and type of infection, 
estimates of rates and outcomes will be provided; strat-
ification by geographical area, time period, population, 
epidemiological situation will be performed if possible. 
Pooled estimates of rates and outcomes with 95% CIs will 
be provided; meta- analyses will be performed if possible 
with R statistical software (V.3.0.2; R Foundation for 
Statistical Computing, Vienna, Austria). The I2 statistic 
will be used to measure the heterogeneity of estimates 
between studies, but because heterogeneity is expected, 
random- effects models will be used. Correlations between 
rates and outcomes in randomised controlled trials 
and epidemiological studies, and data on proportions 
and incidence rates will also be analysed. In addition, a 
description of definitions for the key variables used in the 
different studies will be provided.

Patient and public involvement risk of bias
Patients or public were not involved in the systematic 
review design.

dISCuSSIon
Despite the epidemiological and clinical importance of 
infections caused by MDROs, comprehensive data about 
their burdens and outcomes are largely missing. Most 
information seems to come from single- centre studies 
in the context of outbreaks, or from surveillance data 
lacking patient- derived denominators.

Assessing the burden of the specific types of infec-
tion caused by these organisms is critically important in 
order to identify priorities for infection control activi-
ties and research. Understanding the geographical and 
population- type variability of the rates is also key for the 
design of clinical studies to evaluate the efficacy and safety 
of new or old antimicrobial drugs. Several recent studies 
have estimated the burden of infection and mortality 
caused by multidrug- resistant pathogens.7 12 Nevertheless, 
the estimates are based on limited and not necessarily 
reliable data, as has been underlined.13 14 The heteroge-
neity of populations and the influence of multiple highly 
interconnected variables (infection types, comorbidi-
ties, severity of illness, appropriateness of therapy, etc), 
as well as study design and analysis methods mean that 
the evaluation of mortality attributable to resistance is 
highly variable.8–11 Source of data for rates of infections 
due to MDRO may be difficult to find. Data in the scien-
tific literature may be limited because of publication bias, 
favouring reporting of outbreaks or data from university 
hospitals; therefore, we will also search the publicly avail-
able data from surveillance systems previously identified 
by the SUSPIRE project. Finally, as far as we know, there 
are no systematic reviews linking incidence rates with 
outcome of infection.

We expect some difficulties in our study and acknowl-
edge some limitations. The data for some pathogens and 
infections may be scarce and sometimes based on special 
epidemiological situations; we would try to stratify the data 
according to the epidemiological situations but this may 
be difficult. The studies and surveillance systems may also 
be heterogeneous in the population studies, designs and 
quality. However, identifying gaps in knowledge will also 
be important for future studies. Definitions for outcomes, 
and methods for assessing them may be heterogeneous. 
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We will also provide descriptive data about this which may 
be useful for future studies.

In summary, the aim of the ABOUT- MDRO project is 
to provide pooled estimates of target MDRO burdens 
and outcomes that are as specific as possible for different 
settings and populations as a tool to help policy makers 
and researchers establish priorities and design better 
studies for use in the fight against antimicrobial resis-
tance. The study will also summarise grey literature data 
in order to assess the clinical burden of MDRO infections 
at the European level. These results will also be informa-
tive for the efficient design of randomised clinical trials.
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