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Abstract

Background: In spite of the evident general negative effects of armed conflict on countries’ health systems and
populations” health outcomes, little is known about similar impacts of conflicts on the spread of antimicrobial
resistances (AMR). This review was to address this evidence gap and describe:

1. Patterns of AMR in the Middle East (ME) and resistance profiles of pathogens included in the Global AMR
Surveillance System (GLASS) supported by the World Health Organization;
2. Differences in proportions of AMR isolates between conflict and non-conflict countries.

Methods: A systematic literature review was conducted following PRISMA guidelines and searching five electronic
databases. Subject heading and free text were searched for “antimicrobial resistances” and “Middle East”, to identify
observational studies on AMR published from January 2011 to June 2018. Data were extracted from included
articles on a predefined set of variables. Percentages of AMR were analysed as median and interquartile ranges. Risk
of bias was assessed using the Newcastle-Ottawa Scale.

Results: A total of 132 articles met the inclusion criteria. Included studies showed heterogeneity in study design,
laboratory methods and standards for interpretation of results, and an overall high risk of bias. Main findings were
the following:

1. High proportions of carbapenem resistance in Acinetobacter spp. (median 74.2%), and both carbapenem
resistance (median 8.1 and 15.4% for E. coli and K pneumoniae respectively) and ESBL-production (median
32.3 and 27.9% for E. coli and K. pneumoniae respectively) amongst Enterobacteriaceae. S. aureus isolates
showed a median methicillin resistance percentage of 45.1%, while vancomycin resistance was almost absent.
A median of 50% of the strains of S. pneumoniae showed non-susceptibility to penicillin.

2. Similar trends were observed in conflict and non-conflict affected countries.
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Conclusions: There is a lack of standardization in the methodological approach to AMR research in the Middle East.
The proportion of antibiotic resistances among specific GLASS pathogens is high, particularly among Acinetobacter spp.
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Background

Antimicrobial resistance (AMR), and more specifically
antibiotic resistance (ABR), have become in the past two
decades a globally rising concern. Since 2001, the World
Health Organization (WHO) called for joining efforts in
addressing the growing threat of AMR [1], following the
pioneer example of the Pan-American Health Organization
in establishing a surveillance network at regional level [2].
However, it was not until 2009-2010 that other re-
gional action plans and surveillance systems were put
in place, with such actions taking place initially in high
income countries [3, 4].

In 2014, the World Health Assembly (WHA) issued
resolution WHAG67.25, calling for the development of a
global action plan against AMR [5]. WHO took the lead
of such process, publishing in 2015 a Global Action Plan
on AMR [6], and establishing the Global AMR Surveil-
lance System (GLASS) in order to ensure evidence base
and integrated data collection and surveillance across
countries [7].

The global call against AMR has found echo in many
regions since then, with the progressive establishment of
harmonized surveillance systems in Eastern Europe and
Central Asia [8], and thourough situation analysis con-
ducted in the South East Asia WHO Region [9].

Critically, many Low and Middle-Income Countries,
particularly in Africa and the Middle East, have not yet
fully established similar regional networks. Recently,
systematic reviews on AMR have been conducted in the
West Pacific Region [10] and in Africa, showing high
prevalence of resistances to the most commonly used
antibiotics, and highlighting the critical evidence gap
from many countries of the African Region [11-13]. No
similar attempts to collate evidence available in the
Middle East have been performed so far. Recent studies
conducted in high income countries on AMR in refu-
gees, including refugees from the Middle East, have led
to hypothesize an association between refugee status and
risk of AMR transmission. However, such studies have
failed to provide any evidence on whether the AMR was
acquired in the home country, during the journey or in
the host countries [14, 15].

The lack of evidence on the magnitude of AMR in the
Middle East is not surprising, considering the well-
known health effects of the peculiar geopolitical dynam-
ics of this area of the world: in fact the Middle East has
witnessed over the past decades a sustained social and

political turmoil, with more than half of the countries
members of the Arab League being theatres of pro-
tracted armed conflict [16]. Since 2011 the situation has
further escalated, with the Arab Spring and the conflicts
in Syria, Yemen, and Mosul in Iraq [17].

Middle Eastern health systems in countries witnessing
protracted armed conflict or carrying the burden of
populations fleeing from them, have been progressively
weakened, have seen their basic services disrupted, their
health infrastructures damaged or destroyed, and a sub-
stantial proportion of their workforce either fleeing or
being killed [18, 19]. Armed conflicts have been already
shown to have, in virtue of the above mentioned effects
on the health system, a tremendous impact on the health
outcomes of the populations affected, in terms of in-
creased morbidity, mortality and disability [20-24].

Armed conflict and political instability in the Middle
East constitute obstacles for the implementation of
health policies and global action plans, including those
related to proper AMR surveillance and stewardship.
However, despite the fact that emergence of drug resist-
ance has already been described as one of the potential
effects of armed conflict since over more than one
decade [25], no formal and systematized evidence has
been gathered so far. Sporadic evidence has recently
highlighted that victims of armed conflict might be at
higher risk of harbouring and/or being infected by multi-
drug resistant (MDR) bacteria [26, 27], but overall AMR
in the Middle East remains poorly documented, and no
study conducted so far has ever attempted exploring the
magnitude of the problem of AMR in conflict-affected
settings in the region.

There are multiple pathways through which armed con-
flict can contribute to the creation and spread of AMR in
the Middle East: disruption of healthcare systems; delayed
access to healthcare; increased nosocomial transmission of
resistant pathogens; increased community transmission of
resistant pathogens in settings as refugee camps; poor
antimicrobial stewardship in the countries affected and in
humanitarian interventions; etc. [16, 20, 23, 28, 29].

This is the first review addressing explicitly the
evidence gap on AMR in the Middle East, and the first
one in attempting to explore specifically the hypothe-
sized association between conflict and AMR.

Methods
The main objectives of this review are:
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1. To describe the patterns of AMR in the Middle
East and the specific resistance profiles of
pathogens listed in the WHO-supported GLASS;
and

2. To identify any differences in AMR profiles in
populations in conflict affected settings as
compared to populations in non-conflict affected
settings.

Search strategy

A systematic literature review was conducted following
the Preferred Reporting Items for Systematic Reviews and
Meta-Analysis (PRISMA) guidelines [30] (see Additional
file 1: Appendix 1) and searching the following electronic
databases: PubMed, MEDLINE, Embase, Global Health,
CINAHL Plus, IMEMR (Index Medicus for the Eastern
Mediterranean Region), Médecins Sans Frontiéres (MSF)
and the International Committee of the Red Cross web-
sites and the reference lists of the selected articles.

The search strategy included subject heading searches
and free text searches for the following keywords: “anti-
microbial resistances”, “antibiotic resistances”’, “antimicro-
bial susceptibility” and, the name of countries in the review,
in addition to all relevant synonyms. The detailed search
strategy is reported in Additional file 1: Appendix 2.

A standard definition of “Middle East” is difficult to
retrieve [31], and several sources include different coun-
tries under such title. Within the scope of this review,
Middle East has been defined as the geopolitical area
comprising all countries part of both the WHO Eastern
Mediterranean Region (EMR) [32] and the World Bank
Middle East and North Africa Region [33], and members
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of the League of Arab States [34], in order to include
settings sharing the same language and whose political
and social dynamics are strictly intertwined. As a result,
eighteen countries are included in this study (Fig. 1).
Search items were imported in the reference manager
software EndNote version X8.2. After removal of dupli-
cates, screening of titles and abstracts was performed, and
articles selected for full text screening were obtained. Full
text was obtained either using the university library ser-
vices or by directly contacting the author(s). Articles for
which no access was obtained from university library ser-
vices or if no reply was received within three weeks of the
request to the author(s), were excluded from the review.

Selection criteria

Observational studies included in this review were
cohort and cross-sectional studies describing the propor-
tion, prevalence or incidence of AMR in Arab Middle
Eastern civilian populations of both sexes and all ages
(neonates: aged less than 28 days; infants: aged 28 days
to 1year; children: more than 1year to 17 years of age;
adults: aged 18years or more), living in the above-
named countries. Any other study, regardless of study
design, which clearly specified the total number of
isolates as denominator and the resistance profiles of
individual pathogens, was also included, as suggested by
Omulo et al. in a recent review on AMR research [13].

Eligibility criteria

Peer reviewed papers published since 2011 (beginning of
the Arab Spring and the Syrian crisis) until mid-2018 in
Arabic, English, French, Italian, Portuguese and Spanish

[l Fragile and conflict affected
[ Non-conflict affected

Israel and the Occupied
Palestinian Territories

Map created by the authors using Datarapper™ (https://datawrapper.de)

Fig. 1 Map of countries included in this systematic review on AMR and conflict in the Middle East (the identification as fragile and conflict
affected and non-conflict affected is based on the World Bank classification, 2011-2018)
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were sought, on bacterial resistances in civilian popula-
tions living in the Middle East, reporting on data col-
lected after the beginning of 2011 on AMR in the eight
GLASS pathogens.

Papers dealing with non-Arab migrants in the Middle
East, or military personnel deployed from non-Middle
Eastern countries for combat operations in the Middle
East, were excluded, considering that AMR carriage and/
or infection profiles of these populations could not be
representative of the patterns of AMR in the area under
study, as they could harbour AMR contracted in their
home countries. Similarly, papers on AMR profiles in
Arab Middle Eastern refugees in high income countries
were excluded, as it would be impossible to ascertain
whether the AMR profile was acquired in the home
countries, during the migration journey, or in the host
countries.

Exclusion criteria adopted were applied hierarchically
in the following order: peer reviewed papers describing
studies conducted outside the above defined geograph-
ical area of interest; reporting AMR data collected before
2011 or on AMR in other pathogens not included in
GLASS; articles describing veterinary or environmental
studies; studies on AMR patterns in military personnel
deployed from non-Middle Eastern countries in the
Middle East, or collected from non-Middle Eastern popu-
lations residing in any of the included countries; articles
characterizing exclusively clusters of AMR bacteria and
without information on the total of isolated microorgan-
isms regardless of resistance profiles; intervention and
analytical studies recruiting participants or specimens on
the basis of a specific ABR profile; articles not available in
full text in any of the above mentioned languages; corres-
pondence, comments, case reports and case series.

Types of exposures

Countries were classified as “conflict-affected” if they
were included in the World Bank list of “fragile and
conflict-affected situations” [35]. According to the list,
the following eight countries included in the review
were defined as conflict-affected: Djibouti, Iraq, Israel
and the Occupied Palestinian Territories (West Bank
and Gaza), Lebanon, Libya, Syrian Arab Republic, and
Yemen (Fig. 1), and the rest of studied countries were
non-conflict affected.

Types of outcome measures
Primary outcome measures extracted were: incidence
risk, prevalence, and proportion of AMR isolates.

Data collection process

A data extraction form was designed including: 1) Article
information: first author, year of publication, year(s) of
data collection, country in which the study was conducted,
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classification of the country as conflict-affected or non-
conflict-affected; 2) Study information: type of study, study
setting (community, primary care or hospital), study
population, classification of the study population as
conflict-affected or non-conflict-affected, sample size, age
group(s), number of samples (or non-duplicate isolates, if
available) collected, clinical syndrome(s) under study, pri-
mary outcome measure(s); 3) Microbiological information:
pathogen(s) isolated, laboratory methodology employed
for identification and antibiotic susceptibility testing
(AST), criteria used for interpretation of resistances, AMR
profile(s).

The data extraction form was designed based on the rec-
ommendations formulated by Omulo in her 2015 work [13],
in order to promote comparisons of results across different
low and middle income settings, as these were also adopted
in a recent systematic review on AMR in Africa [11]. For the
definition of the AMR profile, the total number of isolates in-
cluded in the study was extracted, along with the number of
non-susceptible isolates for all the antibiotics tested. The
main AMR profiles were defined as those identified by
WHO as “priority pathogens” for the public health signifi-
cance they have; in the specific case of GLASS pathogens,
these include: carbapenem-resistant Acinetobacter bauman-
nii, carbapenem-resistant and Extended Spectrum Beta
Lactamase (ESBL)-producing Enterobacteriaceae (E. coli and
K pneumoniae), third generation cephalosporin-resistant N.
gonorrhoeae, methicillin-resistant and vancomycin-resistant
S. aureus (MRSA and VRSA respectively), fluoroquinolone-
resistant Salmonella spp. and Shigella spp., and penicillin
non-susceptible S. pneumoniae [36).

For articles presenting data on multiple pathogens,
data were collected exclusively on the resistance profiles
of the GLASS pathogens. Where resistance profiles were
indicated exclusively for MDR pathogens, data were ex-
tracted only on primary resistance profiles demonstrated
in the initial total sample included in the study. Inter-
mediate susceptibility, where reported, was consolidated
with susceptibility, as per experts’ recommendations at
the time of writing, and formalized later in 2019 in the
EUCAST guidance [37].

The data extraction form is detailed in Additional file 1:
Appendix 3. Data were successively extracted in Microsoft
Excel 2016 for analysis. A quantitative analysis was per-
formed on 116 articles reporting on the above mentioned
specific antibiotic resistances of public health significance,
which consisted of the calculation of resistance median
percentages and interquartile range (IQR).

Publication bias was assessed designing funnel plots
for articles on one pathogen isolated from specific
collection samples, where the number of studies was
sufficient to allow the analysis, and performing Egger’s
regression test for statistical evidence of publication bias,
using Stata™ software version 14.2.
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Assessment of risk of bias

An initial screening tool for overall quality appraisal was
used. A subsequent in-depth assessment of risk of bias
was performed adopting a modified version of the
Newcastle-Ottawa Scale for cohort studies [38], and an
adapted version to cross-sectional studies (both the
screening tool and the modified scales are available in
Additional file 1: Appendix 3), as it was recommended at
the time of writing by the Cochrane Collaboration for the
assessment of risk of bias in non-randomized studies [39].

The following categories were assessed: selection of
participants or specimens, comparability of study groups,
and outcome or exposure assessment according to the
study type. Within each category, a variable number
between two and three items was assessed, and colour
coded according to the extent to which the study
demonstrated a good (green), moderate, incomplete or
doubtful (yellow), or poor (red) abidance to the epi-
demiological standards and good practices for the study
design chosen.

Articles were classified as at high, moderate or low risk of
bias according to the following criteria: a) High risk: poor
epidemiological design in the three categories; b) Moderate
risk: good epidemiological design in two categories or
acceptable design in the three categories; and ¢) Low risk:
good epidemiological design across all categories.

Results

Study selection and characteristics

A total of 13°166 records were identified; 4'228 items in
Embase, 2'223 in Medline, 3’541 in Global Health, 2’
603 items in PubMed, and 571 in CINAHL Plus and
additional 71 records were identified, 68 items in IMEM
R and 3 items in the MSF Field Research Website [40].
After removing duplicates, titles and abstracts of 6684
records were screened, of which only 431 were eligible
for full text screening. Of the 431 articles read in full
text, 132 met the inclusion criteria (Fig. 2) and were
included.

Table 1 describes the study characteristics. All the arti-
cles selected for inclusion in the study were in English
except one study that was in French [100]. More than
half of included studies were conducted in only three
countries: Egypt (26.5%), KSA (18.9%), and Iraq (18.2%).
In all the other countries included in the review only be-
tween one and less than ten articles were included, and
two countries, Djibouti and Qatar, had no included
article.

A higher proportion (61.4%) of articles were from
stable countries and 51 articles, described AMR in fra-
gile and conflict-affected countries: almost half of these
were published in Iraq (Table 1).

Out of the 132 articles, 107 did not specify the nation-
ality of the individuals from which the specimens were
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obtained. No assumption was made that a study con-
ducted in one country would describe exclusively the
population native of the same country, in virtue of the
intense migration patterns from outside and within the
Middle East [173, 174].

The vast majority of studies included were conducted
in hospital and hospital laboratory settings (50.0 and
41.7% respectively). Community and primary health care
settings where largely underrepresented (5.3%). Inpa-
tients constituted the source of half of the data (50.0%)
compared to outpatients. The source of microbiological
data was not specified in 21.2% of studies.

Similarly, almost half (48.5%) of the included articles
did not specify the age groups and/or genders included
in the study population. When specified, adults were the
most commonly studied population (33.3% of the in-
cluded papers), followed by children (25.0%). No studies
from conflict-affected settings, however, presented data
on children. Only one paper reported results from a
study population entirely represented by men [48].

Only five articles were investigating AMR in immuno-
suppressed populations, represented either by HIV-
infected patients [59], subjects who underwent liver
transplantation [47], or patients affected by different
types of malignancies [91, 115, 172]. Of these, only one
was conducted in a conflict affected setting [59].

Only two articles presented ABR in diabetic patients
[42, 61]: these were both from Egypt, and referred to
skin and soft tissue infections.

Appraisal of risk of bias
The detailed summary of the assessment of risk of bias per-
formed is available in Additional file 1: Appendix 3 and 4.

All studies included in this review were screened for
the completeness of information provided including; the
study design, research question and objectives, and
description of the findings in terms of person, place and
time, along with the justification of the sample size
included and the provision of a measure of random vari-
ation of the presented results.

The study design was clearly stated in 29 out of the
132 articles included (Table 1). Although the study ques-
tion was rarely focused in terms of population of inter-
est, geographic area and time span of observation
(18.9%, 25/132), the study objectives were detailed in the
majority of papers (77.3%, 102/132). Time period of ob-
servation and geographical area of interest were clearly
specified in 96.2% (127/132) of articles, while detailed
demographic information on the study population, at
least in terms of age groups and gender included, were
available for 32.6% (43/132).

Only one study reported sample size calculation and
employed representative population although not pow-
ered for the prevalence detected nor for the comparison
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between the sub-groups performed [95]. Measures of
sampling variation in the results were reported by only
four studies [95, 161, 165, 168].

Statistical methods were in general poorly detailed,
and mostly summarized in terms of descriptive statistics.
Only three studies described the use of multivariate ana-
lysis — usually logistic regression — to control for con-
founding [45, 147, 168]. None of the studies took
missing data into account in the analysis nor in the dis-
cussion, and similarly limitations and potential sources
of bias were never mentioned in the discussion, with the

exception of one surveillance study performed in
Lebanon [123].

A substantial number of articles mentioned exclu-
sively clinical suspicion from the attending physician
as diagnostic criteria and rarely a clear case definition
was detailed for the clinical syndrome under study.
No clear sources for patient’s socio-demographic data
were descripted.

In general, cross-sectional studies presented major
flaws in terms of sample selection, statistical methods
employed (not described in the majority of cases), and
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Table 1 Summary of the characteristics of the 132 articles included in the systematic review on antimicrobial resistances among
GLASS pathogens in conflict and non-conflict affected settings the Middle East

Study characteristics

Number (%) References

Year of publication
2012
2013
2014
2015
2016
2017
2018
Year of completion of data collection
2011
2012
2013

2014

2015

2016
2017

Country of publication
Non-conflict affected

Bahrain

Egypt

Jordan
Kingdom of Saudi Arabia (KSA)

Kuwait

Morocco

Oman

Qatar

Tunisia

United Arab Emirates (UAE)
Multiple countries: Egypt and KSA
Fragile and conflict affected
Djibouti

Iraq

Israel and the Occupied
Palestinian Territories

Lebanon

Libya

Syrian Arab Republic

Yemen

Mixed conflict and non-conflict affected

Bahrain, Oman, UAE and Lebanon

31 (235)

14 (10.6)
3(23)

81 (61.4)
0(0)
35 (26.5)

[41, 42]
[43-51]
[54-68]
[71-102]
[105-130]
[133-158]
[161-170]

[41, 48, 49, 54, 58, 66, 74, 78, 85, 86]
[51, 56, 59, 60, 62, 63, 68, 70, 71, 105, 109]

[46, 47, 50, 55, 61, 64, 67, 69, 72, 73, 75, 80, 81, 87-89, 91, 92, 94, 99-101, 113, 120, 123,
127,132, 145, 153, 155, 159]

[57, 65,76, 79, 83, 84, 90, 93, 95-98, 104, 114, 116, 124, 125, 129, 130, 135, 149, 154, 157,
158, 160, 167]

[77,82,102, 103, 106-108, 110-112, 115, 117-119, 121, 122, 126, 128, 131, 134, 136, 140,
142-144, 147,148, 150, 151, 166, 171]

[133, 138, 139, 141, 152, 156, 161, 163-165, 168-170, 172]
[137, 146, 162]

NA

[42, 47,52, 61, 65,68, 70-73, 87, 89, 91, 93, 94, 98, 99, 103, 105, 120, 121, 125, 131, 133,
134, 138, 139, 142, 145, 146, 148, 150, 166, 168, 172]

[49, 57, 88,119, 132, 161, 163, 169]

[41, 46, 51,62, 69, 76, 77, 80, 81, 83, 85, 90, 92, 102, 107, 108, 111, 115-117, 135, 136, 154,
164, 170]

[130]

[63, 64, 86, 100, 143, 153, 155]
NA

NA

[152]

[60, 165]

[74, 97]

NA

[53, 56, 58, 67, 78, 79, 82, 84, 95, 96, 109, 110, 112, 114, 118, 126, 129, 137, 140, 151, 156,
158,162, 171]

[43, 44, 50, 54, 113, 144, 147]

[66, 101, 106, 123, 124, 149, 157, 167]
[48, 59, 75, 104, 159, 160]

[45, 55, 128, 141]

[122]

[127]
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Table 1 Summary of the characteristics of the 132 articles included in the systematic review on antimicrobial resistances among
GLASS pathogens in conflict and non-conflict affected settings the Middle East (Continued)

Study characteristics

Number (%) References

Study design
Cross-sectional
Case-control
Cohort
Surveillance

Not specified

Study setting
Hospital

Laboratory

Primary care

Community

Mixed
Source of data

Inpatients

Outpatients

Healthcare workers
Students

Of which medical students
Mixed

Not specified

Age groups*
Neonates
Infants

Children
Adults
All age groups

Not specified

Gender
Male
Female

Both

Not specified

16 (12.1)
2(15)
2(15)

9 (6.8)
103 (78.1)

66 (50.0)

55 (41.7)

4 (3.0)
3(23)
4 (4.0)

66 (50.0)

12 (9.1)
5(38)

4 (30
2(15)
17 (12.9)
28 (21.2)

6 (4.5)
15(11.4)
33 (25.0)

44 (333)

13 (9.8)
58 (43.9)

[45, 50, 74, 78, 91, 93, 95, 96, 102, 107, 122, 138, 144, 146, 163, 164]
[57,165]

[131,161]

[52, 109, 116, 123, 127, 135, 149, 159, 160]

[41, 42, 46-49, 51, 53-56, 58-73, 7577, 80-90, 92, 94, 97-101, 103-106, 108, 110-115,
117-121,124-126, 128-130, 132-134, 136, 137, 139-143, 145, 147, 148, 150-158, 162, 166~
172]

[46, 51-53, 55, 56, 59, 61, 62, 64, 65, 67, 68, 71, 72, 75-77, 81-84, 86, 87, 89-93, 96, 99-101,
103, 104, 107-109, 111, 114, 115, 119, 121, 131-133, 136, 142, 144, 146-148, 150, 155-158,
161, 162, 164, 168, 170, 172]

[41, 45, 49, 54, 58, 60, 63, 66, 69, 70, 73, 78-80, 85, 88, 94, 97, 98, 106, 110, 112, 113, 116~
118, 120, 123-129, 134, 135, 137-141, 143, 145, 149, 151-154, 159, 160, 165-167, 169, 171]

[50, 74, 122, 130]
[95, 102, 163]
[43, 44, 57, 105]

[41, 42, 46-48, 51-56, 60-63, 65, 68, 69, 71-73, 82, 83, 85, 86, 89-92, 96, 99-101, 103, 104,
106-111, 115-118, 121, 124, 126, 131, 133, 134, 136, 138-140, 147, 150, 151, 153, 156, 159,
161, 162, 167, 168, 172]

[50, 57, 59, 74, 77,84, 97, 114, 122, 130, 132, 155]

[81, 87, 144, 148, 170]

[44, 95,102, 163]

[102, 163]

[43, 45, 66, 70, 75, 76, 105, 119, 137, 141, 145, 146, 154, 164-166, 169]

[49, 58, 64, 67, 78-80, 88, 93, 94, 98, 112, 113, 120, 123, 125, 127-129, 135, 142, 143, 149,
152,157, 158, 160, 171]

[55, 71,92, 119, 133, 156]
[55, 64, 86, 93, 101, 103, 108, 109, 114, 119, 127, 132, 145, 146, 156]

[50, 55, 62, 64, 67, 77, 79, 84, 86, 90, 93, 95, 100, 101, 103, 107-109, 114, 115, 122, 127, 132,
136, 139, 145, 146, 153, 155, 156, 159, 169, 172]

[53, 56, 61, 62, 65, 76, 81, 84, 86, 87, 89, 90, 95, 99, 101, 102, 107-109, 111, 114, 115, 130,
131,136, 144, 145, 147, 148, 153, 155, 159, 161-163, 168-170, 172]

[41, 43, 45, 46, 51, 52, 68, 75, 107, 127, 142, 152, 164]

[49, 54, 57-60, 63, 66, 69, 70, 72-74, 78, 80, 82, 83, 85, 88, 91, 94, 96-98, 104-106, 110, 112,
113,117,118, 120, 121, 123126, 128, 129, 134, 135, 137, 140, 141, 143, 149-151, 154, 157,
158, 160, 165-167, 171]

(48]
NA

[41-44, 49-53, 61, 62, 65, 66, 71, 74-77, 81, 86, 88-90, 95, 98-102, 107-109, 111, 114-116,
119,122, 127, 130-133, 136, 141, 142, 145-148, 152-157, 160-165, 168, 169, 172]

[47, 54-60, 63, 64, 67-70, 72, 73, 78-80, 82-85, 87, 91-94, 96, 97, 103-106, 110, 112, 113,
117,118,120, 121, 123-126, 128, 129, 134, 135, 137-140, 143, 144, 149-151, 158, 159, 166,
167, 170, 171]
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Table 1 Summary of the characteristics of the 132 articles included in the systematic review on antimicrobial resistances among
GLASS pathogens in conflict and non-conflict affected settings the Middle East (Continued)

Study characteristics Number (%) References

Clinical syndrome

Colonization 21 (159 [41, 44, 50, 51, 57,74, 77,81, 83, 87,92, 93,95, 102, 111, 119, 132, 144, 148, 163, 170]
Urinary tract infections 20 (15.2) [45, 49, 54, 59, 75, 84, 100, 107, 109, 114, 130, 146, 147, 154, 155, 159, 164-166, 169]
Skin and soft tissue infections 10 (7.6) [42,48, 61, 82,96, 121, 125, 126, 140, 161]
Of which war-related 2(1.5) [48, 161]
Bloodstream infections 10 (7.6) [65,71,72,103, 115, 133, 137, 150, 153, 172]
Respiratory tract infections 6 (4.5) [62, 64, 89, 99, 122, 162]
Gastroenteritis 5(3.8) [58, 67, 79, 98, 149]
Meningitis 215 [134, 156]
Keratitis 1(0.7) [142]
Miscellanea 43 (32.6) [43, 46, 47, 52, 53, 55, 56, 60, 63, 66, 68-70, 73, 76, 78, 86, 88, 90, 91, 94, 101, 104, 106, 108,
112, 116-118, 120, 124, 127, 129, 131, 136, 138, 139, 141, 145, 151, 152, 157, 168]
Type of specimen
Urine 20 (15.2) [45, 49, 54, 59, 75, 84, 100, 107, 109, 114, 130, 146, 147, 154, 155, 159, 164-166, 169]
Nasal/nasopharyngeal swab 18 (13.6) [41, 44, 50, 51, 56, 57, 74, 77, 81, 93, 95, 102, 111, 132, 144, 148, 163, 170]
Blood 10 (7.6) [65, 71, 72,103, 115, 133, 137, 150, 153, 172]
Tissue swab/biopsy 9 (6.8 [42,48, 61,82, 121, 125, 126, 140, 161]
Faeces 8 (6.1) (58, 67,79, 87,92, 98,119, 149]
Sputum or other respiratory 4 (3.0) [62, 89, 99, 162]
Other 7 (5.3) [64, 83, 104, 122, 134, 142, 156]
Miscellanea 52 (394) [43, 46, 47, 52, 53, 55, 60, 63, 66, 68-70, 73, 76, 78, 86, 88, 90, 91, 94, 97, 101, 105, 106, 108,
110, 112, 113, 116-118, 120, 123, 124, 127-129, 131, 135, 136, 138, 139, 141, 143, 145, 151,
152,157,158, 167, 168, 171]
Not specified 4 (3.0) [80, 85, 96, 160]
Laboratory methods
Identification of microorganism
Morphology 53 (40.2) [41-44, 47,48, 50, 51, 54-58, 61-63, 66, 67, 73, 74, 78, 79, 81, 87, 91, 93-96, 99, 100, 102, 105,
109, 111, 113,114, 119, 122,125, 127-129, 132, 136, 142, 144, 146, 148, 150, 152, 156, 169]
VITEK™ 21 (159 [46, 72,75, 76, 80, 82-85, 88, 101, 106, 108, 117, 118, 140, 151, 154, 158, 162, 171]
API 15(11.4) [45, 59, 68, 70, 86, 90, 124, 131, 143, 145, 149, 153, 155, 157, 167]
Others 12 9.1 [69, 77,104, 107, 115, 116, 130, 133, 159, 160, 164, 170]
Multiple 25(174) [53, 60, 64, 65, 92, 97, 98, 103, 110, 112, 120, 121, 123, 126, 135, 137-139, 147, 161, 163,
165, 166, 168, 172]
Not specified 6 (4.5) [49, 52, 71, 89, 134, 141]
Antibiotic susceptibility testing
Disk diffusion 64 (48.5) [42, 43, 47-52, 54, 57-59, 64, 65, 67, 68, 70, 71, 74, 76, 79, 81, 82, 86, 87, 91, 94, 96, 98-100,
105, 106, 109, 110, 112, 113, 119-121, 124-126, 128, 130, 136, 137, 141-146, 148, 149, 152,
153, 155, 156, 162, 166, 169]
VITEK™ 12.(9.1) [83, 88,92, 108, 117,118, 135, 151, 154, 158, 168, 171]
PCR 7 (5.3) [55, 62, 66, 78, 101, 102, 129]
E-test™ 4(3.0) (97,127,131, 160]
MIC 4(3.0) [46, 53, 90, 134]
Others 3(23) [77,104, 115]
Multiple 35 (26.5) [41, 56, 60, 61, 63, 69, 72, 73, 75, 80, 84, 85, 93, 95, 103, 107, 111, 114, 116, 123, 132, 138-
140, 147, 150, 157, 159, 161, 163-165, 167, 170, 172]
Not specified 3(2.3) [89, 122, 133]
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Table 1 Summary of the characteristics of the 132 articles included in the systematic review on antimicrobial resistances among
GLASS pathogens in conflict and non-conflict affected settings the Middle East (Continued)

Study characteristics Number (%) References

Standard for interpretation of results

[41-46, 50-52, 54-57, 59-61, 63-67, 69-71, 74-76, 79-82, 84, 86, 88, 90-92, 94-96, 98-100,

102, 103, 105-121, 124-126, 130, 132-134, 136-150, 155-159, 161-169, 172]

CLSI 103 (78.0)

BSAC 3(23) [85,97, 122]
EUCAST 2 (1.5 [72, 160]
CA-SFM 2(1.5) [152, 153]
Multiple methods 4 (3.0) [53, 68, 124, 127]
Not specified 18 (13.6)

[49, 58, 62, 73, 77,78, 87,89, 101, 104, 128, 129, 131, 135, 151, 154, 170, 171]

* Articles can report data on more than one age group, and therefore the sum of all age groups can differ from the total number of articles

GLASS Global Antimicrobial Resistance Surveillance System

NA Not Applicable

API Analytical Profile Index

PCR Polymerase Chain Reaction

MIC Minimum inhibitory concentration

CLSI Clinical & Laboratory Standards Institute

BSAC British Society for Antimicrobial Chemotherapy

EUCAST European Committee on Antimicrobial Susceptibility Testing
CA-SFM Comité de I'’Antibiogramme de la Societé Francaise de Microbiologie

possibility of misclassification of both exposures and
outcome under study.

The cohort studies included in the review [52, 131,
161] showed overall lower risk of bias compared to other
study designs. Two out of the three studies [52, 131]
lacked detailed description of the statistical methods
employed, in particular if and how control for confound-
ing was performed and how losses to follow up were
dealt with. Remarkably, one of the cohort studies in-
cluded was conducted in a non-conflict affected country,
but describing findings on a conflict-affected population,
as it investigated AMR in war wounded civilian Syrian
patients admitted to a Jordanian hospital [161].

The two case-control studies included [57, 165] poorly
described the inclusion criteria for the cases and did not
clearly detail the recruitment of controls. Data extracted
from these two studies were not included in the quanti-
tative analysis.

Synthesis of results
Patterns of ABR in the Middle East and differences between
conflict-affected and non-conflict-affected countries.

The most commonly described pathogens were, in
order of frequency, E. coli (40.9% of the included studies,
54/132), S. aureus (34.1%, 45/132), Acinetobacter spp.
(29.5%, 39/132), and K. pneumoniae (25.8%, 34/132),
both in conflict and non-conflict affected settings. Other
bacteria were less represented in this review, and no
study investigated AMR in N. gonorrhoeae.

Antibiotic susceptibility testing (AST) was performed
for a total of 73 different antibiotics, with substantial in-
homogeneity across studies for each pathogen. Due to
the substantial heterogeneity of methodologies adopted,
it was not possible to perform a meta-analysis as

quantitative synthesis of the results from the standpoint
of AMR profile of the studied pathogens: such hetero-
geneity was due to the differences in terms of study set-
tings, study populations included in the studies,
laboratory methodologies employed to appraise suscepti-
bility to the different antibiotics, and clinical conditions
investigated. In addition to this substantial variability,
there was a significant proportion of studies with miss-
ing information on the above mentioned categories,
along with an overall high risk of selection bias, mis-
classification of the exposure categories, and lack of con-
trol for confounding. However, in Table 2 median
percentages and IQR of specific AMR profiles are re-
ported for selected GLASS pathogens, focusing on the
most frequently reported ones.

A third (32.3%) of E. coli isolates showed ESBL-
producing profile, and 8.1% resistance to carbapenems
(IQR 0.6-25.3). In both cases, the proportion of resistant
isolates appeared to be higher in non-conflict affected
countries compared to conflict-affected ones.

Regarding S. aureus, the overall median percentage of
methicillin-resistance was 45.1% (IQR 26.0-61.6). Unfor-
tunately, the number of articles was too small in conflict
affected compared to non-conflict affected countries to
make a reliable comparison, and again study populations
were very heterogeneous [44, 95, 144]. However, from
the few studies included, no major difference was de-
tected between the two contexts.

Proportion of carbapenem resistance among Acineto-
bacter spp. isolates was significant (74.2%) and appeared
slightly higher in conflict-affected settings compared to
stable countries (78.0% vs 72.7%, respectively).

Only a small proportion of samples of K. pneumoniae
was tested for carbapenem resistance and ESBL-



Page 11 of 26

(2020) 20:936

Truppa and Abo-Shehada BMC Infectious Diseases

£10T PUBISZIMS ‘BABUSD */|0Z-9L07 Uonelusw|dw Ajieg :uoday (SSYTD) WialsAS 9dUe|idAINS 9dUelsisay [eIGOIIWNUY [egO[D "OHM |

[9S1 ‘ZSL /2L '0TL '66 €6 79 '0S]

[891 051

Tl Tyl '6EL PEL 'EEL 'BTL ‘€TL '9LL '€01 ‘96 'S6 68 'LL 0L 'S 'LS ¥¥)
[0/1

‘891 ‘€91 ‘191 ‘0SL ‘BFL ¥l ‘6EL '9EL 'SEL '€EL ‘6L '8CL 'STL €Tl ‘1Tl
‘OLL'LLL ‘201l 96 'S6 "18 ‘8L 4L ¥/ 'L/ '99 'S9 '/ G-SS ‘€G-S V¥ '€¥ ‘L]
[S9L '¥9L ‘091 '8SL 'SGL ‘ZLL 9L ‘T, 'T9 'TS]

[cz1'091

‘851 'GSL"€SL 'SPl BLL=SLL 'CLL "£0L YOl '66 'C6 ‘98 '¥8 9L '69 'Ly 'C¥]
[S91 P91 091 ‘651

'SSLWSL Pl 'SEL'ECL LLL PLL'SOL 64 '94 'SL "€ 'TL 'T9 '6S 'S TS 'S]
[C£1'991 ‘091 'SSL"LSL "evl "€€L ‘8Tl ‘el ‘6LL LLL=¥LL

'9'7€'601 /01 'SOL '66 '16 '68 /8 9L 'SL 'LL '[9 'S9 '6S VS '6v—L¥ 'S¥ "]
[CLLLLL /91 "2SL'EGL 'OpL "8EL "SEL—EEL “LEL '9CL PTL "€l ‘'SLL OLL
‘801 ‘901 ¥0L 'LOL 66 /6 ‘6 '06 ‘88 'S8 €8 ‘08 '89 ‘59 '€9 ‘L9 '8¥—9v ‘T¥]

(18'£/=T¥0T) 00'SS

(£991-0) O

¢V L19—¥¥¥0) CESH

(01-8€-99%61) 0SCC

(8L'0¢-1T’1) 00GL

(P6'1S-SLLT) LT6E

(0005-00'9) 6L

(0€'L6-€C€) €L

(S¥'0€-5¥'S) 0601

(#8'€-800) Z€'L

(Cv65-11'80) LEEY

(6°08-C¥'0L) 9¥'SL

(959¢-v6%6) LLLL

(e¥'87-6671) S8'ST

(85'/-0) €€'L

(l'78-£6'85) 00'8L

(56'89-8£'8) 0005 (050,1) @|qndadsns-uou ul|PIuad

(0z01-0) 0

(£5'19-96'ST) 80'SY

(€099-6€00) 16£C

(L91C—€070) 6€GL

(€6'05-G/°17) 0€°CE

(PESC450) L08

(€€'88-68'ST) €CVL

(0£1,9) ¥YSUA

(€0£,8) VSHW

(€10,1) budnpoid-1gs3
(1¥€,1) Weisisal wausdeqgled
(559,5€) Bupnpoid-1g53

(91 1,9€) weisisal-wauadeqie)

(78,5) WeIsIsal-wauadeqled

(99/,1) apjuownaud *s

(988,8) snainp °s

(€££,2) aviuownaud °y

(@Lb.iv) 110 3

(621,9) "dds sapppqojauny

REMIVEXET )]

(tTe])

SSLIUNO0D pajdaye
PIyuod-uoU Ul
adue)sisal

uelpaw
abejuadiad

(401)

Sa1UN0D
paldaye-1ijyuod
uj adue)sisal
ueipaw
abejuadiad

(won

3cue)sisal
ueipaw
abejuadiad
1ZELYe)

(pa1sa} sajpjosi
40 Jaquinu [pjoy)

aduepodwi
Yeay dygnd yo
9Jyoid ddue)sisay

(saipjosi Jo
Jaquinu [p3o])

uaboyied ssy1D

96rUDIad S PRQLISIP ‘SUIUNOD UISISET J|PPIAl P14 1D1UOD-UOU PUB IDI|JUOD

S9PIMe g1 | Ul pauodal eiep Jo (4OI) sbues 9jiuenbisiul pue aouelsisal uejpsw
ur suoie|ndod buowre  susboyied SSy D SAY JO SduBlsIsaI dROIGRUE Jo uoiodold T 3jqeL



Truppa and Abo-Shehada BMC Infectious Diseases (2020) 20:936

production (56.5 and 42.7% respectively) and 28.0% of
samples appeared to be ESBL producers, with a substantial
difference between conflict and non-conflict affected
countries (75.5% vs 22.5%, respectively). The carbapenem
resistance profile did not vary significantly between the
two contexts, with an overall proportion of cases of 15.4%.

As for S. pneumoniae, half of all isolates were detected
as non-susceptible to penicillin, with substantially higher
proportion in stable contexts (55.0%) compared to
conflict-affected settings (10.9%).

Salmonella spp. and Shigella spp. AMR were investi-
gated in too few studies (five and three respectively) to
allow a valid summary to be included.

Tables 3 and 4 in the annex offer more details on the
number of studies on each pathogen per country in
conflict-affected vs non-conflict-affected countries, re-
spectively. Tables 5 and 6 provide details on the number
of studies per site of infections in conflict-affected vs
non-conflict-affected countries, respectively. From these
tables we can observe that studies conducted in non-
conflict affected countries appeared to be slightly more
focused in terms of site of infection under investigation
compared to studies conducted in conflict affected coun-
tries, where in a substantial proportion of cases the site
of infection was not specified, or the authors were
analysing resistance profiles of bacteria isolated from a
miscellanea of specimens.

Figure 3 presents the temporal trends in antibiotic
resistances to the most commonly used classes of antibi-
otics for the four most frequently reported pathogens (E.
coli, K. pneumoniae, Acinetobacter spp. and S. aureus),
tracked by year of publication.

Publication bias was assessed for a sub-sample of ten
studies which presented the proportion of ESBL producers
among E. coli isolates on urinary samples, six of which
were conducted in conflict-affected countries [45, 54, 59,
75, 114, 159] and four in non-conflict settings [154, 155,
164, 165]. Figure 4 shows the funnel plots elaborated on
the logarithm of the proportion of ESBL producers
amongst E. coli isolates in urine samples in all studies, and
in studies conducted in conflict and non-conflict settings
separately. The funnel plots show asymmetry and there-
fore would support the hypothesis of publication bias;
however, Egger’s regression test showed absence of statis-
tical evidence of publication bias overall (p-value 0.52), as
well as specifically for studies conducted in non-conflict
and conflict settings (p-values 0.78 and 0.07 respectively).

Discussion

While it is undoubted that AMR constitutes one of
the most dangerous threats to public health on a
global scale, the scientific community has reached no
consensus yet on how to estimate and quantify the
burden of AMR [175, 176]. This can be partly

Page 12 of 26

explained by the complex interactions between up-
stream and downstream determinants of AMR, which
require a system level analysis through conceptual
frameworks that need to be both context-specific and
coherent at global level [177, 178].

In terms of upstream determinants, the Middle Eastern
conflict-affected countries are low and middle income
countries, while stable settings, particularly the Gulf
Cooperation Council States, are high income economies
[179]. These differences will influence the affordability to
enforce measures, laws, and regulations regarding AMR.
Beside the differences in wealth macro-indicators, common
traits among the different countries emerge from the litera-
ture when investigating more proximal determinants of
AMR, such as antibiotic prescription and self-medication
practices [180, 181].

The interplay between the different determinants can
be more pronouncedly hard to understand in fragile set-
tings, particularly in situations of armed conflict, where
additional drivers of AMR can complicate the picture.
This has been insightfully analysed by Abbara and
colleagues in a recent series of papers, in which it is
described how the Syrian conflict has exacerbated the
risk of AMR emergence and spread among the affected
populations at a local level, and on a more global scene
when considering the number of countries in which
those fleeing are seeking refuge [182, 183].

Summary of evidence

Only six out of the 18 countries included in this system-
atic review have adhered to the GLASS (Bahrain, Egypt,
Lebanon, Oman, KSA, and UAE) and are at different
stages of the development or implementation of their
National Action Plan on AMR, and amongst these only
one — Lebanon - is considered a fragile context [184].
The substantial number of articles retrieved in this
review denotes an active research on the topic in the re-
gion, both in conflict and non-conflict affected settings.
However, the vast majority of evidence comes from only
three countries: Egypt, KSA, and Iraq.

The 132 studies included in this review present
heterogeneity and inconsistencies in terms of study
designs, laboratory methodologies and standards adopted,
and a variety of clinical scenarios included. The lack of
harmonization in the regional surveillance system is not a
prerogative of the Middle East, as it has been highlighted
also in reviews conducted in other geographical areas
outside the Western countries [10, 11, 13].

The majority of the included articles were cross-
sectional studies, focusing on proportion and prevalence
as outcome measures, with only two studies reporting
incidence measures [131, 161]. Moreover, the sources of
data being limited to hospitals and hospital laboratories,
do not allow to describe the burden of AMR at
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community and primary care level, where more than
80% of the total volume of antibiotics is used according
to Western estimates [185], and where antibiotic pre-
scription and consumption practices are less regulated
than in hospital settings [186], particularly in the Middle
East [187, 188].

The most frequently reported GLASS pathogens in the
studies included in this review were those belonging to
the Enterobacteriaceae family (E. coli and K. pneumo-
niae), Acinetobacter spp., and S. aureus, both in conflict
and non-conflict affected countries (see Tables 3 and 4).

Where possible, the resistance profiles identified were
compared with those of the same micro-organisms
reported in the European Antimicrobial Resistance
Surveillance Network (EARS-Net) [189], particularly
those from European Mediterranean countries, as this is
geographically the closest example of consolidated and
homogeneous data collection system on ABR to the
Middle East.

The proportion of ABR emerging from the studies in-
cluded in this review is concerning. In fact, among the
Enterobacteriaceae included, around one third of the
isolates showed an ESBL-producing profile. K. pneumo-
niae in conflict-affected countries appeared to have
higher degrees of resistance to third generation cephalo-
sporin, however random variation cannot be ruled out
considering the limited number of studies conducted in
these settings. The highest proportion of studies on both
E. coli and K. pneumoniae were related to urinary tract

infections, both in conflict and non-conflict affected
countries (Tables 5 and 6). The carbapenem-resistance
proportion among GLASS Enterobacteriaceae included
in this review appear to be much higher than what is de-
scribed in European settings and in the Mediterranean
region [189, 190], however it is important to reiterate
that the vast majority of studies included were hospital
based, and investigating AMR in patients with under-
lying medical conditions, who are notoriously at higher
risk of harbouring MDR strains.

The methicillin-resistance patterns in S. aureus de-
tected in this review are similar to those described in a
specific review on MRSA prevalence in the Middle East
and North Africa [191], and the proportion of MRSA
over the total number of S. aureus isolates appears to be
higher than what described in other geographical regions
such as Africa [192] and Europe, although again close to
the figures of the European Mediterranean countries
[189]. Among the articles reporting the AMR profile of
S. aureus, nasal carriage was the most frequently studied
condition (Tables 5 and 6).

The figures of carbapenem-resistance among Acineto-
bacter spp. are comparable with those of Southern
Europe, particularly Spain, Italy and Greece, where the
proportion vary between 69.9 and 94.9% [189]. While
three out of the 12 studies on Acinetobacter spp. in
conflict affected countries were associated with skin and
soft tissue infections, only two out of the 27 retrieved
from non-conflict affected settings were investigating
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this specific site of infection (see Tables 5 and 6). MDR
Acinetobacter baumannii in particular has been de-
scribed in the Middle East as associated with war-related
wounds [26] already since the USA military interven-
tions in Afghanistan and Iraq [193]. This has re-emerged
recently in the literature related to wounded Syrian civil-
ians since the onset of the Syrian crisis [194, 195], and
confirmed also in the study by Rafei et al. included in
this review [101], in which Syrian refugees admitted
mostly for war-related wounds to a Lebanese hospital
were significantly more likely (»<0.001) to harbour
carbapenem-resistant strains than Lebanese patients
(74% versus 47%). This peculiar feature, particularly in
conflict-affected settings, deserves undoubtedly further
investigation.

S. pneumoniae was less represented than other patho-
gens in this review, however a sufficient number of
studies allowed to attempt a quantitative summary of
the proportion of penicillin resistance observed: the
findings of this review are consistent with those of other
studies conducted in the region, and confirm that peni-
cillin non-susceptibility among S. pneumoniae in the
Middle East is frequently reported around 50% [196].

No specific temporal trends were identified in the
reports of antibiotic resistances to the most commonly
used antibiotics among the four most frequently
reported GLASS pathogens included in this systematic
review (Fig. 3). However, caution must be applied when
interpreting these results as no conclusive inference can
be made on these data. In fact, the temporal trends were
tracked exclusively by year of publication, and therefore
might be relative to different years of sample collection:
such detail was not consistently specified in the included
papers, and where it was, it collated data on samples
collected over several years, with the authors having no
access to the raw data. Moreover, the studies included
were heterogeneous in terms of sampling strategy, sample
collection sites, laboratory methodology, and interpret-
ation criteria adopted.

It is worth to underline the lack of research about N.
gonorrhoeae in this region: this might be due to cultural
and social aspects surrounding sexual and reproductive
health knowledge, attitude, practices and taboos related
to healthcare seeking for sexually transmitted infections
(STIs) in the Middle East. The knowledge gap on STIs
in this region is still significant, despite the recently
describe increase in focus [197], and more research is
needed to understand the prevalence of STIs and AMR
related to them.

It is remarkable that a substantial proportion of studies
were not investigating specific clinical conditions but
were rather reporting unspecified or miscellaneous sites
of infection (Tables 5 and 6): this is probably linked to
the convenience sampling almost exclusively used in the
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research design of the included articles, and therefore to
the poor methodological rigour of the evidence available
from this geographical context.

Specific considerations on conflict-affected settings

With the currently available evidence it is not possible
to draw definitive conclusions on whether the burden of
AMR is differential between conflict and non-conflict
affected settings in the Middle East, as different patho-
gens show conflicting results. The inconclusive findings
of this review mirror those of similar studies conducted
on AMR in M. tuberculosis among conflict-affected
populations, which similarly failed to detect a significant
difference in the levels of resistances to antimicrobials
when comparing displaced populations to populations in
the home countries [198].

Several elements can potentially explain the lack of
differences detected between stable countries and
conflict-affected countries in this review. First of all,
studies from conflict-affected settings tend to be less
precise in terms of completeness of information pro-
vided, and more focused on adult populations without
severe comorbidities. Secondly, in conflict-affected set-
tings the availability and accessibility of antibiotics could
be severely compromised, thus minimizing the selective
pressure on bacteria for the development of resistances.
Thirdly, publication bias, although not statistically evi-
dent in this systematic review, might limit the availability
of evidence from fragile contexts, due either to lack of
access of researchers to the most at risk populations or
to prioritization of research on most pressing public
health needs and/or life-threatening conditions (such as
war trauma or acute malnutrition). The visual evidence
of publication bias that emerges from the funnel plots is
contradicted by the results of the Egger’s test. Caution
must be applied when interpreting these results, as there
are well described limitations with the use of funnel
plots to assess publication bias in this type of systematic
review [199]. Lastly, there might be less awareness, both
among health authorities and humanitarian health orga-
nizations delivering health services in conflict-affected
countries, of the potential public health threat that an
unregulated and uncontrolled distribution of antibiotics
might represent for the population.

In summary, the pathways through which conflict and
non-conflict-affected countries can develop antibiotic
resistances might differ based on the social, economic
and political context. This stresses the importance of
strengthening national and regional surveillance systems
and adopting harmonized approaches that tackle anti-
biotic resistances at all levels, from agriculture and food
safety to veterinary medicine, from legislative regulation
to improved quality of scientific research, through a One
Health approach as advocated by WHO.
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Limitations

This systematic review presents some limitations that
need to be taken into account when interpreting the
results described.

From a methodological perspective, only one author
screened and selected the available literature applying
inclusion and exclusion criteria: while this is not aligned
with the best practices required to present a systematic
review, it was due to the nature and the specific require-
ments of a project that started as an individual work
within an academic path, and it was mitigated by an
independent supervision by the second author in view of
the peer review process.

From the perspective of completeness of data and
qualitative analysis of the results, there was no data col-
lection on clinical outcomes - such as mortality - which
was a choice dictated by the fact that the available litera-
ture was mainly laboratory based and vastly lacking in
this type of detail.

Another critical element missing from this review is
the proportion of multi drug resistant microorganisms
among those identified: this was not included by virtue
of the lack of reporting and/or the lack of access to raw
data from the included studies where reported.

The strict focus on GLASS bacteria might have led to
overlook important pathogens, bacterial and non-
bacterial, that might be relevant to the Middle Eastern
context, such as Pseudomonas aeruginosa [200-202],
Neisseria meningitidis [203], or viral infections — such as
respiratory viruses — that are prevalent and of significant
public health importance in this context [204].

From a standpoint of completeness and validity of the
evidence retrieved, there are several elements that need
to be mentioned as caveats before making any inference
on the magnitude of the problem of AMR resistances in
the Middle East. One element that needs to be men-
tioned is the fact that grey literature was not specifically
searched for this review, and therefore some evidence
might not be represented in the presented results. This
was primarily due to the difficulties in retrieving unpub-
lished reports particularly in conflict-affected settings.
The main aspect to be cautiously appraised lies in the
methodological weaknesses of the studies included in
this review, including sampling. It is not possible in fact
to rule out sampling variation as first possible
explanation of the magnitude of proportions of AMR
observed. The hospital-based cross-sectional study
design dominating the published literature on the topic
adds uncertainty to the validity and the generalizability
of findings to the wider Middle Eastern population.

The limitations generated by these factors might be
further impaired by the high risk of selection bias, infor-
mation bias, misclassification, and the limited control for
the potential confounding effect of socio-demographic

Page 20 of 26

variables detected in a considerable proportion of studies
(Additional file 1: Appendix 4).

The strict inclusion and exclusion criteria applied,
along with the descriptive analysis performed, that takes
into account the variability observed and is methodo-
logically aligned with that reported in similar studies in
other contexts [11], are an attempt to both provide a re-
liable summary of the evidence available and make the
findings interpretable and comparable from the perspec-
tive of scarce homogeneity and systematization of know-
ledge on the issue of AMR in resource limited settings.

The consistency of the findings described with those
available in the literature on specific pathogens in the re-
gion leads to hypothesize that, despite the limitations
above described, the concerning high proportion of
AMR strains detected in this review has a certain degree
of validity.

Conclusions

Based on the findings described in this systematic
review, the first aspect that emerges is the clear lack of
standardization in the methodological approach to AMR
research in the Middle East, which hinders any possibil-
ity of drawing conclusions on the incidence or preva-
lence of specific resistance patterns at population level
in the Middle East. This is mainly due to the predomin-
antly hospital-based, cross-sectional nature of the studies
performed, and is further aggravated by some methodo-
logical aspects: first of all, the convenience sampling
almost universally adopted to investigate AMR, and sec-
ondly the lack of stratification or other statistical ap-
proaches to control for the multiple potential confounding
effects that can play a role in the emergence and spread of
AMR.

From what emerges from the descriptive analysis
offered as a summary in this review, the proportion of
antibiotic resistances among specific GLASS pathogens
is concerning, particularly in the case of Acinetobacter
spp., which deserves further investigation, particularly
considering its predominance in war-related wounds.

However, it is not possible to draw any conclusion on
the hypothesized differences in the magnitude of the
problem of AMR between conflict and non-conflict
affected countries, due to the flaws above described.

It is recommended that Middle Eastern country who
have not done so yet, join the second phase of imple-
mentation of GLASS: to facilitate this, an Arabic version
of both the GLASS website and GLASS manual will be
needed.

The Middle Eastern scientific community should also ad-
here to the standardized methods promoted and supported
by GLASS for AMR research and reporting, in order to
improve the accuracy, quality and comparability of data col-
lected on AMR in this region. Such harmonization effort
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will allow a more in-depth understanding of the drivers and
patterns of acquisition and transmission of antibiotic resis-
tances in the Middle East.

A stronger focus on population-based and primary
care-based research will be needed, in order to avoid
capturing exclusively high-risk populations in hospital
settings, which could distort the findings. Such know-
ledge is necessary for improving national and local treat-
ment guidelines, tailoring them to the specificities of
each context.

Governments, academics, as well as aid agencies in
conflict-affected countries, should try in parallel to
promote research on and implementation of appropriate
antibiotic resistance surveillance system and antibiotic
stewardship programs at all levels of care, in order to
timely tackle the threat of AMR through optimization of
antibiotic prescription and consumption practices based
on the resistance profiles circulating in this region.
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