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Abstract 

Background While the relationship between conflict-associated injuries and antimicrobial resistance is increas-
ingly being elucidated, data concerning civilian casualties is sparse. This systematic review assesses literature focused 
on Global Antimicrobial Resistance Surveillance System (GLASS) Priority Pathogens causing infections in civilian 
wounds and burns in conflict-affected countries within the World Health Organisation’s Eastern Mediterranean Region 
Office (EMRO).

Methods A systematic literature review was conducted following Preferred Reporting Items for Systematic Review 
and Meta-Analyses guidelines. Five databases and grey literature were searched, identifying studies published 
from January 2010 to June 2024. Search terms included “wounds”, “burns,” “antimicrobial resistance”, and the twelve 
countries of interest. Included studies reported resistance of GLASS pathogens. Two reviewers used Covidence 
to assess papers for inclusion. Data were extracted into a spreadsheet for analysis. Where quantitative data were avail-
able, medians, interquartile ranges and percentages were calculated by pathogen and country.

Results 621 records were identified; 19 studies met inclusion criteria. Nine of the papers were from Iraq, three 
from Libya, three from Lebanon, one each from Yemen and Gaza; two reported on conflict affected refugees in Jor-
dan. A total of 1,942 distinct microbiological isolates were reported, representing all four critical and high priority 
GLASS pathogen categories. Among the isolates, Staphylococcus aureus was the most prevalent (36.3%). Median 
resistances identified: Methicillin resistant Staphylococcus aureus (n = 680): 55.6% (IQR:49.65–90.3%); carbapenem resist-
ant Pseudomonas aeruginosa (n = 372): 22.14% (7.43–52.22%); carbapenem resistant Acinetobacter baumannii (n = 366): 
60.3% (32.1–85%); carbapenem resistant Klebsiella pneumoniae (n = 75): 12.65% (9.73–34.25%); ceftriaxone resistant 
Escherichia coli (n = 63): 76% (69–84.65%); ceftriaxone resistant Klebsiella pneumoniae (n = 40): 81.45% (76.73–86.18%). 
Only three studies had a low risk of bias.

Discussion Findings imply high rates of GLASS priority pathogens among wounded civilians in conflict-affected 
EMRO countries. However, evidence was heterogeneous, low quality and sparse in certain countries, highlighting 
the necessity of effective surveillance including standardised data collection. Improving primary data will facilitate 
the production of large, high-quality studies throughout the EMRO, including under-represented countries.

Conclusion Laboratory diagnostic capacity building and improved surveillance in conflict-affected settings 
in the Eastern Mediterranean Region are required to assess the burden of GLASS priority pathogens in vulnerable 
non-combatant populations.
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Introduction
Antimicrobial resistance (AMR) is an escalating con-
cern of global scope, with growing evidence linking 
conflict, forced displacement and AMR [1]. Civilians, 
especially those with conflict-related injuries, are 
particularly vulnerable due to several factors. These 
include the overuse or misuse of antibiotics without 
sufficient microbiological guidance, inadequate water, 
sanitation, and hygiene (WASH) in conflict-affected 
settings, overcrowding in displacement settings, and 
limited access to healthcare [2, 3]. The impact of con-
flict on health systems and the environment in affected 
countries further exacerbates the spread of AMR [4]. 
Contributing factors include the weaponization of 
healthcare, the loss of healthcare workers and infec-
tion specialists due to direct violence or displacement, 
the breakdown of vaccination programs and other pub-
lic health measures, and the disruption of healthcare 
access [5, 6]. Importantly, the degradation of diagnostic 
capabilities leads to an increased reliance on empiric, 
broad-spectrum antimicrobial regimens which further 
facilitates the development and dissemination of AMR 
[7].

Since the Arab Spring in 2011, many countries in the 
World Health Organisation’s (WHO) Eastern Mediterra-
nean Regional Office (EMRO) region have been affected 
by conflict, disaster and/or political instability [8–10]. 
Acute conflicts often arise against a backdrop of previous 
conflicts or existing stressors, with an increasing number 
of protracted conflicts, such as those in Syria and Yemen, 
straining health systems. The current escalation in Gaza 
(from October 2023) is likely to exacerbate AMR, in an 
area burdened by high resistance rate. For example, prior 
data from the Médecins Sans Frontières supported surgi-
cal reconstruction project in Al-Awda hospital already 
showed that 65% of Staphylococcus aureus isolates were 
methicillin resistant, 35% of Pseudomonas aeruginosa 
isolates were both carbapenem and ceftazidime resistant 
and 25% of Enterobacterales were carbapenem resistant 
[11]. In Syria, a country facing protracted conflict, the 
fragmentation and breakdown of the health system has 
resulted in limited access to healthcare and microbiol-
ogy services. Although in-country data on AMR are lim-
ited, the burden is likely high [12]. For instance, Abbara 
et  al. reported that among Syrian refugees in a surgical 
hospital in Jordan, 66% of Gram-negative bacteria were 
multidrug-resistant, and 36.7% of Enterobacterales were 
carbapenem-resistant [13].

According to WHO’s Global AMR and Use Surveil-
lance System (GLASS) dataset, countries of the EMRO 
have the highest rates of AMR globally. In 2019, AMR 
was associated with over 400,000 deaths in EMRO 
countries [14]. This alarming figure is attributed to 
the overuse and misuse of antimicrobial agents, lim-
ited antimicrobial stewardship and a dearth of public 
health regulation and mechanisms of enforcement. As 
of 2022, 17 of the 22 EMRO countries have National 
Action Plans for tackling AMR, only four are actively 
implementing these plans, and just two governments 
support nationwide AMR awareness campaigns—none 
of which are in the ten conflict-affected countries [15]. 
Truppa et  al.’s systematic review of GLASS pathogens 
in all EMRO countries, both conflict and non-conflict 
affected, found high levels of multidrug resistant organ-
isms (MDROs) such as Enterobacterales and methi-
cillin-resistant Staphylococcus aureus (MRSA) [16]. 
However, the work also highlighted significant het-
erogeneity and poor standardisation among the 132 
included studies, with limited data on conflict-associ-
ated wounds or burns.

MDROs are organisms that exhibit resistance to one 
or more agents across three or more antimicrobial 
classes [17]. Relative to infections attributable to sus-
ceptible organisms, infections with MDROs impart 
extensively-documented, heightened risks of morbidity 
and mortality, inclusive of longer hospital stays, repeat 
surgeries, and treatment failure [18]. The WHO bac-
terial priority pathogens list, updated in 2024, defines 
two distinct categories: 1) a critical pathogen group, 
including carbapenem-resistant Acinetobacter bau-
mannii, third-generation cephalosporin-resistant and 
carbapenem-resistant Enterobacterales, and 2) a high 
risk pathogen group, including carbapenem-resistant 
Pseudomonas aeruginosa and MRSA [19].

While MDROs can occur naturally, their prolifera-
tion is exacerbated by the breakdown of healthcare sys-
tems and the exodus of healthcare workers observed in 
conflict zones. This situation contributes to suboptimal 
clinical care, antimicrobial stewardship, and infection 
prevention and control practices [4]. These challenges 
may occur alongside reduced capacity for surgical or 
nursing care, including external fixation, debridement, 
and wound care.

Though dedicated literature exists on combatant inju-
ries, current conflicts increasingly impact civilians [20]. 
Moreover, the healthcare and diagnostics available to 
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military personnel, particularly international personnel, 
often differ significantly from those accessible to civilians, 
even when injuries occur in the same country [21, 22]. 
For local fighters e.g. military or non-state armed groups, 
this distinction may be less clear cut with mixing of civil-
ians and fighters leading to community and nosocomial 
transmission of MDROs. This becomes more pertinent 
still in besieged areas where this mixing is intensified as 
seen in Ukraine, Syria or Gaza.

Such discrepancies imply that data from mili-
tary casualties may not accurately represent civilian 
populations.

The rationale for this study is that it will identify the 
content of available literature and where gaps exist in 
the evidence base; this will allow recommendations on 
where the evidence base can be improved and where 
recommendations around diagnostics and the clinical 
care of patients can be improved.

The aim of this systematic review is to review the 
GLASS WHO priority pathogens  that have been iso-
lated and characterised from conflict-associated inju-
ries in civilian patients in the Eastern Mediterranean.

Methods
Search strategy
A systematic literature search was conducted on 8th 
June 2024 (capturing data from January 2010 to 8th 
June 2024) in accordance with the Preferred Report-
ing Items for Systematic Reviews and Meta-Analyses 
(PRISMA) guidelines [23]. Medline, EMBASE, Global 
Health, the Index Medicus for the Eastern Mediterra-
nean Region and Scopus databases were searched. The 
Journal BMC Conflict and Health and Médecins Sans 
Frontières and International Committee of the Red 
Cross websites were searched for any further relevant 
literature. Thereafter, citation searching was completed 
for reference lists of selected articles. Subject head-
ings (MeSH terms), key words and synonyms such as 
“antibiotic resistance”, “conflict” and “wounds” were 
searched in combination with the relevant countries. 
The full search strategy can be found in Additional 
file 1.1.

The search results were imported into Covidence 
(2024) and deduplicated. Title and abstract screening 
was completed independently by two authors to select 
articles for full text screening. Ultimately, 65 studies 
underwent full text screening according to predefined 
inclusion and exclusion criteria (Table  1). Full texts 
were obtained through university library services, or by 
contacting authors directly. If texts were not accessible 
after 3 weeks of contacting the authors, the article was 
excluded.

Selection criteria
Eligibility criteria
Population criterion consisted of civilians, studied in a 
country of interest. Civilians were defined as non-mili-
tary personnel; studies where the nature of participants 
was not explicitly stated as being military, were consid-
ered civilian. These countries were those in the WHO 
EMRO that were also classified as fragile or conflict-
affected according to the World Bank (2010–2024) [8]. 
To avoid missing essential data from relevant popula-
tions, other EMRO countries not on the list but which 
host a large number of conflict-refugees were included; 
these include Turkey (where 3.6 million Syrian refugees 
reside) and Jordan (where 630,00 registered Syrian refu-
gees reside) [24].

Exclusion criteria
Wounds or burns that were pre-existent or with a mecha-
nism unattributable to conflict were excluded. Where the 
mechanism and/or conflict-association was not specified, 
methods and context were assessed, and studies were 
excluded if non-conflict related wounds or burns were 
inferred.

Data Extraction
Data were extracted and collated into a spreadsheet in 
Microsoft Excel. Each study was given a study identifi-
cation number. Data were collected under the follow-
ing headings: article information, study characteristics, 
results, and conclusions.

To assess AMR prevalence, numbers of patients, 
microbiological assays, and positive isolates (total, and of 
selected GLASS pathogens) were extracted into a sepa-
rate data sheet (Additional file 2.1). To assess the resist-
ance patterns of the GLASS pathogens, the proportion of 
agent-specific antimicrobial resistance for each pathogen 
was identified and extracted. Antimicrobial agents were 
selected based on GLASS definitions of priority patho-
gens and clinical relevance for wounds and burns [25, 
26]. These are summarised in Additional file 1.2. Median 
values and interquartile ranges (IQR) were calculated 
across studies for selected antimicrobials.

Where only the susceptible proportions of antimicro-
bial susceptibility testing were reported, the remainder 
were deemed resistant. Intermediate susceptibility values 
were included as non-susceptible in calculations. Stud-
ies in which isolates were declared resistant but a range 
of values, or no values, were quoted were not included 
in calculations. Regarding studies in which samples were 
taken from sites in addition to wounds, only the profiles 
of wound isolates have been extracted where sub-group 
analysis was reported. In studies where in the suscepti-
bility testing results of multiple pathogens were reported, 
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data was only extracted from selected GLASS prior-
ity pathogens pertinent to conflict-associated injuries. 
Where results were quoted for genera rather than named 
bacteria, resistances were not included in calculations for 
individual pathogens.

Study quality assessment
Study quality and risk of bias was assessed using the 
Joanna Briggs Institute Critical Appraisal Tool [27]. 
This tool assesses 8 domains, including study partici-
pant selection, study sample, study design (including 
measurement of the exposure and outcomes), and data 
analysis; see Additional file  1.3 for full details. For each 
domain, articles were classified and scored according to 
their fulfilment of the criteria using: yes (3 points), no (0 
points) and unclear (1 point). Risk of bias was categorised 
according to scores: > 21 = low risk, 15–21 = moderate 
risk, < 15 = high risk.

Results
Study selection and characteristics
A total of 621 papers were identified from the search: 316 
from Medline, 180 from Embase, 110 from Ovid Global 
Health, and 15 from Scopus. No studies were identi-
fied from the IMEMR database, grey literature, or cita-
tion screening. After removing 144 duplicates, title and 
abstracts of 477 papers were screened; full text screen-
ing for 65 papers was then conducted. 19 papers met the 
inclusion criteria and were included for analysis. Figure 1 
outlines the selection process.

Nine of the included papers were from Iraq, three from 
Libya, three from Lebanon and one from each Yemen 
and Gaza; three reported on conflict-refugees in Jordan. 
Figure  2 shows study characteristics according to coun-
try. All studies were research articles. Two articles were 
excluded on full text screening as patients were pre-hos-
pitalised and not deemed to represent conflict-related 
injuries [28, 29].

The 19 included studies were published between April 
2013-January 2024, although 65% were published from 
2018–2024. One study included results from pre-2010, 
which were disregarded [30]. All studies were conducted 
in hospital settings, including five in specialised burns 
units [30–34]. Where specified, mechanism of injuries 
varied, including gunshots, shrapnel injury, blunt trauma, 
burns, and orthopaedic complications [32, 35–39]. Six 
of the included studies reported data from burn wounds 
exclusively [30, 32, 40–43] and another six included 
patients who were affected by burns [33, 34, 36, 44, 45]. 
Ten studies (63%) were prospective and the remaining 
nine were retrospective (37%).

The median number of isolates was 68 (IQR: 405). The 
largest studies were from Lebanon (2022), Libya (2013) 
and Iraq (2022) [35–37].

94% of studies considered all sexes and ages, while Dau 
et  al. (Libya, 2011) included exclusively male patients 
[36]. Eight studies did not specify the distribution of 
participant sex, [30, 31, 38, 42–47] but in those that did, 
male populations formed the majority [32–35, 37, 39–41, 
48]. In studies that specified, the mean ages of patients 
varied from 26 to 40 and the range of ages included was 
from 6  months to 90  years old [30, 32–37, 39, 40, 48]. 
Patient sample size varied from 99 to 1200 (median 345, 
IQR = 357), with the largest by Dau et al. [36]. However, 
seven studies did not detail the number of patients from 
which isolates were obtained [40–42, 44–47].

Sampling
Swab samples were used for culture in 13 studies, and 2 
studies obtained tissue samples intraoperatively. Four 
studies did not specify methods of sample collection. The 
disk diffusion method was used in 15 studies for anti-
microbial susceptibility testing, with 13 studies report-
ing use of CLSI guidelines, two studies reporting use of 
EUCAST guidelines, [35, 46] one study reporting use of 
the French Society for Microbiology guidelines [40] and 
three studies not specifying the guidelines used [30, 32, 
39].

Full detail of study characteristics are shown in Table 2.

Quality assessment
Using the Joanna Briggs checklists, and pre-defined scor-
ing methods, nine studies were graded as carrying a high 
risk of bias, [30, 31, 39–42, 44–46] six as carrying a mod-
erate risk of bias, [32–34, 36, 38, 47] and only four as car-
rying a low risk of bias [35, 37, 43, 48].

Isolated organisms
The most prevalent GLASS pathogen reported was S. 
aureus comprising 36.3% (705/1942) of the total isolates 
reported from all studies. This was followed by P. aerugi-
nosa (19.8%, n = 385) and A. baumannii (19.2%, n = 373). 
Figure  3 displays the total number of positive isolates 
reported from each country.

Gram positive isolates (n = 924) were discussed in 
eleven studies, ten of which reported S. aureus. Dau et al. 
reported only coagulase negative staphylococci so these 
were not included [36]. The combined total of S. aureus 
isolates was 705, with the largest studies from 2022 in 
Lebanon (n = 171) and Iraq (n = 197) which accounted for 
24.3% and 27.9% of all S. aureus isolates reported [35, 37]. 
Of these, ten studies reported findings regarding MRSA. 
Eight of these calculated the proportion of S. aureus that 
were MRSA, while two studies from Libya only included 
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MRSA isolates in their results [30, 32, 34–36, 39, 43, 45, 
46, 48].

Five studies assessed vancomycin susceptibility in S. 
aureus isolates. The results are shown in Table 3. Within 
these studies, four report no resistance to vancomycin 
among S. aureus isolates, and one study reported 2.7% 
vancomycin resistance. This raises concern for rare van-
comycin-intermediate or vancomycin-resistant S. aureus 
(VRSA) isolates. However, the study does not detail any 

subsequent testing, such as an Epsilometer test, that took 
place to confirm these results [45].

Gram negative rods (GNRs) were discussed in 84% of 
studies (16/19) with a total of 1482 reported. Median 
resistance rates to antimicrobial classes are displayed 
in Fig.  4. Proportion of ESBL-producing GNRs were 
reported in three studies [37, 42, 47]. M’aiber et al. (Iraq, 
2022) studied 349 wound patients and reported 28 ESBL-
producing E. coli (93.3%), and 20 ESBL-producing K. 

Fig. 1 PRISMA flow diagram showing the study selection process for this systematic review
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pneumoniae isolates (90.9%) [37]. Aljanaby et  al. (Iraq, 
2017) studied burns patients finding 19 (100%) of ESBL-
producing K. pneumoniae isolates [42]. Ali et  al. (Iraq, 
2022) reported on ESBL-producing P. aeruginosa iso-
lates, finding nine (100%) isolates from wounds, and ten 
(71.4%) from burns [47].

Carbapenem resistant Enterobacterales (CREs) were 
reported in ten studies across all countries except Yemen. 
Elmanama et  al. (Gaza, 2013) reported an Imipenem 
resistance rate of 20% among Enterobacterales isolates 
[43]. Alga et  al. reported that among isolates of E. coli 
(n = 8, 100%) and K. pneumoniae (n = 11, 100%) were sus-
ceptible to carbapenems [48]. Hateet et  al. (Iraq, 2021), 
in a study of 105 patients, reported the highest rates of 
CREs [31]. Resistance to imipenem was 66.7% (n = 8) 
among K. pneumoniae isolates, and 100% (n = 7) among 
E. coli isolates. Across the remaining seven studies, a 
collective 241 isolates of K. pneumoniae, and 183 iso-
lates of E. coli were tested. Resistance to imipenem was 
11% (IQR:9.7–34.3%) for K. pneumoniae isolates, and no 
resistance (0%, IQR:0–12.23%) for E. coli isolates. Only 

two studies tested resistance to meropenem, with one 
reporting resistance in 14.3% of E. coli isolates and 43% of 
K. pneumoniae isolates, [37] and the other reporting no 
resistance in both E. coli and K. pneumoniae isolates [32].

For individual GNRs, P. aeruginosa was reported in 
eleven studies across all six countries, with the largest 
sample reported from Libya (n = 92) [36]. All other stud-
ies reported sample sizes less than 50 isolates. From the 
total of 372 isolates tested, the highest resistance was to 
gentamicin with a median of 69.94% (IQR:45.25–86.35%). 
Resistance rates to amikacin, ciprofloxacin and levo-
floxacin were all above 40%, although only two studies 
included resistances to levofloxacin [36, 44]. Carbapenem 
resistance among Pseudomonal isolates was lower, with 
resistance to imipenem in 22.14% (IQR:7.43–52.22%) 
of isolates and resistance to meropenem in 24.45% 
(IQR:22.25–45.7%) of isolates.

A total of 373 A. baumannii isolates were identified 
across nine studies, with the largest number of samples 
reported from Libya (n = 144; 38.6%) [36]. Five studies 
had sample sizes with fewer than ten isolates, and the 

Fig. 2 Map of the Eastern Mediterranean Regional Office. Map of countries eligible for inclusion in this review, colour coded according to their 
representation in this review. Figure includes characteristics of studies included in this review, collated according to country of publication
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remaining studies had a moderate or high risk of bias [32, 
35–37, 39–41, 43, 48]. Elmanama et  al. did not report 
resistance rates, while Alga et al. reported only that most 
isolates were carbapenem resistant [43]. Across all other 
studies, median carbapenem resistance rates were: 60.3% 
(IQR:32.1–85%) to imipenem, and 92.9% (IQR:67.9–
96.5%) to meropenem. The highest values were reported 
by Bourgi et al. (90% resistance to Imipenem and 92.9% 
to meropenem) and M’aiber et  al. (100% resistance to 

Imipenem and Meropenem) [32, 37]. Aminoglycoside 
resistance rates were reported in four studies. Median 
proportion of resistance to gentamicin was 80.55% 
(IQR:61.73–94.83%), compared to 88.6% (IQR:87.3.6–
94.3%) for amikacin, although only three studies assessed 
both agents [32, 35, 36, 39].

Multidrug resistance was explicitly reported by eleven 
studies, most of which followed the Magiorakos et  al. 
definition of MDR [17]. Across all pathogens isolated 

Fig. 3 Number of positive wound and burn isolates identified for pathogens of interest in this review. A graph displaying the total number 
of positive wound and burn isolates identified for each Global Antimicrobial Resistance Surveillance and Use System priority pathogen 
from the studies in this review. Data grouped according to country. n = number of studies

Table 3 Reported results of resistance rates of Staphylococcus aureus to methicillin and vancomycin

Studies ordered primarily by country of publication and secondarily by year of publication. Studies that included only methicillin resistant S. aureus isolated in their analysis 
marked by an asterisk (*), and these values were excluded from median calculations

Study Country of Study Number of Isolates Methicillin Resistant S. aureus 
(%)

Vancomycin 
resistance 
(%)

Elmanama, 2013 [43] Gaza 5 60 -

Bourgi, 2020 [32] Lebanon 127 100 -

Yaacoub, 2022 [35] Lebanon 171 48.5 0

M’aiber, 2022 [37] Iraq 197 94.4 0

Ali, 2024 [34] Iraq 48 33.3 -

Awayid, 2022 [45] Iraq 64 53.1 2.7

Zorgani, 2015 [30] Libya 78 100* 0

Khemiri, 2017 [46] Libya 32 100* 0

Teicher, 2014 [39] Jordan (Syria) 19 42 -

Alga, 2018 [48] Jordan (Syria) 49 73 -

Median Values (IQR) 56.55% (49.65–90.3) 0% (0–1.35)
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in M’aiber et  al., overall MDRO prevalence was 86% 
(n = 352), representing 81% of patients [37]. Where 
reported, prevalence of MDR K. pneumoniae was high, 
ranging from 42.1% (with an additional 47.4% being 
extensively drug resistant) to 90.9% [35, 37, 38, 42, 48]. 
MDR P. aeruginosa varied from 7.6% to 100%, with no 
obvious correlation to country or year [33, 35, 43, 44, 
48]. Two studies located in Lebanon reported MDROs 
[32, 35]. Yaacoub et al. found 55.7% (186/334) of isolates 
were MDROs, with no significant differences between 
age or gender [35]. Amongst all Enterobacterales isolates, 
over 80% of isolates were MDROs. The authors reported 
there was no significant association between MDRO and 
the year of sampling. Bourgi et  al. identified that most 
isolates from their cohort of infected burn patients were 
either extensively- or multi-drug resistant, including A. 
baumannii, S. aureus and P. aeruginosa [32]. Similarly, a 
study carried out in Jordan, identified that 100% of E. coli 

and A. baumannii isolates, and 82% of K. pneumoniae 
isolates, were MDR [48]. Further detail on these results, 
including definitions used in each study, are in Additional 
file 2.2.

Iraq
Nine studies were carried out in Iraq. Three consid-
ered solely burns, two considered only wounds, and the 
remaining four comprised a combination of burns and 
wounds [31, 34, 37, 38, 41, 42, 44, 45, 47]. Three studies 
compared multiple pathogens, finding the most prevalent 
were either S. aureus or P. aeruginosa [31, 34, 37]. M’aiber 
et  al. had the largest sample size of positive wound iso-
lates (n = 349;39.9%), 81% of which were isolated from 
patients with violent traumatic injuries [37]. This was the 
only study from Iraq with a low risk of bias score.

Four studies identified resistance rates to third gener-
ation cephalosporins (3GCs) [31, 37, 38, 42]. Resistance 

Fig. 4 Median resistances of Global Antimicrobial Resistance and Use Surveillance System priority pathogens to selected antimicrobials. Calculated 
median resistances and susceptibilities of Global Antimicrobial Resistance and Use Surveillance System priority pathogens to: 4a. selected third 
generation cephalosporins; 4b. selected carbapenems; 4c. selected fluoroquinolones; 4d. selected aminoglycosides; 4e. resistances of S. aureus 
to methicillin and vancomycin
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of 135 K. pneumoniae isolates was reported [31, 37, 38, 
42]. Resistance rates to 3GCs (cefotaxime, ceftazidime, 
ceftriaxone) in all studies were over 50% for K. pneumo-
niae isolates. Aljanaby et  al. identified 19 strains of K. 
pneumoniae from 92 burns swabs, with high resistances 
to 3GCs, ranging from 90.69–96.67% [42]. E. coli resist-
ance to 3GCs was only reported in two studies, with a 
total of 38 isolates [31, 37]. M’aiber et  al. found 28 E. 
coli isolates (93.3%) were resistant to ceftriaxone, while 
Hateet et al. reported six E. coli isolates were resistant 
to cefotaxime (14.3%) [31, 37].

Lebanon
Three studies were carried out in Lebanon [32, 35, 40]. 
Yaacoub et al. reported three years of data and had the 
largest GLASS pathogen isolate number in Lebanon 
(n = 267, 55.7%) [35]. Two studies included multiple 
pathogen types, and reported S. aureus was the most 
prevalent pathogen, followed by P. aeruginosa [32, 35]. 
Yaacoub et al. reported no significant difference in the 
type of pathogen identified in relation to year of collec-
tion, nationality or sex [35]. Bourgi et al. identified 144 
positive GLASS pathogen isolates, of which S. aureus 
was the most prevalent (n = 58, 40.2%). This was the 
only study in Lebanon to consider burns [32].

Only two studies considered resistance to 3GCs [32, 
35]. Yaacoub et  al. reported resistance of K. pneumo-
niae isolates was 72% to ceftazidime and ceftriaxone, 
while 75% of E. coli isolates were resistant to these anti-
microbials [35]. Bourgi et  al. reported resistance rates 
of 44.4% and 53.4% for the nine K. pneumoniae isolates 
tested to cefotaxime and ceftazidime [32]. This study 
identified ten E. coli isolates and found resistances 
of 42.9% and 38.5% to cefotaxime and ceftazidime 
respectively.

Libya
Three studies from Libya were included in this review, 
two of which studied only S. aureus, with a combined 
sample size of 110 [30, 36, 46]. Dau et  al. published a 
high- quality study with a sample size of 429 isolates 
from both wound and burn swabs [36]. This is the only 
study in which Acinetobacter was the most prevalent 
pathogen (n = 144, 33.6%). In this study, 86 K. pneumo-
niae isolates (100%) and 107 E. coli isolates (100%) were 
susceptible to imipenem. Dau et al. also reported resist-
ances to 3GCs. 32 (30%) E. coli isolates and 13 (15%) 
of K. pneumoniae isolates were resistant to ceftazidime. 
Cefotaxime resistance was reported as 65  K. pneumo-
niae isolates (76%) and 80 E. coli isolates (75%) [36].

Jordan
Two retrospective studies included patients from con-
flict affected settings who were treated in Jordan. Teicher 
et al. carried out a study in Amman, Jordan, and identi-
fied that 18% (61/345) of Syrian patients who underwent 
surgical procedures had a suspected infection [39]. Of 
the eight confirmed E. coli isolates from these patients, 
resistance rates to 3GCs varied between 62–75%.

Alga et  al. similarly identified clinical signs of infec-
tion in 81/457 (18%) Syrian patients, from which 49 
positive isolates were identified [48]. Among these, it 
was reported that of the 49 K. pneumoniae and 49 E. coli 
isolates, resistance to most antimicrobials was observed, 
except for carbapenems, although exact resistance values 
were not given [48].

Other countries
Nasser et al. was the only study located in Yemen [33]. In 
that study, 44 P. aeruginosa isolates were identified from 
conflict-related wounds, 65.2% (n = 30) of which were 
identified as MDRO. These isolates showed a resistance 
rate to imipenem of 19.6% and a resistance rate to gen-
tamicin of 87%.

One study was located in Gaza. Elmanama et  al. 
described 53/118 (44.9%) burn and wound swabs 
resulted were positive, with Pseudomonas and Enterobac-
ter species accounting for 53% of isolates [43]. Among the 
samples, 70% of Enterobacteriaceae were resistant to cef-
triaxone which was the only 3GC tested.

Discussion
This review raises concern for a high burden of MDRO-
attributed infections among civilians with conflict-asso-
ciated wounds or burns in the Eastern Mediterranean. 
Specific pathogens with concerning rates of resistance 
are MRSA, 3GC-resistant Enterobacterales, and carbap-
enem-resistant A. baumannii (CRAB). However, due to 
impaired study quality, methodological heterogeneity, 
and no representation from five of the ten eligible coun-
tries, more research is required to establish the true bur-
den of conflict-associated AMR within this region.

Enterobacterales, specifically E. coli and K. pneumoniae, 
showed high rates of resistance to 3GCs in this review, 
with the highest rates to ceftriaxone, one of the most 
clinically utilised of this class [49]. Literature from non-
conflict EMRO countries have identified similar findings. 
Fily et al. studied Syrian, Iraqi and Yemeni patients (also 
treated in Jordan) with suspected post-traumatic infec-
tion and reported that Enterobacterales resistance to 
3GCs remained above 80% across nine years [50].

Almehdar et  al. reported on 481 conflict-injured 
patient who were admitted to a Medecins Sans Frontieres 



Page 13 of 17Wild et al. BMC Infectious Diseases          (2025) 25:187  

hospital in Yemen and prescribed antibiotics [51]. Among 
these infections, 268 were due to osteomyelitis or skin 
and soft tissue infections. 85.2% of E. coli isolates and 
80.6% of K. pneumoniae isolates were identified as resist-
ant to ceftriaxone. Both reports corroborate the findings 
of highly resistant E. coli and K. pneumoniae to 3GCs in 
this study. P. aeruginosa isolates (n = 385) were the 2nd 
most prevalent, and had variable MDR rates (7.6–100%), 
median imipenem resistance: 22%.

Furthermore, high rates of MRSA were identified 
in this review. The high IQR and maximum values of 
100% suggest a concerning prevalence of MRSA across 
all countries considered. Reports of high proportions 
of MRSA isolates from Fily et  al., Almehdar et  al. and 
Murphy et al. (60.5%, 72% and 84% respectively) among 
populations originally from Syria, Yemen and Iraq reflect 
the MRSA proportions observed in this review [50–52]. 
In addition, a concerning report of possible VRSA was 
identified in this review [44]. While this finding was not 
appropriately confirmed, only four other studies assessed 
vancomycin susceptibility within this population. Given 
the high risks associated with VRSA, this could highlight 
an area for further study.

A high proportion of CRAB was also identified as 
MDR in this review. The prevalence of A. baumannii was 
variable across studies, and often represented a small 
proportion of total isolates identified. Nonetheless, the 
continued presence of A. baumanii isolates and high 
rates of resistance among this population suggest it is 
an ongoing concern, in-keeping with existing literature. 
Almehdar et  al. published a study after the search date 
of this review, identifying 87 A. baumannii isolates from 
Yemeni patients (2018–2021) [51]. In that study, 96.5% of 
A. baumannii isolates were carbapenem-resistant, com-
parable to the high median identified in this review. Fur-
ther, a study in Lebanon of infected civilians identified a 
marked decrease of Acinetobacter species susceptibility 
to imipenem, from 49 to 15% across a three-year period, 
while Truppa et  al. found an overall increase in imipe-
nem resistance of Acinetobacter from 2012–2018 across 
all EMRO countries [16, 53]. Among wounded military 
personnel, CRAB has been associated with osteomyeli-
tis, increased length of stay, intensive care unit admission 
and higher mortality rates among the immunocompro-
mised [54]. Despite small sample sizes in this review, the 
existing evidence presented supports the findings of this 
review and indicate CRAB presents a threat to wounded 
EMRO civilians.

Whilst this review found a strong indication of MDROs 
among wounded civilians, studies from only five of the 
ten eligible locations met inclusion criteria, with the 
majority originating from Iraq. The frequent inclusion of 
Iraq, could be due to the historical association of conflicts 

in Iraq with MDROs, particularly A. baumannii [55–58]. 
Alternatively, as Iraq is now a “post-conflict state”, the 
more stable environment in comparison to other coun-
tries may have facilitated research [59]. This is supported 
by the fact that eight of the nine studies from Iraq in this 
review were published after 2022. The geographic skew 
observed means certain eligible countries are not rep-
resented in this study, an issue that is common among 
existing literature [16, 60].

The deficit of data from certain conflict affected EMRO 
countries in this review is concerning as the prevalence 
of AMR remains undetermined. While there is evidence 
that limited AMR data has been collected from within 
these countries, it fails to robustly examine wounded 
civilians. A review from Syria (2018) identified a grow-
ing prevalence of resistant Gram-negative organisms 
and MRSA among patients with urinary tract, respira-
tory and other non-wound related infections [12]. It 
was highlighted that, despite the extensive conflict and 
1.9 million Syrians having been wounded or injured, 
there was a dearth of data regarding war-related inju-
ries, including wounds and burns. The current review 
has identified that no literature regarding wounded civil-
ians has been published in the subsequent years in Syria. 
In other countries, a study from Somalia identified that 
among uropathogens, 69.1% of A. baumannii and 35.2% 
of E. coli and K. pneumoniae isolates were phenotypi-
cally MDROs [61]. In Djibouti, Ragueh et  al. recently 
reported that 95.7% of clinical isolates (including Enter-
obacterales and A. baumannii) were MDRO [62]. These 
findings indicate that reporting AMR data from within 
conflict affected EMRO countries is possible. They also 
emphasise that wounded civilians are at risk of infec-
tion with MDR GLASS pathogens. As such, data collec-
tion of AMR among conflict-wounded civilians within 
the EMRO should be prioritised in order to establish an 
accurate burden of AMR.

This is the first review to address the resistance pat-
terns of GLASS pathogens isolated from conflict-asso-
ciated wounds and burns among civilians in EMRO 
countries. The information presented is up to date 
regarding MDROs within this specific population and 
focused on recently updated GLASS Priority Patho-
gens (2024) [19]. An extensive time period was consid-
ered within this review. This encompassed prominent 
conflicts within the EMRO, and captured data from the 
time of conflict, or the aftermath in which civilians face 
long-term healthcare consequences. Such recent data 
provides understanding of how MDROs affect civilians 
wounded in conflict and is timely given the recent escala-
tion of violence in Sudan, Yemen, and Gaza [63–65]. This 
review highlights the need for greater data collection in 
these conflicts and can provide valuable information for 
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future antibiotic protocols directed towards the wounded 
civilians.

This review has certain limitations. Firstly, studies from 
non-conflict affected countries were excluded from this 
review, but patients from the population of interest have 
been treated in these countries. This has resulted in an 
excluded cohort of eligible wounded civilians, leaving 
their pathogen and AMR profiles unincorporated. Not-
ing such, we identify a population of focus for future 
research, particularly as nearly 68% of refugees globally 
are from EMRO countries including Somalia, Syria and 
Afghanistan [66].

Secondly, some papers included were vague regard-
ing patient characteristics. This has been considered in 
the quality assessment of these papers and embedded in 
the inclusion and exclusion criteria of this review. Never-
theless, it remains possible that data from some patients 
assessed in this review do not truly fit the definition of 
“conflict-associated wounds”. Although careful assess-
ment of context and methodology was undertaken prior 
to study inclusion to minimise this risk, such errors could 
reduce the accuracy of the aforementioned results. In 
particular, there is a lack of detail as to the interactions 
between civilians and military personnel e.g. if there are 
military family members which could result in the trans-
fer to resistant organisms from military to civilians in the 
same household. Additionally, in certain conflicts, par-
ticularly besieged areas, there is likely to be a great deal of 
mixing in both community and health facilities which will 
be accessed by the whole population. However, our aim 
in this review is to capture the main resistance patterns 
which are evident and to make the distinction between 
‘international’ military personnel compared to local civil-
ians in particular. To fully address these nuances, ideally, 
prospective data collection where such characteristics are 
detailed in real time, would be needed.

Finally, the nature of research within conflict-affected 
situations presents an inherent limitation regarding the 
reliability of the data. As the severity of conflicts change, 
so too do the challenges surrounding the administration, 
risk management and priorities of healthcare workers 
[67]. Data collection may be disregarded for extended 
periods of time. The extent of any such inconsistencies, 
and their effects on the results, are unknown.

Implications and future research
High levels of MDRO-associated infections among civil-
ian populations with wounds and burns promotes the 
need for effective infection prevention and control pro-
tocols to be implemented within conflict-affected coun-
tries as well as those hosting displaced communities. 
Unstable environments and emergency situations pose 
unique challenges in implementing these protocols, but 

simplification and adaptation to the environment can 
enable their success in mitigating AMR [3]. Concurrent 
antimicrobial stewardship should also be prioritised in 
accordance with the Global Action Plan for tackling AMR 
[2]. Such stewardship should focus on informed prescrib-
ing rather than empirical treatment. This is particularly 
pertinent for broad, high-risk antimicrobials, such as car-
bapenems, to minimise selective pressures which could 
drive future resistance. Cohesive, national policies that 
enforce regulations, and training on these protocols, are 
crucial for successful implementation.

Finally, surveillance is critical to accurately assess the 
burden and evolution of AMR. Effective surveillance 
includes consistent documentation of specified clinical 
and patient parameters, and laboratory confirmed micro-
biological and susceptibility data. However, heterogene-
ity across data acquisition methods, as identified within 
this review, has been an issue with AMR data from the 
EMRO. For example, this review found inconclusive evi-
dence for longitudinal trends due to inconsistencies in 
methodology, particularly in the reporting of pathogen-
antibiotic relationships across multiple years. Homoge-
neous surveillance data will facilitate the generation of 
high quality, large scale and prospective studies which 
are essential to gain an accurate representation of the 
current AMR burden. Improvements in primary data 
could facilitate better understanding of epidemiological 
risk factors of MDRO infections, such as mechanism of 
injury, age, or other patient characteristics. It could also 
enable the evaluation of policy impacts, and identify 
quality improvement initiatives for clinical care, such as 
the compilation of informed antimicrobial use guidelines. 
Surveillance should be prioritised at national and local 
levels within all conflict-affected countries in the EMRO, 
including those that are currently under-represented, and 
specifically regarding wounded civilians. Additionally, 
there needs to be a stronger emphasis on the strengthen-
ing and quality of microbiological performance such that 
the required diagnostics, skilled staff and quality control 
measures are in place to ensure robust data on which to 
base recommendations. This also requires standardiza-
tion of diagnostics for the susceptibility patterns and 
the mechanisms of resistance were identified; this will 
improve the ability to track resistance and make compar-
isons across contexts.

Conclusion
This review indicates high prevalence of MDR GLASS 
pathogens within conflict-affected countries within the 
Eastern Mediterranean. It also identifies that wounded 
civilian populations continue to be under-researched, 
with existing evidence being scarce and of subopti-
mal quality. Addressing the scale of the AMR issue is 
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challenging due to a lack of primary data, suggesting that 
the current burden is likely underreported. The threat of 
AMR continues to evolve, and policy, intervention, and 
clinical treatment must adjust accordingly. Effective sur-
veillance that establishes accurate data on prevalence and 
trends across time, regions and populations is essential to 
guide future coordinated responses to AMR.
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