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Abstract 
This paper posits a theoretical framework by which armed conflict may selectively pressure bacterial to become more resistant and identifies measurements by which to longitudinally measure the level of conflict and resultant state fragility within nations. The primary aims of this work were to determine (1) whether there is sufficient literature to examine whether the introduction and propagation of statewide conflict and resultant government fragility correlates with the rate of antibiotic resistance within a country, (2) whether such a correlation exists, and (3) whether measurements of state peace or stability are predictive measures of resistance patterns. A secondary aim of this paper was to present the current state of the research regarding antibiotic resistant rates in countries afflicted by large-scale conflict. Using the Global Peace Index (GPI) and Fragile State Index (FSI), Libya, Mali, and Syria were identified as the optimal contexts with which to test the hypothesis. Because no national data were reported for any of the states during the study period (2007-2017), all data used in this analysis were identified through a systematic review of the literature. Data from each country were visualized in three ways: by study year and pathogen classification, by bacterial-antibiotic or antibiotic class pairings highlighted in the WHO’s 2014 Report “Antimicrobial Resistance: Global Report on Surveillance”, and by resistance to antibiotics in the Reserve Group of the WHO’s List of Essential Medications. Unfortunately, the data available in the published literature were of poor amount, quality, substance, and detail both prior to and following the outbreak of conflict. It was thus not possible to thoroughly examine the effect, if any, of conflict on resistance or the predictive value of measurements of peace and state fragility. Concerning rates of resistance were identified with multiple antibiotics, including many listed in the Reserve Group by the WHO. Perhaps most alarmingly, there were multiple antibiotics in the Reserve Group and otherwise with no data on resistance. More research in this area is needed. 
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[bookmark: _Toc518105313]Introduction
Abdel Salem is twenty years old. He grew up in the southwestern part of Syria, near Daraa where an airstrike in March of 2015 obliterated his right leg and shrapnel shattered his left ankle. Abdel was emergently treated by the rebel Free Syrian Army in a field hospital. The remains of his right leg were amputated in a poorly lit area with recycled equipment, and he was treated with whatever drugs a rebel soldier—hastily and informally trained as a paramedic—could find in the chaos. When the area capitulated to the Syrian army, the government forces refused to treat his festering wounds. Desperate, his family smuggled him to Jordan. Along the journey, he underwent five more emergency surgeries by five different ill-equipped and over-burdened doctors. He is now isolated in a hospital room in a foreign country battling the infection from the shrapnel and subsequent surgeries; it is resistant to all antibiotics his doctors have tested. Without a viable treatment, Abdel faces the amputation of his remaining leg and, potentially, the loss of his life. (Schwartzstein 2016) 

[bookmark: _Toc518105314]Background
[bookmark: _Toc518105315]Antibiotic Resistance in Low- and Middle-Income Settings
Increasing antibiotic resistance “threatens the achievements of modern medicine.” (World Health Organization 2014, paragraph 1) Resistant infections are associated with longer, costlier treatment regimes, prolonged hospital admissions, increased follow-up care, increased use of the health care system, and—most importantly—higher rates of morbidity and mortality. (Antibiotic Resistance Threats in the United States, 2013 ) Unfortunately, alarming levels of antibiotic resistance are reported globally and in every World Health Organization (WHO) region according to a 2014 report. (World Health Organization 2014) The specter of antibiotic resistance inspired the United Nations to hold an historic General Assembly meeting on a health care topic; the only other topics for which such a high-level meeting have been called are HIV, noncommunicable diseases, and Ebola. (Maron 2016)
In developed countries, poor antibiotic use in the health care system, veterinary care, and agricultural production has profoundly affected the patterns and prevalence of antibiotic resistant bacteria. (Antimicrobial resistance: Policy Insights 2016; Maron 2016) Specifically, overuse in livestock care, inappropriate antibiotic prescribing practices, insufficient hygiene practices and control in inpatient settings, and the rise of global trade and travel are driving factors. This situation is compounded by the substantial decline in the development of new antibiotics. (Antimicrobial resistance: Policy Insights 2016) 
In developing countries, these variables are further exacerbated by realities specific to low-resource settings. At the provider level, inappropriate prescribing practices, limited access to appropriate and accurate diagnostic resources, and limited access to an appropriate array of antibiotics contribute to growing rates of resistance. (Ayukekbong, Ntemgwa, and Atabe 2017) Further, poor antibiotic stewardship at the point of prescriptions is complicated by inadequate medical training in many settings. (Sosa et al. 2010) At the regulatory level, there is insufficient oversight at the point of sales and in quality assurance, incomplete or ineffective implementation of Antimicrobial Resistance action plans, and incompetent enforcement of any existing regulations. (Ayukekbong, Ntemgwa, and Atabe 2017) Drugs—when not frankly counterfeit—are often of a substandard composition or transported and stored in compromising environments. (Sosa et al. 2010) In many places, antibiotics are available without any prescription and self-medication is prevalent. (Conflict and AMR - Antimicrobial Resistance Centre 2018) Among patients, there is poorer adherence to medication regimens and delay between injury and appropriate treatment to prevent infection. (Whitman 2014) This evidence—while relatively scarce compared to that available for developed countries—suggests both higher rates of resistance and faster growth in the rate of resistance in developing countries. (Sosa et al. 2010) 
	Those with few personal resources living in these areas are particularly susceptible to contracting and transmitting resistant bacteria. These individuals are more vulnerable to infectious disease due to malnutrition and poor living circumstances. (Sosa et al. 2010) When sick, they are less likely to have access to skilled medical care and are therefore less likely to be treated by qualified diagnosticians and prescribers. Ultimately, they are more likely to obtain a medication of an inappropriate class or sub-standard quality from these providers—and, due to financial constraints, less likely to adhere to the appropriate dose and duration of any prescription. (Sosa et al. 2010)
[bookmark: _Toc518105316]Antibiotic Resistance in Conflict-Afflicted Settings
When a state collapses into a largescale armed conflict, the situation grows grimmer. War destroys families, homes, institutions, and infrastructure. Beyond the obvious tragedy of human lives lost or maimed, this societal breakdown profoundly intensifies extant threats to antibiotic stewardship. Health care systems become suddenly and simultaneously overburdened and under-resourced as governments divert resources to military needs at the expense of the health sector. (Nozad 2016) Any oversight or regulatory mechanisms in place prior to the conflict are often sorely weakened or altogether abandoned. 
The preexisting logistical hurdles for safe transport and storage of medications are compounded by new threats to bodily safety and structural integrity in the distribution of all medical care, including pharmaceuticals. (Conflict and AMR - Antimicrobial Resistance Centre 2018) Further, in some conflicts, medical providers and institutions are explicit targets of attack. Many sources of medical knowledge escape or are killed—and in the fragments of hospitals still standing, the level of sanitation is staggeringly poor. (Schwartzstein 2016) Medical education to replace the rapid loss of knowledge is deeply compromised by widespread violence. (Barnett-Vanes et al. 2016)
The risk of injury and severe injury is drastically increased in conflict environments as citizens are exposed to missile strikes, bombings, and other acts of warfare. Families and individuals who have lost shelter and employment in the wake of war may be less likely to use limited funds to purchase appropriate medications when needed, if they are even available. Appallingly, physicians on the ground are concerned that bystanders to explosions from bombings and airstrikes are exposed to resistant bacteria from contact with airborne human remains. (Schwartzstein 2016) 
Such concerns are supported by indirect and anecdotal evidence. Field medics treating Syrian citizens as they flee to Lebanon to escape the present war report a noticeable increase in deaths from frankly resistant infections: “In 2015, we lost two people…so far this year we’ve already lost four who weren’t responding to treatment.” (Schwartzstein 2016) A MSF hospital in Jordan reports that half of the Syrian patients treated present with chronic infections; 60% of these are caused by multi-drug resistant pathogens. (Schwartzstein 2016) They expect the problem to be direr in remote areas of Syria with even fewer trained medical staff or resources. 
Multiple studies demonstrate a higher prevalence of resistant pathogens in refugee and military populations exposed to extreme areas of battle which serves as indirect evidence for this pathway. Maltezou, Theodoridou, and Daikos report significantly higher rates of antimicrobial resistance found in refugees from Syria, Afghanistan, Iraq, Iran and Libya as compared to their host countries. (Maltezou, Theodoridou, and Daikos 2017) Other studies in similar refugee populations support their findings. (Abbara et al. 2017; Häsler et al. 2018; Reinheimer et al. 2016, 2017; Reinheimer and Kempf 2017; de Smalen et al. 2017; Teicher et al. 2014) The reports of multi-drug resistant pathogens isolated from wounded soldiers suggest that exposure to and inculcation of these bacteria occur on the battlefield and in the hospitals. (Calhoun, Murray, and Manring 2008; Franka et al. 2012a; Tribble et al. 2016) 

[bookmark: _Toc518105317]Significance
	Although it is generally accepted that there is a higher prevalence of pathogens in forcibly displaced persons, it cannot be clearly determined whether refugees and asylum seekers acquire these bacteria prior to escaping a conflict or as a result of resettlement into refugee camps. This paucity of analysis is concerning as the proportion of internally displaced persons has grown relative to the refugee population worldwide, as demonstrated in Figure 1, below. 
Figure 1 about here
As larger proportions of displaced citizens remain in their country of origin, it is increasingly important that we consider the effects of conflict within an affected state’s borders. Further, those remaining in the country are often from socioeconomic brackets that were worse off prior to the onset of conflict as compared to those with the means to escape. (Thiel de Bocanegra et al. 2018) Thus, a focus on the epidemiology of refugee persons to the exclusion of those remaining in the conflict nations ignores a particularly vulnerable sector of the population and may have ramifications for broader (multinational) populations over time. 
Ultimately, this work aims to determine (1) whether there is sufficient literature to examine whether the introduction and propagation of statewide conflict and resultant government fragility correlates with the rate of antibiotic resistance within a country, (2) whether such a correlation exists, and (3) whether measurements of state peace or stability are predictive measures of resistance patterns.  In theory, devastating conflict’s profound effects on the function and health of entities at the regulatory, professional, and personal level will selectively pressure the bacteriome and result in higher rates of antibiotic resistance. If true, this highlights a major fallacy in the conception of internal warfare as a single-state issue rather than a global concern. A secondary aim of this paper is to present the current state of the research regarding antibiotic resistant rates in countries afflicted by large-scale conflict.

[bookmark: _Toc518105318]Methods
[bookmark: _Toc518105319]Measurements of Conflict
To identify and track the onset and progression of conflict in countries, reliable, accepted measurements of conflict and government fragility, which are responsive to gradations of discord and are published routinely over an appropriate timeframe, are required. A general examination of the literature indicates the Global Peace Index (GPI) and the Fragile State Index (FSI) are the most appropriate longitudinal measures for this investigation. Both consist of annual reports on almost every nation-state; the FSI has been published since 2006 and the GPI since 2007. In this paper, I only considered data from 2007 to present so as to be able to compare the scores and changes in scores of both indices. 
	The Global Peace Index scores and ranks the peacefulness of 163 states and territories on a scale from 1 to 5, with 1 representing the highest attainment of peace. The Index measures the level of Negative Peace, defined as “the harmony achieved by the absence of violence or the fear of violence.” (Global Peace Index 2016 2016) Each state’s score is determined by 23 weighted variables in three domains: (1) the extent of ongoing domestic and international conflict, (2) the level of harmony or discord within the nation, and (3) the degree of militarization. (Global Peace Index 2016 2016)
The FSI is compiled annually by the American think tank Fund for Peace and scores 178 countries on a scale of 0 to 120 (most fragile). The Index aims to assess states’ susceptibility to conflict or failure by measuring their capacity to function relative to internal and external pressures. The scores are calculated based on twelve indicators, which can be grouped under three categories: Social (Demographic pressures, Refugees and internally displaced persons, Group grievance), Economic (Uneven economic development, Poverty and economic decline), and Political (State legitimacy, Public services, Human rights and rule of law, Security apparatus, Factionalized elites, External intervention). 
	Further details on both indices are available in Appendix A.
[bookmark: _Toc518105320]Selection of Countries 
	To test the hypothesis, I identified countries with a relatively clear onset of conflict that undermined state stability following a history of relative peace and stability. First, to select nations that had or were experiencing a measurable increase in the strain on the state government, I determined which countries had the largest change in their FSI score over the past ten and five years. The top five countries with the greatest change as measured by the sum of change in the FSI in the past five and ten years were Syria (35.3), Libya (34.7), Yemen (23), Mali (22.2), and Venezuela (19.2). I subsequently collected the GPI scores for these countries over the same period. The charts as produced by the respective indices for each potential country can be found in Appendix B. A visual inspection of these charts demonstrated that, of these countries, only Syria, Libya, and Mali had a notable change in each index following a period of relatively stability of score (Figure 2 and Figure 3). In contrast, Yemen had an approximately consistent increase in FSI score and stability in GPI score and Venezuela had an overall decreasing FSI score until 2013 with a largely stable GPI score over the same period. 
Figures 2 and 3 about here
I then compared the year corresponding to the inflection point with a general news source for the three countries to confirm the face validity of these indices. Following the Arab Spring and complex political situations in each country, Syria and Libya erupted into civil war. Widespread conflict in both nations began in 2011; this is reflected in the GPI and FSI. The Northern Mali conflict, or Mali Civil War, began in 2012 and is similarly demonstrated in the GPI and FSI scores. Thus, these three states fulfill the criteria as detailed above; each experienced an onset of conflict following a relative history of stability and the effects of these conflicts appear to be appropriately quantified with the Global Peace Index and the Fragile State Index. (Global Peace Index 2016 2016; Verbakel and Pavageau 2016)
[bookmark: _Toc518105321]Systematic Review of the Literature
No publicly available national data for the selected countries within the study period (2007-2017) could be identified. Communication with a WHO affiliate did not produce any unpublished national data for the target countries. Thus, a systematic review of the literature was conducted to identify relevant data for analysis. 
Objectives. The specific questions to be addressed in this systematic review of the literature are: 
· Q1: What was the prevalence of antibiotic resistance in Mali from 2007 to 2017?
· Q2: What was the prevalence of antibiotic resistance in Libya from 2007 to 2017?
· Q3: What was the prevalence of antibiotic resistance in Syria from 2013 to 2017?
As noted above, this time frame was selected as it represents the period in which scores from both the GPI and FSI are available. 
Eligibility criteria. The eligibility criteria for this systematic review of the literature was modeled on the World Health Organization’s “Antimicrobial Resistance: Global Report on Surveillance”. (World Health Organization 2014, pg 75-76) However, as this search targeted three countries as opposed to the global search of the WHO, the eligibility criteria were somewhat widened to include proportionally more studies. Table 1 presents a summary of the criteria. 
Table 1 about here
Criteria of note included an exclusion of any data only collected prior to 2007, as this would reflect prevalence outside the study period. I also excluded studies of populations associated with target countries but not located within them at the time of sample collection because I did not want potential exposures external to the country to compromise the results of the study. For instance, combat wounds that were acquired within a target country but were treated at an external location (i.e. military hospital in Germany) and refugee screenings upon arrival to a host country were excluded. As I am only looking for information on antibiotic resistance patterns, prevalence, and rates, I excluded study designs that do not, by virtue of the selection of patients or otherwise, report prevalence data (i.e. case-control studies).
I limited the study selection to English-only and a publication date range (2007-May 2018). All studies included in this literature review were published at the time of report. 
Informational sources and Search. On May 8, 2018 following consultation with an information specialist at the Health Science Library, I searched the following databases: PubMED, Embase, Global Health, Scopus, and Web of Science. Clinicaltrials.gov was not searched as the eligibility criteria of this search excluded clinical trials. The search strategy consisted of two topics: antibiotic resistance and prevalence. The following string was used in the above databases: (("Antibiotic resistance" OR (antibiotic* AND resistance*) OR "Multidrug-resistant bacteria" OR "multidrug-resistant" OR "drug resistance" OR (drug AND resistan*) OR "antimicrobial resistance" OR (antimicrobial* AND resistance))) AND (Syria OR Libya OR Mali). The results were limited by language and date range, as above. In PubMED and Embase, I limited studies to human subjects only. Covidence was used to compile and classify the studies obtained. 
Study selection. All studies identified with the string above from the five databases listed were imported into Covidence. After duplicates were removed by the program, I screened the title and abstracts of the unique studies. Studies that clearly fulfilled exclusion criteria (ex. animal studies) or explicitly did not meet inclusion criteria (ex. exclusively investigated a different national population) were removed. Finally, the full text of all remaining studies were assessed according to the eligibility criteria above and relevant data were extracted. 
Data collection process and Data items. I was the sole reviewer of this systematic review of the literature and recorded data independently.  Authors were contacted for data beyond what was in their published papers if corresponding author information was available. Variables of interest included authors, year of publication, study design, year(s) of data collection, country, population (ex. healthy asymptomatic carriers, cancer patients, etc.), number of subjects, bacteria analyzed, specific antibiotic resistance, percent of resistant isolates. All variables were recorded in Microsoft Excel.
Critical appraisal of the literature. Each study was appraised with a modified form of the Critical Appraisal Skills Programme Qualitative Checklist (original form can be found at https://casp-uk.net/casp-tools-checklists/). The overall quality of a study was evaluated as good, fair, or poor. The principal summary measure was prevalence. 
[bookmark: _Toc518105322]Analysis 
As will be discussed below, the majority of the studies included in this review are based on a relatively small number of isolates, oftentimes limited to one bacterial species and conducted with hospitalized patients. Consequently, it would be inappropriate to extrapolate any results to estimate prevalence within the entire population. Given the vast limitations in the available data, a traditional meta-analysis was not undertaken. However, this paper aims to analyze the change in antibiotic resistance (as opposed to the outright prevalence) within each nation. A descriptive investigation of the change in resistance will ameliorate the substantial limitations of these studies individually and collectively as the bias should remain somewhat constant over the time period and a descriptive approach reflects the uncertainty in the data more appropriately than a mathematical model.
To be able to visualize the data in several different ways and accurately describe the results, I created a Jupyter notebook (http://jupyter.org/) written in the Python programming language. Resistance measurements (percentage) were calculated as a weighted average for each subgroup of study data. Data were grouped by study year and pathogen classification; for each group, the average resistance value was calculated by weighing each study’s resistance measurement according to the number of samples collected in that study. If a study presented composite data collected over more than one year (ex. overall prevalence of samples collected between 2013 and 2014), the average of the years was used as the study year for each collection period (ex. 2013.5). Data were considered to be collected prior to a conflict if the midpoint of a given period was before the year of conflict or was the year of conflict itself. Thus, samples were only considered to be post-conflict if they were clearly collected after the start of the systemic violence; this approach allowed some time to pass during which selective pressure within a conflict environment could exert measurable influence on resistance patterns. In each produced graph, a black vertical line marks the year that substantial conflict began in that country. All graphs were included in the final analysis (in the main body of the paper or Appendix D) if there were data for more than two points in time and there were time points both prior to and after the onset of conflict.
Results were presented at the level of genus (ex. Staphylococcus, Klebsiella, etc.) and drug class (ex. penicillins, aminoglycosides, etc.). Although this paper does not attempt to formally extrapolate data to a national level, it is important to recognize the amount of data underlying a given estimate of prevalence. Thus, a corresponding graph was produced for each of these pairings to express the number of samples contributing to each data point. 
I also specifically investigated the bacterial-antibiotic or antibiotic class pairings highlighted in the WHO’s 2014 Report “Antimicrobial Resistance: Global Report on Surveillance” and produced charts of any of these pairings with sufficient data. (World Health Organization 2014) If there were inadequate data at the level of bacterial species and/or specific antibiotic, graphs were produced at the level of the genus and/or antibiotic class and included if they met the criteria as defined above.
Finally, I highlighted resistance patterns to antibiotics in the Reserve Group of the WHO’s List of Essential Medications. (World Health Organization 2017b) The Reserve Group designates antibiotics “that should be treated as ‘last resort’ options… These medicines could be protected and prioritized as key targets of national and international stewardship programs.” (World Health Organization 2017b, page 9) Within the database I created, I searched for every Reserve Group antibiotic. After grouping the resistance patterns by country and period of data collection, I analyzed the data for important trends or outliers and presented large sets (greater than five studies) of data graphically.

[bookmark: _Toc518105323]Results
[bookmark: _Toc518105324]Study selection 
After importing all results from the databases listed above, Covidence removed 593 duplicates, and I independently screened 627 studies. After screening the title and abstracts of these references, I eliminated 497 studies as they were clearly ineligible for this review. Of the 130 studies evaluated with a full-text examination, thirty-one were of the wrong study design, seventeen reported wrong outcomes, nineteen were in the wrong setting, nine were duplicates that had not been previously identified, nine investigated the wrong population, and one was unable to be fully evaluated as the full text was unavailable. Of note, multiple studies that collected data in Mali were eliminated during the full-text review stage of the screening process because the data were only presented as a composite of regional prevalence (i.e. Sub-Saharan, West African countries).Forty-four studies were identified and relevant data, itemized below, were extracted from each. Of the authors contacted for necessary data, one responded with the date of data collected; three papers were excluded as a date of data collection could not be obtained. Ultimately, forty-one studies were included in this review. An illustration of this process can be seen in Figure 4, below. Of the final studies, twenty-five investigated Libya, eleven Syria, and five Mali. 
Figure 4 about here
Study characteristics 
	All papers included in this analysis were of poor or fair quality. Most reports failed to present a sufficient level of detail to evaluate the potential biases of selection, measurement, or other forms of bias. Many were published in country-specific journals or were brief abstracts; this may be why a substantial number of these studies did not adhere to traditional standards. Further details on the appraisal of each study can be found in Appendix C. 
Importantly, there was no study that attempted to estimate country-wide prevalence. The majority were conducted in hospitals (79%; 49% exclusively in hospitals), in urban areas (94%; 88% exclusively in urban areas), and enrolled only infected patients (85%) as opposed to carriers. Of the studies that reported such data, there was an average patient enrollment of 218 person (437 Libya, 144 Syria, 73 Mali). The mean age overall was 43 years, with a range between 4 and 50 years. 
Overall, an average of 75 samples of a specific bacteria were investigated in each study (Libya average: 58, Syria average: 141, Mali average: 26). Sixty-five percent of the total data were collected after the onset the country’s respective conflicts (66% of the Libya data, 61% Syria, 71% Mali); 35% reported the prevalence of resistance prior to or in the year of the onset of conflict. There were seventeen country-pathogen pairings produced by the data extraction. Of these, eight were eliminated as they did not present resistance data for three or more unique collection periods and one was eliminated because it did not include time points both prior to and after the onset of conflict. This is in accordance with the predefined criteria as described in the Methods section.
As mentioned above, the World Health Organization produced a comprehensive global report on antibiotic resistance in 2014. (World Health Organization 2014) The report specifically investigated the following bacterial-antibiotic or antibiotic class pairs: Escherichia coli and third-generation cephalosporins, Escherichia coli and fluoroquinolones, Klebsiella pneumoniae and third-generation cephalosporins, Klebsiella pneumoniae and carbapenems, Staphylococcus aureus and methicillin, Streptococcal pneumoniae and penicillins, Non-typhoidal salmonella and fluoroquinolones, Shigella and fluoroquinolones, and Neisseria gonorrhoeae and third-generation cephalosporins. It found no data for the target countries (Mali, Libya, Syria) at the time of its publication. In this study, no data was found on Streptococci, Shigella, or Neisseria. At least one country reported data on the other bacterial-antibiotic class pairings of interest to the WHO. However, only one year (2008) of data was found for Salmonella, and it was subsequently dropped from this study.
[bookmark: _Toc518105325]Country specific results
	All graphs meeting criteria defined in the Methods section are available in Appendix D. 
	Libya. Most of the studies identified in the review of published literature were conducted in Libya; a total of 704 resistance data points were collected for the country’s analysis. Despite this, Proteus, Aeromonas, and Salmonella were dropped from the analysis as they each had only one or two collection periods of data. 
The remarkably high resistance in Acinetobacter in 2008.5, as seen in Figure 5, are from a study of patients in the burn ICU (Ziglam et al. 2012). Such patients are at an increased risk of resistant, severe infections. (van Langeveld et al. 2017) The data representing the samples collected throughout 2011 are from hospitalized patients with war-inflected wounds. As further 
Figure 5 about here
elaborated below, the 2013-2014 data is also primarily from war-inflicted wounds; these indicate a much higher burden of resistance despite a similar population. Overall, there appears to be a general trend upward in resistance prevalence; however, there are not enough data to compare rates prior to and after the onset of conflict.
Libya was the only country with sufficient data to graphically represent bacteria-antibiotic pairings of interest to the World Health Organization. The pattern of Escherichia coli’s resistance to third-generation cephalosporins and fluoroquinolones was able to be presented at the species level. As easily observed in Figure 6, there is a high level of measured resistance to both antibiotics in 2011. Again, this reflects the results of one study evaluating war-related injuries at the onset of conflict. Excluding this aberration, while the data indicate resistance is a threat—and potentially a growing one—these antibiotics are far from useless. However, substantially more numerous and more frequent studies would be necessary to draw any firm conclusions. 
Figure 6 about here
Similarly, Escherichia, while it has plentiful data points with regards to bacteria-antibiotic class pairings, does not have sufficient frequency in the number of samples contributing to pre-conflict data to establish a general trend of antibiotic resistance. The low number of samples used to determine pre-conflict resistance can be seen in Figure 7. Further, data collected during the conflict is not internally consistent. 
Figure 7 about here
There was inadequate species level data to present Klebsiella pneumoniae, but I was able to chart the resistance of Klebsiella at the genus level (consisting of Klebsiella pneumoniae and Klebsiella not otherwise specified) against third-generation cephalosporins and carbapenems (Figure 8). Figure 9 displays the full set of resistance data for the bacteria. Although there is scant pre-conflict data available for the pairing (data was collected once prior to 2011 and in 2011), resistance overall to multiple antibiotics appears to be increasing. Klebsiella appears to have a general and visibly significant increase in resistance during the conflict; unfortunately, there is a troubling paucity of baseline data with which to compare. Resistance to the antibiotics highlighted by the WHO appear to follow the trend for the bacteria.
Figures 8 and 9 about here
Data representing Staphylococcus aureus’ rate of resistance to methicillin was also scarce. However, as seen in Figure 10, there was an acceptable amount of data to represent the rate of resistance to all penicillins (including methicillin) for Staphylococcus aureus (MSSA, MRSA, and unspecified Staph aureus).  Though there were few points of data collection, particularly during the conflict, the limited data available indicate resistance to the penicillin class of antibiotics may be of real concern.
Figure 10 about here
Finally, four studies specifically examined the resistance patterns of war-related injuries; all were conducted in Libya. (Dau, Tloba, and Daw 2013; Franka et al. 2012a; Khemiri et al. 2017; Najla Mathlouthi et al. 2015) Pseudomonas and Acinetobacter were the only bacteria isolated in more than one study. The studies by Dau, Tloba, and Daw and Mathlouthi, Areig, et al. provide data on Acinetobacter. Both studies were conducted in major cities: Dau, Tloba, and Daw in Tripoli and Mathlouthi, Areig, et al. in Benghazi. From Figure 11, it is clear that there 
Figure 11 about here
was, overall, a striking increase in resistance over a relatively short time period studied (2011 and 2013-2014) with the exception of imipenem resistance which appears to be an outlier at both points of data collection. However, these data must be interpreted with significant caution. These studies were performed at different medical centers and used different numbers of isolates to obtain results (Dau, Tloba, and Daw tested 144 isolates; Mathlouthi, Areig, et al. tested 24 isolates). 
Daw, Tloba, and Daw and Mathlouthi, Areig, et al. also reported data on Pseudomonas. In addition, Franka, Shembesh, et al. contributed data on Pseudomonas at the same medical center as Dau, Tloba, and Daw. The data in Figure 12 is less striking than that of Acinetobacter. Data from Dau, Tloba, and Daw’s work in 2011 is a result of resistance testing on ninety-two isolates of Pseudomonas, a much higher number of samples than in the studies by Franka, Shemesh et al. (12 isolates between 2011 and 2012) and Mathlouthi, Areig, et al. (24 isolates between 2013 and 2014). Thus, Pseudomonas in the environments studied may be exhibiting a ‘ceiling effect’ of sorts in which the bacteria do not substantially alter resistance patterns in response to environmental pressure because substantial resistance is already present at baseline. 
Figure 12 about here
	Syria. A total of 173 resistance data points were identified and collected on the patterns of antibiotic resistance in Syria. Data was much more limited as compared to Libya. Acinetobacter and Helicobacter were dropped from the analysis as they had only one collection period of data each. Escherichia and Staphylococcus were dropped as they only had data following the onset of conflict. Similarly, there was also not enough data for any of the WHO bacterial species of interest to present graphically. The remaining bacterial category, Pseudomonas, had three discrete collection periods for published data, as seen in Figure 13. The available evidence does not indicate a substantial change in the prevalence of resistance over the study period; it should be noted that the first data collection period (2010.5) demonstrates a generally high burden of resistance and may be indicative of a ceiling effect, as described above.
Figure 13 about here
	Mali. Mali, as reflected in the small number of studies identified in the literature, had very little reported data (163 data points). Enterobacter, Escherichia, and Klebsiella were dropped from the analysis as they did not have sufficient data. Mycobacterium—and specifically, Mycobacterium tuberculous—was the only bacteria with sufficient data to be analyzed. As seen in Figure 14, resistance to all antibiotics tested between 2009 and 2010 is remarkably high. An investigation into the data representing these numbers demonstrates that both periods of data collection are sourced from a single study. (Diarra et al. 2016) The two years of aberrant data are notable for having fewer isolates tested in those years than in the others of this longitudinal study. There are fifteen isolates in 2009 and ten in 2010; the other years have an average of forty-five isolates. The authors note that “in 2009 and 2010, there were few studies running, and most patients screened at that period originated from the programmatic surveillance of retreatment patients who were more likely to be drug resistant patients.” (Diarra et al. 2016, page 2, Study population) 
[bookmark: _Toc518105326]Figure 14 about here
[bookmark: _Toc518105327]WHO Reserve Group
	Aztreonam. Thirteen studies investigated bacterial resistance to aztreonam over the period of interest: nine were conducted in Libya and four in Syria. (Al-Assil, Mahfoud, and Hamzeh 2013; Baaity, Almahmoud, and Khamis 2017; Buzayan and El-Garbulli 2014; Franka et al. 2012b; Hamzeh, M, and Mahfoud 2012; Kraiem et al. 2016; Mahfoud, M, and Hamzeh 2015; N Mathlouthi et al. 2016; Najla Mathlouthi et al. 2015; Mohammed et al. 2016; Rahouma et al. 2011; A. Zorgani, Daw, et al. 2017; A. A. Zorgani et al. 2012)
	The relevant findings of the nine Libyan studies addressing resistance to aztreonam are summarized graphically in Figure 15. From the data available, aztreonam appears to remain an appropriate antibiotic of last resort for Escherichia coli infections. In contrast, resistance appears to be troublingly high in Acinetobacter and to be generally increasing in Klebsiella and Pseudomonas bacteria. Data are notably lacking for other pathogens. 
Figure 15 about here
Prior to the outbreak of the Syrian civil war, Hamzeh, Al Najjar et al. reported a startling 98.5% (256/260) of Acinetobacter baumannii isolates collected between 2008 and 2011 were resistant to the monobactam. (Hamzeh, M, and Mahfoud 2012) This is a remarkable finding, particularly as the population of study consisted exclusively of outpatients seen in a clinical practice in Aleppo. Mahfoud, Al Najjar, et al. reported a similarly high degree of resistance (83%, 147/177) in Pseudomonas aeruginosa samples collected between 2011 and 2012. (Mahfoud, M, and Hamzeh 2015) Data collected during the year of conflict onset (2011) demonstrated lower, though still concerning, rates of resistance with 39% (41/104) of Escherichia coli samples resistant. (Al-Assil, Mahfoud, and Hamzeh 2013) A study conducted between 2014 and 2016 showed only 11% (27/236) resistance in the same species. (Baaity, Almahmoud, and Khamis 2017) This work by Baaity, Almahmoud, et al. unfortunately provided very limited information on the population from which the samples were obtained and so severely limits meaningful comparison with these studies. 
Fourth-generation cephalosporins. Cefepime was the only fourth-generation cephalosporin investigated in any studies examined. Twenty-two studies presented data on cefepime resistance: fourteen were conducted in Libya, five in Syria, and two in Mali. (Abujnah et al. 2015; Al-Assil, Mahfoud, and Hamzeh 2013; Elramalli, Almshawt, and Ahmed 2017; Franka et al. 2012b; Hamzeh, M, and Mahfoud 2012; Ismail and Amirthalingam 2015; Kraiem et al. 2016; Mahfoud, M, and Hamzeh 2015; N Mathlouthi et al. 2016; Najla Mathlouthi et al. 2015; Mohammed et al. 2016; Omran and Askar 2016; Rahouma et al. 2011; S A Sangare et al. 2016; Samba Adama Sangare et al. 2017; Ziglam et al. 2012; A. Zorgani et al. 2015; A. Zorgani, Almagatef, et al. 2017; A. Zorgani, Daw, et al. 2017; A. A. Zorgani et al. 2012)
	Overall findings from the Libyan studies are displayed in Figure 16. The high level of resistance in Acinteobacter has already been addressed and will not be belabored here (see Country specific results: Libya). As with aztreonam, cefepime appears to be relatively effective against Escherichia coli, although the data indicates resistance may be increasing. This represents another prime candidate for more rigorous data collection and study.
Figure 16 about here
	The data in Syria consistently indicate a high level of resistance to fourth-generation cephalosporins in the urban areas investigated between 2008 and 2015. (Ahmad and Al-Kafri 2016; Al-Assil, Mahfoud, and Hamzeh 2013; Hamzeh, M, and Mahfoud 2012; Mahfoud, M, and Hamzeh 2015; Omran and Askar 2016) A brief summary of the results of these studies can be seen in Table 2. Pseudomonas aeruginosa resistance was found to be notably higher during and immediately following the year of conflict outbreak than in the years leading up to or following the onset of the civil war. However, unlike the other two studies, the data from 2011-2012 were from Aleppo. (Mahfoud, M, and Hamzeh 2015) The prevalence of resistant Pseudomonas in the Damascus hospitals appears relevantly stable between the years of study (2010-2011 and 2015). (Ahmad and Al-Kafri 2016; Omran and Askar 2016)
The two studies in Mali both collected data exclusively in the year 2014 and thus cannot speak to longitudinal trends. However, both were conducted in hospitals in Bamako and included only samples from Enterobacteriaceae bloodstream infections. Overall, the results of these studies suggest a troubling burden of resistance in this population. Sangare, Rondinaud, et al. evaluated Enterobacter; they found that 60% of the 15 samples were resistant. (Samba Adama Sangare et al. 2017) Both studies reported data on Klebsiella: Sangare, Maiga, et al. identified 71.4% of the 14 isolates and Sangare, Rondinaud, et al.found 76.9% of 26 isolates were resistant. (S A Sangare et al. 2016; Samba Adama Sangare et al. 2017) Similar numbers were reported from these authors regarding Escherichia coli: 72.7% (8/11) and 64.5% (20/31), respectively. 
Table 2 about here
  	Fifth-generation cephalosporins. No studies testing bacterial resistance to these antibiotics were conducted during the period of interest. 
	Polymyxins. The only polymyxin tested in the studies identified was colistin. Colistin resistance was identified prior to the outbreak of war in Syria. Hamzeh, Al Najjar et al. reported 6.9% (18/260) of tested Acinetobacter isolates were resistant to the antibiotic. (Hamzeh, M, and Mahfoud 2012) Limited information on Pseudomonas aeruginosa, the only bacteria whose resistance to colistin was measured at two different points in time in Syria over the study period, indicates resistance may be increasing in the country. Between 2011 and 2012, 10.9% (19/177) of tested Pseudomonas aeruginosa isolates were resistant; by 2015, it was 15% (16/106). (Mahfoud, M, and Hamzeh 2015; Omran and Askar 2016) Of note, these studies were conducted in hospitals located in two different cities (Aleppo and Damascus, respectively). Omran, Askar, et al. also reported a colistin resistance prevalence of 11% in E. coli isolates tested in 2015. 
	In Libya, colistin resistance was rarely reported but was identified in a small number of studies. Of the studies that tested isolates for resistance to colistin, resistance was only reported in two of the eleven conducted during the present conflict and in none conducted prior to the war. (Franka et al. 2012b; Kraiem et al. 2016; N Mathlouthi et al. 2016; Najla Mathlouthi et al. 2015; A. Zorgani et al. 2015; A. Zorgani, Daw, et al. 2017; A. A. Zorgani et al. 2012) Between 2013 and 2014 2% (1/46) of Pseudomonas isolates were resistant; in 2014, 25% (6/24) of the Klebsiella isolates displayed resistance. Both evaluated samples from hospitals in Tripoli.
[bookmark: _Hlk516907100]	Colistin resistance was not tested in published reports from Mali over the period of study.
	Fosfomycin. Two studies evaluated bacterial resistance to fosfomycin. Of the MRSA isolates collected in 2013 by Khemiri, Alhusain, et al., 3% (1/32) were resistant to fosfomycin. (Khemiri et al. 2017) Sangare, Maiga, et al. found resistance in Klebsiella pneumoniae (71%, 10/14 isolates) and Escherichia coli (18%, 2/11 isolated) collected in 2014. (S A Sangare et al. 2016)
Oxazolidinones. Linezolid was the only antibiotic within the oxazolidinones group studied. Of the four relevant studies, three were conducted in Libya and one in Syria. In 2009, prior to the outbreak of civil war in Libya, Zorgani, Belgasim et al. reported full susceptibility to Linezolid in Staphylococcus aureus (17 isolates) and coagulase-negative Staphylococcus (28 isolates). (A. A. Zorgani et al. 2012) Notably, this study enrolled patients with active cancer and infection; this population may be more prone to resistant infections as compared to a healthy population. (Zembower 2014) A 2013 study of 32 samples of MRSA-infected war-related wounds also demonstrated 100% suceptibility to linezolid. (Khemiri et al. 2017) However, Ismail, Amirthalingam, et al. reported a startling 20% (10/50) of Staphylococcus aureus clinical isolates collected from hospitalized and out-patients between 2013 and 2014 were resistant to Linezolid. (Ismail and Amirthalingam 2015) While this study was limited to one city, Sirte, and cannot be extrapolated to a national trend, it nevertheless indicates a troubling burden of resitant bacteria in a city heavily affected by the violent unrest in Libya. Finally, of the 129 Staphylococcus aureus samples collected in Damascus throughout 2015 (during the Syrian conflict), 9% displayed resistance to Linezolid. (Omran and Askar 2016)
Tigecycline. Of the three studies evaluating tigecycline resistance, two investigated Syria and one Libya. A study conducted in 2011 in Aleppo found no resistance in 104 isolates of Escherichia coli. (Al-Assil, Mahfoud, and Hamzeh 2013) However, of the 224 samples of E. coli collected in Damascus in 2015, 7% displayed resistance to tigecycline. (Omran and Askar 2016) A study conducted in Libya the same year found no resistance in 54 samples of Acinetobacter. (N Mathlouthi et al. 2016)
Daptomycin. No studies tested bacterial resistance to this antibiotic during the study period.

[bookmark: _Toc518105328]Discussion
	The objectives of this paper were to determine (1) whether there is sufficient literature to show that the introduction and propagation of statewide conflict and resultant government fragility increases the rate of antibiotic resistance within a country, (2) whether such a direct relationship exists, and (3) whether measurements of state peace or stability are predictive measures of resistance patterns. A secondary aim of this paper was to present the current state of research regarding antibiotic resistant rates in countries afflicted by large-scale conflict.
A systematic review of the literature reveals a concerning paucity of reliable data on the antibiotic resistance prevalence and patterns within the target countries of Libya, Syria, and Mali. There are no published attempts at epidemiological research to estimate the prevalence of resistance at a country level at any point in the study period (2007-2017). It is perhaps to be expected that data collection, analysis, and dissemination would be hampered during times of conflict, but it is notable that there was very little recent data in these countries even prior to the onset of conflict. Further, there are multiple antibiotics for which no resistance data is published; without this knowledge, it is challenging to plan or implement evidence-based interventions to guard against or temper the growing threat of antibiotic resistance. Strikingly, medications without this basic evaluation include antibiotics in the WHO’s Reserve Group of Essential Medications. Thus, we cannot know if or to what degree ‘last-line’ treatments are losing effectiveness in these countries today, what factors are influencing the development of resistance, or what would constitute an effective countermeasure to stem the tide. 
Unfortunately, given the scarcity and low quality of current research in this area within Libya, Mali, and Syria, it is not possible to determine (or even effectively postulate) whether conflict influences the patterns and rate of antibiotic resistance within afflicted countries. Thus, the predictive value of measurements of peace and state fragility also cannot be evaluated. 
[bookmark: _Toc518105329]Limitations 
	This study has multiple limitations. As previously noted, the amount, quality, substance, and detail of the data available in the published literature is insufficient for a thorough analysis. Although it should be acknowledged that rigorous research is a difficult undertaking during times of conflict, the literature prior to conflict outbreak was also inadequate. Many studies were conducted with a small number of samples for each bacterial strain tested for resistance. The specific methods by which the studies were conducted were generally not adequately described; thus, it must be assumed the results were vulnerable to bias. Studies were conducted in various settings, although the vast majority were in urban settings and specifically were reported to have taken place in hospital environments. Even this aspect is somewhat suspect, as a careful reading of multiple studies revealed the term ‘hospital’ was broadly applied to incorporate inpatient and outpatient care. The selection process, underlying comorbidities, and infection status of human subjects, when described, also varied substantially. 
	As noted above, a formal statistical analysis was not undertaken given the poor integrity of the data. However, the descriptive analysis also has limitations. Because there are not data available for every year within the study period, it is assumed rates of resistance are constant between known points and the data are therefore presented as continuous line graphs. Although each point on the graph represents a weighted average of the data for the corresponding point in time, each composite data point receives equal weight in the line of the graph. Thus, outlier years consisting only of data from, for instance, a small number of samples are able to change the overall slope of the line. 
[bookmark: _Toc518105330]Strengths
Despite the multiple limitations of this study, the results of this paper are worth discussion. Given the realities on the ground in many of these nations, low quality research in these states is often incorporated into international analyses by the WHO and other respected global institutions. To this author’s knowledge, this is the only study attempting to objectively quantify the effect of conflict on antibiotic resistance rates. This paper posits a theoretical framework by which conflict may selectively pressure bacterial to become more resistant and identifies two measurements by which to longitudinally measure the level of conflict (GPI) and resultant state fragility (FSI) within nations. Although the data is of poor quality, it is indeed the only data we have available and so highlights the strong need for epidemiological research in these areas.  
[bookmark: _Toc518105331]Conclusion
Ultimately, it is unclear based on this study whether conflict facilitates or encourages antibiotic resistance. As previously discussed, there is insufficient data available to determine the validity of this hypothesis within the countries and time period analyzed in this paper. Even if future research proves it true, host countries should not be dissuaded from welcoming refugees into their borders. Beyond the human rights-based discourse, which demands we recognize and respond to the personhood and humanity of those fleeing danger, recognizing and responding to the health needs of refugees clearly augments public health security measures. In an increasingly globalized world, national boundaries are not a defense against the spread of infectious diseases. Efforts undertaken with the false assumption that such communicable diseases can be contained through exclusionary measures, such as travel bans, have been demonstrably ineffective in achieving their stated aim. (Thiel de Bocanegra et al. 2018) Rather, this work should encourage sincere discussion as to how to respond to a humanitarian crisis within another country’s borders and how to best deliver appropriate medical knowledge and care, including antibiotics, within areas of conflict so as to temper the development of resistance. 
Of course, it is also possible that conflict simply may not have the effects hypothesized. Instead, higher rates of resistance found in many refugee communities may be a direct result of the conditions within resettlement areas, which can be overcrowded and of substandard construction. However, this finding would only alter the call upon the global community, not remove it: this known pattern of increasing antibacterial resistance places a higher demand on governments and international actors to protect the standards of living for involuntary migrants once they arrive in their host country. Uncoordinated and under-serviced resettlement areas may be little better than the medieval quarantine camps in which diseases flourished and decimated communities.  
Antimicrobial resistance is a growing and pressing global problem and, as demonstrated in part by this paper, one we are not yet well-equipped to solve. Since 2015, the WHO has developed and implemented the Global Antimicrobial Resistance Surveillance System (GLASS) “to foster standardized AMR surveillance globally” as part of a larger action plan to combat resistance. (World Health Organization 2017a) GLASS collects aggregated data at the national level that can be compared, validated, and analyzed to inform local and global interventions. Unfortunately, none of the countries included in this paper’s analysis were participating in this critical system at the time of publication. There is nothing to indicate that the absence of information within these communities will be addressed in the near future. Epidemiological research that aims to estimate the prevalence, patterns, and rate of antibiotic resistance at the state level is critically necessary. It is essential that this research is collected and analyzed in a transparent, consistent manner and is conducted longitudinally so as to identify concerning trends and inform timely interventions.
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[bookmark: _Toc518105332]Figure 1. Trend of global displacement and proportion displaced, 1996-2015
[image:  Trend of global displacement and proportion displaced 1996-2016 ]
Source: Maurer, Peter. 2016. “Humanitarian Crises Are on the Rise. By 2030, This Is How We’ll Respond.” World Economic Forum: Agenda. https://www.weforum.org/ agenda/2016/11/ humanitarian-crisis-are-on-the-rise-by-2030-this-is-how-well-respond/ (March 7, 2018).









[bookmark: _Toc518105333]Figure 2: FSI of target countries and global average
















[bookmark: _Toc518105334]Figure 3: GPI of target countries and global average
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[bookmark: _Toc518105336]Figure 5. Acinetobacter resistance in Libya 
[image: ]











[bookmark: _Toc518105337]Figure 6. Escherichia coli resistance in Libya
[image: ]












[bookmark: _Toc518105338]Figure 7. Resistance and number of samples of Escherichia in Libya 
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[bookmark: _Toc518105339]Figure 8. Klebsiella resistance to carbapenems and third-generation cephalosporins in Libya 
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[bookmark: _Toc518105340]Figure 9. Klebsiella resistance in Libya
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[bookmark: _Toc518105341]Figure 10. Staphylococcus aureus resistance to penicillins in Libya 
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Figure 11. Acinetobacter resistance in war-related injuries in Libya













[bookmark: _Toc518105342]Figure 12. Pseudomonas resistance in war-related injuries in Libya













[bookmark: _Toc518105343]Figure 13. Pseudomonas resistance in Syria
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[bookmark: _Toc518105344]Figure 14. Mycobacterium resistance in Mali 
[image: ]











[bookmark: _Hlk517015298][bookmark: _Toc518105345]Figure 15. Aztreonam resistance in Libya
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[bookmark: _Toc518105346]Figure 16. Cefpime resistance in Libya
[image: ]











Tables
[bookmark: _Toc518105347]Table 1. Study Inclusion and Exclusion Criteria
	PICOTSS
	Inclusion Criteria
	Exclusion Criteria

	Population(s)
	Persons in Mali, Libya, or Syria 
	1. Nonhuman studies (i.e. environmental or zoonotic studies)
2. Persons evaluated outside of target country (i.e. refugees, evacuated military personnel, travelers)


	Interventions
	Evaluation of antibiotic resistance (asymptomatic and symptomatic)
	1. Antiparasitic, antifungal, antiviral, natural remedies (e.g. honey, medicinal plants)
2. Inducible resistance
3. Pre-selected resistant bacteria
4. Fewer than 10 isolates per bacterium

	Comparators
	None (population prevalence)
	None 

	Outcomes
	1. Population or study prevalence of antibiotic resistance
2. Rate of antibiotic resistance over time
	1. Other antimicrobial resistance (i.e. antifungal, antiparasitic, antiviral)
2. Efficacy/effectiveness of natural remedies, medicinal plants/oils 
3. Exclusive genomic outcomes (i.e. gene distributions)
4. Data less specific than three year period (e.g. presents three years or more of data as single measure of prevalence)
5. Data less specific than country-level (e.g. regional prevalence)

	Timing
	Data collected 2007-2017
	1. Date of data collection not reported
2. Completion of data collection prior to 2007

	Setting 
	Libya, Mali, or Syria
	None

	Study Design
	Observational (i.e. cohort studies, cross-sectional)
	1. Case reports
2. Case-control studies
3. Evaluation of intervention or pharmacodynamics
4. Clinical trials
5. Risk-factor analyses 











[bookmark: _Toc518105348]Table 2. Cefepime resistance in Syria
	First two authors, data
	Year data collection began
	Year data collection completed
	Location
	No. of isolates
	Bacteria
	% Resistant to cefepime

	Hamzeh, Al Najjar 2012
	2008
	2011
	Aleppo hospitals: Ibn Rushd, Albasel
	260
	Acinetobacter baumannii
	84

	Ahmad, Al-Kafri 2024
	2010
	2011
	Damascus hospital: Al- Mouwasat
	48
	Pseudomonas aeruginosa
	58

	Al-Assil, Mahfoud 2013
	2011
	2011
	Aleppo hosptials: three university-associated
	104
	Escherichia coli
	40

	Mahfoud, Al Najjar 2015
	2011
	2012
	Aleppo hospitals: Ibn Rushd, Aleppo University, Al-Basel Center
	177
	Pseudomonas aeruginosa
	78

	Omran, Askar 2016
	2015
	2015
	Damascus hospital: Al-Mouwasat 
	224
	Escherichia coli
	68

	Omran, Askar 2016
	2015
	2015
	Damascus hospital: Al-Mouwasat 
	106
	Pseudomonas aeruginosa
	56








Appendix A: Measurements of Peace and Fragility
Global Peace Index 
	After data are collected and collated by the Economist Intelligence Unit (EIU) and analyzed by an expert panel, the Institute for Economics and Peace produces the annual GPI report. The EIU gathers data from a wide range of sources including the Uppsala Conflict Data Program, United Nations Survey of Criminal Trends and Operations of Criminal Justice Systems, International Center for Prison Studies, International Institute for Strategic Studies, and Stockholm International Peace Research Institute Arms Transfers Database. (Global Peace Index 2016 2016) In the composite score, indicators representing internal peace (ex. nationwide levels of violence and crime) are given a weight of 60 percent and external indicators (ex. military expenditure, international relations, etc.) are given a weight of 40 percent. They were selected by an expert panel at the project’s inception and are reviewed and normalized annually by the year’s expert panel. Although it is difficult to ascertain the specifics of the methodology, each annual report details any changes from the previous year’s approach. (Global Peace Index 2015 2015)
The GPI has been touted by multiple highly respected global figures (former UN Secretary-General Kofi Annan, Jeffrey Sachs, President Jimmy Carter, Nobel winners, the Dalai Lama, Archbishop Desmond Tutu, etc.). (Finding a Measure of Peace 2012) It was found to be as robust as the United Nations’ Human Development Index, as measured by “how often rank comparisons from a composite index are still true if the index is calculated using different weightings.” (Global Peace Index 2016 2016, pg 97)  
Fragile State Index
The Index is based on a review of 45-50 million documents identified “by applying highly specialized search parameters.” (Fragile States Index and CAST Framework Methodology 2017, pg 3) Documents and data gathering are conducted by a commercial content aggregate who applies hundreds of Boolean search phrases to English-language media articles, research reports, etc. The data are verified through triangulation of content analysis, qualitative expert analysis, and quantitative data sets. Content analysis produces a provisional score for each country based on the saliency of the data points for each sub-indicator. Raw quantitative data are obtained from international and multilateral sources such as the UN, World Bank, and WHO and then normalized and scaled. The results are compared to the results of the content analysis; if substantial disagreement is found, the score is “reconciled based on a set of rules that dictate allowable movements in score.” (Fragile States Index and CAST Framework Methodology 2017, pg 5) A qualitative review is undertaken by social science researchers who independently review each country considered in the analysis.  This process aims to counteract the risk of published data lagging behind current trends and of misleading conclusions as result of random noise. 
The creators state that “the strength of the analysis is in the methodological rigor and the systematic integration of a wide range of data sources.” (Fragile States Index and CAST Framework Methodology 2017, pg 5) Unfortunately, the specific analytical approach, the Conflict Assessment System Tool (CAST), is proprietary and therefore cannot be transparently evaluated. Once this tool obtains a score for each country, an expert panel of the research team reviews the results and delivers the final product. The CAST itself was developed in the 1990s, and was peer reviewed. It was used by policymakers and field practitioners to evaluate complex environments at the ground level. In 2004, researchers applied the tool to an international comparative setting and developed the FSI. Because of the exponential increase in the volume of data to be analyzed, the collection and processing of data for the FSI is assisted by technology.
	The Index has been criticized for assuming the antidote to strained nations is to intensify state building, rather than recognizing the act of state building itself as a potential contributor to instability. (Beehner and Young 2012; Evers 2014; Leigh 2012) It has been condemned for focusing exclusively on “symptoms but not the cause nor the cure.” (Leigh 2012, paragraph 6) However, these concerns do not undermine the use of the FSI for this analysis as the utility of the Index for this study lies solely in its ability to approximate state fragility in a way that trends proportionally between states and over years. Criticism that the data collection and scoring methods are not transparent, many indicators represent difficult to measure and subjective criteria (i.e. group grievance, state legitimacy), that the equal weighting of all indicators mis-represents the relative importance of the components, and that the concept of an index itself is grossly over-simplistic are valid and relevant to this paper. (Beehner and Young 2012; Evers 2014; Leigh 2012; Verbakel and Pavageau 2016) However, under-nuanced and over-simplified methods are inherent in almost any attempt to compare vastly different countries experiencing complex and often volatile situations. The opacity of the methods used by the Fund for Peace is a valid argument against its application; however, despite these critiques, it appears to be the most comprehensive index available today and has appropriate face validity.
Collinearity of Indices  
Theoretically and graphically (see Appendix B), there is a concern these indices may be operationalizing similar components of a nation’s health and may therefore be highly correlated. To examine this, I conducted a Spearman’s test of collinearity between the aggregate score of all countries and the score of each of the three major conflict afflicted nations. Spearman’s test was chosen as it is more conservative and is most appropriate for data that are not normally distributed. I have included Stata output for the aggregate and individual output of the countries  Figure 1). With a cutoff of 0.8, the composite scores of the aggregated countries are not significantly collinear. Collinearity of the composite scores is also found in Syria and Mali, but not in Libya. However, it is possible that the collinearity or near-collinearity of the indices is not a weakness but indeed an example of cross-validation. 
Figure 1. Spearman’s correlation coefficient between GPI score and FSI total and composite score
	Composite of target countries
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	Target Countries 

	Libya
	Mali
	Syria
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Appendix B: GPI and FSI of five countries considered for analysis
Syria
GPI:							FSI:
[image: https://lh4.googleusercontent.com/-QEIG3UoDxicEsuGcMDoYsTrwMhnqxQZL5hU19L90yWS9Er6mvn_mtJn_nrAEhFRjqmash-uB8yGg9_2j2AVa2MJVTkWA_38Kti10ensyApVRKkojQ6XnYMhYG-r0kQehab4nyOj]			[image: https://lh4.googleusercontent.com/VDJdBrX5F-bv8jWqGtADpPwRyWBP1zhPoXeQvBF6CCl_eKKY9i6SliLTRf6KgGVyikfBE0Q9RgwKZDsk2pts1i2jFohLnMIX8AKS9M86yN7EGlkNnedHvt_3rz1WJdBkml9RlBkb]


Yemen
GPI:							FSI:
[image: https://lh6.googleusercontent.com/9qUZFd0k4ItE7REUtqWMQVLxKLjTtre5Aa4Eqf5D6B-fiB0MKkZShJQm3TUepCLxzjGKSSTFI2tD3COyesL5PNSGx-XcKfk7mW_PL0BYPu6bxWsQz5i1xDeqLU57WMntlteiLlCz]			[image: https://lh5.googleusercontent.com/HBLaNdFb7B0XtqWwtxY31z4f7Zkx8aMp24ah2PKw6-nPdzfe717m-EVetRTNYMGlOAVYat9ShmAb9rYVQiqAIbymKaJFknd2D2ZdLPMxFqC-hqDU0tMjW-I5dvWHeRaP7sid7JGE]


Libya
GPI:							FSI:
[image: https://lh4.googleusercontent.com/ukYM6WsTKBYeGCqpb_amfeSkRj2X0Wy986uEKFVJmp--EZ3wPiSZkXW6hvR-8P8WEFBKoYm23jCREtXf5znug_3NVRaPhXabyRAaw5ZGZimAL7RdjQVGGdaiIFqfK6xAb1x2W9FO]			[image: https://lh3.googleusercontent.com/Qq97fBn5yn6vPXkmTNiUQnhi8kVl6Q_JlraXmesL_lOumKVtaVWvIisYu9mdR_qHRzfYX8kMENV5psSyoGDjY33u9BJOVeSDa6lCB_8lMdmr03DYMawV-bP_2SQDqj_Iq9fLOC29]
Mali
GPI:							FSI:
[image: https://lh6.googleusercontent.com/yzIlOgqOO82frGKwVpklekj1EcbDI7Yn_3TDFVkkvqb_ALCpuNiHrghhuFp2By8z5YHtjZZvDxfoaSHwj950jkFTjafRzYCTCZrlWMy9M-Z36H6xBxbXuTJkbDJ_ZuiMFwh3lnmZ]			[image: https://lh5.googleusercontent.com/b-0xk6X5OIBBBqqjvfbDbMDihVWuRmT2LBR_XSoKQU42nUfDFnUF8D4WVTIvOrOZAwayeZmsoMNhWDMo9AWwO_Kz_X_3nubWEc-BvYsbuyGopnPMsd_fqpk0X5ZbKU6sBON8q6jv]


Venezuela
GPI:							FSI:
[image: https://lh4.googleusercontent.com/ZjF00dDycPlgjq2nwHud6XMoyTMho5Vs_x29Nt_ME3Lb9ka6T8Tk0jdNa7LfpjzFsd6sP5pkhs7Vq2u5WVFWBTQHEYH9ugJwYX8kPMPRjiH2KzzQ_dVM5yX1T2jBWmcp_uu16v3m]			[image: https://lh5.googleusercontent.com/J7eiOtjKjb5cPLn8AltelC6IiKzlEXNBi0ByAaksfB08n-N2MI_9LF-fMGOpAZNW2QUQdCvFRx8-qQhG-PqLpc4AnQKCFKG1aUKQ-ld3ySEE1GKSK_lJZuxADhnu3iqaIDxyh5FW]
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Appendix C: Modified CASP Qualitative Checklist

	First author, year
	Was there a clear statement of the aims of the research?
	Was the research design appropriate to address the aims of the research?
	Is there a clear description of the population?
	Was the data collected in a way that addressed the research issue?
	Is there a clear statement and presentation of relevant findings?
	Overall evaluation of study quality

	 Al-Assil 2013, a 
	Yes

To investigate the molecular epidemiology of integrons and certain resistance genes among isolates of uropathogenic E. coli in Aleppo, Syria
	Yes
	No

Fail to report the age range
No report of patient refusal to participate
	Unclear

Does not report how smaples were collected
	Yes
	Fair

	 Al-Assil 2013, b
	Yes

To determine prevalence, phenotypic patterns, and ESBL-production status of E coli in isolates from UTI patients along with uncovering locally relevant risk factors for contracting ESBL-producing E coli infections.
	Yes
	Unclear

Fail to report the minimum, maximum ages of patients
No report of patient refusal to participate
	Yes
	Yes
	Fair

	 Elramalli 2017
	Unclear

To determine species spectrum and the antibiotic susceptibility patterns of 94 Gram-negative bacteria collected from clinical cases during study period
	Yes
	No
	Unclear

Does not detail source of samples
	Yes
	Poor

	Abujnah 2015
	Yes

To determine the prevalence of organisms associated with UTIs, their susceptibility to antimicrobial agents, and the presence of ESBLs genes in E. coli isolates of patients at a teaching hospital
	Yes
	Unclear

No discussion of recruitment or report of patient refusal to participate
Limited discussion of participant demographs but not presented in a table
	Yes
	Yes
	Fair

	Ahmad 2016
	Yes

To identify the prevalence and changing of pseudomonal infections in burn patients and to identify pseudomonal species and sensitivity to antibiotics in Damscus during the study period
	Yes
	Unclear

Patient distribution within age ranges reported, but no minimum, maximum, or average reported
	Unclear

Does not detail how samples were selected or collected
	Yes
	Poor

	Ahmed 2010
	Unclear

To investigate MRSA collected isolates for MLSB phenotypes, in particular inducible clindamycin resistance
(MLSBi)
	Unknown

Details of the design were not provided
	No
	Unknown

No explanation of inclusion or exclusion criteria, origin of isolates or clinical indications
	Yes
	Poor

	Ahmed 2012
	Yes 

To investigate the prevalence and antimicrobial susceptibility of MRSA among health care workers in Tripoli
	Yes
	Unclear

Limited discussion of recruitment 
No report of patient refusal to participate
	Yes
	Yes
	Fair

	Ahmed 2014
	Yes

To investigate the occurrence of ESBL-positive E. coli isolates in human fecal flora and to characterize their encoding genes and the clonal relationships.
	Yes
	Unclear

No discussion of recruitment or report of patient refusal to participate
Limited discussion of participant demographs but not presented in a table
	Unclear

Does not detail how samples were collected
	Yes
	Fair

	Al-Akydy 2014
	Yes

To compare the performance of oxacillin disc agar diffusion test with polymerase chain reaction-based mecA gene to detect ORSA. 
	Yes
	No

Very limited details on patients
	Unclear

Does not detail how samples were selected or collected
	Yes
	Poor

	Al-haddad 2014
	Yes

To determine the prevalence of nasal colonization with MDR PVL-positive MRSA in children in Tripoli
	Unclear

included only clincial subjects and HCWs although aim is general prevalence
	Unclear

Patient distribution within age ranges reported, but no minimum, maximum, or average reported
	Yes
	Yes
	Poor

	Ali 2014
	Unclear

To investigate S. aureus in some clinical samples by PCR and study the bacterial resistance to some antibiotics
	Unclear

Limited description of the design
	No
	Unclear
	Yes
	Poor

	Baaity 2017
	Yes

To determine prevalence of ESBL- production status of E coli in isolates from Patients in Al-Assad Teaching Hospital during the Syrian crisis
	Yes
	No
	Unclear

Did not report if any patients refused to participate 
	Unclear

Results were presented differently between isolates and bacteraial species without clearly noted number of subjects; requring math on the part of the reader to compare
	Poor

	Buzaid 2011
	Yes

To determine the prevalence of MRSA strains and their sensitivity patterns against various antibiotics used for treating hospitalized patients in a major tertiary surgical hospital in Benghazi
	Yes
	No

Although it reports collecting releant data, reports very little on patients
	Unclear

Does not detail how samples were selected or collected
	Yes
	Poor

	Buzayan 2014
	Yes

To determine the prevalence of antimicrobial resistance to antibiotics to treat UTIs, production of ESBL and AmpC B-lactamases among E coli isolate from outpatients in Benghazi Center of Infectious Disease and Immunity
	Yes
	No

Very scant information on patients
No report of patient refusal to participate
	Yes
	Yes
	Fair

	Dau 2013
	Yes

To analyse the bacterial patterns of war trauma-associated infections, define the factors associated with such infections and determine the antimicrobial resistance patterns of aerobic multi-drug resistant Gram-negative bacilli.
	Yes
	Unclear

Although approximate demographics were given in results section, few precise numbers were reported
	Unclear

Does not detail how samples were collected
	Yes
	Fair

	Diarra 2016
	Unclear 

To present the evolution of tuberculosis drug resistance among new and retreatment patients, and review the demographic features of patients, drugs resistance profiles and disease characteristics of MDR-TB in Mali over the study period
	Yes
	Unclear

Patient distribution within age ranges reported, but no minimum, maximum, or average reported
	Yes
	Unclear

Result were inconsistently labelled (susceptible vs. resistant, etc.)
	Fair

	Diarra 2016
	Yes

To determine whether an early screen for rifampicin resistance could detect MDR patients early
	Yes
	No

Very scant information on patients, although did report loss to follow-up for primary aim
	Unclear

Does not clearly report how samples were collected
	Yes
	Fair

	Duval 2009
	Yes

To survey the prevalence of extended-spectrum-lactamase (ESBL) producers in Bamako, Mali
	Unknown

Details of the design were not provided
	No
	Unknown

No explanation of inclusion or exclusion criteria, how isolates were 'randomly' selected, origin of isolates, clinical indications, etc
	Yes
	Poor

	Franka 2012
	Yes 

To determine the identity and antimicrobial resistance profiles of the bacteria associated with wound infections in posttrauma patients who sustained their injuries during the uprising
	Yes
	Unclear

No discussion of recruitment or report of patient refusal to participate
Participant demographs discussed but not presented in a table
	Yes
	Yes
	Fair

	Gaber 2012
	Yes

To determine prevalence of nasal MRSA carrier rates in hematology patients of Benghazi Medical Center 
	Yes
	Yes

No report of patient refusal to participate
	Unclear

Does not detail how samples were obtained beyond "in standard way"
	Yes
	Fair

	Gehre 2016
	No
	Yes

Although without a clear aims statement, general reading of the article indicated aim of research
	Unclear

Description of population at a multi-country regional level, but was not similarly detailed for within country.
	Yes
	Yes
	Fair

	Ghenghesh 2009
	Yes

To determine the causative organisms of UTIs in DM patients in Tripoli, Libya, compared with non-DM patients, their susceptibility to the commonly used antimicrobial agents, their phylogenetic grouping and the VFs of UPEC isolated from these patients.
	Yes
	Unclear

No No discussion of recruitment or report of patient refusal to participate, frequency of recruitment, exclusion criteria
	Yes
	Yes
	Fair

	Ghenghesh 2013
	Yes

To determine the antimicrobial susceptibility
profile of Aeromonas species isolated from different
sources in Libya
	Yes
	No

Very limited details on patients
	Unclear

Does not detail how samples were selected or collected
	Yes
	Poor

	Hamzeh 2012
	Unclear

To describe and analyze Acinetobacter baumannii antibiotic susceptibly profile in Aleppo, Syria
	Yes
	No
	Unclear

Does not report what percent of available samples were selected or how they were chosen
	Yes
	Poor

	Ismail 2015
	Unclear

To determine the percenages of resistant to antibiotics of clinical isolates
	Yes
	No
	Unclear

Vague description of how data was selected and collected
	No

Data was not internally consistent throughout the report
	Poor

	Khamees 2012
	Unclear

To determine the resistance patterns of multi- drug resistant strain of S.aureus and the correlations of resistance between pairs of antibiotics 
	Yes
	No
	Unclear

Does not detail how samples were selected or collected
	Yes
	Poor

	Khemiri 2017
	Yes

To characterize MRSA isolates recovered from wound specimens of patients in a hospital in Tripoli
	Yes
	No
	Unclear

Does not detail how samples were selected or collected
	Yes
	Poor

	Kraiem 2016
	Unclear

To determine the susceptibility of carbapenem-resistant gram-negative bacilli fom different clinical specimens 
	Yes
	Unclear

Limited discussion of patient baseline health
Did not discuss clinical indications for procedure, exclusion criteria
	Unclear

Does not detail how samples were selected or collected or report clinical indication for obtaining specific samples
	Yes
	Fair

	Mahfoud 2015
	Yes

To determine the prevalence rates of MDR among P. aeruginosa isolates in northern Syria
	Yes
	Unclear

Does not describe clinical criteria for inclusion diagnosis
Fail to report the age range of patients
	Unclear

Does not report how samples were collected
	Yes
	Fair

	Mathlouthi 2015
	Yes

To investigate the molecular mechanism of carbapenem resistance in Pseudomonas aeruginosa and Acinetobacter baumannii clinical isolates recovered from Libyan hospitals
	Yes
	No
	Unclear

Does not detail how samples were selected or collected
	Yes
	Poor

	Mathlouthi 2016
	Yes

To investigate the prevalence of carbapenem resistance in clinical imipenem-resistant A. baumannii strains in hospitals in Tripoli
	Yes
	No
	Unclear

Does not detail how samples were selected or collected
	Yes
	Fair

	Mohammed 2016
	Yes

To investigate the prevalence of urinary tract infection among patients at Messalata Central Hospital, Libya, to identify the causative bacteria, and to explore their resistance pattern to antimicrobials.
	Yes
	No

Patient distribution within age ranges reported, but no minimum, maximum, or average reported.
	Unknown

No explanation of recruitment approach or subject refusal.
	Yes
	Poor

	Omran 2014
	Yes

To determine the incidence of diarrhoeagenic E. coli and to investigate the antimicrobial resistance profiles of commensal intestinal E.coli isolates n hospitalized children in Benghazi Children Hospital
	Yes
	Unclear

Patient distribution within age ranges reported, but no average reported
No discussion of recruitment or report of patient refusal to participate
	Yes

Limited detail on how collected
	Yes
	Fair

	Omran 2016
	Yes

To determine the antibiotic sensitivity patterns of pre-selected common bacteria
	Yes
	No
	Unclear

Does not detail how samples were selected or collected
	Yes
	Poor

	Rahouma 2011
	Yes

To determine the prevalence of enteric pathogens among children with diarrhea in Tripoli.
	Yes
	Unclear

No discussion of recruitment or report of patient refusal to participate
Participant demographs discussed but not presented in a table
	Unclear

Does not detail how samples were selected or collected
	Yes
	Fair

	Ruppé 2009
	Yes 

To describe the nasal MR-CoNS reservoir in outpatients living in countries with contrasting environments
	Yes
	Unclear

Limited discussion of patient characteristics at an intra-country level (no age range, etc)
	Yes
	Yes
	Fair

	Sangare 2016
	Yes

To determine ESBL frequency in Enterobacteriaceae isolated from patients’ blood cultures in two university teaching hospitals of Bamako, Mali.
	Yes
	Unclear

Patient distribution within age ranges reported, but no minimum, maximum, or average reported
	Unclear

Patients inclusion criteria only fever and suspected BSI, no exclusion criteria.
	Yes
	Poor

	Sangare 2017
	Yes

To determine the prevalence of ESBL-E/CPE in bacteriemic patients in two teaching hospitals from Bamako
	Yes
	Unclear

Limited discussion of patient baseline health, exclusion criteria
No report of patient refusal to participate
	Yes
	Yes
	Fair

	Shbib 2015
	Yes 

To determine the prevalence of O serogroups of Escherichia coli (E. coli) strains that cause UTI and to find out the genes which are responsible of trimethoprime antibiotic resistance.
	Yes
	No
	Unclear

Does not detail how samples were selected or collected
	Yes
	Poor

	Tabana 2015
	Yes

To determine the prevalence of MRSA among health care professionals in the Syrian community
	Yes
	Unclear

Fail to report if potential subjects refused
Patient distribution within age ranges reported, but no maximum or average reported
	Yes
	Yes
	Fair

	Tapia 2015
	Unclear

To present salient epidemiologic features, provide details on the high case fatality observed in children with invasive NTS in Mali, and assess the relevance of this information
	Unclear

Well designed for particular aims; other aims outside the scope of this critical appraisal
	Yes
	Unclear

Does not report how samples were collected
	Yes
	Fair

	Togo 2010
	Yes 

To determine the rate of nosicomial infection, identify risk factors and define which bacteria are most responsible for the diseases and their sensitivity to antibiotics
	Yes
	Yes
	Unclear

Does not clearly report how samples were collected
	Yes
	Fair

	Togo 2017
	Yes 

To characterize the global strain diversity and the prevalence of drug ressitant profiles in mycobacterial strains during the study period
	Yes
	Unclear

Does not report if any patients refused to be enrolled 
	Unclear

Does not report how samples were collected
	Yes
	Fair

	Zefenkey 2012
	Yes

To assess the prevalence of primary clarithromycin resistence in Aleppo 
	Yes
	Unclear

Did not discuss clinical indications for procedure, exclusion criteria
Patient distribution within age ranges reported, but no minimum, maximum, or average reported
	Yes
	Yes
	Fair

	Ziglam 2012
	Yes

To investigate the drug resistance patterns of Acinetobacter baumannii strains isolated from burn ICU 
	Yes
	Unclear

Clincial indications for sample were not reported. 
	Unclear

Although study aims to evaluate prevalence in the BICU, reports a minority of samples from the non-ICU wards.
	Yes
	Fair

	Zorgani 2009
	Yes

To determine the prevalence of ICR among staphylococci isolated from infected sites of burn patients
in Tripoli Burn Center. 
	Yes
	No
	Unknown

Unclear if clinical indication for sample or for research
	Yes
	Poor

	Zorgani 2009
	Unclear

To determine the prevelance of MRSA among HCW in Libya hosptials
	Yes
	Unclear

No No discussion of recruitment or report of patient refusal to participate
No discussion of baseline health, exclusion crtieria
	Yes
	Yes
	Fair

	Zorgani 2010
	Yes 

To evaluate the frequency and profile of bloodstream infection (BSI) in a burn intensive care unit (BICU) in Tripoli, Libya and to determine the prevalence of different bacteria involved in such infections and their antimicrobial susceptibilities
	Yes
	Yes
	Unclear

Did not report if any patients refused to participate 
	Unclear

Results were presented differently between bacterial species; requring math on the part of the reader to compare
	Fair

	Zorgani 2012
	Yes

To determine microbial and antimicrobial susceptibility profiles of microorganisms associated with infections in cancer patients in Libya.
	Yes
	Yes
	Unclear

Data collected from one hospital. 
Unclear if the samples were collected from multiple sites per patient or exclusively sites of known/suspected infection.
	Yes
	Fair

	Zorgani 2015
	Yes

To determine the distribution rate of device-associated nosocomial infections and causative agents and patterns of antibiotic resistance in a trauma-surgical intensive care unit
	Yes
	No
	Yes
	Yes
	Fair

	Zorgani 2017a
	Yes

To investigate the occurrence of CTX-M-15 β-lactamases producers isolated from teaching hospitals in Tripoli
	Yes
	No
	Unclear

Notes samples were obtained as part of clinical workup but no further details
	Yes
	Fair

	Zorgani 2017b
	Yes

To investigate the occurrence of AmpC-type β-lactamase producers isolated from two hospitals in Tripoli
Libya
	Yes
	No
	Yes
	Yes
	Fair






Appendix D: Resistance data

Libya
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Escherichia coli resistance to third generation cephalosporins and fluoroquinolones
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Klebsiella resistance in Libya
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Klebsiella resistance to carbapenems and third-generation cephalosporins 
[image: ]


















Pseudomonas resistance
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Staphylococcus* resistance 
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Staphylococcus aureus resistance to penicillins in Libya
[image: ]












Syria
Pseudomonas resistance
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Mycobacterium resistance 
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Fragile State Index, 2007-2017

Global average	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	70.558757062146881	70.858192090395448	72.066101694915332	71.874011299434983	71.094915254237279	70.883707865168546	70.487640449438203	70.581460674157313	70.193258426966281	70.307303370786556	69.888764044943855	Mali	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	75.5	75.599999999999994	78.7	79.3	79.3	77.900000000000006	89.3	89.8	92.9	95.2	92.9	Libya	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	69.3	70	69.400000000000006	69.099999999999994	68.7	84.9	84.5	87.8	95.3	96.4	96.3	Syria	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	88.6	90.1	89.8	87.9	85.9	94.5	97.4	101.6	107.8	110.8	110.6	
FSI Score




Global Peace Index, 2007-2017

Global average	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2.056	2.0870000000000002	2.1070000000000002	2.101	2.109	2.1	2.09	2.0950000000000002	2.1070000000000002	2.1019999999999999	Mali	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2.238	2.09	2.2400000000000002	2.19	2.13	2.35	2.4700000000000002	2.31	2.4900000000000002	2.6	Libya	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	1.97	1.93	1.71	1.84	2.82	2.83	2.6	2.4529999999999998	2.819	3.2	3.3279999999999998	Syria	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2.11	2.0299999999999998	2.0499999999999998	2.27	2.3199999999999998	2.83	3.39	3.65	3.645	3.806	3.8140000000000001	
GPI Score




Acinetobacter Resistance in War-Related Injuries

Ticarcillin	2011	2011.5	2012	2012.5	2013	2013.5	2014	0	100	Imipenem	2011	2011.5	2012	2012.5	2013	2013.5	2014	100	8	Cefotaxime	2011	2011.5	2012	2012.5	2013	2013.5	2014	6	100	Ceftazidime	2011	2011.5	2012	2012.5	2013	2013.5	2014	0	92	Gentamicin	2011	2011.5	2012	2012.5	2013	2013.5	2014	32	92	Amikacin	2011	2011.5	2012	2012.5	2013	2013.5	2014	14	76	Ciprofloxacin	2011	2011.5	2012	2012.5	2013	2013.5	2014	70	100	
% Resistance




Pseudomonas Resistance in War-Related Injuries

Amikacin	2011	2011.5	2012	2012.5	2013	2013.5	2014	89	8.3000000000000007	79	Cefazolin	2011	2011.5	2012	2012.5	2013	2013.5	2014	0	Cefotaxime	2011	2011.5	2012	2012.5	2013	2013.5	2014	0	100	91	Ceftazidime	2011	2011.5	2012	2012.5	2013	2013.5	2014	92	50	66	Ciprofloxacin	2011	2011.5	2012	2012.5	2013	2013.5	2014	95	58.3	91	Gentamicin	2011	2011.5	2012	2012.5	2013	2013.5	2014	51	50	91	Imipenem	2011	2011.5	2012	2012.5	2013	2013.5	2014	98	8.3000000000000007	7	Ticarcillin	2011	2011.5	2012	2012.5	2013	2013.5	2014	80	91	Aztreonam	2011	2011.5	2012	2012.5	2013	2013.5	2014	50	37	Cefepime	2011	2011.5	2012	2012.5	2013	2013.5	2014	33.299999999999997	70	Colistin	2011	2011.5	2012	2012.5	2013	2013.5	2014	0	0	Meropenem	2011	2011.5	2012	2012.5	2013	2013.5	2014	8.3000000000000007	79	Piperacillin/tazobactam	2011	2011.5	2012	2012.5	2013	2013.5	2014	25	37	
% Resistance
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