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Abstract
BACKGROUND
Human immunodeficiency virus (HIV) infection is a major global public health concern. North African countries carry a disproportionate burden of HIV representing one of the highest rates in Africa.

AIM
To characterize the epidemiological and spatial trends of HIV infection in this region.

METHODS
A systematic review was carried out on all the published data regarding HIV/acquired immunodeficiency syndrome in North African countries over ten years (2008-2017) following the PRISMA guidelines. We performed a comprehensive literature search using Medline PubMed, Embase, regional and international databases, and country-level reports with no language restriction. The quality, quantity, and geographic coverage of the data were assessed at both the national and regional levels. We used random-effects methods, spatial variables, and stratified results by demographic factors. Only original data on the prevalence of HIV infection were included and independently evaluated by professional epidemiologists.

RESULTS
[bookmark: _Hlk58003882]A total of 721 records were identified but only 41 that met the criteria were included in the meta-analysis. There was considerable variability in the prevalence estimates of HIV within the countries of the region. The overall prevalence of HIV ranged from 0.9% [95% confidence interval (CI) 0.8-1.27] to 3.8% (95%CI 1.17-6.53). The highest prevalence was associated with vulnerable groups and particularly drug abusers and sexually promiscuous individuals. The dense HIV clustering noted varied from one country to another. At least 13 HIV subtypes and recombinant forms were prevalent in the region. Subtype B was the most common variant, followed by CRF02_AG.

CONCLUSION
This comprehensive review indicates that HIV infection in North African countries is an increasing threat. Effective national and regional strategies are needed to improve monitoring and control of HIV transmission, with particular emphasis on geographic variability and HIV clustering.
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Core Tip: North Africa is a unique geographical region located on the southern Mediterranean basin and represents the largest region of Africa. Human immunodeficiency virus (HIV) infection is an increasing threat in this region. Previous studies analyzed mainly the risk factors associated with risk groups at a national level and no single study has yet analyzed the actual epidemiological situation of HIV/acquired immunodeficiency syndrome (AIDS) in the whole region. This review aims to analyze and characterize the epidemiological and geographic variation of HIV/AIDS in North African countries and to highlight the strategies needed to combat this epidemic at the national and regional levels.

INTRODUCTION
Human immunodeficiency virus (HIV) is one of the most important viruses and has had demographic, economic, social, and even political consequences. Since its discovery in the 1980s, HIV/acquired immunodeficiency syndrome (AIDS) has remained an important public health concern worldwide. Its prevalence has rapidly increased, particularly in developing countries[1,2]. As of 2012, over 70 million people have become infected with HIV, of whom over 35 million have died. Africa is the most severely affected geographical area, and over 70% of the people infected with HIV reside in Africa[3,4].
A variety of factors have contributed to the spread of HIV/AIDS. These factors vary from one region to another and even within districts in the same region. Recent reports indicate that homosexuality (men who have sex with men, MSM) has become the dominant mode of transmission among newly diagnosed HIV infections in North America, East, Southeast and South Asia, and Latin America[5-7].
North Africa is a vast region representing over 30% of the African continent, with a coast extending from the Atlantic Ocean to the Mediterranean basin facing the southern part of the European Union[8]. The region has experienced major political and demographic challenges, particularly in the previous decade after the Arab spring. This has been complicated by wars, lack of security, major population displacements, weakening of public health systems, and the influx of immigrants, particularly from western and sub-Saharan Africa[9-11].
The incidence of HIV has been increasing more rapidly in North Africa than in any other global region, and AIDS-related mortality has almost doubled in the past decade. Comparable to West and Central African regions, HIV transmission rates in the region rose by over 10% during this decade, with a substantial increase in HIV morbidity and mortality. This has been faced by ignorance and polemic thinking even among health professionals[12,13]. Too often, patients living with HIV face denial of care, stigma, discrimination, and breach of confidentiality[14].
Furthermore, HIV infection has not been well addressed as a public health challenge in the region, and the hidden pandemic is believed to be driven by risky behaviors (such as sexual and drug-related factors) that are not well tolerated in society. The epidemiology of HIV in the region remains poorly defined. This has been complicated by the lack of accurate surveillance data, and even the existing data are prone to underestimation biases that mask the real picture of new HIV infections in the region[12].
Few studies have been conducted on the prevalence of HIV and its associated factors in North Africa. These studies present inconclusive findings on the prevalence of HIV and its associated factors[15]. Therefore, this systematic review was conducted to assess the prevalence of HIV and its associated factors in the region based on the published evidence (http://www.prisma-statement.org/). The findings of this review could be useful for designing strategies to reduce the prevalence of HIV and implement effective programs to combat its consequences.

MATERIALS AND METHODS
Data sources and search strategy
A systematic search was conducted using PubMed, Medline, Google Scholar and Embase to identify studies on HIV in North African countries published between January 1st, 2008 and December 31st, 2017 without language restriction using the search terms HIV or AIDS, OR ‘‘human immunodeficiency virus’’ OR ‘‘acquired immunodeficiency syndrome’’ prevalence, incidence in “Northern Africa”, and in every country within the region. The search was restricted to North African countries and encompassed Egypt, Libya, Tunisia, Algeria, Morocco, Mauritania and Sudan, which share historical, sociocultural, linguistic and religious characteristics. Reports from the World Health Organization were also included. To minimize publication bias, we retrieved the reference lists and manually searched for relevant studies that met our inclusion criteria, in addition to regional and country-level scientific databases. The PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses, http://www.prisma-statement.org/) guidelines were followed to aggregate the data[16,17].

Inclusion and exclusion criteria
Studies of any design that estimated the prevalence or incidence of HIV in North African countries were initially included. The inclusion criteria were based on whether the study provided sufficient information on the prevalence, incidence, and demographic and risk factors. Studies were accepted if descriptions of HIV testing methods were included, such as laboratory-derived HIV status using biological specimens and primary data from populations in the North African countries. To be included, studies had to have a minimum sample size of 25, detailed descriptions of the sampling procedure, HIV testing, and analytical methods. The sources included peer-reviewed journals and non-peer-reviewed publications meeting other criteria and available online in the public domain. Duplicates were identified by comparing detailed study characteristics, including author names, study period, study location, number of infected cases, and sample size. If two publications were found to be from the same data source, only the earlier publication was included. Excluded were case reports, case series, editorials, letters to editors, commentaries, literature reviews, studies reporting HIV prevalence based on self-reporting, studies on HIV status rather than biological testing, and studies that do not mention the study period/time and geographical location.

Data abstraction and quality assessment
The titles and abstracts of all the records retrieved were screened for relevance independently and categorized according to the quality of the study design and methods. The following information was extracted from all the eligible studies: first author, publication year, study location, study period, sampling method, sample size, and the laboratory testing method for HIV infection. The studies were categorized according to countries and the type of population. Details of each study were entered into a database by one investigator and rechecked in full. Quality assessment was carried out using a standard procedure[6].
Two trained epidemiologists (MD, MO) independently reviewed these publications and examined the sample size, sampling method, testing procedures, results, and interpretation of the data. Disagreements were resolved by consensus or arbitration by MD. A quality score between 1 and 5 was calculated for every paper based on these criteria.

Statistical analysis 
Statistical analysis was carried out by calculating the percentages and confidence intervals (CI), random-effects model, crude odds ratios (OR), sensitivity analysis, and cut-off P value (P < 0.1). Heterogeneity was tested by the chi-square test. The prevalence of HIV was calculated as an average of the pooled infection prevalence of each country weighted by the ratio of the country’s population to the study’s sample size. The risk of bias in reporting the prevalence and cumulative incidence was independently calculated by the authors. Publication bias was assessed by inspection of a funnel plot and Egger’s test. Analyses of the aggregated prevalence rates of each country were performed with metan, which is an average of the individual study results weighted by the inverse of their variances using a fixed/random model[18]. Geographic mapping and spatial variables were carried out using the national data in each country and localized clusters of spots are reported as previously published[19,20].

RESULTS
A total of 721 records were identified during the 10-year period (2008-2017). Following the elimination of duplicates, 646 studies remained. When the titles and abstracts were screened, 598 not fulfilling the selection criteria were excluded and only 48 were assessed for eligibility. Seven of these were excluded and only 41 were finally included in the meta-analysis. The steps of study selection are illustrated diagramattically in Figure 1. There was a steady increase in the number of publications and HIV records in North Africa with a slight increase in the last two years. The highest population and HIV data notification were reported in Morocco, Egypt, Sudan and to lesser extent in Libya and Tunisia. It was very low in Algeria and Mauritania. The characteristics of the studies included in the analysis are presented in Table 1.
Study quality assessment showed that seven studies were of a low quality and no full text was available, 28 had moderate quality, and only six high-quality studies were identified. However, after analysis according to quality assessment, no significant difference was noted between studies of high/medium quality and those with low/medium quality.

Temporal trends of HIV/AIDS in North Africa
During the study period, there was an increasing trend in the prevalence of HIV/AIDS in the North African region with much variation among the countries (Figure 2). In 2008, the highest prevalence was reported in Sudan (1.3%) followed by Algeria (1.2%) and Mauritania (1.3%)[21-23]. However, it was less than 1% in Tunisia (0.9%), Morocco (0.3%), Egypt (0.2%) and Libya (0.2%)[24-27]. Ten years later, the overall prevalence increased significantly by more than four-fold (P ≤ 0.001). In 2017, the highest prevalence rate was reported in Sudan (4.3%), followed by Mauritania (2.3%), Algeria (2.2%), Egypt (1.8%), Morocco (1.6%), Tunisia (1.2%) and Libya (0.9%). The overall prevalence of HIV in North Africa varied not only among the countries but also within the population of the same country, as illustrated in the Forest plot (Figure 3). There was a clear relationship between the prevalence of HIV and attributable risk factors. The general population and ordinary patients had low HIV prevalence comparable to other studied groups. For instance, studies on blood donors and pregnant women in Egypt, Mauritania, Sudan and Morocco, and those carried out on the general population in Libya, Tunisia and Algeria showed a low HIV prevalence, but the prevalence was elevated in the risk groups within the same country. The overall odds ratio in the meta-analysis demonstrated a statistically significant variation among the populations studied, and the association appears stronger in the studies related to high-risk groups. The test of heterogeneity showed significant variation among the studies, indicating the nature and quality of these studies.

Demographic features of HIV/AIDS in North Africa
Figure 4 illustrates the sex- and age-specific distribution of HIV/AIDS in North African countries. Between 2008 and 2017, 76.9% of the reported cases were males and 25.1% were females, giving a male to female ratio of 3.1:1. Although his trend was found in most North African countries, the number of infected females was similar to that of males in Morocco. Among the HIV/AIDS cases reported, the prevalence of infection was highest among the 21-30 years age group (45%) compared to the 31-40 years age group (30%). A marked increase in the number of HIV/AIDS cases was reported among those aged < 20 years, particularly in Sudan, Algeria and Morocco. The prevalence of HIV/AIDS infections among those aged above 40 years was similar among all countries at 20%, apart from Libya, which showed a higher rate of up to 30%. A few studies from Libya, Morocco and Sudan have reported on the relation between HIV/AIDS and educational level and marital status. Most of the infected cases were found among unmarried individuals who were mainly illiterate or had a low level of education[28-31].

Prevalence of HIV among high-risk populations
Figure 5 shows the prevalence of HIV/AIDS among high-risk groups in North African countries. The highest prevalence was reported among injection drug users (IDUs), with an estimated median of 8% and a range from 3.80% (95%CI 2.46-4.67) to 15.7% (95%CI 9.46-18.67). This was particularly high in Morocco, Egypt, Sudan and Libya.
HIV/AIDS among sexually promiscuous individuals was reported to average 2.8% (1.7%-11.3%). It was reported to be 4.9% in Morocco, Algeria, Tunisia and Egypt and > 10.5% in Tunisia and Sudan[32-35]. Among prisoners, it was reported to be high in Libya, Sudan, Morocco and Egypt, but less in Mauritania and Algeria. HIV was also reported to be high in hospital care settings in North African countries, with a range of 0.8% to 9.7%[36-40]. The highest prevalence rates were reported in Mauritania, Algeria and Egypt, followed by Sudan, Tunisia, Morocco and Libya.

Distribution of HIV-1 subtypes 
Based on our data, the genotype distribution of HIV in the seven North African countries is shown in Figure 6. Analysis of HIV-1 subtype distribution is scanty, particularly in Algeria and Mauritania, where only one study was reported in each of these two countries[41,42]. The Tunisian sequences belong to six HIV-1 subtypes (B, A1, G, D, C, and F2), five circulating recombinant forms (CRF02_AG, CRF25_cpx, CRF43_02G, CRF06_cpx and CRF19_cpx) and 11 unique recombinant forms. Subtype B (46.4%) and CRF02_AG (39.4%) were the predominant genetic forms[43]. Genetic analysis of HIV-1 strains in Libya demonstrated low subtype heterogeneity with the evolution of subtype B, which represents 74%, followed by CRF_20 AG (18%) and HIV-1 subtype A (8%). In Sudan, 50% were subtype D and 30% were subtype C. Subtypes A and B and three unique recombinants were also found, some partially unclassifiable[44-46]. In Morocco, subtype B was the predominant subtype (76.7%), followed by a high diversity of non-B subtypes, especially CRF02_AG recombinant (15%), and to a smaller extent subtype A (1.0%) and F strains (0.5%). In Egypt, the commonly isolated strains of subtype B comprise 95%, followed by CRF01_AE and A (1%). In Algeria, there was considerable HIV-1 diversity with a predominance of the B subtype followed by CRF02_AG and CRF06_cpx.5,6. Studies have indicated that the diversity was maintained, but CRF06_cpx became widely predominant. Phylogenetic analysis of different strains in Mauritania revealed that CRF02_AG (64.6%) was the predominant strain followed by B variants with a predominance of 10%.

Geospatial distribution of HIV/AIDS in North Africa
HIV/AIDS infections are reported to be high in the capital coastal cities in comparison to the other regions of North African countries. Figure 7 shows the spatial distribution of HIV-seropositive individuals living in North Africa between 2008 and 2017[47-50]. There is a clear change in the regional patterns of HIV with significant spatial heterogeneity within each country. The substantial variability ranged from 0.01% to 5%, with no clear regional patterning of the space-time interaction. A higher level was reported in Sudan, Morocco and Algeria and to a lower extent Mauritania and Tunisia. However, patterning persisted in Libya and Egypt. In Sudan, the HIV patterns reached the highest in southern regions. It is estimated that HIV prevalence in the 10 states that now make up South Sudan was 3.0%, ranging from zero in Northern Bahr el Ghazal to 7.2% in Western Equatoria State, followed by Kassala State in Eastern Sudan (0.2%-3%), Khartoum (0%-5.7%), Gadarif State (0.1%-0.4%), and Kosti (0.1%-0.7%). In Morocco, the highest was reported in Agadir Souss-Massa-Drâa in the south, Fes and Rabat in the central region, followed by Nador and Tanger in the north, and Marrakech in the southwest. In Egypt, the prevalence was high in east Cairo, followed by Alexandria and South Sinai. In Libya, it was high in both the eastern and western coastal regions, followed by the central south part of the Sebha area. In Tunisia, the prevalence was highest in the capital, Bizerte and Hammamet, followed by the other coastal cities of Sousse and Sfax, but it was lower in the middle and southern regions of the country. In Algeria, the northeastern region reported the highest HIV prevalence, particularly in the area neighboring Tunisia, followed by Oran and Sidi Bel Abbes. The prevalence was low in the central and southern regions of Algeria. In Mauritania, HIV prevalence reached its highest (1%-2%) in the Nouakchott area, followed by the central region. However, no data are available on most of the eastern and western Sahara regions.
North African countries showed spatial variation in HIV/AIDS cases during the 10-year study period. Figure 8 shows the HIV spatial clustering in the region, with dark red areas indicating statistically significant hotspots of higher than expected rates. The results of the spatiotemporal analysis suggest a special characteristic in the temporal and spatial distribution of HIV/AIDS incidents. A total of 11 statistically significant high-risk areas at different times were reported in several regions and provinces of the seven countries. In Morocco, which experienced two clusters, the largest cluster area was located in Agadir Souss-Massa-Drâa in the south in 2011 and Fes and Rabat in the central region, followed by Nador and Tanger. The second was reported in the north in 2012 and Marrakech in the southwest in 2014. The main clusters were reported among IDUs followed by MSM and female sex workers (FSWs). For IDU networks (6%; 95%CI 3-10), most transmission appears to have been in northern Morocco. The epidemic in the commercial heterosexual networks and MSM appears to have been most intense in the south of Morocco, especially in Souss-Massa-Drâa. The largest contribution to HIV incidence was among clients of FSWs (25%; 95%CI 14-37), followed by MSM (22%; 95%CI 12-35), stable heterosexual couples (corresponding to HIV serodiscordant couples; 22%; 95%CI 12-34), and FSWs (11%; 95%CI 6-18).
In Sudan, the biggest cluster was reported in Southern Sudan in the Western Equatoria State in 2012. Among 420 antenatal clinic attendees, HIV seropositivity was 10.7% (95%CI 8.0-14.2), and among 388 voluntary counseling and testing attendees, HIV seropositivity was 13.1% (95%CI 10.0-17.0), indicating high HIV prevalence in Western Equatoria State. In Libya, three clusters were reported during 2008-2017. The first cluster, which occurred during 2008-2012, consisted of 203 cases in Tripoli in the western region. The second one was reported in Musrata (the largest city in the central region) and consisted of 406 HIV cases detected between 2013 and 2017. The third cluster was detected in Sebha (the largest city in the south) between 2013 and 2017 and consisted of 317 HIV cases.
In 2011, Egypt experienced a concentrated epidemic among MSM and IDUs in the east Cairo sector, Alexandria, and southern Sinai. The HIV prevalence ranged from 5.4% to 6.9%. It was 6.9% among MSM and 6.7%-7.7% among IDUs. Minor clusters were reported in Algeria, Tunisia and Mauritania. In a study carried out in 2013 in two hospitals in northeastern Algeria, HIV was reported to be high among pregnant women, in whom the prevalence rate reached up to 5.3/1000. In Tunisia, a small cluster was reported in 2011 in the north of the country, particularly within the capital Tunis and mainly associated with FSWs and MSM. In Mauritania, a minor cluster was reported among blood donors in December 2015 in the Hodh El Gharbi region located 800 km from Nouakchott (the capital) in the south-east of the country.

DISCUSSION
There are insufficient data on HIV prevalence in the North African region and no formal, national, population-based surveillance studies have been reported apart from those in Libya and Morocco[19,25]. Worryingly, health planners and strategists in this region are inadequately attentive to the ongoing HIV epidemic situation. It seems that cultural understanding and social perception are still not fully aware of the serious consequences of the epidemic. Infected individuals, particularly women, often face denial of care, stigmatizing attitudes, discrimination, and breaches of confidentiality[51].
In this review, we comprehensively analyzed the actual situation of HIV prevalence in North African countries. HIV prevalence has increased significantly in the region over the last ten years. The overall prevalence increased from 0.2%-1.4% in 2008 to 4.4% in 2017. The highest prevalence was reported in Sudan, Algeria, Mauritania and Egypt, followed by Morocco, Tunisia and Libya. However, there are concerns over the reliability of the data in certain countries. For instance, the prevalence in Egypt, which has the largest population in the region (over 100 million), Algeria and Tunisia was much lower than in Sudan and Morocco, and even in Mauritania (which has a population of only four million). However, the HIV epidemic seems to be alarming particularly in Algeria, Sudan, Mauritania and Morocco.
In the region, there is inadequate research on marginalized groups such as MSM and sex workers, particularly in Algeria, Egypt and Mauritania. The data on IDUs are even sparser, particularly in Libya, Mauritania and Algeria. However, emerging data from Morocco and Sudan indicate that HIV prevalence is significantly higher in these groups than in the general population. Hence, further studies at the national and regional levels are needed[52].
Different demographic factors have been reported to influence the prevalence of HIV among the North African populations. The highest prevalence was reported among younger individuals. Over 45% of HIV cases were aged 21-30 years, followed by the middle-aged group (31-40 years) at 30%. The infected individuals were predominantly unmarried individuals who were illiterate or had a low level of education. However, with the exception of Sudan, no country reported HIV infection among children younger than five years despite evidence of mother-to-child transmission. Furthermore, a steady increase among the older age group has been reported, particularly in Libya. The epidemic is no longer confined to males in the region. A considerable number of females are also affected. In Morocco, Sudan and Tunisia, the prevalence of HIV among women seems to be exceeding that of men. Studies in sub-Saharan Africa have shown that girls and young women have up to eight-fold higher rates of HIV infection compared to their male peers[53-55]. However, there remains a gap in young women employing HIV prevention technologies.
The patterns of HIV transmission have evolved and the epidemic concentration varies from one country to another in North Africa. Cases among blood donors have been eliminated in Morocco, Tunisia and Libya and decreased in Egypt, but they are still reported in Mauritania, Sudan and Algeria.
The prevalence was higher in healthcare settings in most of the countries. However, the epidemic is currently concentrated among IDUs and FSWs, particularly in Morocco, Egypt, Tunisia and Algeria, but to a lesser extent in Libya, Mauritania and Sudan, where incarceration was the main factor. This demographic variability is similar to that in other nations, such as in sub-Saharan Africa[56,57]. These findings indicate that drug injection might be the major risk factor for HIV transmission in the region. This is probably due to shared drug paraphernalia[58]. Hence, understanding the HIV dynamics in North Africa is an important step towards facing the challenges of this epidemic.
HIV sequences from cases identified in North African countries have been published sporadically, providing a mosaic overview of the molecular epidemiology of HIV in the region. The epidemics in Algeria, Morocco, Mauritania and Tunisia have been dominated by subtype B and CRF02_AG, as well as CRF06-cpx in Algeria. In Libya, 75% of the reported cases were subtype B and 18% were CRF 20 AG. On the other hand, in Sudan, 50% of the cases were subtype D and 30% were subtype C, while in Egypt subtype B represented 95% of cases. Given the wide distribution of subtypes in the region, HIV-1 was probably introduced multiple times in these countries. The broad array of subtypes/CRFs indicates that the epidemic is more complicated than in many other regions of the world, where one subtype usually predominates. Studies in North America and Southern Africa have shown that the main circulating subtypes represent more than 95% of all HIV-1 infections in these regions[59,60]. Furthermore, there is a lack of studies on phylodynamics in tracing the origins and transmission routes of HIV infection in the region. This is a particularly important aspect of the HIV outbreak among Libyan children associated with the Bulgarian Nurses saga[61].
Our study indicates that the spread of HIV varies greatly within North African countries and shows much geographical variation in the prevalence of HIV infection. However, there seems to be considerable inter- and intra-country variability ranging from 0% in some parts of Libya and Tunisia to over 3% in the coastal areas of Morocco, Algeria and Southern Sudan. These observed spatial variations highlight the clustering of HIV across North African countries, indicating that a generalized epidemic may be evident in this region[62]. Certain pockets within the region harbor the threat of a generalized epidemic, as the virus spreads from the most-at-risk to the general population. Over 11 clusters have been reported. The driving factors of the dynamics of these clusters were mainly FSWs and IDUs, particularly in Morocco, Tunisia and Egypt. The rates of incidence of reported cases in Algeria, Mauritania and Sudan were associated with pregnant women and blood donation antenatal clinics. These findings should be considered in future research and clinical practice[63]. Public health policymakers should give careful consideration to the substantial variation in the spread of HIV through populations and communities within each country when formulating HIV control measures. This is especially important if one considers that there is no single global HIV epidemic. The Joint United Nations Program on HIV/ AIDS has adopted the mantra ‘‘Know your epidemic; know your response”[64].
The findings of this review shed light on key features of the epidemic in North Africa, but several gaps remain. There is a major gap in the data on HIV-related mortality in the region, particularly among HIV-infected children, and no studies have been carried out on mother-to-child transmission. Hence, emphasis needs to be placed on diagnosing and treating HIV infection in pregnant women to prevent perinatal transmission, early screening for HIV infection in infants born to HIV-infected mothers, and treating those who are infected before they develop more advanced disease as the world moves toward the goal of eliminating mother-to-child transmission of HIV[65]. Furthermore, most of these countries are plagued by internal conflicts and have persistent difficulty in addressing healthcare needs. Thus, immigrants, refugees, internally displaced persons and insurgent groups may play a role in the spread of HIV in North Africa.  Further studies are needed in North Africa as data from sub-Saharan African countries suggest that reconstruction periods after conflict might be a more vulnerable time for HIV transmission than during conflict[66-68].
This meta-analysis has some limitations. One of the challenges was the fact that the studies adopted different methods in categorizing population groups and used different durations. Quality assessment of the studies included in this review showed that most studies obtained a medium-quality rating and few of them obtained a high score, which indicates that more rigorous research is needed.  Moreover, we did not analyze some contributing factors, namely, the level of education and personal income of the HIV infected individuals. Furthermore, FSWs and MSM cannot be followed or even mentioned in some countries, and particularly in Libya and Mauritania, as these acts are considered crimes that may lead to the death penalty[69,70].

CONCLUSION
HIV is at an alarming status in North African countries, which face serious epidemics. Sudan, Egypt, Morocco and Algeria have concentrated epidemics, but HIV seems less concentrated in Mauritania, Libya and Tunisia. Furthermore, HIV seems to be moving towards concentrated clusters and measures have been challenged and hampered by massive population displacement associated with chaotic economic and sociopolitical situations. The endemicity of HIV in these countries is complicated by a lack of registry data and follow-up programs, particularly in the Saharan and countryside areas. The Joint United Nations Programme on HIV/AIDS (UNAIDS) definition of a generalized epidemic is an HIV prevalence of more than 1% in the general adult population (15-59 years) and more than 5% in vulnerable adult groups[71]. Hence, generalized epidemics persist in Sudan in particular and even in Algeria, Morocco and Egypt. There is an urgent need to establish a standardized epidemiological platform at both the national and regional levels that can reliably quantify individual differences in risk and understand the chain of HIV transmission and geographic clusters of HIV. Few studies have examined how geographic disparities may impact trends in HIV seropositive cases in North African countries. Identifying such social and geographic factors is important for better screening and treatment, and thus for reducing the burden among high-risk populations[19,72,73].

ARTICLE HIGHLIGHTS
Research background
Acquired immunodeficiency syndrome (AIDS) is a serious health problem in Africa but few studies have highlighted the epidemiological and spatiotemporal patterns of this infection, particularly in the North African region. Evidence is increasing regarding the magnitude of this problem and its social and economic impact in these countries. Analyzing the epidemiological situation of human immunodeficiency virus (HIV)/AIDS infection in this region has become one of the necessities for better understanding the current situation and for future planning.

Research motivation
There has been a dearth of information on the epidemiological status of HIV/AIDS in North African countries. This raises a serious concern regarding the impact of this infection in the region and how it could be controlled.

Research objectives
The aim of this comprehensive review was to analyze and characterize the epidemiological and geographic variation and clustering of HIV/AIDS in North Africa and outline the policies needed to combat this problem at both the national and regional levels.

Research methods
This is a comprehensive review of published data on different aspects of HIV/AIDS in North African countries in the last ten years (2008-2017). Every reported study was analyzed and all epidemiological parameters and risk factors associated with the spread of HIV in the region were determined. This will alert healthcare professionals and researchers to act immediately to implement proper policies to overcome this increasing problem.

Research results
The results indicate an increasing spread of HIV/AIDS in North African countries, with certain variations in prevalence, clustering and HIV subtypes between the countries and within regions of the same county. Higher prevalence rates have been reported among vulnerable populations. 

Research conclusions
Based on the evidence of the collected data, North African countries are facing an intensifying problem of HIV infection. There are not enough reliable data to determine the magnitude of this problem and no clear policy to combat the infection in the region.

Research perspectives
We strongly suggest that specific and well-designed epidemiological studies should be conducted at national and regional levels to quantify the magnitude of the problem. Furthermore, clearly defined policies should be implemented to overcome this increasing problem.
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Figure Legends
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Figure 1 Selection of studies of human immunodeficiency virus/acquired immunodeficiency syndrome epidemiology in North Africa, 2008-2017, for inclusion in the meta-analysis. HIV: Human immunodeficiency virus.
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Figure 2 Prevalence of human immunodeficiency virus/acquired immunodeficiency syndrome in North African countries in 2008 and 2017.
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Figure 3 Forest plot of the seroprevalence of human immunodeficiency virus/acquired immunodeficiency syndrome among different populations in Northern Africa 2008-2017. IDUs: Injection drug users; MSM: Men who have sex with men; IVDUs: Intravenous drug users; CI: Confidence interval.
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Figure 4 Gender and age-specific distribution of new human immunodeficiency virus/acquired immunodeficiency syndrome patients reported in North African countries from 2008 to 2017. HIV: Human immunodeficiency virus; AIDS: Acquired immunodeficiency syndrome.
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Figure 5 The prevalence of human immunodeficiency virus/acquired immunodeficiency syndrome among different population groups within North African countries, including blood donors, nosocomial infection, injection drug users, sexually promiscuous individuals, and others. BD: Blood donors; NS: Nosocomial infection; IDUs: Injection drug users; PC: Promiscuous individuals; OT: Others.

[image: ]
Figure 6 Distribution of human immunodeficiency virus genotypes in North African countries. 
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Figure 7 Geographic variation of the incidence of human immunodeficiency virus/acquired immunodeficiency syndrome in North African countries from 2008 to 2017.
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Figure 8 Spatiotemporal clusters of human immunodeficiency virus/acquired immunodeficiency syndrome in North African countries 2008-2017.

Table 1 Characteristics of human immunodeficiency virus studies included in the meta-analysis (2008-2017)
	Characteristics
	Studies, n

	Country
	

	Algeria
	4

	Egypt
	7

	Libya
	6

	Mauritania
	2

	Morocco
	11

	Sudan
	7

	Tunisia
	4

	Study design
	

	Cross-sectional
	30

	Cohort study
	11

	Data collection
	

	Prospective
	32

	Retrospective
	9

	Study area/site
	

	Hospital oriented
	19

	Population oriented
	22

	Sampling method
	

	Random
	21

	Consecutive
	14

	Not reported
	6
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