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Abstract

Background: The HIV-1 spread in the Middle East and North Africa (MENA) has

not been previously characterised using the phylogenetic approach. The aim of the

current study was to investigate the genetic diversity and domestic transmission of

HIV-1 in the MENA.

Methods: A total of 2036 HIV-1 sequences available in Genbank and collected in

the MENA during 1988–2016 were used together with 715 HIV-1 reference

sequences that were retrieved from Genbank based on genetic similarity with the

MENA sequences. The REGA and COMET tools were used to determine HIV-1

subtypes and circulating recombinant forms. Maximum Likelihood and Bayesian

phylogenetic analyses were used to identify and date HIV-1 transmission clusters.

Results: At least 21 HIV-1 subtypes and recombinant forms were prevalent in the

MENA. Subtype B was the most common variant (39%), followed by CRF35_AD

(19%) and CRF02_AG (14%). The most common genetic region was pol, and 675

partial pol sequences (average of 1005 bp) were eligible for detailed phylogenetic

analysis. Fifty-four percent of the MENA sequences formed HIV-1 transmission

clusters. Whereas numerous clusters were country-specific, some clusters indicated
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transmission links between countries for subtypes B, C and CRF02_AG. This was

more common in North Africa compared with the Middle East (p < 0.001).

Recombinant forms had a larger proportion of clustering compared to pure

subtypes (p < 0.001). The largest MENA clusters dated back to 1991 (an Algerian

CRF06_cpx cluster of 43 sequences) and 2002 (a Tunisian CRF02_AG cluster of

48 sequences).

Conclusions: We found an extensive HIV-1 diversity in the MENA and a high

proportion of sequences in transmission clusters. This study highlights the need for

preventive measures in the MENA to limit HIV-1 spread in this region.

Keywords: Health profession, Medicine, Infectious disease, Public health,

Evolution, Genetics, Virology

1. Introduction

An important aspect of studying the epidemiology of infectious diseases is the

characterisation of spread of infectious agents. This can be approached through

phylogenetic analysis that allows inference of epidemiologic links and depiction of

different variables associated with pathogen transmission (Grenfell et al., 2004).

Moreover, phylogenetic analysis can be applied to gain in-depth knowledge of the

virus spread and to guide efficient preventive strategies (Brenner et al., 2013).

HIV-1 infection has been reported in the Middle East and North Africa (MENA)

from mid-1980s (UNAIDS, 2016). Based on the UNAIDS regional classification,

the MENA region includes the following countries: Algeria, Bahrain, Djibouti,

Egypt, Iran, Iraq, Jordan, Kuwait, Lebanon, Libya, Morocco, Occupied Palestinian

Territories, Oman, Qatar, Saudi Arabia, Somalia, Sudan, Syria, Tunisia, United

Arab Emirates, and Yemen (UNAIDS, 2016). Despite the low prevalence of HIV-1

in most MENA countries (less than 0.1%), the trends of new HIV-1 infections and

AIDS-related mortality have increased since 2001 (Gokengin et al., 2016;

UNAIDS, 2011, 2016). In addition, the MENA has the lowest coverage of

antiretroviral therapy (ART) in the world (UNAIDS, 2011, 2016).

The epidemiologic features of HIV/AIDS epidemic in the MENA have been

reviewed by (Mumtaz et al., 2014). Briefly, HIV-1 infection in the MENA can be

described as a diverse and heterogeneous epidemic with the majority of countries

afflicted by concentrated epidemics among high risk marginalized populations as

injection drug users (IDUs), female sex workers (FSW) and men who have sex

with men (MSM). Previous reports have indicated variability in the risk groups

affected per country, e.g. IDUs in Iran and Libya, MSM in Lebanon and FSW in

Djibouti (Khajehkazemi et al., 2013; Mahfoud et al., 2010; Mirzoyan et al., 2013;

Mumtaz et al., 2014). Moreover, within-country variation was noticed in relation to

affected risk groups in Morocco, with IDUs concentrated in the North in

comparison to MSM in the South (Kouyoumjian et al., 2013). The HIV-1 epidemic
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in the MENA has been reported to be genetically diverse on the country-specific

level with subtype B being reported as one of the most common variants

(Bakhouch et al., 2009; Ben Halima et al., 2001; Bouzeghoub et al., 2006; Mumtaz

et al., 2011; Saad et al., 2005). Notably in Iran, the epidemic was dominated by

CRF35_AD, particularly among IDUs (Jahanbakhsh et al., 2013).

The local spread of HIV-1 in the MENA region viewed as a single geographic unit

has not been elucidated yet. The objectives of the current study were to determine

the genetic diversity and spread of HIV-1 within and between countries in the

MENA region.

2. Materials and methods

2.1. HIV-1 MENA dataset

All HIV-1 sequences from the MENA countries, were downloaded from the Los

Alamos HIV Database (LADB, http://www.hiv.lanl.gov/) with retrieval of the

background sequence information, as of 31st December 2016, using the Geography

search tool. Based on information about patient code and patient ID, we identified

unique sequences (the earliest single sequence from each individual) which were

used to investigate the distribution of subtypes and circulating recombinant forms

(CRFs) in the region. Multi-locus sequences collected in the same study and from

the same patient were concatenated to improve the phylogenetic signal in the

subtype/CRF classification and transmission cluster analysis. For multiple clonal

sequences from the same patient, a single sequence was randomly selected. We

used the sequence locator tool in LADB to identify the HIV-1 sub-genomic region

with the largest number of sequences for subsequent analyses (Supplementary File

1). The complete list of the publications with submitted sequences to LADB that

were used in our study is provided in (Supplementary File 1).

2.2. Subtype/CRF assignment and selection of pol dataset

As it has been shown that the original subtype/CRF assignment in LADB is not

necessarily accurate, particularly for recombinant forms (Zhang et al., 2010), the

classification of the MENA HIV-1 sequences was checked using REGA v3 and

COMET HIV-1 online subtyping tools (Pineda-Pena et al., 2013; Struck et al.,

2014). For discordant results, COMET assignments were used to make the final

subtype/CRF call as COMET has been shown to be superior to REGAv3 for short

sequences (Pineda-Pena et al., 2013). For the MENA sequences that were used to

investigate domestic transmission, subtype/CRF assignment was confirmed by

maximum likelihood (ML) phylogenetic analysis with LADB HIV-1 GENOME

Subtype Reference Alignment from 2010 (the most recent reference alignment). A

total of 712 partial pol sequences were available for analysis, (average length of

1005 base pairs; nucleotide positions 2259–3264 of HXB2, GenBank accession
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number K03455). A slight variation in sequence alignment length was noticed

depending on the subtype/CRF (Supplementary File 1).

As the ART-status of the patients at time of sequence collection was unknown, we

eliminated resistance codon positions in the protease (PR) region (30, 32, 46, 47,

48, 50, 54, 82, 84, 88 and 90) and in the reverse transcriptase (RT) region (41, 62,

65, 67, 70, 74, 75, 77, 100, 101, 115, 116, 151, 181, 184, 188, 190, 215 and 219) to

reduce bias of the ART selective pressure (Wensing et al., 2015). We deleted the

initial RT segment from the final sequence alignment for the several subtype/CRF

datasets, since a majority of pol sequences lacked this genome region, especially

for the sequences collected in Algeria, Kuwait and Morocco (Supplementary File

1). Sequence editing and alignment was performed using MEGA6 and ClustalW

respectively (Larkin et al., 2007; Tamura et al., 2013).

2.3. Maximum likelihood phylogenetic analyses

For ML analyses, the PR and RT regions of pol gene were found to be have the

largest number of sequences in LADB (Supplementary File 1), nevertheless, a

considerable fraction of these sequences were either only PR or RT short

sequences, presumably lacking a sufficient phylogenetic signal for informative

HIV-1 cluster analysis (Novitsky et al., 2015). Based on subtype/CRF assignment,

eight datasets were created for the most common genetic variants found (A1, B, C,

D, CRF01_AE, CRF02_AG, CRF06_cpx and CRF35_AD). For each MENA

dataset, a search for similar sequences was performed using NCBI GenBank

BLAST tool (Benson et al., 2006), and the ten best sequence hits for every query

sequence from the MENA were retained for analysis after removing identical target

sequences. To reduce the likelihood of including multiple intra-patient sequences,

the reference sequences were further reduced using Skipredundant from the

EMBOSS package with a similarity cut-off of 99.0% (Rice et al., 2000). To

investigate domestic transmission and lineage mixing of the prevalent subtypes/

CRFs in the MENA region, ML phylogenetic trees were constructed for the final

datasets that comprised the MENA sequences together with GenBank reference

sequences (Supplementary Files 1 and 2). ML analysis was conducted in GARLI

v2.0 with five search replicates using the GTR + I + Γ nucleotide substitution

model (Bazinet et al., 2014), and the ML tree with highest likelihood score was

retained for subsequent analyses. The measure of statistical support for nodes in the

ML tree was determined using the approximate Likelihood Ratio Test Shimodaira-

Hasegawa like (aLRT-SH) implemented in PhyML v3.1 (Guindon et al., 2010) and

an aLRT-SH value ≥ 0.90 was considered significant (Anisimova et al., 2011). The

MENA transmission clusters were identified by inspection of the final ML trees

from root to tips and defined as the monophyletic clades with aLRT-SH like

support values ≥ 0.90 and that contained at least 80% sequences from the MENA

region (Esbjornsson et al., 2016; Kouyos et al., 2010). The phylogenetically
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identified transmission clusters were classified into dyads (two sequences),

networks (3–14 sequences) and large clusters (15 or more sequences) depending on

the number of sequences within each cluster (Aldous et al., 2012; Esbjornsson

et al., 2016).

2.4. Bayesian evolutionary analyses

The time to most recent common ancestors (tMRCAs) of the MENA clusters were

determined in BEAST v1.8.4 (Drummond et al., 2012), using the following

settings: HKY nucleotide substitution model with discrete gamma-distributed rate

heterogeneity, uncorrelated relaxed clock model with an uninformative uniform

rate prior (lower = 0, upper = 100, initial value of 0.001), and a Bayesian skyline

tree density model. The results of five independent runs, chain length 100 million,

were combined using LogCombiner v1.8.2 after discarding 20% burn-in and were

checked for convergence using Tracer v1.6.0. (http://tree.bio.ed.ac.uk/software/

tracer/).

2.5. Sequence accession numbers

A complete list of the nucleotide accession numbers for the MENA sequences

analysed in our study is provided in (Supplementary File 2).

2.6. Statistical analysis

All statistical analyses were conducted through IBM SPSS Statistics 21.0 for

Windows. P values were calculated using the exact two-sided Fisher's test (FET)

and Mann–Whitney U test (M-W) with p < 0.050 as the significance level.

3. Results

3.1. Complex genetic diversity of HIV-1 in the MENA

A total of 3319 HIV-1 sequences was retrieved from LADB. Of these sequences,

we identified a total of 2036 unique sequences collected between 1988 and 2016

from 13 different MENA countries (Algeria, Djibouti, Egypt, Iran, Kuwait,

Lebanon, Libya, Morocco, Saudi Arabia, Somalia, Sudan, Tunisia and Yemen).

The concordance rate between the original LADB and our subtype/CRF

assignment was 90% (n = 1836 out of 2036). A high proportion of discordant

results was noticed for recombinant forms (n = 163, 82%). Based on the short

length of a considerable number of sequences, 25% of the MENA sequences (n =

513) could not be assigned to a specific subtype/CRF using the REGA subtyping

tool, compared with 4% (n = 74) for COMET. The majority of these sequences

were relatively short (median 671 bp, IQR: 299–776) compared with the overall

median sequence length of 864 bp (IQR: 638–1040). Hence we decided to use
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COMET results for final subtype/CRF assignment besides the previous conclusion

that COMET is considered one of the best methods for HIV-1 subtyping (Pineda-

Pena et al., 2013). Out of 712 partial pol sequences that were subtyped using ML

phylogenetic analysis with reference sequences, 708 (99%) had an identical

COMET assignment (Supplementary File 1), and were used to conduct

transmission cluster analysis.

Of the 2036 unique MENA HIV-1 sequences, 1960 (96%) sequences were assigned

to 21 specific subtypes/CRFs. Of these, 98% (n = 1927) belonged to nine subtypes/

CRFs that predominated the MENA HIV-1 epidemic (Table 1), with subtype B

being the most prevalent variant (n = 804, 39%). Among the recombinant forms,

CRF35_AD was the most common (n = 396, 19%) followed by CRF02_AG (n =

293, 14%). Pure subtype assignment was found in a slightly higher number than

CRF assignment (1091 [56%] vs. 869 [44%]). Six percent (n = 124) of the

sequences represented complex recombinant forms. Subtype B was the most

common in six countries while subtype C was the most common in three countries.

Only two countries (Libya and Somalia) lacked subtype B sequences, whereas

CRF35_AD was found only in Iran (Fig. 1, Table 1).

3.2. High proportion of domestic HIV-1 spread in the MENA

To investigate the proportion of HIV-1 introductions that have led to domestic

spread, 708 partial pol sequences collected in the MENA were stratified by

subtype/CRF (A1, B, C, D CRF01_AE, CRF02_AG, CRF06_cpx and CRF35_AD)

and analysed together with 715 GenBank reference sequences selected by

similarity (Supplementary File 2). The MENA sequences had been collected in

Algeria, Djibouti, Iran, Kuwait, Libya, Morocco, Somalia, Sudan, Tunisia, and

Yemen during 1989–2016. The Libyan sequences (n = 33) belonged to a single

monophyletic clade that caused a nosocomial outbreak and were thus excluded

from transmission cluster analysis as the inclusion of such sequences might result

in a spuriously high proportion of clustering (Visco-Comandini et al., 2002).

Overall, the proportion of phylogenetic clustering was 54% (363 of the 675 MENA

sequences were found in clusters). Tunisia had the highest proportion of clustering

(n = 107, 61%), whereas the lowest proportion was found in Sudan (n = 6, 21%).

The proportion of clustering per subtype/CRF was highest for CRF06_cpx (n = 52,

98%), whereas the lowest proportion was observed for subtype C (n = 16, 38%,

Fig. 2). Risk group information was available for a small fraction of sequences (n

= 65, 10%) which precluded its inclusion in subsequent analyses (CRF35_AD =

44, subtype B = 13, subtype C = 6, subtype A1 = 1 and subtype D = 1).
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Table 1. HIV-1 subtype/CRF distribution per country in the Middle East and North Africa (MENA).

Country Algeria Djibouti Egypt Iran Kuwait Lebanon Libya Morocco Saudi Arabia Somalia Sudan Tunisia Yemen Total
Clade N1 (%) N (%) N (%) N (%) N (%) N (%) N (%) N (%) N (%) N (%) N (%) N (%) N (%) N (%)

B 132 (39) 1 (2) 21 (95) 48 (9) 15 (16) 11 (38) 0 443 (76) 10 (18) 0 1 (3) 113 (52) 9 (47) 804 (39)

CRF35_AD2 0 0 0 396 (77) 0 0 0 0 0 0 0 0 0 396 (19)

CRF02_AG 54 (16) 8 (16) 0 2 (0.4) 6 6 (21) 75 (100) 60 (10) 2 (4) 0 0 80 (37) 0 293 (14)

C 1 (0.3) 34 (68) 0 5 (1) 24 (26) 1 (3) 0 11 (2) 22 (39) 4 (80) 11 (37) 3 (1) 6 (32) 122 (6)

CRF06_cpx 99 (29) 0 0 0 1 (1) 0 0 0 0 0 0 2 (0.9) 0 102 (5)

A1 5 (1) 2 (4) 0 57 (11) 5 (5) 5 (17) 0 17 (3) 1 (2) 0 2 (7) 3 (1) 1 (5) 98 (5)

CRF01_AE 1 (0.3) 2 (4) 1 (5) 8 (2) 33 (35) 0 0 5 (0.9) 0 0 0 0 0 50 (2)

G 6 (2) 0 0 0 0 2 (7) 0 21 (4) 6 (11) 0 1 (3) 3 (1) 0 39 (2)

D 2 (0.6) 0 0 0 0 2 (7) 0 0 1 (2) 0 15 (50) 2 (0.9) 1 (5) 23 (1)

Others3 40 (12) 3 (6) 0 0 9 (10) 2 (7) 0 27 (5) 14 (25) 1 (20) 0 11 (5) 2 (11) 109 (5)

Total 340 50 22 516 93 29 75 584 56 5 30 217 19 2036

1N: Number.
2 CRF: Circulating recombinant form.
3Others: Include the following: sub-subtypes F1 and F2, CRF09_cpx, CRF11_cpx, CRF13_cpx, CRF18_cpx, CRF19_cpx, CRF25_cpx, CRF43_02G, CRF45_cpx, CRF49_cpx, CRF71_BF1 and

other unassigned recombinant forms.
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[(Fig._1)TD$FIG]

Fig. 1. HIV-1 subtype/circulating recombinant form (CRF) distribution in the Middle East and North

Africa (MENA) countries using Los Alamos HIV database sequences collected in the region. The size

of each pie chart is proportional to the number of HIV-1 sequences analyzed. The map was retrieved

from Wikimedia commons available at (https://commons.wikimedia.org/wiki/File:BlankMap-Mid-

dle_East.svg) and labelled for non-commercial use.

[(Fig._2)TD$FIG]

Fig. 2. The total number of Middle East/North African (MENA) clustering vs. non-clustering HIV-1

sequences stratified by country and subtype/CRF.
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3.3. Phylogenetic evidence of inter-country movement of HIV-1
in the MENA

We identified a total of 73 phylogenetic clusters, of which 36 were dyads (two

sequences), 33 were networks (3–14 sequences) and four were large clusters (more

than 14 sequences). The majority of the clusters were country-specific (n = 68,

93%). However, five clusters had sequences collected in more than one country as

follows: For subtype B, one network and one large cluster having sequences from

Algeria and Tunisia, and one network with sequences collected in Morocco and

Tunisia. For CRF02_AG, one dyad having sequences from Algeria and Tunisia.

For subtype C, one dyad having sequences collected in Yemen and Somalia

(Supplementary File 1). Lineage mixing was more common in North Africa (NA)

compared with the Middle East (ME, 12% of the NA sequences were found in

mixed clusters [n = 30/242] vs. 1% of the ME sequences [1/121], p < 0.001, FET).

The total number of sequences included in dyads for all subtypes/CRFs was 72

sequences (20%), compared to 168 sequences (46%) in networks and 123

sequences (34%) in large clusters. To analyse lineage mixing for MENA sequences

from a global perspective, we examined the number of reference sequences that

were part of all statistically supported phylogenetic clusters (both MENA-specific

with ≥80% MENA sequences and non-MENA clusters with <80% MENA

sequences). Asian sequences were found to be the most common for CRF01_AE

and CRF35_AD while Western European/North American sequences were the

most common for subtype B and CRF02_AG. West-Central African sequences

were the most common for CRF06_cpx and were found frequently in CRF02_AG

clusters (Fig. 3).

[(Fig._3)TD$FIG]

Fig. 3. The percentage of the GenBank reference HIV-1 sequences that were found in the statistically

supported phylogenetic clusters with Middle East/North African (MENA) sequences. The stratification

was based on UNAIDS regional classification of countries.
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3.4. CRFs clustered to a larger extent than pure subtypes in the
MENA

The MENA transmission cluster analysis was conducted on four pure subtypes

(A1, B, C and D) and on four circulating recombinant forms (CRF01_AE,

CRF02_AG, CRF06_cpx and CRF35_AD). Of the identified 73 phylogenetic

clusters, 46 (63%) were pure subtype clusters that included 165 sequences (45%),

with 24 dyads, 21 networks and one large cluster. Networks included the majority

of clustering pure subtypes sequences (n = 100, 61%) followed by dyads (n = 48,

29%) and large clusters (n = 17, 10%). For the CRFs, 27 clusters were identified,

that included 198 sequences (55%) and were classified into 12 dyads, 12 networks

and three large clusters. Large clusters included the majority of clustering CRF

sequences (n = 106, 54%) followed by networks (n = 68, 34%) and dyads (n = 24,

12%). The median size of the pure subtype clusters was two sequences/cluster

(range: 2–17, IQR: 2–4) compared with three sequences/cluster for CRFs (range:

2–48, IQR: 2–7) [p = 0.288, M-W]. Clustering CRF sequences had a higher

probability to be found in larger transmission clusters compared with pure subtype

sequences (88% of the CRF sequences were found in networks or large clusters [n

= 174/198] vs. 71% of the pure subtype sequences [117/165], p < 0.001, FET).

CRFs had also a higher percentage of clustering compared to pure subtypes (p <

0.001, FET). The details of subtype/CRF clustering stratified per country is

illustrated in (Fig. 2).

3.5. Molecular clock analyses of the largest MENA transmission
clusters

The Tunisian CRF02_AG cluster of 48 sequences (collected during 2012–2015),
and the Algerian CRF06_cpx cluster with 43 sequences (collected during

2001–2013), constituted the two largest transmission clusters in the MENA and

were subjected to detailed evolutionary analysis. For evolutionary rate analysis, the

median coefficient of variation was 0.62 for the CRF02_AG cluster and 0.42 for

the CRF06_cpx cluster, suggesting a large degree of rate variation among branches

and that a relaxed clock model would be appropriate. The median evolutionary rate

was 2.80 × 10−3 substitutions/site/year for CRF02_AG (95% Highest Posterior

Density interval [HPD]: 1.62 × 10−3-3.74 × 10−3) and 2.89 × 10−3 substitutions/

site/year for CRF06_cpx (95% HPD: 1.74 × 10−3-4.00 × 10−3). The tMRCA of the

large CRF02_AG cluster in Tunisia dated back to 2002 (95% HPD: 1995–2004),
and the tMRCA of the large CRF06_cpx cluster in Algeria dated back to 1991

(95% HPD: 1983–1996). The gap between the median tMRCA and the last date of

sequence collection of each cluster was 13 years and 22 years for CRF02_AG and

CRF06_cpx, respectively (Fig. 4).
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4. Discussion

The phylogenetic investigation of HIV-1 transmission in the MENA as a single

region has not been performed previously and is important for several reasons.

First, about 6% of the global population reside in the MENA (approximately 460

million people, United Nations World Population Prospects: The 2015 Revision)

and HIV-1 research in this region has been limited. In addition, previous studies

have focused on a single country or part of a country and have been limited by low

sequence numbers. Furthermore, the majority of countries in the MENA share a

sociocultural perspective that might indirectly influence individual behaviour

(Alkaiyat and Weiss, 2013), and studying the HIV-1 epidemic in the region as a

whole might reveal patterns that can help to guide preventive measures. Finally,

the political instability in the MENA, with civil wars ongoing in several countries

necessitates increased awareness and surveillance as it has been shown that such

[(Fig._4)TD$FIG]

Fig. 4. Maximum clade credibility (MCC) trees for the two largest Middle East and North Africa

(MENA) HIV-1 clusters shown on the same timescale. The upper section represents the Algerian

CRF06_cpx phylogenetic cluster identified through maximum likelihood (ML) analysis with

approximate Likelihood Ratio Test Shimodaira-Hasegawa like (aLRT-SH) value of 0.98 which

contained 43 Algerian sequences and two Chadian sequences. The Algerian sequences were collected

during 2001–2013. Bayesian analysis revealed that median time to the most recent common ancestor

(tMRCA) of the cluster dated back to 1991 (95% highest posterior density interval [HPD]: 1983–1996).
The lower section represents the Tunisian CRF02_AG phylogenetic cluster identified through ML

analysis with aLRT-SH value of 0.94 which contained 48 Tunisian sequences and one Danish, one

Swedish and one Nigerian sequences. The Tunisian sequences were collected during 2012–2015.
Bayesian analysis revealed that tMRCA of the cluster dated back to 2002 (95% HPD: 1995–2004). The
phylogenetic trees were edited in the software FigTree available freely at (http://tree.bio.ed.ac.uk/

software/figtree/).
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instabilities can result in increased transmission and spread of infectious diseases,

including HIV-1 infection (Afonso et al., 2012; Esbjornsson et al., 2011; Mansson

et al., 2009). Based on the aforementioned reasons we aimed to characterise the

HIV-1 epidemic in the MENA utilizing the powerful tool of phylogenetic

inference, as genetic analysis of HIV-1 pol sequences has been shown to hold the

potential of resolving epidemiologic linkages (Hassan et al., 2017; Hue et al.,

2004; Pybus and Rambaut, 2009).

The major result of our study is the demonstration of a high proportion of

phylogenetic clustering (54%). A high proportion of phylogenetic clustering is not

unique to the MENA, and similar proportions have been previously reported in

diverse cohorts from different geographic locations (Aldous et al., 2012;

Esbjornsson et al., 2016; Kouyos et al., 2010). Since the majority of the

phylogenetically identified transmission clusters were confined by country

boundaries, this gives an indication that the sequences within these clusters, were

genuinely linked epidemiologically. This is in contrast to the regional perception

that HIV-1 transmission is mainly associated with exogenous imports. This view

was previously contradicted by (McFarland et al., 2010), and is further negated by

the results of our study. The identification of inter-country mixing of different

HIV-1 lineages across borders is not a unique finding to the MENA region and

similar results were recently reported in Central-West Africa and Europe

(Esbjornsson et al., 2016; Faria et al., 2012). This highlights the need of

coordinated regional preventive efforts to halt or limit the spread of HIV-1 within

and between countries in the MENA.

Despite the considerable heterogeneity of the MENA HIV-1 epidemic, with several

established and locally spread subtypes and CRFs, certain patterns could be

deduced. First, the epidemic in the North African countries (Algeria, Morocco and

Tunisia) was dominated by subtype B and CRF02_AG, in addition to CRF06_cpx

in Algeria. It is possible that these countries represent a transitional region where

parts of the African and European HIV-1 epidemics are mixing. The facts that

subtype B is the most common variant in Europe and that West Africa represents

the epicentre of CRF02_AG and CRF06_cpx support this hypothesis (Beloukas

et al., 2016; Faria et al., 2012; Yebra et al., 2016). In addition, the evolutionary

analysis of the largest CRF clusters in North Africa indicates that local spread has

been established from early 1990s for CRF06_cpx and early 2000s for CRF02_AG

with a possibility of forward transmission of these variants. The majority of

sequences available from Libya and Egypt were originally used to investigate

nosocomial spread of CRF02_AG and subtype B in the mid and early 1990s and

may not fully represent the national epidemics in these countries (de Oliveira et al.,

2006; El Sayed et al., 2000). Hence, further studies are needed to draw firm

conclusions about HIV-1 transmission in Libya and Egypt, similar to the recent

report by (Daw et al., 2017). The most common HIV-1 variants in countries of
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horn of Africa (Djibouti and Somalia) and Sudan were subtypes C and D. This

likely reflects the close geographic proximity to major transportation routes to

Ethiopia, Kenya and Uganda where these subtypes prevail (Lihana et al., 2012;

Tully and Wood, 2010). The picture of the HIV-1 epidemic in the Middle East is

more obscure with the exception of Iran, as the majority of the Middle East

countries lacked sequences in LADB (Bahrain, Iraq, Jordan, Occupied Palestinian

Territories, Oman, Qatar, Syria, and United Arab Emirates). In Iran, CRF35_AD

dominated the HIV-1 epidemic, particularly among IDUs as has been shown

previously (Eybpoosh et al., 2016). The overall complex genetic diversity of HIV-1

in the MENA has been previously reported by Rolland and Modjarrad, and our

results are in line with their conclusions (Rolland and Modjarrad, 2015).

One observation that warrants meticulous study from other regions was the finding

of a higher proportion of clustering among recombinant forms and the tendency of

these clusters to have a larger size compared to the pure subtypes. Previous studies

examined the HIV-1 genetic effects on factors such as disease progression and

pathogenicity with conclusions of provisional links among these variables (Abraha

et al., 2009; Esbjornsson et al., 2010; Njai et al., 2006; Palm et al., 2014; Vasan

et al., 2006). Based on that, the viral genetic effects on epidemiologic features of

the virus infection might not be an unforeseen result. However, another study

failed to show such an effect (Rubio et al., 2014), which makes our observation

pending for further assessment to disentangle the role of virus recombination in

HIV-1 epidemiology.

Several shortcomings of our study should be addressed. First, eight of the 21

MENA countries in the Middle East lacked HIV-1 sequences in LADB. Second,

only seven of the 13 countries with sequences available for analysis had more than

50 unique sequences submitted to the LADB. Third, many sequences were part of

cross sectional studies, sometimes with non-representative and scattered sampling.

Fourth, the sampling density was relatively low (< 1%) for the analysed countries

resulting in an incomplete picture of the MENA epidemic (Novitsky et al., 2014)

(Supplementary File 1). It is important to emphasize that phylogenetic clustering

only represents indirect evidence of epidemiologic linkage and may not fully

represent the true transmission networks, particularly in datasets with low sequence

coverage of the studied epidemic (Romero-Severson et al., 2014). Finally, the

results of HIV-1 subtyping varied to some degree depending on the method of

subtyping and could not be affirmed particularly for the short sequences and those

with potential existence of recombination.

5. Conclusions

In summary we investigated the transmission of HIV-1 in the MENA as a single

region using the phylogenetic analysis approach for the first time to our
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knowledge. We demonstrate a high proportion of established transmission

networks in the MENA. Phylogenetic analysis is an important tool to determine

HIV-1 transmission networks and links between most-at-risk-populations and

countries. Targeting these groups with awareness and prevention programs as well

as screening for undiagnosed infections is fundamental in reverting the increase of

HIV-1 infections both globally and in the MENA region.
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