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Background and Aim: The circulating recombinant form 02_AG (CRF02_AG) is the
predominant clade among the human immunodeficiency virus type-1 (HIV-1) non-Bs
with a prevalence of 5.97% (95% Confidence Interval-CI: 5.41–6.57%) across Spain.
Our aim was to estimate the levels of regional clustering for CRF02_AG and the
spatiotemporal characteristics of the largest CRF02_AG subepidemic in Spain.

Methods: We studied 396 CRF02_AG sequences obtained from HIV-1 diagnosed
patients during 2000–2014 from 10 autonomous communities of Spain. Phylogenetic
analysis was performed on the 391 CRF02_AG sequences along with all globally
sampled CRF02_AG sequences (N = 3,302) as references. Phylodynamic and
phylogeographic analysis was performed to the largest CRF02_AG monophyletic cluster
by a Bayesian method in BEAST v1.8.0 and by reconstructing ancestral states using the
criterion of parsimony in Mesquite v3.4, respectively.

Results: The HIV-1 CRF02_AG prevalence differed across Spanish autonomous
communities we sampled from (p < 0.001). Phylogenetic analysis revealed that 52.7%
of the CRF02_AG sequences formed 56 monophyletic clusters, with a range of 2–
79 sequences. The CRF02_AG regional dispersal differed across Spain (p = 0.003),
as suggested by monophyletic clustering. For the largest monophyletic cluster
(subepidemic) (N = 79), 49.4% of the clustered sequences originated from Madrid,
while most sequences (51.9%) had been obtained from men having sex with men
(MSM). Molecular clock analysis suggested that the origin (tMRCA) of the CRF02_AG
subepidemic was in 2002 (median estimate; 95% Highest Posterior Density-HPD
interval: 1999–2004). Additionally, we found significant clustering within the CRF02_AG
subepidemic according to the ethnic origin.

Conclusion: CRF02_AG has been introduced as a result of multiple introductions
in Spain, following regional dispersal in several cases. We showed that CRF02_AG
transmissions were mostly due to regional dispersal in Spain. The hot-spot for the
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largest CRF02_AG regional subepidemic in Spain was in Madrid associated with
MSM transmission risk group. The existence of subepidemics suggest that several
spillovers occurred from Madrid to other areas. CRF02_AG sequences from Hispanics
were clustered in a separate subclade suggesting no linkage between the local and
Hispanic subepidemics.

Keywords: HIV-1, CRF02_AG, Spain, regional dispersal, spatiotemporal characteristics

INTRODUCTION

Human immunodeficiency virus (HIV)-pandemic has been
caused by Group M which is divided into nine subtypes
(A, B, C, D, F, G, H, J, and K), six sub-subtypes (A1, A2, A3,
A4, F1, F2) but also an extensive list of at least 98 CRFs which
result from the recombination of two or more different subtypes
(Foley et al., 2016)1. The distribution of subtypes and CRFs differ
greatly across the globe. The majority (46.6%) of the infections
worldwide are caused by subtype C, followed by subtype B
(12.1%) and subtype A (10.3%); the former is predominant in the
Western world (Hemelaar et al., 2018). CRF02_AG is the fourth
worldwide (7.7%), however, it accounts for approximately 50% of
the HIV-infections in West and Central Africa (Delatorre et al.,
2014). CRF01_AE (5.3%), subtype G (4.6%) and D (2.7%) are
following (Hemelaar et al., 2018).

The putative origin of CRF02_AG was in Central Africa,
thereafter the virus spread into Western Africa establishing a
major epidemic (Mir et al., 2016). Further dissemination from
Western Africa occurred to Cameron in the late seventies, to the
former Soviet Union in the late nineties and later to Bulgaria
and Germany (Mir et al., 2016). CRF02_AG remains one of the
most prevalent CRFs in Europe among individuals from highly
endemic countries but also in non-migrant populations (Abecasis
et al., 2013; Beloukas et al., 2016).

A previous study on 6,633 sequences sampled across Spain,
revealed that subtype B was the most prevalent, but the non-
B clades were dominated by CRFs. Specifically, it was found
that CRF02_AG had a prevalence of 5.97% (95% CI: 5.41–
6.57%) and was the most prevalent among the non-B clades
(Flampouris et al., 2014). It is estimated that 130,000–160,000
people are living with HIV in Spain (Morán Arribas et al.,
2018) while there is a high burden of late diagnosis. Current
HIV epidemic in Spain is dominated by infections among MSM
(del Amo and Iniesta, 2018).

The aim of the current study was to estimate the levels of
regional clustering for CRF02_AG in Spain, to assess parameters
associated with its regional dispersal across Spain, but also
to estimate the spatiotemporal characteristics of the largest
CRF02_AG subepidemic in Spain. We also investigated whether
regional dispersal is due to migration or due to onward
transmissions among non-migrants.

Abbreviations: CI, confidence interval; CRFs, circulating recombinant
forms; CRF02_AG, circulating recombinant form 02_AG; HIV-1, human
immunodeficiency virus type-1; MCMC, Markov chain Monte Carlo; MSM, men
having sex with men; PLHIV, people living with HIV; tMRCA, time to the most
recent common ancestor.

1https://www.hiv.lanl.gov/content/sequence/HIV/CRFs/CRFs.html

MATERIALS AND METHODS

Study Population
We studied 396 HIV-1 CRF02_AG sequences available in
the protease and partial reverse transcriptase regions of the
virus genome (pol gene). Sequences were obtained from HIV-
1 diagnosed patients during 2000–2014 from 10 autonomous
communities of Spain. Study population characteristics are
shown in Table 1. Specifically, patients’ samples were merged
from two datasets: (a) a representative cohort of HIV-infected
patients included in the Research Network on HIV/AIDS
(CoRIS) (2004–2013) and (b) Eastern Andalusia Resistance
Cohort (2000–2014). A detailed description of the CoRIS
cohort has been published previously (Caro-Murillo et al.,
2007; Yebra et al., 2012). For this study, fully anonymized
nucleotide sequences were retrospectively analyzed thus no
written informed consent is required. This research project has
been approved by the HU san Cecilio’s Ethics Committee.

DNA Sequence Alignment and
Phylogenetic Analysis
The patterns of CRF02_AG dispersal in Spain were investigated
by means of phylogenetic analysis. Analysis was performed in
391 out of 396 (98.7%) CRF02_AG sequences along with all
globally sampled CRF02_AG sequences available on the public
HIV-1 sequence database2 (N = 3,302) as references. A small
number of identical sequences (5 of 396, 1.3%) was excluded
from analysis to avoid inclusion of duplicates. MEGA v5.2
(Hall, 2013) was used to align sequences using the MUSCLE
algorithm and alignments were manually edited according to the
encoded reading frame (only codons and no single or double
combinations of nucleotides were excluded from the alignment).
Codons associated with resistance (IAS mutation list 2017)
were excluded to avoid potentially bias on clustering due to
convergent evolution at resistance sites (Lewis et al., 2008). The
final alignment was consisted of 738 nucleotides. FigTree v1.4 was
used for tree visualization and annotation3.

The phylogenetic trees were estimated from the underlying
nucleotide sequences. Initially, Maximum likelihood phylogeny
reconstruction with bootstrap evaluation was conducted in
RAxML v8.0.20 (Stamatakis, 2014) using the general time-
reversible (GTR) substitution model and gamma (0) distribution.
Subsequently, further analysis was performed on the clusters
that initially received bootstrap value lower than 75%, by using

2https://www.hiv.lanl.gov
3http://tree.bio.ed.ac.uk/software/figtree/
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a well-justified method based on Bayesian analysis (Kouyos
et al., 2010; Paraskevis et al., 2019). In detail, we used the
Simple Consensus Maker algorithm4 to make the consensus
sequence of each cluster with bootstrap value lower than the
threshold. The 100 most closely related sequences were found
by ordering the consensus sequence with all the CRF02_AG
available sequences (391 sequences from our study population
and 3,302 reference sequences) according to their similarity,
in Mafft v7.4 (Katoh et al., 2017). Sequences found within
each cluster were then analyzed phylogenetically along with
the 100 most closely related sequences to them, using the
Bayesian method with the GTR substitution model with 0
distributed rate, as implemented in MrBayes v3.2.2 (Ronquist and
Huelsenbeck, 2003). The MCMC ran for 10 × 105 generations
(burn-in: 10%), with 4 chains per run, and with MCMC
sampling every 1,000 steps. Each MCMC run checked for
convergence using Tracer version v1.5 (Drummond et al., 2012).
Thereafter, phylogenetic clusters were defined as monophyletic
using two different criteria: (i) clusters with bootstrap values
greater than 75%, for phylogenetic trees estimated by the
Maximum likelihood method, or a posterior probability greater

4https://www.hiv.lanl.gov/content/sequence/CONSENSUS/SimpCon.html

TABLE 1 | Characteristics of the study population: (i) total population (N = 396),
and (ii) a subset of the total population (N = 391 of 396) after the exclusion of
identical sequences.

Characteristic Total population Subset of the total
population

Median age [years (IQR1)] 35.6 (29.3–43.6)2 36.2 (29.4–43.6)3

Gender (N, %)

Male 233 (58.8) 230 (58.8)

Female 163 (41.2) 161 (41.2)

Transmission risk group
(N, %)

Heterosexuals 158 (39.9) 156 (39.9)

MSM4 62 (15.7) 60 (15.4)

PWID5 1 (0.2) 1 (0.2)

Other/unknown 175 (44.2) 174 (44.5)

Spanish autonomous
community of sampling
(N, %)

Andalusia 240 (60.6) 239 (61.3)

Madrid 76 (19.2) 75 (19.2)

Valencia 22 (5.6) 19 (4.9)

Catalonia 18 (4.6) 18 (4.6)

La Rioja 11 (2.8) 11 (2.8)

Navarre 11 (2.8) 11 (2.8)

Basque Country 11 (2.8) 11 (2.8)

Balearic Islands 3 (0.7) 3 (0.7)

Galicia 3 (0.7) 3 (0.7)

Canary Islands 1 (0.2) 1 (0.2)

Total (N, %) 396 (100) 391 (100)

1 IQR, interquartile range; 2N = 313 (of 396 individuals); 3N = 309 (of 391
individuals); 4MSM, men having sex with men; 5PWID, people who inject drugs.

than 0.825, for phylogenetic trees estimated by the Bayesian
method (phylogenetic confidence criterion), and (ii) clusters
consisting of at least two sequences sampled from Spain at
a proportion greater than 70% compared to total number
of sequences within the cluster (geographic criterion). Only
phylogenetic clusters fulfilling both criteria were considered
as monophyletic.

Phylodynamic Analysis
We further conducted phylodynamic analysis to estimate
the spatiotemporal characteristics of the largest CRF02_AG
subepidemic (monophyletic cluster consisted of 79 sequences).
Analysis was performed only on sequences with available
information about their date of sampling (72 of 79, 91.1%).
We performed the analysis by a Bayesian method using the
HKY nucleotide substitution model, a Γ distributed rate of
heterogeneity among sites, an uncorrelated log normal relaxed
clock of molecular clock model with TipDates and the birth-
death basic reproductive number (Re) models as implemented
in BEAST v1.8.0 (Drummond et al., 2012). Non-informative
priors were used for the MCMC runs. MCMC analysis was run
for 30 × 106 generations, sampled every 3.000 steps (burn-in:
10%). The MCMC convergence was checked using Tracer v1.5
(Drummond et al., 2012), by estimating the effective sample sizes
(ESS > 200). The temporal signal in our data was tested by
TempEst (Rambaut et al., 2016).

Phylogeographic Analysis
Phylogeographic analysis was inferred by character
reconstruction using the criterion of parsimony on the dated
phylogeny using Mesquite v3.46.

Statistical Analysis
Demographic data are summarized using median and
interquartile ranges for continuous variables, and absolute
and relative frequencies for categorical variables. Statistical
analysis for simple comparisons of the relevant distributions
across different levels of other categorical variables was carried
out using Pearson’s chi-squared statistical test. A multivariate
logistic regression model was fit to a subset of the original
data (N = 391), consisting of 304 complete observations.
Presence in monophyletic groups was the binary outcome
variable, while age, gender, transmission risk group and Spanish
autonomous community of sampling were chosen as possible
explanatory variables. Statistical analysis was performed on
STATA 12-StataCorp LP.

RESULTS

CRF02_AG prevalence was significantly different across the
Spanish autonomous communities we sampled from (p < 0.001).

5All clusters receive posterior probability support >0.82, expect for two clusters
consisting of two sequences each, for which the posterior probability support was
0.76 and 0.79. The latter were included in the analysis since the confirmatory
analysis was based on stringent sampling criteria.
6http://www.mesquiteproject.org
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FIGURE 1 | Unrooted phylogenetic trees estimated by RAxML v8.0.20 of HIV-1 CRF02_AG sequences sampled from Spain and a global reference dataset.
(A) Sequences from Spain are marked in red in contrast with sequences from other areas marked in light blue. (B) Sequences from Spain are marked in red in
contrast with sequences from other countries (Cameroon, Senegal, Niger, Ghana, Mali, the United States, Burkina Faso, Togo, Italy, Russia, Benin, Gabon, Germany,
Belgium, the United Kingdom, Japan, France, Mauritania, Portugal, Sweden, Equatorial Guinea, the Czech Republic, Denmark, Cyprus, Australia, and Canada) and
geographical areas (Western Europe, Sub-Saharan Africa, Central Asia, East Asia, Central and Eastern Europe, Southeast Asia, and Latin America) marked in
different colors. Monophyletic clusters according to geographic region of sampling are indicated as triangles.

FIGURE 2 | Map of Spain representing the 10 autonomous communities from which the 391 HIV-1 CRF02_AG sequences of our study population were sampled
from. Autonomous communities are colored according to the percentage of monophyletic clustering. Numbers in brackets describe the available sequences per
autonomous community.

La Rioja (N = 11, 16.7%, 95% CI: 8.6–27.9%), Navarre (N = 11,
13.6%, 95% CI: 7–23%), Valencia (N = 22, 7.3%, 95% CI:
5.3–12.4%), and Andalusia (N = 240, 7%, 95% CI: 6.2–
8.0%) were the autonomous communities where CRF02_AG
was most prevalent.

Phylogenetic analysis revealed that the CRF02_AG sequences
sampled from Spain clustered at different points in the

Maximum-likelihood tree (Figure 1A). No specific geographic
area was identified as the origin of CRF02_AG in Spain, since
the Spanish monophyletic clusters appeared as nested within
sequences from different countries (Figure 1B). The high-levels
of dispersal of the CRF02_AG strains (red branches) across
the tree (Figure 1A) or the existence of a large number of
monophyletic clusters (Figure 1B) indicate that the introduction

Frontiers in Microbiology | www.frontiersin.org 4 March 2019 | Volume 10 | Article 370

https://www.frontiersin.org/journals/microbiology/
https://www.frontiersin.org/
https://www.frontiersin.org/journals/microbiology#articles


fmicb-10-00370 March 8, 2019 Time: 17:15 # 5

Kostaki et al. HIV-1 CRF02_AG Outbreak in Spain

of CRF02_AG into Spain has been occurred from multiple
sources. Specifically, we found that 52.7% (206 of 391) of our
study CRF02_AG sequences formed 56 monophyletic clusters,
with a range of 2–79 sequences (Figure 1B). The median number
of sequences per monophyletic cluster was 3 (Interquartile
range, IQR: 2–5). Phylogenetic analysis revealed the presence
of highly supported phylogenetic clusters consisted of sequences
from Spain at proportions >70% (monophyletic clusters). HIV-
1 sequences found within the monophyletic clusters suggest
a common route of infection. The fact that the majority of
sequences have been retrieved from PLHIV residing in Spain
implies that monophyletic clusters correspond to transmissions
occurred locally (regional transmissions).

The percentage of regional dispersal differed across Spain, as
suggested by the monophyletic clustering (p = 0.003) (Figure 2).
Specifically, the highest proportion of regional dispersal was
found in Basque Country where 72.7% (8 of 11) of sequences
belonged to monophyletic clusters, followed by sequences from
Madrid (54 of 75, 72%) and Valencia (13 of 19, 68.4%). Sequences
from Andalusia (110 of 239, 46%), Navarre (5 of 11, 45.5%),
Catalonia (8 of 18, 44.4%), and La Rioja (4 of 11, 36.4%) showed
the lowest monophyly levels. For Galicia (N = 3), Canary Islands
(N = 1), and Balearic Islands (N = 3) less than 10 sequences
were available. The current study was performed using data
from the representative cohort CoRIS (Caro-Murillo et al., 2007;
Yebra et al., 2012; Vourli et al., 2019) and the Eastern Andalusia
Resistance Cohort. The study population included sequences
sampled during 2000–2014 from 10 autonomous communities
of Spain, suggesting high geographic coverage. The proportion
of sequences within each cluster was comparable across different
communities, expect for Andalusia which was overrepresented.
Despite its over-representativeness, Andalusia was found among
the communities with the lowest levels of monophyly.

Using a multivariate logistic regression model, we found that
the MSM transmission risk group was positively associated with
the regional clustering (p < 0.001), having adjusted for the rest of
the incorporated variables (Table 2). This association was mostly
due to the large monophyletic cluster in which the majority
of PLHIV were MSM.

The largest CRF02_AG monophyletic cluster (subepidemic)
consisted of 79 sequences (Figure 1B). We found that 49.4% (39
of 79) of the clustered sequences originated from Madrid and
most sequences (41 of 79, 51.9%) had been obtained from MSM.
Phylogenetic analysis also revealed the existence of two nested
clusters from Japan (N = 7, 8.9%) and Sweden (N = 3, 3.8%).
The nested clusters consisted of reference sequences that were
available in the HIV-1 sequence database.

To describe the temporal patterns of the largest CRF02_AG
regional epidemic in Spain, we carried out phylodynamic
analysis. There was evidence for temporal signal in the sequences
found within the largest CRF02_AG monophyletic cluster, as
tested by the TempEst program (R = 0.721). Moreover, the
temporal structure in this data was assessed by estimating the ESS
for all parameters of the MCMC analysis. In the MCMC analysis
the ESS for all parameters were >>200. As explained in detail
in the methods section, phylodynamic analysis was performed
only on sequences with available information about their date

TABLE 2 | Multivariate logistic regression estimates using the presence in
monophyletic groups as the binary outcome variable.

Explanatory variable Odds ratio 95% Conf.
interval

P-value

Age 1.01 (0.99, 1.03) 0.506

Gender (∗Male)

Female 1.09 (0.65, 1.84) 0.732

Transmission risk
group
(∗Heterosexuals)

MSM1 6.66 (2.57, 17.23) <0.001

PWID2 1 – –

Other/unknown 0.63 (0.34–1.18) 0.153

Spanish autonomous
community of
sampling
(∗Andalusia)

Madrid 0.88 (0.41, 1.91) 0.749

Valencia 1.04 (0.33, 3.22) 0.948

Catalonia 0.45 (0.15, 1.34) 0.152

La Rioja 0.48 (0.12, 1.90) 0.299

Navarre 0.47 (0.12, 1.82) 0.277

Basque Country 1.19 (0.26, 5.29) 0.823

Balearic Islands 0.33 (0.03, 3.93) 0.381

Galicia 1 – –

Canary Islands 1 – –

The model was fit to a subset of the original data (N = 391), consisting of 304
complete observations. ∗Reference category: 1MSM, men having sex with men;
2PWID, people who inject drugs.

of sampling (N = 72). For 57 out of 72 (79.2%) sequences found
within the largest CRF02_AG monophyletic cluster, the sampling
area was in Spain (Table 3). Molecular clock analysis suggested
that the time to most recent common ancestor (tMRCA) of the
CRF02_AG subepidemic was in 2002 (median estimate; 95%
Highest Posterior Density-HPD interval: 1999–2004). The tMRCA
should be considered as the approximate time of infection of
the potential founder of the CRF02_AG subepidemic in Spain
sampled in our data. The Bayesian skyline plot showed that the
CRF02_AG subepidemic growth occurred during a period of
8 years and specifically between 2003 and 2011 (Figure 3).

TABLE 3 | Sampling region/country for sequences with known date of sampling
found within the largest CRF02_AG monophyletic cluster (subepidemic) in Spain.

Region of
sampling

Country of
sampling

Number of
sequences per

country (%)

Number of
sequences per

region (%)

Western
Europe

Spain 57 (79.2) 65 (90.3)

Switzerland 4 (5.6)

Sweden 3 (4.2)

Germany 1 (1.2)

East Asia Japan 7 (9.8) 7 (9.7)

Total 72 (100) 72 (100)
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FIGURE 3 | Bayesian skyline plot estimated by BEAST v1.8.0 using
birth-death models for the largest HIV-1 CRF02_AG subepidemic in Spain,
showing the cumulative number of lineages (infections) in a logarithmic scale
over time (median and 95% Highest Posterior Density-HPD intervals
estimates).

Phylogeographic analysis revealed significant clustering
within the CRF02_AG subepidemic according to the ethnic
origin (Figure 4A). Specifically, four distinct subclades were
found. The subclade division was based on high posterior
probability support (>0.85) and epidemiologic criteria (i.e.,
the ethnic origin of PLHIV within each cluster). The first
subclade was consisted of sequences from Spain (N = 44)
including as nested the cluster from Japan (N = 7) (subclade I)
(Figures 4A,B). The majority of Spanish lineages were from
individuals living in Madrid (N = 30, 68.2%) reported MSM
(N = 37, 84.1%) as transmission risk group (Figures 4B,C).
Except from Madrid, Spanish sequences were obtained across
five different autonomous communities of Spain (Figure 4B).
The second subclade was consisted of sequences from Hispanics
from Spain (N = 1, 17%) and Latin America (N = 5, 83%)

(subclade II) (Figure 4A). The third subclade consisted of
sequences (N = 6) originating from Western Europe (Sweden,
Switzerland, and Germany) (subclade III) and the fourth of
sequences (N = 4) from Colombia, Spain, and Switzerland
(subclade IV) (Figure 4A). Subclades III and IV were more
genetically divergent than the two others (as suggested from
the within-subcluster branch lengths) (Figure 4A). Notably, the
geographic origin of the CRF02_AG clade including sequences
from Spain (subclades I and II) was estimated in Madrid, from
where it spread to other autonomous communities within the
country as well as outside Spain (Figures 4A,B).

DISCUSSION

In this study we used a collection of sequences sampled
from 10 Spanish autonomous communities and a combination
of phylogenetic, phylogeographic and phylodynamic analyses,
in order to investigate the characteristics of the HIV-1
CRF02_AG epidemic in this country. We further shed light
on the spatiotemporal characteristics of the largest CRF02_AG
subepidemic in Spain. Our analysis suggests that CRF02_AG has
been introduced as a result of multiple introductions in Spain,
following regional dispersal in several cases. However, we found
considerable variation in the patterns of regional clustering in
Spain with Basque area, Madrid and Valencia to be the areas with
the higher proportion of regional transmissions. We estimated
that the epidemic growth of the largest monophyletic cluster
continued until 2011. The hub for the largest cluster was in
Madrid from where cross-border and local transmissions to other
autonomous communities were monitored. Notably, CRF02_AG
sequences within the largest cluster in Madrid were detected as
far as from Japan, comprising a local epidemic, as well as from
Latin America. Although an alternative hypothesis cannot be

FIGURE 4 | Phylogeographic topology estimated by Mesquite v3.4 for largest HIV-1 CRF02_AG subepidemic in Spain, showing the viral clades in different colors
according to the: (A) ethnic origin of the HIV-1 diagnosed patient, (B) Spanish autonomous community of sampling, and (C) transmission risk group of the HIV-1
diagnosed patient. Branch lengths were longer within subclusters III, IV than within subclusters I and II, suggesting higher genetic diversity. Black disks indicate
nodes with posterior probability greater than 0.85.
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entirely excluded, our suggestion that the Japanese local epidemic
originated from Spain provides the most plausible hypothesis
given the existing sampling. The long-distance dispersal of
CRF02_AG is not strange since some of the sequences were
obtained from Hispanic populations outside Spain, a finding
that can be reconciled because of the historical links between
Spain and Hispanic populations of the Americas. On the other
hand, the high popularity of Spain as a travel destination
could explain the outgoing transmissions to Japan. CRF02_AG
regional dispersal in Spain was associated with MSM; a finding
that was probably due to the pattern found for the largest
cluster in Madrid.

The identification of Madrid as a hub for the largest cluster
of CRF02_AG in Spain and that only small clusters were
found outside Madrid, suggest that transmission networking is
probably more extensive in the capital than in peripheral cities.
Notably, similar findings were reported for Paris and Rome which
provided as the source for the CRF02_AG transmissions across
France and Italy, respectively (Giuliani et al., 2013; Chaillon et al.,
2017). The identity of capital cities as hubs for within country
dispersal could be explained by the fact that they provide social,
economic cultural and recreational centers as well as major hubs
for international traveling. These findings could be useful for
public health stakeholders to focus their preventive actions in
large cities in Europe.

The prevalence of CRF02_AG has been estimated to 3.0%
in Western and Central Europe and North America, being
the most frequently circulated among the CRFs (Hemelaar
et al., 2018). Although sporadic CRF02_AG cases have been
increasingly detected in Europe and North America as a result
of population mobility from endemic regions, regional dispersal
was also found in several areas in Europe including MSM
and heterosexual populations in France, Belgium, Switzerland,
and Spain (Dauwe et al., 2015), as well as people who inject
drugs in Bulgaria (Alexiev et al., 2016). Specifically, only
one small cluster was found in Belgium, while 28% of the
CRF02_AG sequences belonged to Swiss-specific subclusters
(Von Wyl et al., 2011). In France, 20.4% of the PLHIV
primarily infected with CRF02_AG belonged to transmission
networks based on analysis using a genetic distance cut-
off (Chaillon et al., 2017). This proportion was the highest
for all HIV-1 subtypes (Chaillon et al., 2017). A large
monophyletic cluster of CRF02_AG was also monitored
among PLHIV with primary infection in Southeastern France
(Tamalet et al., 2015). Similarly, the proportion of CRF02_AG
sequences within monophyletic clusters was reported: 29.8,
27.3, 25.4, and 18.2% for Germany, Norway, Austria, and
Italy, respectively (Paraskevis et al., 2019). These findings
suggest a common pattern of CRF02_AG dispersal in Europe,
where although CRF02_AG have been associated with highly
endemic areas (Abecasis et al., 2013) as their putative source,
a considerable proportion of their sequences fall within
monophyletic clusters. It remains unclear, however, whether
onward transmissions in Europe occur among migrant or non-
migrant populations.

In the current study using a state-of-the-art molecular
epidemiology approach, we were able to describe the

spatiotemporal characteristics of the CRF02_AG infection
in Spain and to investigate the nature of onward transmissions
across different ethnic groups. Notably, we found that the
majority of CRF02_AG sequences within the largest cluster were
retrieved from non-migrant populations, suggesting that the
within the country infections are due to onward transmissions
among non-migrants. To our knowledge this is one of the few
studies providing evidence that local dispersal of non-B subtypes
is associated with non-migrants. These findings can be important
for public health and particularly for the design of targeted
interventions for the populations at the higher risk.
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