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This work was aimed to study the HIV-1 subtype B epidemics in the Basque Country, Spain. 1727 HIV-1 subtype B
sequences comprising protease and reverse transcriptase (PR/RT) coding regions, sampled between 2001 and

them comprised less than 4 individuals and, in total, they included 441 patients. Six clusters comprised 10 or

more patients and were further analyzed in order to study their origin and diversification. Four clusters included
Keywords: men who had unprotected homosexual sex (MSM), one group was formed by intravenous drug users (IDUs), and
Transmission cluster another included both IDUs and people infected through unprotected heterosexual sex (HTs). Most of these
IDUs clusters originated from the mid-1980s to the mid-1990s. Only one cluster, formed by MSM, originated
MSM after 2000. The time between infections was significantly lower in MSM groups than in those containing IDUs

Antiretroviral resistance (P-value <0.0001). Nucleoside RT and non-nucleoside RT inhibitor (NRTI and NNRTI)-resistance mutations to an-
tiretroviral treatment were found in these six clusters except the most recent MSM group, but only the IDU clus-
ters presented protease inhibitor (PI)-resistance mutations. The most prevalent mutations for each inhibitor class
were PI L90M, NRTI T215D/Y/F, and NNRTI K103N, which were also among the most prevalent resistant variants
in the whole dataset. In conclusion, while most infections occur as isolated introductions into the population, the
number of infections found to be epidemiologically related within the Basque Country is significant. Public health
control measures should be reinforced to prevent the further expansion of transmission clusters and resistant
mutations occurring within them.

© 2015 Published by Elsevier B.V.

1. Introduction globally, which is a 33% decrease with respect to 2001. In Western

European countries, such as Spain, subtype B is the most prevalent

Since the detection of the first cases of acquired immunodeficiency
syndrome (AIDS) in the early 1980s, the pandemic caused by its main
causal agent, the human immunodeficiency virus type 1 (HIV-1), has
become one of the most important global health problems due to its
mortality and morbidity. The latest UNAIDS/WHO report (2013)
estimates a total of 35.3 (32.2-38.8) million people infected around
the world. In 2012, there were 2.3 (1.9-2.7) million new HIV infections
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among the 9 subtypes of HIV-1. The epidemic of this variant started
to spread rapidly among specific risk groups, such as men who have
sex with men (MSM) and intravenous drug users (IDUs). Although
the rate of infections in these groups decreased during the 1990s thanks
to the development of adequate prevention campaigns (UNAIDS/WHO,
2013; Zehender et al., 2010), later years have been characterized by a
continuous increment of sexually-related infections, mainly among
MSM, while parenteral infections have decreased (ECDC/WHO, 2010).

HIV-1 is a retrovirus of the genus Lentivirus. Retroviruses present
high evolutionary rates that usually lead to a high genetic diversity.
These features are caused by three main factors: polymerization errors
of the reverse transcriptase (RT) (Roberts et al., 1988), genetic recombi-
nation and an explosive proliferation that leads to enormous effective
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population sizes, which promote the action of natural selection, favoring
those mutations that increase the biological fitness of the virus and
eliminating the disadvantageous alleles (Moya et al., 2004). These
factors have important clinical consequences, such as the rise and
spread of mutations related to resistance to antiretroviral drugs, but
they also allow the reconstruction of the epidemic history of the virus
by using phylogenetic tools (Holmes, 2004).

In the field of molecular epidemiology it is considered that epidemi-
ologically related sequences should group together in a phylogenetic
tree, forming transmission clusters, because they all share a common,
recent ancestor (Hue et al.,, 2004, 2005). Coalescent methods for
estimating phylogenetic trees (Kingman, 1982; Donnelly and Tavaré,
1995) are used to associate the divergence times from the common
ancestor of the sampled individuals in a population with their demo-
graphic history. Thus, the results obtained offer information about
dates of the introduction of viral variants in populations, the growth
rate of infections during the epidemic and the most vulnerable groups
of people to the virus (Moya et al., 2004).

The efficacy of highly active antiretroviral therapy (HAART)
introduced in the 1990s is hampered by the emergence of resistance
mutations in HIV-1 (Costagliola et al., 2007). Genotypic tests of resis-
tance to antiretroviral drugs, after sequencing of the protease and
reverse transcriptase (PR/RT) regions, are carried out routinely in
many countries, including Spain, both for the design of individualized
antiretroviral treatments and for the assessment of the frequency of cer-
tain resistances in the population (Costagliola et al., 2007). The wide-
spread use of these tests has led to large, publicly accessible data sets
of HIV-1 sequences that, combining analyses of their evolutionary histo-
ry with epidemiological data, allow depicting the epidemic as well as
characterizing its phylodynamics (Hue et al., 2004; Bello et al., 2010;
Kouyos et al., 2010).

Genotypic tests of resistance for samples from the Basque country
have been performed since 2001. The epidemic in the Basque Country
has previously been analyzed using molecular data by Cuevas et al.
(2009), who reported the existence of five major HIV-1 subtype B trans-
mission clusters, with sizes ranging between 7 and 18 patients. Here, we
have used a larger number of samples and we have also included a
representative set of reference sequences to perform a more detailed
phylogenetic analysis.

The objective of the present study was to characterize the epidemic
of HIV-1 subtype B in this region and analyze the transmission dynamics
of some relevant cases. For this, we have used a dataset of 1727
sequences comprising HIV-1 PR/RT genomic regions obtained from
2001 to 2008 in the Basque Country as part of the genotyping program
for the search of drug resistance mutations. The largest HIV-1 subtype B
transmission clusters detected were subjected to dated phylogenetic
analysis (Drummond and Rambaut, 2007). The prevalence of mutations
associated with antiretroviral drug resistance was estimated. The results
obtained may help in the design of proper HIV prevention campaigns
and treatments in this region.

2. Methods
2.1. Dataset

A total of 2497 HIV sequences 1200 nt long and spanning the full
PR and partial RT coding regions were obtained from patients at-
tending the main health centers in the Basque Country, Spain (cities
of Bilbao, San Sebastian and Vitoria) from 2001 to 2008. In cases of
multiple sequences from a single patient, only the earliest one was
included. Thus, each viral sequence represented a different patient.
Additionally, 8504 worldwide sequences were retrieved from Los
Alamos HIV dataset (http://www.hiv.lanl.gov) and were used as ref-
erence sequences to ensure the validity of the transmission chains
detected in the Basque sample. All the sequences were aligned with
MUSCLE v3.5 (Edgar, 2004).

2.2. Phylogenetic reconstruction

In order to identify transmission clusters, defined as viral lineages
derived from the same variant in the Basque population, two phyloge-
netic trees for the dataset of sequences which included both the Basque
and the reference sequences (11,001 sequences in total) were obtained
using FastTree 2.1 software (Price et al., 2010)) using the GTR + I' (4
categories) substitution model: (i) a tree obtained from a full codon
alignment, in which 40 codons associated with major resistance in PR
(30, 32, 46, 47, 48, 50, 54, 58, 74, 76, 82, 83, 84, 88, 90) and RT (41, 62,
65, 67, 69, 70, 74, 75, 77, 100, 101, 103, 106, 108, 115, 116, 151, 181,
184,188,190, 210,215,219y 225) (Johnson et al., 2013) were removed,
yielding a total length of 1080 nt, and (ii) a tree obtained from only
third-codon positions of the original alignment (length of sequences
=400 nt).

We considered as potential transmission clusters those clades
formed by at least 2 sequences of Basque origin present in both trees
with SH-like local support >0.90 (Christin et al., 2012). Furthermore,
clusters with support between 0.90 and 0.95, and/or including at least
10 patients, were further validated after their joint analysis with three
random datasets of 1000 subtype B reference sequences (full codon
alignments without resistance mutations). Basque sequences included
in these clusters were incorporated to the three datasets and analyzed
by maximum-likelihood with PhyML 3.0 (Guindon et al., 2010). Clusters
with Basque Country-only sequences were considered only if they had
Chi2-based approximate Likelihood-ratio test (aLRT) support >0.999.
Clusters were classified depending on the major transmission route
(>50%) for the corresponding patients.

Only HIV-1 subtype B clusters were considered for further analysis.
All the sequences were subtyped with the REGA HIV-1 Subtyping Tool
— Version 2.0 (http://dbpartners.stanford.edu/RegaSubtyping/; De
Oliveira et al., 2005).

2.3. Dated phylogenies

The molecular clock signal of each transmission group equal to or
larger than 10 individuals was assessed by performing linear regression
analyses between the parameters “root-to-tip divergence” and
“sampling date” with the software Path-O-Gen v1.4 (Drummond et al.,
2003), using the phylogenetic trees from each transmission cluster,
obtained as subtrees from the full-codon FastTree tree, as input.

These transmission groups were further analyzed using the full
codon alignments of 1080 nt. Dated phylogenies were obtained using
a Bayesian MCMC coalescent method, as implemented in BEAST v1.8.1
(http://beast.bio.ed.ac.uk/; Drummond and Rambaut, 2007). The
SRD06 model, which partitions by codon position (HKY;12 + T112),
was used for all the BEAST analyses, as it fits better in most viral
protein-coding regions (Shapiro et al., 2006). A log-normal prior (medi-
an = 0.002 substitutions per site and year, s/s/y, 95% HPD upper limit =
0.0039 s/s/y) was placed on the ucld.mean parameter (Hue et al., 2005;
Zehender et al., 2010). Under a relaxed molecular clock model, the most
appropriate demographic model [either constant demographic size,
exponential growth, logistic growth or Bayesian Skyline Plot (BSP)]
was determined as the one with the lowest Akaike Information Criteri-
on (AIC) value (Baele et al., 2012).

For each transmission cluster we performed at least two indepen-
dent runs of Bayesian MCMC, with chain lengths ranging between 5
and 10 million states, sampling every 10,000 generations. Subsequently,
these runs were combined after discarding a 10% burn-in. All the param-
eters were estimated from an effective sampling size >200 using the
software Tracer 1.5 (http://tree.bio.ed.ac.uk/software/tracer/). Trees
generated from the two BEAST runs were combined and summarized
after discarding a 10% burn-in using TreeAnnotator (http://beast.bio.
ed.ac.uky).
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2.4. Detection of intra-subtype recombination

Intra-subtype recombination might introduce spurious long
branches in the phylogenies of the transmission clusters considered
(Hughes et al., 2009). We grouped all sequences from these clusters
and checked for the presence of recombination events by performing
five different recombination analyses implemented in RDP3 software:
RDP, Geneconv, Bootscan, Maxchi and Chimera (Martin et al., 2010;
Martin and Rybicki, 2000; Padidam et al., 1999; Martin et al., 2005;
Smith, 1992; Posada and Crandall, 2001). The criterion used to consider
the existence of recombination was to obtain significant evidence of
recombination in at least two different analyses.

2.5. Estimates of time between infections in transmission clusters

The internal branch lengths of the transmission clusters allow us to
estimate the time between infections (Lewis et al., 2008). 95% HDPs
for the median time between infections at each transmission cluster
were estimated from the tree files produced with BEAST. We obtained
the median and the upper and lower 95%HPD limits for the internal
branch lengths of each tree (Lewis et al., 2008) using an in-house Perl
script combined with an R-script (R Development Core Team, 2011).
The distributions of the median internal branch lengths were compared
among transmission groups by ANOVA tests. Tukey's tests were
performed as post-hoc analyses.

2.6. Estimate of prevalence of drug resistance mutations

Mutations associated with resistance to PR and RT inhibitors
(Johnson et al., 2013), both in the total dataset and in each of the trans-
mission groups analyzed, were detected using the Stanford University
HIV Drug Resistance Database [http://sierra2.stanford.edu/sierra/
servlet/JSierra, (Liu and Shafer, 2006)] and their prevalence was esti-
mated. Only major mutations were taken into account for the protease
gene.

3. Results
3.1. Detection of transmission clusters

Of the 2497 HIV-1 sequences analyzed, 2311 belonged to subtype B
and had been obtained from a total of 1727 different patients. Of these,
833 corresponded to IDUs, 340 to people infected through unprotected
heterosexual sex (HT), 181 to MSM, and 49 to people vertically infected
(VERT). 175 sequences belonged to people infected through sexual
contact, not specifying whether it was heterosexual or homosexual.
No risk factor was known for 149 people.

A total of 156 HIV-1 subtype B transmission clusters were consistent
with the two phylogenetic reconstructions obtained with FastTree
(from full-codon and third-positions alignments). In total, 441 (25.5%)
sequences in the Basque country dataset were included in a transmis-
sion cluster. Most of these clusters (93.6%) contained 4 individuals at
most (Fig. 1A). Transmission clusters of IDUs were the most abundant
(Fig. 1B), followed by groups formed by people infected through unpro-
tected heterosexual sex (HT), MSMs, and clusters containing both IDUs
and HTs (IDU/HT). IDU clusters encompassed the largest number of
patients (n = 126), followed by MSM (n = 124), HT (n = 75) and
IDU/HT (n = 81) (Fig. 1C). MSM were significantly more likely to
group in a transmission cluster than patients from other risk groups
(Fisher's exact test: P-value = 2.2E-4; odds-ratio = 1.76, 95% confi-
dence interval = 1.30-2.37). Only 6 of the detected clusters comprised
at least 10 individuals that, altogether, represented 4.8% of the Basque
sample (83 individuals). Four of these clusters were formed by MSM
(clusters C, D, E and F), one was classified as an IDU cluster (cluster
B) and another was classified as IDU/HT (cluster A). All of them were
validated with the maximum likelihood analyses (all had aLRT >0.99

in the reconstructions with PhyML), and all but cluster B had been
reported previously by Cuevas et al. (2009): A (cluster M2 in Cuevas
etal.),C(M5),D (M1.3),E (M1.1,M1.2), F (M3). MSM were significantly
more likely to group in a large transmission cluster than UDIs and HTs
(Fisher's exact test: P-value = 2.00E-15; odds-ratio = 8.95, 95% confi-
dence interval = 5.12-15.84).

3.2. Bayesian coalescent analyses

No evidence of intra-subtype recombination events was found in
any of the six transmission clusters considered. Fig. 2 shows the dated
phylogenies of the transmission clusters reconstructed with BEAST
using dated-tips and considering the demographic model that yielded
the lowest AIC value in each group. tMRCA estimates differed among
groups with the earliest date corresponding to group B (median
tMRCA = 1983.8), and the latest to group D (2000.5) (Table 1).

The ANOVA test comparing the median lengths of internal branch
concluded that there were significant differences between transmission
clusters (F = 37,382.3, df = 5 and 47,463.27, P-value <2.2E-16), being
significantly shorter in MSM than in IDU or IDU/HT transmission
clusters (all Tukey's test comparisons: P = 0.00; Table 1). The same
results (not shown) were obtained with estimates obtained using all
the sequences as contemporaneous.

3.3. Resistance mutations in transmission clusters

The prevalence of mutations associated with antiretroviral drug
resistance in each transmission cluster and in the complete dataset are
shown in Table 2. While mutations associated with resistance to prote-
ase inhibitors (PIs) were found only in one transmission group (B, most
prevalent mutation L90M: 0.30), all transmission groups except D
presented mutations associated with resistance to nucleoside and
non-nucleoside reverse transcriptase inhibitors (NRTIs and NNRTIs,
respectively). Groups A and B presented the largest number of NNRTI
and NRTI resistance mutations, respectively. Among NRTI mutations,
T215D/Y/F had the highest prevalence (1.0 in cluster F, 0.50 in cluster
B), followed by M1841/V (0.50 in cluster B, 0.27 in cluster A) and
M41L (0.40, also in group B). The prevalence of NNRTI-resistance
mutations was lower than those causing resistance to NRTI, with
K103N being the most prevalent one (0.36 and 0.20 in groups A and B,
respectively), followed by G190A/S (0.20 and 0.19 in groups B and E,
respectively). In the complete subtype B Basque dataset, mutations as-
sociated with resistance to PIs were also present with low prevalence
except L90M and M46I/L (0.13 and 0.11, respectively). The most fre-
quent NRTI-resistance mutations were M184I/V (0.36), L215Y/F
(0.26), M41L (0.23), D67N (0.17), L210W (0.15), K70E/R (0.13), and
K219D/Q/E/R (0.12). The most frequent NNRT-resistance mutation
was K103N/S (0.22), the only one with prevalence >0.10.

4. Discussion

We have analyzed 1727 HIV-1 subtype B sequences from different
patients obtained from health centers in the Basque Country, Spain,
between 2001 and 2008 to assess the HIV-1 epidemics in this popula-
tion. The large size of the dataset and the time-span in which these
sequences were obtained provide enough confidence to consider the
results obtained in this work as representative of the epidemic scenario
of HIV-1 in this region.

The results obtained from this work suggest that the HIV-1 subtype
B epidemic in the Basque Country is characterized by a majority of infec-
tions occurring as isolated introductions of the virus, although a repre-
sentative 25.5% of the patients were included in transmission clusters,
which ranged in size between 2 and 18 individuals. This proportion is
much lower than the 47% sequences grouping in transmission clusters
found by Cuevas et al. (2009) among newly diagnosed individuals.
The smaller size of their dataset (261 vs 1727 patients), methodological
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Fig. 1. Distribution of sizes, in log scale, of the 156 transmission groups found in the Basque Country (2001-2008) with the phylogenetic analyses. Block letters on each bar indicate the 6
main transmission clusters that were analyzed using BEAST (panel 1 A), number of transmission clusters depending on the risk group in which their members are included (panel 1B) and
total number of patients for each risk group included in transmission clusters (n = 441) (panel 1C).

differences in phylogenetic analyses, and the low number of subtype B
reference sequences (n = 4) used in that study can explain the marked-
ly different proportions of individuals included in transmission clusters
between both analyses. An additional factor that might explain the
differences observed is the inclusion of non-newly infected patients in
our analyses, which may cluster with less frequency due to higher num-
ber of nucleotide substitutions (longer external branches).

We found 6 large clusters, with sizes ranging between 10 and 18
individuals, that represented almost 5% of the total Basque dataset.
Five of these clusters had been reported previously by Cuevas et al.
(2009). Cluster B was not detected previously, because none of its
sequences was analyzed by these authors for the reasons explained

above. Previous studies in different European populations found trans-
mission groups that were mainly formed by MSM (Hue et al., 2005;
Kouyos et al., 2010; Lewis et al., 2008). In fact, the four largest transmis-
sion clusters found in our analysis (C, D, E, F) were also formed by MSM.
Hence, although the MSM population was less frequent than other risk
groups in the Basque country sampling, they were the major group as-
sociated to transmission clusters. IDUs frequently clustered either as
the only risk factor or including also transmissions through unprotected
heterosexual sex (IDU/HT), HTs and MSM, thus portraying a more di-
verse scenario in which IDUs were present in most of the smaller trans-
mission groups. Such clustering of IDUs and HTs has seldom been
reported (Kouyos et al., 2010; Holmes et al., 1995).
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341 Previous studies in other European regions estimated that HIV-1 Dated phylogenies showed the MRCAs from most clades to have diver- 345
342  subtype B clusters initiated between the late 1960s and the sified from the mid-1980s to mid-1990s. The most recent clusters were 346
343 early 1980s (Hue et al., 2005) or between the early 1990s and the D and F, both formed by MSM. Their dates of origin (tMRCAs) are 347

344  beginning of 21st century (Lewis et al., 2008; Zehender et al., 2010). coincident with the increase of infections among MSM after the 348

t1.1 Table 1

t1.2 Transmission routes, size (number of patients), range of sampling dates and root-to-tip divergence vs sampling date correlation coefficient for each clade and estimates of tree heights,

t1.3 internal branch lengths and substitution rates as obtained with BEAST under the best fitting demographic model, using a relaxed molecular clock model, with tip dating.

t1.4 Cluster Transmission Taxa Range” Range (dates) R (root-to-tip Best fitting Median tree height Median internal Median substitution
divergence vs sampling demographic model (95% HPD)" branch lengths  rate x10e-3 (95% HPD)'
date correlation) (95% HPD)"

t1.5 A IDU/HT 11 5.57 Nov 02-Jun. 08 0.03 Exponential 1986.3 (1980.6-1996.9) 2.07 (0.88-4.71) 1.19 (0.54-2.09)

t1.6 B IDU 10 4.30 May 04-Oct. 08 0.46 Logistic 1983.8 (1964.8-1996.1) 3.08 (1.36-7.18) 1.54 (0.67-2.73)

1.7 C Homosexual 18 3.98 Nov 04-Nov. 08 0.61 Exponential 1996.6 (1989.9-2001.6) 0.61 (0.30-1.31) 2.20(1.17-3.38)

1.8 D Homosexual 12 144  Jun07-Nov.08 (—0.16) Constant 2000.5 (1992.8-2004.9) 1.00 (0.42-2.44) 1.93 (0.81-3.36)

1.9 E Homosexual 16 557  Apr03-Nov.08 0.25 Logistic 1990.8 (1979.3-1998.9) 1.39 (0.61-3.09) 1.66 (0.80-2.73)

t1.10 F Homosexual 16 434  Apr04-Sept.08 0.43 Exponential 1996.1 (1988.1-2001.2) 1.22 (0.56-2.65) 1.57 (0.74-2.58)

t1.11 * Time measured in years.

t1.12 T Substitution per site and year.
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Table 2
Prevalence (proportion) of PI-NRTI- and NNRTI-resistance mutations in the HIV-1 subtype B Basque dataset (n = 1727 sequences) and the six largest transmission clusters (A to F).
Pl
Cluster D30N V321 M461/L 147V/A G48V 154 M/L L76V V82 A/F/T/S/L 184V N88S L90M
Full dataset 0.05 0.02 0.11 0.01 0.01 0.01 0.01 0.09 0.03 0.01 0.13
A 0 0 0 0 0 0 0 0 0 0 0
B 0 0.10 0 0.10 0.10 0.10 0 0 0 0 0.30
C 0 0 0 0 0 0 0 0 0 0 0
D 0 0 0 0 0 0 0 0 0 0 0
E 0 0 0 0 0 0 0 0 0 0 0
F 0 0 0 0 0 0 0 0 0 0 0
NRTI
M41L A62V K65R D67N T69A/D/N/T K70E/R L741/V. V751 F77L Y115F F116Y QI151M M184I/V L[210W T215Y/F K219 D/Q/E/R
Full dataset 023 003 0.02 017 0.05 0.13 0.07 0.01 0.01 0.02 0.01 0.02 0.36 0.15 0.26 0.12
A 0 009 018 0 0 0 0 0 0 0 0 0 0.27 0 0 0
B 0.4 0 0 030 0.10 0.10 0.10 0 0 0 0 0 0.50 0.30 0.50 0
C 0 0 0 0 0 0 0 0 0 0 0 0 0.06 0 0 0
D 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
E 019 0 0 019 0 0.13 0 0 0 0 0 0 0 0.13 0.13 0
F 0 0 006 O 0 0.06 0.06 0 0 0.06 0 0 0 0 1.00 0.06
NNRTI
Vo0l A98G L1001 K101E/H/P K103N/S V106 A/I/M V108l R138 A/G/K/Q/R V179D/E/F/T/L Y181C/I/V. Y188 C/L/H G190A/S H221Y P225H
Full dataset 0.05 0.02 0.04 0.06 0.22 0.03 0.06  0.04 0.02 0.08 0.02 0.08 0.03 0.03
A 009 0 009 0 0.36 0 009 O 0.09 0.09 0.09 0 0.09 0.09
B 0 0 0 0.1 0.2 0 0 0 0.10 0.10 0 0.20 0 0.10
C 006 0 0 0 0.06 0 006 O 0.06 0 0 0 0 0.06
D 0 0 0 0 0 0 0 0 0 0 0 0 0 0
E 0 0 0 0.13 0 0 0 0 0 0.13 0 0.19 0 0
F 0 0 0 0 0 0 0 0 0 0.06 0 0.06 0 0

commercialization of antiretroviral treatments and subsequent relaxa-
tion of prevention measures in this transmission group, especially a
decrease of consistent condom usage (ECDC, 2013).

The estimated time between transmissions was significantly lower
in MSM groups than in those including IDUs. Hughes et al. (2009) also
found that HTs infected with HIV-1 subtypes A and C presented longer
times between infections than MSM infected with HIV-1 subtype B.
These results may be explained by the known high transmission risk
of unprotected anal sex (Baggaley et al., 2010). In MSM who practice
unprotected sex, the risk of HIV-1 infection is also increased due to
role reversal during sexual intercourse: many individuals practice
both insertive and receptive anal sex. This would increase HIV-1 spread
by overcoming the low infection rates from receptive to insertive sexual
partners (Beyrer et al., 2012).

NRTI resistance mutations were the most prevalent in the Basque
dataset, with seven mutations present in more than 10% of the sampled
sequences. PI and NNRTI resistance mutations were less frequent, with
only two and one cases with a prevalence >0.10, respectively. For the
six large transmission clusters, the prevalence of resistance mutations
differed both among type of antiviral drug and among the analyzed
transmission clusters. While only cluster B presented PI resistance
mutations, all the clusters but one presented NRTI and NNRTI
resistance mutations. It is important to mention the case of cluster
F, in which all patients carry the low-level NRTI resistance mutation
T215D. This possible example of drug resistance transmission in the
Basque population has been reported previously (Cuevas et al., 2009;
Vega et al., 2015). Hence, these results indicate that the dynamics of
resistance mutations to antiretroviral drugs may differ among
transmission clusters. However, this study lacks sufficient data to
perform a detailed analysis of these patterns, and more extensive
analyses are necessary to elucidate the factors originating these
differences.

In conclusion, our results suggest an epidemic scenario of HIV-1
subtype B in the Basque Country in which most infections appear to

correspond to independent introductions in the population, although
there exist at least 6 major long-standing and diverse transmission
groups. Most of these groups are characterized by a large proportion
of MSM, in a disproportionally large frequency with respect to the pres-
ence of this risk group in the global sample. Furthermore, a shorter time
between infections among MSM relative to other risk groups demon-
strates the vulnerability of this collective to HIV-1 infections. Our results
reinforce the need to implement prevention campaigns in the MSM
population. This study also highlights the relevance and interest of ap-
plying Bayesian methods for phylogenetic and coalescent inference in
epidemiology.
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