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Abstract

New diagnoses of HIV-1 infection among people who inject drugs (PWID) rocketed in Athens,
Greece between 2011 and 2014 (HIV-1 outbreak). Our aim was to identify, during that period,
potential cross-group transmissions between the within-Greece PWID and other risk or national
groups using molecular methods.

Sequences from 33 PWID were outside the PWID-outbreak networks in Greece (PWID-imported
transmissions). Phylogenetic analyses on 28 of these sequences (subtypes A and B) showed that
11 subtype B infections originated from Greece, whereas 8 and 7 subtype A strains were from
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former Soviet Union countries (Agsy) and Greece, respectively. The putative source in half of the
PWID-imported transmissions with Greek origin was an individual who acquired HIV via sexual
contact.

During four years of an HIV-1 outbreak among PWID in Athens, Greece, 33 individuals in this
group (4.6% of all diagnoses with phylogenetic analyses) are likely to represent infections,
sexually or injection-acquired, outside the within-Greece-PWID-outbreak networks. Combined
molecular and traditional HIV surveillance to monitor introductions of new strains, and
interventions that aim at reducing the rate of both injection and sexual risky practices are needed
during drug injection-related HIV outbreaks.
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1. Introduction

Global numbers show patterns of decreasing HIV incidence but outbreaks occur often in
groups at risk for infection in Europe and worldwide. Greece experienced a large HIV-1
outbreak among people who inject drugs (PWID) between 2011-2014 (Bonovas and
Nikolopoulos, 2012; Paraskevis et al., 2011; Pharris et al., 2011). The number of HIV-1
diagnoses among PWID in Greece exceeded 500 in 2012, while, before 2011, the HIV-1
epidemic was confined mainly to men who have sex with men (MSM) with sporadic cases
among PWID (HCDCP, 2018). The epidemic receded after 2014 but figures still remain
higher than the pre-outbreak period (HCDCP, 2014; Nikolopoulos et al., 2015b). Another
European Union (EU) state, Romania, also saw large numbers of HIV infection among
PWID in its capital city, Bucharest, after 2011 (Niculescu et al., 2015; Nikolopoulos et al.,
2015a; Pharris et al., 2011). In recent years, increased numbers of HIV-1 diagnoses among
PWID have also been reported in Dublin, Glasgow, and Luxembourg (EMCDDA, 2016).

The exponential rise of HIV-1 rates in PWID in Athens, Greece coincided with the serious
economic and social crisis that Greece has been facing over the last years. There is evidence
that the socio-economic turbulence hit first marginalized groups including drug injectors, led
parts of the population to unemployment and homelessness, increased the size of risk
networks in downtown Athens, the capital city of Greece, and allowed the interaction of
distant ethnic groups (Nikolopoulos et al., 2015a, 2015b, Paraskevis et al., 2017, 2013;
Sypsa et al., 2015). In a setting of low coverage of harm reduction services, newly
circulating HIV strains were able to spread rapidly. Despite difficulties, the epidemic was
substantially controlled (Nikolopoulos et al., 2017; Paraskevis et al., 2015; Sypsa et al.,
2017) due to the coordinated response of health authorities, universities, and non-
governmental organizations (NGOs). ARISTOTLE, a large seek, test, treat and retain
intervention, the scale-up of needle/syringes programs (NSPs), and the increased access to
substitution and antiretroviral treatment contributed to the successful containment of the
outbreak (Hatzakis et al., 2015; HCDCP, 2014; Nikolopoulos et al., 2015b; Sypsa et al.,
2017).
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In molecular terms, the HIV epidemic has been extensively studied in Greece. Subtype B
was the predominant clade in all transmission groups including PWID but subtype A has
taken over in new diagnoses after 2004 (Nikolopoulos et al., 2008; Paraskevis et al., 2007).
The HIV-1 outbreak among PWID was investigated using also molecular methodology
(Paraskevis et al., 2015, 2013, 2011). This allowed us to observe the circulating new strains
and to date their introduction into the injecting population, to identify four major
phylogenetic clusters, and to investigate transmission dynamics and patterns (Kostaki et al.,
2017; Paraskevis et al., 2013, 2011). In particular, analyses showed that 630 (88.6%) of 711
HIV-1 sequences of people who had been diagnosed between Jan 1st, 2011 and August 5th,
2014 (61% of all HIV-1 diagnoses among PWID in Greece over that period) fell within four
PWID-outbreak transmission networks that have been described in Paraskevis et al. (2015,
2013): CRF14_BG (50.1%), CRF35_AD (17.3%), subtype B (14.9%), and A (6.3%).
Moreover, 48 (6.8%) sequences were recombinants that consisted of partial regions
originating from the four PWID-outbreak clades. Given the molecular evidence, we became
confident about the recent start of the outbreak and its association with drugs injection.
Therefore, we carefully designed and implemented interventions targeted at a drug injection-
related epidemic (Hatzakis et al., 2015; Nikolopoulos et al., 2015b). This type of response
was proven to be successful in other settings as well (Des Jarlais et al., 2011).

In an HIV outbreak, the majority of viral transmissions occur between individuals who are
jointly engaged in risky practices (e.g. unprotected anal sex for MSM or sharing of injecting
equipment for PWID). These transmissions can be identified as monophyletic clades of viral
sequences and are named “outbreak lineages”. Transmissions, however, even during
outbreaks, may also occur between individuals who belong to different risk groups, such as
between drug injectors and MSM or heterosexuals, or to different national groups. Infections
in non-PWID that originate from the primary outbreak group (e.g. PWID) are named
“PWID-exported transmissions”, while transmissions in PWID that occur outside the major
PWID-related outbreak phylogenetic clusters are named “PWID-imported transmissions”.
The latter category probably includes many sexual transmissions of HIV. Therefore, during
an ongoing drug injection-related epidemic, new isolates, beyond strains that have already
established themselves in the PWID population, are likely to be introduced in drug injectors.
Being aware of these events could be useful in terms of taking appropriate public health
measures to prevent long-term transmission chains.

The aim of this analysis was thus to detect the presence of PWID-imported transmissions
among HIV-1 infected drug injectors in Athens, Greece during the outbreak years, and to
identify their geographic origin.

2. Materials and Methods

Samples of 711 HIV-1 infected PWID were collected between Jan 1st, 2011 and August 5th,
2014 in the context of regular genotypic drug resistance testing at HIV diagnosis, from the
ARISTOTLE program, and from the Transmission Reduction Intervention Project (TRIP)
(Friedman et al., 2014; Hatzakis et al., 2015). Surveillance data were available from the
Hellenic Center for Disease Control and Prevention (HCDCP). ARISTOTLE was approved
by the Institutional Review Board (IRB) of the National and Kapodistrian University of
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Athens, Greece, while TRIP was approved by the IRBs of the National Development and
Research Institutes in New York City and of the Hellenic Scientific Society for the Study of
AIDS and Sexually Transmitted Diseases (Athens, Greece).

HIV-1 subtypes were determined by the COMET HIV-1 subtyping tool and by further
confirmatory phylogenetic analysis (Struck et al., 2014) as described previously (Paraskevis
et al., 2015). Phylogenetic trees were inferred using, as references, sequences from pure
subtypes and circulating recombinant forms (CRFs) available on the HIV Los Alamos
sequence database (HIV Databases, 2018), and sequences from the four local transmission
groups identified in PWID during the outbreak (2011-2014) (Paraskevis et al., 2015, 2013).

We use the term “PWID-imported transmissions” to refer to infections among PWID
diagnosed during the outbreak years (2011-2014) whose sequences clustered outside the
four outbreak transmission networks (Paraskevis et al., 2015, 2013) or were not
recombinants of the PWID-outbreak sequences [i.e. unique recombinant forms (URFs) that
contained partial genomic regions originating from outbreak lineages]. Further phylogenetic
analyses were conducted on the sequences of the PWID-imported transmissions.
Specifically, phylogenetic trees were inferred for subtype A PWID-imported transmissions
using as references 488 and 1,463 sequences sampled from Greece during 1998-2013 and
from a global dataset, respectively. For subtype B PWID-imported transmissions, we used
1,656 sequences from Greece and 3,984 sequences that had been sampled globally. Both
global datasets were downloaded after a random selection from the HIV Los Alamos
sequence database (HIV Databases, 2018). The sequences used as references in phylogenetic
analyses and their country of origin are shown in Supplementary Table 1. For subtypes A
and B, we also included the five most closely related sequences to each one of the PWID-
imported transmissions as resulted after a BLAST search using the HIV BLAST tool (HIV
Databases, 2018). For subtypes F1 and G PWID-imported transmissions, we used as
references all sequences (n1=785 and n,=1452, respectively) available on the HIV sequence
database (HIV Databases, 2018). The length of the alignment was 765, 663, 924, and 918
nucleotides for subtypes A, B, F1, and G, respectively. Additional phylogenetic analysis for
the URF and the two unclassified sequences could not be done as no reference sequences
were available. The putative origin of infection for these sequences could not be identified
by BLAST search.

The analysis was conducted on protease (PR) and partial reverse transcriptase (RT)
sequences. Phylogenetic trees were inferred by the approximate maximum likelihood
method using the GTR model with the discrete gamma model and with 20 rate categories as
implemented in FastTree 2 program (Price et al., 2010).

The origin of infection for the study subjects was estimated based on the branching order of
their sequences. Specifically, for subtype A, we considered that all sequences from PWID
falling within the large monophyletic groups of Greek sequences (Paraskevis et al., 2007)
had their origin in Greece. Similarly, for subtypes B and F; sequences that belonged to
clusters of Greek or Romanian lineages at proportion = 80% and receiving Shimodaira-
Hasegawa (SH) support higher than 0.85, the origin was also believed to be in Greece and
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Romania, respectively. The sister clade to the PWID sequences of individuals with Greek
origin was considered the most putative source of their infection.

Statistical analyses were performed using STATA 14. Statistical significant results were
those with p-value less than 0.05.

Sequences from 33 PWID (4.6% of the 711 PWID who were diagnosed between Jan 1st,
2011 and August 5th, 2014 and underwent phylogenetic analysis) did not belong either to
the PWID-outbreak transmission networks or to their recombinants. The proportion of these
PWID-imported transmissions among the annual number of diagnoses fluctuated over time
reaching the highest value in 2014 (2011, 7.4%; 2012, 1.4%; 2013, 6.0%; 2014, 8.5% -
p=0.01). The PWID-imported transmissions included subtype Al (n=16, 48.5%), B (n=12,
36.5%), F1 (n=1, 3.0%), G (n=1, 3.0%), and URF (n=1, 3.0%), while 2 sequences (6.1%)
remained unclassified. Further phylogenetic analysis for 28 subtypes (Al and B) of the
PWID-imported transmissions revealed that most of these infections originated from non-
PWID-transmission networks in Greece and from PWID transmission networks in former
Soviet Union countries (A6, formerly named Aggy) (Bobkov et al., 2001). In particular, 11
(91.7%) of the PWID-imported transmissions-subtype B lineages originated from Greece
(Figure 1), whereas 8 (50.0%) and 7 (43.8%) of the PWID-imported transmissions-subtype
A strains were of A6 and of Greek origin, respectively (Figure 2). Phylogenetic trees
revealed that the origin of the subtype F infection was from Romania (Niculescu et al.,
2015), while the exact origin of the PWID-imported subtype G transmission could not be
identified (data not shown).

Additional analyses were conducted for the closest sister clades (putative source) of the
sequences that were in the Greek clusters. The closest relative was identified for 6 out of 7
PWID-imported transmissions-subtype A1l sequences: for 3 sequences (50%), the source
was in MSM or in heterosexuals, for 2 sequences (33.3%) the risk group of the source was
unknown, and for 1 sequence (16.7%), the source of infection was a PWID. For the 11
PWID-imported transmissions-subtype B sequences, the closest relative was estimated for
10 of them: for 5 sequences (50%), the putative source was either a MSM or a heterosexual
individual, for 3 sequences (30%) a PWID, while for 2 sequences (20%), the risk group of
the source was unknown.

4. Discussion

Approximately 5% of the HIV-1 sequences in PWID in Greece during the outbreak years
(2011-2014) were not part of the outbreak-associated phylogenetic groups. The proportion
of these PWID-imported transmissions among the annual number of HIV-1 diagnoses
peaked in 2014 when the drug injection-related outbreak showed clear signs of recession.
Nearly half of the non-outbreak sequences were classified as subtype Al and one third as
subtype B.

The majority (91.7%) of the PWID-imported-subtype B transmissions in PWID were
phylogenetically related with non-outbreak sequences circulating in Greece. As a matter of
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fact, before the HIV-1 outbreak in PWID, subtype B was prevalent among MSM (Paraskevis
et al., 2007). The identification of these new single introductions of subtype B into the drug-
injecting population implies, probably, sexually-acquired infections. This was further
confirmed phylogenetically since the putative source of these non-PWID-outbreak infections
was either a MSM or a heterosexual in at least 50% of cases. Of note, the PWID-imported-
subtype B sequences that originated from non-outbreak-related infections in PWID (30%)
were in small clusters of two sequences suggesting limited transmission networking and
lower infection rate in these groups. The low number of clustered, PWID-imported
transmissions is in great contrast with the large clusters (approximately 60—450 individuals)
observed among the outbreak sequences.

Although the total number of sequences outside the major PWID clusters is relatively small
and these introductions have not resulted insofar in long transmission chains, they should be
carefully monitored. The history of the New York City (NYC) HIV epidemic has shown that
sexual contacts can fuel transmissions following an outbreak in drug injectors. Nowadays in
NYC, the prevalence of HIV is higher in non-injecting drug users than in PWID (Des Jarlais
et al., 2014, 2011). Given the continuous introduction in PWID in Greece of strains from
other risk or national groups, interventions such as increasing HIV testing, scaling-up NSPs,
and improving access to opioid substitution and antiretroviral treatment have to be
sustainable. In addition, the existence of sexual transmissions in PWID requires the
promotion of safe sexual practices. Given the heightened viral load of people with recent
HIV-1 infection and the documented contribution of early infections to HIV-1 spread
(Hamlyn et al., 2010), contact or network tracing of PWID with molecular evidence of
sexually or injection-acquired HIV-1 infection, combined with laboratory and/or
epidemiologic evidence that the infection occurred recently, could be another safe and
feasible approach to stopping transmission chains (Friedman et al., 2015).

Eight PWID during the outbreak years were infected with a non-outbreak-related subtype
Al and were phylogenetically grouped with A6 sequences. It seems that, during the
outbreak, new strains were introduced in PWID in Greece representing either drug injectors
living in Greece who became infected abroad or imported infections from other countries
into the Greek drug scene. Previous HIV-1 subtype analyses in Europe have showed the
predominance of subtype B and suggested compartmentalized epidemics and clustering
between individuals within the same country (Abecasis et al., 2013; Frentz et al., 2013).
However, travelling patterns of HIV infection have also been observed (Niculescu et al.,
2015; Paraskevis et al., 2009). For example, the largest PWID-outbreak transmission
network in Athens (CRF14_BG) originated from Romania, while the second in size
(CRF35_AD) from Afghanistan/Iran (Paraskevis et al., 2015). In the Romanian epidemic,
PWID who had been infected by CRF14_BG reported recent travel to Greece and Spain
(Niculescu et al., 2015). While the drug injection-related epidemic is levelling off in Greece,
the molecular evidence of introductions of new isolates through drug injection raises issues
of concern. Of course, single introductions of viral strains do not necessarily generate large
transmission networks (Paraskevis et al., 2013). This requires the coexistence of factors that
facilitate rapid and easy transmission including socio-economic (homelessness) and other
parameters (low coverage of prevention and harm reduction programs) as those that had
been present in Greece before the crisis began and early on into the crisis years
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(Nikolopoulos et al., 2015b; Paraskevis et al., 2013; Sypsa et al., 2017). However, given the
continuous fall of the Gross Domestic Product and the increasing income inequalities in
Greece, new chains of infection are likely to be observed in unsaturated for HIV groups of
drug injectors in downtown Athens or in other drug settings in the Athenian metropolitan
area, especially in remote suburbs that were less or perhaps not affected at all by the
outbreak (Nikolopoulos et al., 2015a). The sustainability of interventions such as
ARISTOTLE (Hatzakis et al., 2015) and TRIP (Friedman et al., 2015, 2014; Nikolopoulos et
al., 2016) might substantially decrease the likelihood of new HIV transmissions.

Cross-border infections have also implications at the European level. Distant outbreaks are
likely to occur very fast following an epidemic in an EU region. Greece and a couple of
other European countries including Portugal, Serbia, and Spain, for example, were found to
be exporting subtype B infections to other parts of the European continent (Paraskevis et al.,
2009). These underscore the need for coordinated responses at European level, which should
be informed by timely and accurate molecular evidence that can reduce the lead time to
outbreak detection (Paraskevis et al., 2015).

The strengths of our analyses include the high sampling coverage of PWID (61% of all
HIV-1 diagnoses in PWID over the certain period) and the use of a large database of
previously diagnosed HIV-1 individuals in Greece for the conduct of phylogenetic analyses.
A potential weakness is that the putative origin of an infection can be traced accurately only
if the source is sampled and the alignment contains adequate phylogenetic signal to
reconstruct the evolutionary history of the study group.

Molecular biology and epidemiology come together to give insights into public health
problems and emergencies. Based on molecular and surveillance information, we were able
to identify and comprehend the transmission pattern of HIV, and take the necessary steps to
reduce the infection rate in PWID (Paraskevis et al., 2015, 2013, 2011). The updated
phylogenetic analyses presented here show that new isolates, unrelated to the sequences that
caused the outbreak and comprised the primary transmission networks, are continuously
introduced in drug injectors as the result of unprotected sexual contact or of injecting drug
use. Interventions that have shown to work should be in place to limit the development of
new, long chains of HIV transmission.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights

. Greece experienced an outbreak of HIV-1 among people who inject drugs-

PWID in 2011-2014.
. HIV-1 infections in PWID were mainly grouped in four phylogenetic clusters.
. About 5% of the HIV-1 infections in PWID were outside these outbreak

clusters.
. Many of these PWID-imported infections may have been acquired sexually.
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Figure 1.
A. Unrooted phylogenetic tree of HIV-1 subtype B sequences from Greece (marked in

purple) and a global reference dataset (marked in grey). Sequences isolated from HIV-1
people who inject drugs (PWID) that were not clustered are marked in red (PWID-imported
transmissions). Red highlight from non-clustered sequences does not correspond to branch
lengths. B. Detail of the phylogenetic tree showing the clustering patterns of sequences from
PWID-imported transmissions. The scale bar indicates the number of nucleotide
substitutions per site.
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Figure 2.

A. Unrooted phylogenetic tree of HIV-1 subtype A sequences from Greece (marked in light
blue), Agsy™ or A6 (marked in light purple), and a global reference dataset (marked in grey).
Outbreak-PWID** sequences are marked in blue and PWID-imported transmissions are
indicated with red. (*FSU: Former Soviet Union countries; **PWID: people who inject
drugs).B. Detail of the phylogenetic tree showing the clustering patterns of sequences from
PWID-imported transmissions. The scale bar indicates the number of nucleotide

substitutions per site.
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