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Abstract

Injection drug use is increasingly an important route of HIV transmission in Romania (from 1.5%
of the newly diagnosed cases prior to 2010 to 31% in 2013). In this study we investigated the viral
characteristics and relationships in newly HIV infected persons who inject drugs in Bucharest,
Romania.

Results—HIV-1 pol sequencing, followed by phylogenetic and clustering analysis was
performed on blood from 37 injecting drug users (IDUs) newly diagnosed with HIV infection.
While HIV subtype F1, the dominant strain in Romania since 1990, remains prevalent, new
subtypes were found including G, B, B/G and B/F recombinants. Overall, 27 of the available
sequences (72.9%) clustered with at least one other. Network and phylogenetic analysis revealed
tight monophyletic clusters for both subtypes F and G, with short genetic distances between
sequences, suggesting recent numerous acute to acute transmissions or single burst-type episodes.
No transmitted drug-resistance mutations were identified. Greater immunosuppression was present
in subjects forming the subtype G cluster, possibly indicating a faster rate of progression
associated with this subtype.

Conclusions—The recent increasing numbers of IDU related HIV transmissions in Bucharest,
has resulted in closely-knit transmission networks that maychange the genetic profile of the local
HIV epidemic.
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1. Introduction

According to the latest European Centre for Disease Prevention and Control report (ECDC
[1]), 29,381 human immunodeficiency virus (HIV) diagnoses were reported in 2012 by
European countries (a rate of 5.8 per 100 000 population, with a 3.2 male to female ratio).
Male-to-male sexual contact was the predominant mode of transmission (40% of the cases),
followed by heterosexual contact (34% of infections). Across Europe, a significant decline
in the number of HIV infections related to injected drug use (IDU) has been reported during
the last decade, following a peak in 2001-2002, which coincided with epidemics in the
Baltic States (UUSKULA & al.[2]; BALODE & al. [3]). This downward trend was
interrupted in 2011-2012, when Romania and Greece experienced large HIV outbreaks in
people who inject drugs (PWID) (PHARRIS & al. [4]); consequently, the two countries now
account for 23% of the total European new HIV cases attributed to injected drug-use (ECDC

[1D-

In Romania, most of the 12,273 diagnosed people living with HIV (PLHIV) were infected
during the nosocomial pediatric epidemic (1988-1991) and now are between 22 and 26
years of age (CNLAS [5]). Heterosexually transmitted cases increased slowly after 2000, but
injection drug use accounted for less than 1.5% of the newly diagnosed HIV cases prior to
2010. However, a striking increase in injected drug-related HIV cases has been observed
during the last 3 years (18.2% of total cases in 2011 and 31% in 2012 and 2013) (CNLAS
[5]). Moreover, outbreaks of multiple blood-borne viral infections were reported in PWID
requiring hospitalization for severe systemic infections (OPREA & al. [6]). HIV-1 subtype
F1 has predominated in HIV-infected patients from Romania since 1990, while introduction
of other strains remained limited, with subtypes B and C identified in less than 10% of the
newly diagnosed cases before 2010 (MANOLESCU & al. [7]). This study aimed to assess if
the recent shift toward IDU-related transmission of HIV infection was associated with
changes in circulating viral subtypes and with the presence of transmission clusters.

2. Materials and Methods

Study patients

This analysis was a retrospective study on stored plasma samples collected from PWID
admitted between 2010 and 2013 in a single tertiary facility (Victor Babes Hospital for
Infectious Diseases). All patients had previously unknown HIV status, were hospitalized
mainly for severe drug-related bacterial infections, and had provided informed consent. The
study was approved by the Institutional Review Board of the Institute of Virology,
Bucharest, Romania. Sixty-one patients were newly diagnosed with HIV infection (ELISA
followed by Western Blot confirmation). Thirty-seven of these had both a viral load of
>1000 copies/ml (determined with COBAS TagMan HIV-1 Test Version 2.0, Roche
Molecular Systems, Branchburg, NJ, USA; lower detection limit: 20 HIV RNA copies/mL)
and a stored sample available for sequencing; all subjects were naive to antiretroviral
therapy.
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HIV-1 sequencing

Pol genotyping and resistance testing were performed using the ViroSeq HIV-1 Genotyping
System (Abbott Laboratories, Des Plaines, IL, USA). HIV-1 subtype was determined with
the REGA HIV-1 subtyping tool (http://www.bioafrica.net/rega-genotype/html/
subtypinghiv.html) and transmitted drug resistance was predicted using the 2009 WHO list
(http://cpr.stanford.edu/cpr.cgi); GenBank accession numbers for the sequences are
KP231374-KP231406 and JX966527-JX966530.

For phylogenetic analysis, maximum likelihood trees, using the Tamura-Nei 93 (TN93)
evolutionary model and 1000 bootstraps, were generated for each subtype, using PHYML
implemented in Geneious® (Biomatters, Auckland, USA), after filtering sequences for
APOBEC hypermutations. For network clustering analysis, a pairwise distance comparison
of all sequences was performed. Putative transmission links were inferred for sequences with
a TN93 genetic distance of =1.5% between two sequences, as described previously
(WERTHEIM & al. [8]). Transmission clusters were assembled by connecting all patients
sharing putative transmission links. The time of most recent common ancestor (tMRCA) for
the two largest clusters was estimated with a Bayesian Markov chain Monte Carlo
framework implemented in BEAST v1.8. Analyses were run under a strict clock, TN93
substitution model, and a constant population size for 10,000,000 generations, discarding the
first 10% as burn-in. The data did not support more complicated evolutionary models (e.g.,
uncorrelated log normal relaxed molecular clock, GTR+4, or an exponential growth rate).
Mixing and convergence were evaluated with Tracer v1.5, and an estimated sample size >
200 was reached for all parameters.

Statistical Analyses

were performed using IBM SPSS Statistics, Version 21.0. (Armonk, NY: IBM Corp).
Categorical variables were compared using XZ or Fisher’s exact test and non-categorical
variables were evaluated using the independent samples t-test; p<0.05 was considered
significant.

3. Results and discussion

Patients characteristics

Most of the 61 newly diagnosed HIV infected IDUs were young urban males (85.2%),
unemployed (78.7%), and without health insurance (75.4%). Only 8.8% had started drug use
within the last year and 78.7% were currently using new psychoactive substances (NPS). All
reported frequent needle sharing, but only 7 (11.4%) had been imprisoned. HIV infection
appeared to be recently acquired in most of the cohort, since only 16.4% were late-
presenters (defined as having <350 CD4 cells/ml). There were no significant differences
related to gender, age, drug use or clinical parameters between the 37 subjects with available
samples for genotyping compared to all newly diagnosed IDUs (Table 1).

Prevalence of HIV-1 subtypes and drug resistance mutations

The most common HIV-1 subtype was F1 (25/37, 67.5%), followed by subtypes G (8/37;
21.6%), and B (2/37; 5.4%); B/G and B/F recombinants were in single subjects (1/37, 2.7%
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in both cases). Patients infected with non-F1 HIV1 strains presented with significantly lower
CDA4+ cell counts (Table 2). No other differences related to demographic or risk factors were
found. Mutations associated with resistance to antiretrovirals were not detected.

Phylogenetic and Network analyses

Overall, 27 out of the 37 available sequences (72.9%) clustered with at least one other
sequence, forming two large clusters of subtype F1 (Fig. 1.A) and G (Fig. 1.B) plus a pair of
B sequences. When compared with other sequences from the Los Alamos database, all F1
sequences were most closely related to a Romanian strain (isolated from an adult sample in
1997), whereas the G sequences show high similarities with three G strains isolated from
Portugal and one from Romania. Dating analysis using BEAST suggested that the most
recent common ancestor of the subtype F cluster was present approximately 10 years prior
to 2013 (95% HPD: 5-17 years). Unfortunately the subtype G cluster was too small and
lacked enough temporal information to obtain accurate dating. Nevertheless, the branch
lengths separating these isolates are very short, suggesting a recent introduction into the
PWID population.

The low genetic distance between sequences and the monophyletic nature of the clusters
suggest a recent emergence of local HIV transmission networks. Further network analysis
revealed highly interconnected sequences, with pronounced genetic similarity, indicating
transmission clusters of both subtypes F and G (Fig. 2). Interestingly, 89.7% of IDUs using
NPS clustered, compared with only 50% of those using heroin exclusively (p=0.04).

The subtype F1 cluster, which included 20 subjects (9 diagnosed in 2010 and 11 in 2012—
2013) were all highly interconnected (Fig. 2). The genetic similarity of these viruses
suggests that transmission occurred rapidly from one individual to another, indicating high-
risk behavior in this group, presumably by sharing needles. The mean age of the subjects
was 26.2 years, with a significant increase with later year of diagnosis (21.8 years for 2010-
11 vs. 30.7 years for 2012-13, p=0.04). More than a third of patients in this cluster (38%)
started injecting drugs at a young age (11-15 years), and 85.7% of them were currently
using NPS.

Most of the patients within this cluster (18/20, 90%) had CD4 cell counts >500 cells/ml and
high viral loads (mean: 4.89 log 10 HIVV RNA copies/ml) at diagnosis, unrelated to the year
of diagnosis, but suggesting recent infection.

The other cluster of subtype G included 7 individuals (3 diagnosed in 2011 and 4 in 2012-
2013), with a mean age of 23 years. Interestingly, 71.4% (5/7) of the patients from this
cluster presented with severe immunosuppression (<200 CD4 cells/ml), whereas only one
had >500 CD4 cells/ml. Two other male patients, infected with subtype B, diagnosed in
2012 and 2013 respectively, clustered together and were late presenters having less than 350
CD4 cells/ml.

We report interconnected clusters of HIV transmission among newly infected IDUs,
suggesting numerous transmissions early in infection and/or a single burst-type episode (e.g.
a contaminated syringe shared between several individuals). The low genetic distance
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between sequences and the monophyletic nature of the clusters suggest the existence of
recent local networks of HIV transmission in this risk group. This pattern can be explained
by high-risk behavior driven by firstly the use of NPS, which were legal and affordable until
2011 and require a higher frequency of daily injections than heroin, and secondly a dramatic
decrease in harm reduction programs, due to economic limitations (1.7 million sterile
syringes were distributed in 2009 vs. less than 900,000 in 2011; 76% of 1DUs reported
visiting exchange programs in 2009 vs. 49% in 2011) (NAAFR & al. [9]). These changes
combined to increase sharing and reuse of needles and syringes. A similar tendency towards
HIV clustering in PWID during the financial crisis has recently been described in Greece
(PARASKEVIS & al. [10]), where increased rates of unemployment and homelessness have
correlated with higher prevalence rates of both HIV and HCV.

The largest identified cluster in our study are subtype F1 which continues to dominate the
Romanian HIV epidemic, suggesting that HIV spread is still driven by local transmission, as
observed also in other European studies (FRENTZ & al. [11]). We found extension of a
previously reported small subtype F transmission cluster related to IDU in four newly HIV
diagnosed patients (TEMEREANCA & al. [12]). Multiple additional members of this cluster
were identified during this study, with dating analysis suggesting initiation of the cluster
within the last 10 years. Importantly, the mean age of these subjects is congruous with the
present age of long term survivors of the pediatric epidemic, a fact that is particularly
concerning in regard to future HIV transmission, both by sexual contact and by IDU. Long-
term survivors have been treated since early childhood with multiple antiretroviral regimens,
acquiring cumulative drug-related toxicities, resulting in poor adherence, overall fatigue with
the healthcare system and diminished compliance with measures to prevent HIV
transmission. Sustainable risk reduction interventions should rapidly be implemented to
avoid an escalation of new HIV infection.

The phylogenetic and network analysis of samples from IDUs infected with non-F subtypes,
show evidence of a subtype G transmission cluster, closely related with sequences from
Portuguese HIV infected IDUs. Subtype G was first reported in IDUs in Italy (CICCOZZI &
al. [13]), then in Portugal, where it led to a well-established epidemic with secondary spread
to non-IDU heterosexuals (ABECASIS & al. [14]; ESTEVES & al. [15]) and in Spain
(THOMSON & al. [16]). Although we did not gather information about travel outside the
country, infection with subtype G while abroad cannot be excluded, as most of the 2.12
million Romanian migrants in the European Union have settled in Italy and Spain (IOM’s &
al. [17]).

Interestingly, we found low levels of immunosuppression in the subtype F transmission
cluster, whereas most of the individuals in the subtype G cluster had CD4 counts <200
cells/ml. Although the higher level of immunosuppression could suggest earlier transmission
of subtype G, it might also be related to a faster rate of progression driven by this subtype.
Differences in progression rates by subtype have previously been reported: subtype D is
associated with a faster progression (AMORNKUL & al. [18]; SSEMWANGA & al. [19],
whereas subtype A with a slower progression (SPIRA & al. [20]; PANT & al. [21]). An
accelerated loss of CD4 cells has also been shown in patients infected with BF recombinants
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when compared to those infected with subtype B (TAROSSO & al. [22]). Further work is
required to clarify the dissimilarities in pathogenicity of different subtypes.

Two other male patients (one diagnosed in 2012 at 28 years, and another diagnosed in 2013
at 30 years) were infected with subtype B and clustered together. The epidemiology of HIV
infections in Europe is dominated by subtype B found in almost 70% of the cases, especially
in men having sex with men (MSM). However, in Romania, this subtype is uncommon,
except in MSM, although the rates are rising. The existence of highly stratified epidemics in
specific European countries, with different subtypes compartmentalized in distinct
transmission groups has been already suggested (ABECASIS & al. [23]; LUNAR & al.

[24]).

Although the relatively small size of the patients sample is a limitation to our study, the
observed emergence of new HIV subtypes in Romania is supported by a recent study that
points to a decrease in the number of F1 HIV infections in IDUs and the appearance of a
circulating recombinant form (CRF 14_BG), bearing similarity with sequences found in
Greece (NICULESCU & al. [25]). It also remains to be seen if the existence of a conflict
zone in neighbouring Ukraine, where a B variant is widespread among PWID
(KAZENNOVA & al. [26]), will trigger further changes in the distribution of subtypes in
Romania. Continuous monitoring of the evolution of this HIV epidemic is necessary to
monitor and understand shifting trends in HIV transmission.

4. Conclusion

The recent rapid increase in numbers of injection drug related HIV transmissions in
Romania has resulted in closely-knit transmission networks and diversification of the
circulating subtypes, representing a novel change in the genetic profile of the Romanian HIV
epidemic.
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Figure 1. Phylogenetic treesfor (A) subtype F and (B) subtype G
(A) A maximum likelihood phylogenetic tree demonstrated a large HIV transmission cluster

within the sequences subtyped as F1. (B) A maximum likelihood phylogenetic tree
demonstrated grouping of all the 10 sequences subtyped as G, with an HIV transmission
cluster of 7 samples.
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Figure 2. Inferred transmission clusters of subtypes F and G by genetic distance analysis
Linkages are represented by network edges, and individuals by network nodes. A cluster

includes all connected individuals, and all are less than 1.5% divergent from at least one

other, but not necessarily less than 1.5% divergent between all within the cluster.
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Table 1

Comparison between IDUs with and without available samples for genotyping

Patient characteristics Total HIV positives | Total sequenced | p
n=61 n=37

Males@ 52 (85.2) 33(89.1) 05
Median age, years (range) 26 (15- 45) 27 (15- 45) 0.44
Median age at initiation of drug use, years (range) | 17 (16— 39) 17 (16-38) 0.12
Median time on drugs, months (range) 66 (4-180) 78 (6-180) 0.3
Heroin only@ 13(21.3) 8 (21.6) 0.47
NPS onlydt 8(13.1) 6(16.2) 0.8
NPS? with/after heroin? 40 (65.6) 23(62.1) 08
Median CD4 count, cells/ml (range) 586 (29— 1988) 507 (29-1988) 0.8
CD4 < 200 cells/ml@ 8(13.1) 7(18.9) 08
Median HIV RNA, log; copies/ml (range) 49(24-6.7) 4.9 (3.7-6.7) 0.9

Legend of table:

a . .
All values are patients numbers, (%), unless otherwise indicated.

bNPS- new psychoactive substances.

*
p<0.05 was considered statistically significant.
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Table 2

Comparison between IDUs infected with HIV subtype F vs. non-F

F subtype non-F subtypes | P

n=25 n=12
Males@ 22 (88) 11 (91.6) 09
Median age, years (range) 25 (15-45) 27 (15-42) 0.62
Median age at initiation of drug use, years (range) | 16.5 (11-34) 17 (14-30) 0.56
Median time on drugs, months (range) 78 (6-180) 82 (12-180) 0.64
Patients on heroin only? 5(20) 3(25) 07
Patients on NPS only@0 4 (16) 2(16.6) 0.9
Patients on NPS? with/after heroin? 15 (60) 8 (66.6) 0.6
Median CD4 count, cells/ml (range) 697 (39-1988) | 226 (25-530) 0.001%
Patients with CD4 < 200 cells/ml? 2(8) 5(41.6) 0.02”
Median HIV RNA, log;, copies/ml (range) 4.8 (3.7-6.2) 5.5 (3.9-6.7) 0.07

Legend of table:

a . R
All values are patients numbers, (%), unless otherwise indicated.

b .
NPS- new psychoactive substances.

*
p<0.05 was considered statistically significant.
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