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Abstract

Objective: HIV-1B (HIV-1B) and Circulating Recombinant Form 35 _AD (CRF35_AD) have
an important position in the epidemiological profile of Iran. In this study, we have followed a
Bayesian phylogeographic approach to estimate for the first time, the onset date of these

epidemics, their dissemination patterns, as well as their demographic history in Iran.

Method: We performed a secondary data analysis on Iranian CRF35_AD (gag and pol) and
HIV-1B (pol) sequences available in the Los Alamos HIV database. Sequences were excluded
if they showed evidences of incorrect subtype assignment, frameshift or drug resistance
mutations, and/or stop codon positions. Subtype assignment was confirmed with maximum
likelihood phylogenetic analysis. In order to reconstruct the spatio-temporal and demographic
history of CRF35_AD and HIV-1B, we used discrete Bayesian phylogeographic model in
BEAST v1.8.1. To test the between-country viral migration rates, a Bayesian stochastic
search variable selection method was implemented in SPREAD v1.0.7. We estimated the
population growth rate using the best-fitting logistic growth model, identified via path
sampling and stepping stone sampling. We checked the robustness of the key parameter

estimates through a sensitivity analysis, with different priors and data subsets.

Results: The data included worldwide samples of 496 CRF35 AD-like sequences
(Alghpniy= 13, Alghmn rjugpviiving In 3 tkIgi= 3, *rpn= 440, 8 6A= 1; Wp [\gm= 6-9
years) and 501 HIV-1B yguprpy Crpp= 12, Ay 167, (urpspE 156, 8 6A= 166; Wne
span= 31 years). | fthese samples, one HIV-1B and ten CRF35_AD sequences were removed
due to drug resistance mutation. We did not observe any frameshift mutations and/or stop
codon positions. Except the k orth American CRF35_AD sequence, subtype assignment of all
other sequences was confirmed. The results showed that the CRF35_AD sequences have
genetic similarity to parental sequences from henya and T ganda (with Posterior Clade
Credibility (PCC)> 0.7), and to a set of HIV-1A1 strains from Afghan refugees living in
Pakistan (PCC= 0.9). Across all the phylogenies, Afghan and Iranian CRF35_AD sequences
formed a monophyletic cluster (PCC> 0.7). The onset date of this epidemic was estimated to
be 1990-1992 (95B Bayesian Credible Intervals (BCI): 1987-1994). Moreover, the
CRF35_AD sequences from Afghan refugees living in Pakistan were epidemiologically
linked to this epidemic (PCC> 0.7). Within this epidemic, we observed a bidirectional
dispersion of the CRF35_AD between Afghanistan and Iran (dispersion rate= 1.0 migration
event/year, 95B BCI: 0.01-3.5). Due to the similar age and diversity among Afghan and
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Iranian CRF35_AD strains, we could not robustly estimate the country that first received or
established this epidemic. Other key parameters, however, were robust in our sensitivity
analysis. Results suggested a rapid, exponential growth of the CRF35 AD epidemic in Iran
from its introduction in 1990-1992, followed by a decline in growth rate starting at 1995-2002
growth rate= 0.1-0.3 /yery; prou@yirn drubGhg time= 2.3-4.8; effective population size=
3005.3-5130.2). Moreover, the results showed that the Iranian © IV-1B strains were
zpidemiologically linked to the d erman € IV-1B strains (MCC> 0.7), and were introduced to
the susceptible population since 1974 (95% BCI: 1966-1976). Due to the limited number of

Iranian samples, demographic analyses were not performed on HIV-1B.

Conclusions: Our analyses suggested that the CRF35 AD viruses from Afghanistan, Iran,
and Afghan refugees living in Mhkistan constitute a single epidemic, with multiple genetic
=xchanges among these populations. The onset date of this epidemic (1990-1992) coincides
with the rise of heroin production in Afghanistan (1970s). This highlights the potential role of
e drug trafficking in epidemic ignition in this region. Mass migration of Afghan refugees
=d illegal workers to Iran may be other possible contributors in the between-countries viral
=xchange. For effective control of the € IV epidemic in the region, it is recommended to
Zzvelop € IV/AIDP prevention and control programs at regional levels. In this regard, it is
==commended that Afghanistan, Iran, and Makistan define a set of joint € IV/AIDP prevention
=d control policies. Improvement of healthcare measures and behavioural interventions
wrzeting Afghan residents in Iran is also recommended. The best-fitting logistic growth
model emphasizes the effectiveness of © IV/AIDP prevention strategies in Iran, but the
=suimated effective population size of individuals suggests for an underreporting of © IV cases
= the country. On the other hand, the Iranian © IV-1B strains were found to be
zmdemiologically linked to the d erman strains. The major human traffic between Iran and
inzse countries consists of long-distance truck drivers, businesspeople, and tourists. Although
ese fransmissions might be indirect, development of preventive strategies, such as
=iucational interventions for these neglected groups seems to be effective in preventing the

smirznce of diverse € IV forms into the country.
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