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RATIONALE

• Dates of HIV infection are important data for measuring 
HIV incidence.

• These dates are often unknown due to the long 
latency of HIV infection and barriers to HIV testing.

• We previously described a phylogenetic method for 
estimating dates of HIV infection from the within-host 
evolution of HIV (Poon et al. 2011).

• The most recent common ancestor (MRCA) of an 
infection can tend to coincide with the date of infection 
because of the HIV transmission bottleneck:

• Modes of transmission that bypass the mucosal barrier 
(e.g., injection drug use) may introduce multiple HIV 
founder variants (Keele et al., 2008, Bar et al., 2010).

• Transmission of multiple HIV variants may disrupt the 
link between the MRCA and date of infection.

• How robust are phylogenetic estimates of dates of 
HIV infection to modes of HIV transmission?

DATA COLLECTION

• Identified N = 125 HIV seroconverters from two prospective 
HIV cohorts, the Vancouver Injection Drug User Study 
(VIDUS1), and the Vanguard study of young MSM.

• HIV seroconversion dates estimated as midpoint between 
last seronegative and first seropositive visits.  The data analyst 
was blinded from these dates until the analysis was complete.

• Extracted HIV RNA from frozen blood plasma sampled from 2 
time points per patient (baseline visit and a followup within 2 
years of baseline).

• RT-PCR amplification products targeting up to 2 regions of 
the HIV genome (env C2-V3-C3 and nef) for deep 
sequencing on Roche/454 GS Junior.

• To date, collected data from N = 8 injection drug users (IDUs) 
and N = 12 MSM.  Additional samples from N = 71 other HIV 
seroconverters from VIDUS are currently being processed.

DATA PROCESSING
We screened for cross-contamination among samples from the same 
GS Junior run using a custom Python script that computed the 
alignment score of each read to the most common variant in each 
sample, which assigns a +5 to a nucleotide match, a –4 to a mismatch 
and a –10 penalty to open a gap.  A read was considered to be a 
potential cross-contaminant if its average same-sample score was 
below 4 and its maximum between-sample score was above 4.  A 
read was discarded if none of its scores exceeded 3.  Manual 
inspection of these discarded reads indicated that they were 
consistently attributable to excessive indel error.

Each set of reads was screened for indel errors using a codon-
based alignment algorithm in HyPhy (hy454) that detects frame-shifts 
caused by indels relative to a reference sequence (HXB2).  These 
reads were subsequently annotated by sample dates and grouped into 
data sets by patient.  We randomly sampled 100 sequences per time 
point from each patient and generated multiple sequence alignments 
using MUSCLE (version 3.8.31, http://www.drive5.com/muscle).  
These were analyzed using BEAST by generating random chain 
samples under strict and relaxed molecular clock models and a 
Tamura-Nei (TN93) model of nucleotide substitution with a 4-category 
discretized gamma distribution to model rate variation across sites.

RESULTS

Estimated dates of infection are concordant 
with known dates of HIV seroconversion

Each point represents an HIV seroconverter from the VIDUS 
(triangles) or Vanguard (circles) study cohorts.  Known dates 
of HIV seroconversion are plotted along the x-axis.  Mean 
estimates of dates of HIV infection, plotted along the y-axis, 
were based on median times of MRCAs in sampled 
phylogenies.  These estimates were averaged over genomic 
regions.

The mean discordance between dates was +1.2 months, 
indicating that phylogenetic estimates were not measurably 
biased.  We found strong concordance between known and 
estimated dates of infection (Lin's ρc = 0.92, 95% C.I = 
0.82-0.97) where ρc = 1 indicates perfect concordance.  
There was no significant difference in concordance by 
mode of HIV transmission (Student's t = –0.22, P = 0.83) 
or by HIV genome region (t = –1.4, P = 0.18).

SUMMARY

• Phylogenetic estimates of dates of HIV infection appear 
to be robust to modes of HIV transmission.

• Suggests that variation in multiplicity of HIV has limited 
impact on phylogenetic inference.

• If not screened for, sample cross-contamination in a 
Roche/454 run (median rate = 0.25%, IQR = 
0.14%-0.44%) may lead one to overestimate the 
prevalence of HIV superinfection.

• "Deep" sequencing only one region of the HIV genome 
(env C2-V3-C3) may be sufficient for accurate estimation 
of infection dates.
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