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Abstract—More than 70 million people have been infected with
the human immunodeficiency virus (HIV). There is no cure for
HIV and modern treatment is only effective at delaying the
onset of acquired immunodeficiency syndrome. Incorporated
HIV serves as a reservoir for constant release of virions.
Knowing the locations and quantity of HIV in the reservoirs
can help guide development of complete treatment.
Patient/Organ-specific HIV genome reconstruction allows to
significantly improve detection of sequences originating from
HIV. In this paper, we present a novel personalized medicine
approach based on the reconstruction of patient/organ-specific
HIV genome sequences in latent reservoirs.
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Since the beginning of the HIV epidemic in 1987, more
than 70 million people have been infected and about 35
million people have died as a result. The key challenge in
the treatment of this infection is due to its life cycle. HIV
integrates itself into various locations of the human genome
and these “silent copies” can be reactivated months or years
later to produce more virions. This results in the presence of
latent reservoirs in various body sites called “latent pools”
which are established within the first 2 weeks of the
infection. Longitudinal studies have shown that the decay
rate of a pool of latently infected cells has a half-life of 44
months [1, 2]. Over 70 years of treatment would be required
to eradicate the latent reservoirs. Additionally, treatment
adherence levels greater than 95% are required to maintain
virologic suppression, but actual adherence rates are often far
lower; most studies show that 40-60% of patients are less
than 90% adherent and adherence also tends to decrease over
time [3]. The key to curing the HIV infection is being able to
combine highly active retroviral therapy (which eliminates
the live virus) and depletion of latent viral pools. Knowing
the chromosomal locations and quantity of HIV incorporated
in various human organs (e.g., such as brain, liver, or spleen)
can provide critical insight to reconstruct the mechanism of
infection and design more effective treatment.

To date, latent pool and HIV characterization have been
performed using standard molecular approaches such as real-
time PCR [4] and in situ hybridization [5] that require a
priori knowledge of the viral sequence. Unfortunately, due
to extremely high mutation rate: up to 1% per site per year
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for infected individual for replication-competent virus and
even higher for integrated viral sequences makes the efficacy
and repeatability of these approaches depend on how close
the virus present in the individual is to the sequences used in
the PCR and in situ hybridization test design. Considering
the duration of the infection (up 35 years) the virus can
accumulate up to 30% of mutations which make every 3-rd
nucleotide different from the originally infected sequence,
the chance that viral sequence will be missed is extremely
high [6, 7]. For example, quantitative viral outgrow assays
underestimate intact proviral HIV sequences in the 10%-10°
orders of magnitude. While, digital PCR on gag gene
overestimated intact proviral HIV sequences by 10-10°
orders of magnitude, meaning that at least 90% of HIV
genomes are not intact or fit for viral replication [8].

One of the recent and most effective approaches to
estimate the frequency and chromosomal location of
incorporated HIV DNA is capture-sequence-map approach
where hundreds of HIV-complementary DNA subsequences
(probes) are used to capture of HIV-like DNA fragments
from the sample followed by whole-genome sequencing of
these fragments using High Throughput Sequencing (HTS)
instruments [9]. De-novo assembly and reference based
mapping are two approaches which can be generally used to
reconstruct patient-specific (or even tissue-specific in an
individual patient) HIV genome. The high mutation rate,
however, remains the significant obstacle in the
identification of specific HIV integration sites and overall
characterization of the latent reservoir of the infection.

In this manuscript, we present a novel approach for the
reconstruction of the patient/tissue-specific HIV-1 genomics
sequences based on the iterative use of the combination of
reference and de-novo assembly strategies.

IL.

The basic idea of the proposed algorithm is to iteratively
identify all the sequencing reads which with a high
probability belong to the virus and perform de-novo
assembly using these reads (Figure 1). In the initial step of
the algorithm, sequencing reads are loosely mapped to 2,253
known HIV-1 sequences to create an initial pool of reads
which may belong to the viral genome and use them to create
the first iteration of the sample/patient-specific reference
sequence. Sequentially, these sequences will be used to
identify (by mapping) a new (improved) pool of reads to be
used in the second assembly and this process will be repeated
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until newly assembled sequence will not change anymore
(Figure 1).

I1I.

A database of all previously publish HIV 1 genomes was
downloaded on March 5, 2017, from the Los Alamos
National Laboratory HIV database. A total of 2,494 HIV 1
genomes were downloaded. The use of multiple references
allowed to increase the number of unique 100 nucleotide
long subsequences available for mapping from
approximately 1,218 to 1,340,565. The approach has been
implemented as a workflow in CLC Genomics workbench
(clcbio.com).

MATERIALS AND METHODS

IV. RESULTS AND DISCUSSION

Patient/Organ-specific HIV  genome reconstruction
allows to significantly improve the quantity and quality of
detection of HIV originating sequences. The proposed
approach allowed us to increase the number of detected
sequenced reads originating from HIV by 10%-10% In
experiments performed using sequencing reads originating
from clinical samples, mapping to a whole possible set of
HIV sequences increases average number of reads mapped
with 90% alignment identity by 50-fold compared to when
using a single reference.

In many real cases where the proposed approach has been
tested, de-novo assembly from all the reads as well as
assembly using reads with human background excluded does
not lead to any results. Mapping reads to single reference
genome also does not produce enough coverage so the
individual reference sequence cannot be identified.
However, using thousands of reference genomes to identify
reads potentially originated from the target HIV-1 virus
could successfully reconstruct the patient specific viral
sequence.
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It is also important to mention that proposed approach
can be used to explore and characterize other aspects of the
virus (e.g., heteroplasmy and quasispecies) and opens the
opportunity to distinguish between partial and complete
(replication competent) incorporations.
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Figure 1. Iterative Genome Reconstruction Workflow



