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The Source of New HIV Infections are 
People not being Treated or Unaware of 
their Status

The advent of antiretroviral therapy has represented 
a major breakthrough in infectious diseases. The use 
of HAART prevents HIV disease progression and re-
stores immunity in HIV carriers. In addition, further 
transmissions are halted (treatment as prevention 
[TAP]). More recently, the use of antiretrovirals by un-
infected individuals at risk (pre-exposure prophylaxis 
[PrEP]) has shown to drastically reduce the chances 
of HIV acquisition. Despite all these tremendous ad-
vances, the figures for the HIV pandemic remain 
dreadful, with estimates of 38 million people living with 
HIV worldwide and 1.8 million new infections occurring 
each year. Looking at this scenario, the call from the 
UNAIDS toward a 95-95-95 goal for 2030 seems un-
achievable, unless new strategies are set up.

A recent study from the CDC examined in detail the 
source of the new HIV infection in the United States 
(Li et al., MMWR 2019;68:267-72). For this purpose, the 

whole HIV population was split out into five categories. 
First, individuals recently infected that are unaware of 
their HIV status. Second, individuals with chronic HIV 
infection that is undiagnosed. Third, persons that have 
been diagnosed for a while but that for some reason 
do not take antiretrovirals. Fourth, patients on medical 
care that is failing antiretroviral therapy, often due to 
poor drug adherence. Finally, patients are treated and 
suppressed.

The population censed in the United States in 2016 
was of 323 million people. The estimated number of 
HIV-infected people was of 1.1 million. The number of 
new HIV infections that year was of 38,700. Figure  1 
shows the estimated source of these contagions, tak-
ing into account the transmissibility of the five distinct 
HIV populations mentioned above, which is directly 
proportionated to their average viral load and risk be-
haviors. Overall, 80% of new HIV infections came from 
persons that were not aware of their HIV positivity or 
that did not take antiretrovirals despite knowing it. The 
latest group represented 22% of the estimated HIV 
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Figure 1. Estimated source of contagions.
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population in the United States, and it is somewhat not 
surprising acknowledging that HIV infection remains 
asymptomatic for nearly one decade and some people 
abandon medical care. Besides, this population diag-
nosed but untreated, another 15% were unaware of 
their HIV status whereas continuing having risk behav-
iors, mostly sexual contacts.

Gaps in the HIV cascade of the continuum of care 
are tremendous, as shown above for the United States. 
In most other regions of the world are even greater. 
Clearly, expanding HIV screening and antiretroviral 
treatment coverage for positives must be prioritized. 
The current treatment works fantastically, but a low 
proportion is benefited. The development of easy to 
make HIV tests, including point-of-care tests, as well 
as efforts to initiate the antiretroviral medication rap-
idly after HIV diagnosis, even immediately within the 
same day, must move forward. This “test-and-start” 
strategy seems to be the more efficient way to guide 
the path toward global HIV control.

While PrEP works for HIV prevention in the subset of 
individuals engaged in high-risk sexual behaviors, 
which globally is quite small, the majority of persons 
would largely benefit from considering TAP. Treating 
HIV positives will be much more cost effective, and ef-
forts and funding should be concentrated in this group.

Vicente Soriano
UNIR Health Sciences School and Medical Center,

Madrid, Spain

Prospects of CRISPR/Cas9 for HIV 
Elimination

The ease in design and manufacturing of CRISPR/
Cas9 components has made it the lead gene editing 
tool for the scientific community, as reflected by the 
over 14,000 publications related to CRISPR since the 
description of the technology in 2012 (pubmed.gov, 
June 2019). Research in HIV is no exception and mul-
tiple groups are testing different approaches based on 
Cas9 toward the elimination of HIV.

The main obstacle for HIV cure is the persistence of 
the HIV reservoir despite effective antiretroviral thera-
py. This group of latently infected cells does not ex-
press any viral protein but harbor a copy of the HIV 
provirus in a dormant state that can relaunch the infec-
tion when antiretroviral therapy is interrupted. A gene-
editing technology like Cas9 could theoretically purge 
the viral genome from latently infected cells (Fig. 1). 
However, the use of Cas9 to excise the HIV reservoir 

faces two major challenges: the complexity of the 
sgRNA design and the lack of effective delivery vehi-
cles.

Any Cas9 approach starts with the design of a spe-
cific sgRNA that will direct Cas9 activity to a unique 
~20bp region of the genome. A  difficult challenge in 
designing sgRNA to target the reservoir is to account 
for HIV variability: a single sgRNA will not be capable 
of targeting all quasispecies present in a given patient. 
It has been hypothesized that such variability could 
lead to scenarios where a personalized set of sgRNA 
will need to be designed for each infected patient. 
Initial reports focusing on disrupting the highly con-
served HIV-LTR sequences pointed out that up to 10 
customized sgRNAs would be necessary to efficiently 
cover all proviral sequences present in the blood of 
patients under suppressive antiretroviral therapy. 
Designing such sgRNA panels might not even be pos-
sible for some patients due to a lack of sgRNA options 
without potential off-target events (Dampier et al., MOJ 
Immunol, 2014). On the bright side, variability of the 
HIV-LTR sequences tends to decrease in patients un-
der prolonged and effective antiretroviral therapy, 
which could reduce the number of sgRNAs needed for 
the complete removal of the HIV reservoir.

However, while the complete elimination of the HIV 
reservoir is the ultimate goal, there is evidence, suggest-
ing that significant reductions of the reservoir could also 
have therapeutic effects and even lead to a functional 
cure where the stochastic and gradual reactivation of 
the few remaining latently infected cells could be natu-
rally controlled by the immune system. A reduction of 4 
logs in the levels of the HIV reservoir is hypothesized to 
lead to prolonged viral control after antiretroviral with-
drawal (Hill et al., Proc Natl Acad Sci USA, 2014).

Based on this idea, a more generalized approach for 
sgRNA design has been proposed. Using next-gener-
ation sequencing data from the HIV reservoir of 23 
HIV-infected patients under suppressive antiretroviral, 
Dampier et al. (AIDS Res Hum Retroviruses, 2018) 
have proposed targeting any HIV reservoir with a set 
of four consensus sgRNA. According to their calcula-
tions using a bioinformatic algorithm, such a set should 
disrupt over 90% of proviral sequences with 90% effi-
cacy. In addition, one could speculate about the ad-
ministration of multiple rounds of different sgRNA sets, 
which might lead to further reduction of the HIV reser-
voir. However, this approach will only be possible if no 
immunity is built against the vector used, which 
brings us to the second major challenge of this ap-
proach:  in vivo delivery.
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The ability to efficiently deliver Cas9 into specific 
tissues is the main challenge, in the field of gene 
therapy for many therapeutic approaches. A  variety 
of viral vectors and non-viral nanoparticles is being 
tested and optimized, each with its own set of advan-
tages and disadvantages. In the case of targeting the 
HIV reservoir, the challenge is increased due to: (i) 
the fact that the HIV reservoir is widely distributed 
among different immune cells throughout the body 
(e.g., lymph nodes, GALT, and brain) and (ii) the lack 
of a definitive specific surface marker in latently in-
fected cells.

Despite these complications, two proof of principle 
studies using adeno-associated virus (AAV) (Yin et al., 
Mol Ther, 2017) and vesicular stomatitis virus (VSV)-
G-pseudotyped lentiviral vectors (Bella et al., Mol 
Ther, 2018) have reported Cas9 delivery in vivo tar-
geting HIV proviruses. Data from these reports sup-
port successful excision of HIV DNA in vivo to some 
extent. However, results were not always consistent 
among animals, which could be indicative of poor 
delivery efficiency and/or specificity. Indeed, neither 
AAV nor VSV-G/LV is reservoir-specific vectors and 
both have strong tropism for the liver.

To increase specificity of delivery, recent efforts have 
been focused into generating receptor-targeted vec-
tors. For example, a CD4-targeted vector has been 
developed using measles virus components to anchor 
antibody mimetic proteins (DARPins) into the surface 
of lentiviral vectors (Zhou et al., J Immunol, 2015). This 
CD4-targeted vector was able to specifically transduce 
CD4+ T cells in multiple lymphoid tissues of a human-
ized mouse model at low levels (1-3%), while not trans-
ducing at all closely related cells such as CD8+ T cells. 
Although the success of this strategy is limited for now, 
larger library screenings for more efficient CD4-target-
ing ligands, protein evolution, more refined vector en-
gineering/production techniques, and the identification 
of more definitive surface markers of HIV latency might 
yield more effective vehicles in the near future.

Another important factor closely linked to the method 
of delivery is the desired length of expression of Cas9. 
Lentiviral vectors integrate the cargo in the genome, 
conferring permanent expression. AAV forms concate-
mers and provides a long-term expression that dilutes 
as the cell divides. Nanoparticles or other vehicles 
could be used to deliver mRNA or proteins, providing 
a shorter window of expression. In general, a tempo-

Figure 1. Potential use of Cas9 to purge HIV reservoirs: strategy and challenges.
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rary approach that allows for effective gene disruption 
while limiting off-target effects is preferred when deliv-
ering nucleases like Cas9. However, lentiviral ap-
proaches conferring a permanent expression of Cas9 
could also be beneficial by providing a more permanent 
protection against subsequent HIV infections of the 
rescued cells and by extending the protection to the 
cell’s progeny.

A well-designed sgRNA panel packaged into an ad-
equate delivery vehicle together with Cas9 could still 
face other challenges derived from the nuclease activ-
ity. Strategies that simultaneously induce two or more 
DNA breaks in the genome have the risk to induce 
large genomic rearrangements. Studies in other fields 
using a multiplex sgRNA approaches have shown that 
achieving the desired large deletion required for HIV 
provirus excision is possible, but other undesired ge-
nomic rearrangements have been also observed, in-
cluding inversions, translocations, and duplications. So 
far, this risk has not been sufficiently studied for the 
excision of HIV.

The second consequence of Cas9 activity is derived 
from cellular DNA repair systems. After DNA repair, there 
is a potential selection of proviruses carrying small inser-
tions or deletions that disrupt further Cas9 activity but 
could maintain HIV functionality. This means that not only 

could the high error rate of the viral reverse transcriptase 
potentially generate resistant variants not recognized by 
Cas9 a priori but also that some of the susceptible 
proviruses might be “corrected” by the cellular DNA 
repair pathways to be resistant to Cas9 a posteriori. 
Again, more studies are needed to fully understand the 
impact of this additional source of viral resistance.

CRISPR/Cas9 is a potent and versatile tool in the 
fight against HIV infection. However, its application in 
reducing the HIV reservoir still faces significant chal-
lenges, including but not restricted to sgRNA design 
and delivery. Other approaches to reduce the HIV res-
ervoir, like “shock and kill” strategies, are also imper-
fect. Considering that HIV has been shown to be very 
resilient to single-target approaches, perhaps, a com-
binatorial approach including Cas9 could lead to a 
therapeutic reduction of the HIV reservoir in the nearer 
future. In the meantime, gene editing technologies 
continue to evolve rapidly, and more effective and spe-
cific vectors delivering even more versatile and effec-
tive gene editing tools could be in sight and be critical 
for a definitive HIV cure.
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