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Purpose: After decades of research, AIDS continues to be a major pandemic and to date, adaptive
immunity vaccine designs have had little to no success. Data indicate the alloimmune response is
a potent mitigator of human immunodeficiency virus (HIV) infection, for which experiments of
nature should be demonstrable to justify pursuit of an alloimmune vaccine strategy. We sought
to determine if large-scale alloimmune diversity correlates with lower HIV infection rates.
Methods: Using published data of African linguistic groups to determine sub-Saharan country
ethnicity profiles as a proxy for human leukocyte antigen (HLA) diversity, a correlation analysis was
performed against respective sub-Saharan country HIV infection rates. Ethnicity data from 37 sub-
Saharan nations in 2003 and from 38 nations in 2005 were used to calculate the Meyers-Macintosh
ethnic diversity score for each nation as the independent variable. World Health Organization data on
HIV infection rates for the same countries were used as the dependent variable. The main outcome
measure was the correlation coefficient of ethnic diversity versus HIV infection rate.

Results: A significant negative correlation was shown between ethnic diversity and HIV
infection: for 2003 data, —0.4586 (two-tailed P-value of 0.0043); and, for 2005 data, —0.3866
(two-tailed P-value of 0.0165).

Conclusion: In conjunction with substantial evidence that alloimmunity confers protection
against HIV transmission and recent work identifying specific anti-HIV mechanisms, this analysis
strongly justifies an HLA-based alloimmune vaccine strategy against HIV.
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Introduction
Decades of funding and research focused on combatting the spread of human
immunodeficiency virus (HIV) have produced critical advances in antiretroviral
therapies that have extended and improved the lives of those infected with HIV, and
have proven effective at reducing transmission to those uninfected when treatment
begins early and adherence is maintained. These advances are major biomedical
successes, but the advent of an antigenic vaccine has remained elusive. Although a
recent HIV-1 subunit vaccine trial in Thailand showed modest preventive effects,' the
virus’ astonishing ability to hide from and destroy the human immune system through
multiple avenues dictates that a traditional vaccine strategy may not be feasible.
Based on multiple lines of evidence and observations, several papers have called
for, or cautioned against, development of an alloimmune vaccine strategy (allo-vaccine)
against HIV>? An allogeneic vaccine would be based roughly on the same mechanism
behind organ transplant rejection, human leukocyte antigens (HLAs). HLA serves as
a cellular signature that allows differentiation between autologous and nonautologous
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immune response. Every cell in an individual has the same
combination of HLA, and because HLA has thousands of
variations, it is very rare for two unrelated individuals to have
the same HLA signature. As exemplified by organ transplant
rejection, the immune system views non-matching or missing
HLA as an invasive pathogen and reacts to eliminate the foreign
tissue or cells. Potential complications of an alloimmunity-
based vaccine include vaccinees being at higher risk of organ
rejection after transplantation, dangerous reactions to blood
transfusions such as graft-vs-host disease, and complications
in pregnancy.

Developing an allo-vaccine presents technical and
immunological difficulties, but pursing a traditional vaccine
designed to elicit an adaptive immune response to viral
proteins is likely to fail, and may even increase susceptibility
to HIV.>!" Detailed elsewhere, the Trojan exosome
hypothesis of retroviruses proposes that human retroviruses
hijack the exosome pathway, a component of intercellular
communication.> Exosomes are vesicles released from many
cell types, and are coated with functional adhesion molecules
and HLA from their parent cells. Recent studies indicate
that exosomes are involved in immune function.'"" The
HIV envelope is enriched in the same adhesion and HLA
molecules as exosomes,'® which originally suggested to one
of the authors (JEKH) that the virus was usurping the exosome
pathway for biogenesis and release. In presenting both viral
and host proteins on its membrane, HIV is likely to induce an
immune response via viral proteins and subsequently infect
responding CD4+T cells with the aid of the hijacked adhesion
molecules. Thus, any vaccine that evokes a CD4+ T cell
response may provide the virus with its preferred target.

On initial exposure to HIV, the virus is enveloped with
the donor person’s HLA signature, giving the recipient’s
immune system its only opportunity to prevent infection
through alloimmunity. If the recipient has lowered immunity
from illness or poor nutrition, if the donor HLA signature
matches the recipient’s closely enough, or just through
stochastic effect, the virus may infect a recipient cell and the
subsequent viral progeny will now carry the recipient’s HLA
signature and no alloimmune responses will be invoked. The
body’s opportunity to stop the initial infection has passed;
the immune system of the recipient will now recognize the
progeny viruses as autologous with respect to HLA.

Methods

Rationale
A number of studies have indicated that alloimmunity can
increase resistance to HIV transmission. Alloimmunization in

macaques elicits elevated immune responses and decreased
simian immunodeficiency virus (SIV) infectivity.'”"* HLA
class 1 antibody response in macaques has been demonstrated
to correlate with protection from SIV infection.' In human
studies, alloimmunization confers limited protection against
retroviral infection in women.’ Other work has suggested that
unprotected intercourse with HLA disparate partners might
result in a measure of alloimmunization and that mucosal
alloimmunization may result in reduced infection by HIV.6
Purified whole immunoglobulin G specific to HLA I and
II antibodies from women undergoing alloimmunization
therapy for recurrent spontaneous abortions has been shown
to neutralize HIV in vitro.?

Conversely, previous research has also suggested
that suppressed cellular alloimmune response may play a
role in protection against HIV infection.* However, these
investigators later showed that the sex worker cohort
studied presents a unique alteration in an inhibitory killer
immunoglobulin-like receptor that may lower the threshold for
killer cell activation, explaining the low alloimmune response
yet persistent HIV negative status of this population.?! More
recently, Pido-Lopez et al have shown that allostimulation
dramatically upregulates APOBEC3G,? a potent anti-
retroviral cytidine deaminase effective against HIV.2>%
Their in vitro findings are complemented with analysis of
CD4+T cells from women undergoing alloimmunization as
a therapy against recurrent spontaneous abortion; increased
APOBEC3G production in vivo paralleled their in vitro data.
In a previous study with the same cohort, other anti-HIV
activity associated with the alloimmunization persisted for
12 months.*

Closely related individuals, such as siblings, share
more HLA similarities than unrelated individuals. HLAs
are encoded in DNA; therefore, the greater a population’s
genetic diversity, the greater their divergence of HLA
signatures. Significant diversity in a population’s HLA gene
pool increases the chances that any two randomly selected
individuals will have different HLA signatures. The strength
of immune response to foreign HLA correlates directly to
its divergence from the host’s HLA; thus populations with
increasing HLA variety have greater odds of increasingly
stronger immune responses to cellular material exchanged
during unprotected sex. Accordingly, the Trojan exosome
hypothesis predicts that populations with increasing levels of
diversity in the HLA gene pool will have decreasing levels
of HIV infection, if other transmission factors are controlled
for. Simply put, HLA diversity should suppress the spread
of HIV in a population.
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If an HLA-dependent alloimmune response is
indeed effective against HIV, proof of concept should be
demonstrable between HIV discordant partners. Indeed, the
degree of concordance at HLA A, B, and DR loci differs
significantly between transmitting and nontransmitting
serodiscordant couples.’! The sharing of HLA B alleles
is independently correlated with accelerated intracouple
transmission in previously HIV discordant sexual partners.
Additionally, mother—infant concordance at any HLA class
I locus is a strong predictor of perinatal transmission.* We
hypothesize that a cocktail of HLAs divergent from those
of a geographically defined population can be used as a
viable vaccine, consistent with the concept reviewed by
Lehner et al.?

In the absence of a database of serodiscordant sex-
ual partners and their respective HLA types —a correlational
analysis of which would provide compelling epidemiological
support or nullification for pursuing a prospective study — we
used the Meyer—McIntosh ethnic diversity index* as a proxy
for HLA discordance and looked for correlation with HIV
prevalence in sub-Saharan African nations.

The Meyer—Mclntosh ethnic diversity

index

The Meyer—MclIntosh ethnic diversity index,* created by
Phil Meyer of the University of North Carolina and Shawn
Mclntosh of USA Today in 1991 and used in numerous
population studies since, is an equation that produces a
coefficient representing ethnic diversity (below). We used
this calculation to represent genetic diversity of a population.
Various studies have shown that genetic diversity in Africa
is closely related to ethno-linguistic groupings. HLA allele
DRBI distribution has been demonstrated to have a high
correlation with linguistic differentiations in Africa.*
A study on GM and RH haplotype frequencies concluded
that language family relationship is the best predictor of
genetic relationship in sub-Saharan Africa.’® Another study
on GM polymorphisms acknowledges that sociocultural
differentiation is important to the analysis of genetic
diversity on an African continental scale.’” Further, it has
been demonstrated that self-reported ancestry is a good
predictor of genetic make-up.*® Accordingly, we believe the
Meyer—Mclntosh ethnic diversity index score is a sufficient
surrogate predictor of HLA diversity in Africa.

Analysis
Using the index we calculated a diversity coefficient for
38 African nations based on published ethno-linguistic data.?*#

This coefficient allows for the relative comparison of ethno-
linguistic diversity between nations on a 0 to 1 scale, with
0 representing absolute ethno-linguistic homogeneity and
1 representing absolute heterogeneity. The index calculates
the probability that two randomly chosen persons will be
members of the same ethnicity: P, = (A* + B> + C* + D?)
where A, B, C, and D are the proportions in the population
of four hypothetical ethnic groups. The diversity index is
expressed as 1 — P, which represents the likelihood two
randomly chosen persons will be of different ethnicities. The
number of groups the index can analyze is unlimited, as long
as the total of the group proportions equals 100%.

Using World Health Organization HIV data for 2003 and
2005,* we compared the rate of HIV positive adults between
the ages of 15 and 49 years and the Meyer—McIntosh ethnic
diversity score for African nations (37 countries with 2003
data, 38 for 2005). We applied a Pearson correlation with a
regression best-fit line and two-tailed regression significance
test (Figures 1 and 2). The ethnic diversity data used for the
2003 and 2005 analysis was the same.

Results

Among the 38 nations examined, ethnic diversity coefficients
ranged from 0.2982-0.9740 (Figure 3). As a result, a cor-
relation coefficient of —0.4586 (two-tailed P-value 0.0043)
was demonstrated between the ethnic diversity index score
and adult HIV prevalence in 2003 (Figure 1). For 2005, the
same analysis yielded a correlation coefficient of —0.3866
(two-tailed P-value 0.0165, Figure 2).

Discussion
The negative correlation between ethnic diversity and
adult HIV prevalence among 38 African nations supports
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Figure 2 Correlation between adult HIV prevalence and ethnic diversity in 2005
(select country labels).
Abbreviation: HIV, human immunodeficiency virus.

the concept that genetic diversity is protective against
HIV transmission. While this correlation analysis cannot
determine causality, we feel that in light of emerging and
convergent evidence in the literature, these results add
weight to the hypothesis that HLA discordance suppresses
transmission of HIV, and that an HLA-based vaccine may be
a viable prevention strategy. With the previously described
research characterizing mechanisms of alloimmunization
and its effect on HIV infection, we advocate for the pursuit
of an allo-vaccine strategy. We propose that preexposure
to divergent HLAs may induce antiretroviral immunity by
producing a protective alloimmune response upon natural
re-challenge with virus-associated HLA.

Ethnic diversity
index score

Figure 3 Sub-Saharan African distribution of ethnic diversity index score.
Abbreviation: HIV, human immunodeficiency virus.

% of adults (15-49)
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% of adults (15-49)
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-

Figure 4 Sub-Saharan African distribution of HIV prevalence. Percent of adults
(1549 years) living with HIV in (A) 2003 and (B) 2005.

Abbreviation: HIV, human immunodeficiency virus.

Note: Data from World Health Organization.*'

There exist some intrinsic limits to the correlation of ethnic
diversity with HIV prevalence. Most significant is the imperfect
correlation between ethno-linguistic differentiation and HLA
diversity at the genetic level, illustrated by Rwanda and
Burundi. Both nations have a small ethnic diversity index and
arelatively low HIV prevalence that contradicts the predicted
inverse correlation (Figures 3 and 4). This may be due to a
high level of population flux; regional migration and refugee
populations characterize the area due to the longstanding
political-military conflicts in Rwanda, Burundi, and eastern

78 submit your manuscript

Dove

HIV/AIDS — Research and Palliative Care 2013:5


www.dovepress.com
www.dovepress.com
www.dovepress.com

Dove

Ethnic diversity correlates with lower HIV prevalence in Africa

DR Congo. As the diversity index is based on the indigenous
ethnic populations (n = 3), it is likely that the genetic diversity
of the populations moving through these nations during
the 4 decades of conflict is far greater than the indigenous
ethnic groups, and has masked an accurate calculation.

Notwithstanding the imperfect proxy of ethnic diversity
for HLA distribution, this analysis is compelling from both
the strength of the inverse correlation and the continental size
of the sample considered. A biologically accurate measure
would need to compare infection rates correlated to HLA
type among HIV discordant couples. Our hypothesis predicts
that in a suitably large sample (to control for confounding
variables such as safer-sex practices or antiretroviral therapy
use), HLA-divergent couples will remain HIV discordant
significantly longer than HLA-similar couples. If such an
analysis indicates HLA divergence as protective, then more
extensive and focused in vitro and/or animal model research
would be justified in pursuit of locale-specific HLA vaccines
for HIV high-risk populations.

An HLA vaccine would not be vulnerable to HIV’s rapid
mutation, as immunity would not be directed against HI'V-
encoded proteins. A strict alloimmune response, primed by a
vaccine, will confer little protection against HIV transmission
between persons who are highly HLA compatible or HLA
identical. However, since APOBEC and other anti-HIV host
factors can be upregulated by allostimulation,* a meaningful
degree of protection may still be conferred.

It must also be noted that vaccines aimed at eliciting
the alloimmune response to a broad cocktail of HLA
alleles present in a regional population could significantly
compromise prospects for organ and tissue transplant among
vaccinated individuals. At this point it is not clear that the
anti-HIV mechanisms elicited by alloimmunization can be
separated from those responsible for allograft rejection.
However, fertility clinics have been using lymphocyte
immunotherapy, which elicits alloresponses, for decades
to treat some forms of infertility issues. For a time, there
was controversy surrounding the procedure resulting from
concern over a range of potential complications from
graft-vs-host disease to autoimmune disorders. Eventually,
a large cohort of women (n = 2587) was followed for a
period of years for adverse effects potentially associated
with the therapy. The most frequent complaint was blisters
at the intradermal injection site (14%). None of the theorized
negative reactions were reported at greater incidence than
would be expected in the general population, and could
not be conclusively associated with the treatment.** Thus,
the benefits of alloimmunization likely outweigh the

risks, particularly in Africa, where the possibility of organ
transplant is cost prohibitive, and HIV is quickly devastating
millions of lives, creating a generation of orphans, unraveling
the social fabric of communities, and devastating national
and regional economies.

Conclusion

Substantial evidence exists that alloimmunity confers
protection against HIV transmission. Recent work has
identified specific anti-HIV mechanisms. Our analysis
showed a significant negative correlation between ethnic
diversity (a proxy for genetic diversity) and adult HIV
prevalence (a proxy for infectivity) in 37 African nations in
2003 and 38 African nations in 2005. These studies together
strongly justify an HLA-based alloimmune vaccine strategy
against HIV.
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