
International Journal of

Virology and AIDS

Ejikeugwu et al. Int J Virol AIDS 2018, 5:046

Volume 5 | Issue 1

ISSN: 2469-567X

Open Access

DOI: 10.23937/2469-567X/1510046

Citation: Ejikeugwu C, Eze P, Iroha I, Esimone C, Adikwu M, et al. (2018) Understanding the Facts and 
Minding the Gap of (HIV-1/HIV-2) Primate Research and Infectious Disease Laboratories in Africa. Int 
J Virol AIDS 5:046. doi.org/10.23937/2469-567X/1510046
Accepted: December 29, 2018: Published: December 31, 2018
Copyright: © 2018 Ejikeugwu C, et al. This is an open-access article distributed under the terms 
of the Creative Commons Attribution License, which permits unrestricted use, distribution, and 
reproduction in any medium, provided the original author and source are credited.

Ejikeugwu et al. Int J Virol AIDS 2018, 5:046 • Page 1 of 14 •

Abstract
With over 2 million annual new infections of human immu-
nodeficiency virus (HIV)-1, and more than 30 million HIV-1 
infected people around the globe, the HIV-1 pandemic has 
continued to remain a front burner in the medical research 
community and an important public health debate. Till date, 
there is still no cure or vaccine for HIV-1 infection. Though 
current antiretroviral therapy (ART) is potent enough to re-
duce viral load of the infection to below detectable limits (< 
50 copies/ml), antiretroviral therapy (ART) still lacks the ca-
pacity to cure or eradicate HIV-1. This inability of ART to 
either cure or eradicate HIV-1 is largely attributable to the 
non-functionality of ART to reach some perceived cellular 
and anatomical reservoir sites - where latent HIV-1 is lurk-
ing and getting protection from both host immunological 
response and the pharmacological attack of potent ART. 
Reservoir sites for latent HIV-1 are established soon after 
infection, and they remain hidden from immune responses 
of host and ART attack. These reservoir sites continue to 
serve as repertoire for continuous HIV-1 replication and viral 
production that initiates new infection even in the face of 
potent ART and in most part, off-ART. This is the bane and 
major obstacle to HIV-1 cure and eradication. However, with 
continuous research targeted at characterizing the various 
HIV-1 reservoir sites, it is believed and expected that novel 
ART will be discovered to target and dislodge the latent virus 
from their hiding places. While HIV-1 related research is

intensified in Europe, Americas and Asia; Africa is still 
lagging behind as a major contributor to finding a cure 
or vaccine for the disease. This lacuna in HIV-1-related 
research in Africa is largely attributable to paucity of funding 
and collaboration, lack of research facilities and the lack 
of political willpower to sponsor researchers to investigate 
this public health dilemma (i.e., HIV-1 infection) that the 
continent shares a huge part of the disease burden. This 
review sheds light on a general understanding of HIV-1 
reservoir, some current cure strategies, latency reversing 
agents (LRAs) and the need for Africa to bridge the gap 
of primate and HIV-1 related research in the region, since 
Africa is a key beneficiary of the world’s HIV-1 epidemic 
burden.
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Introduction
In this review, we reviewed the concept of HIV-1 

reservoir and cure, non human primate (NHP) models 
for HIV-1-related research, LRAs and the need for Af-
rica to resuscitate and sustain HIV-1-related research, 
especially those targeted at finding a cure for HIV-1, 
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in this part of the world. The concepts of latent HIV-1, 
viral rebound, LRAs, HIV-1 and HIV-2, and the global 
burden of HIV/AIDS distribution - with a focus on the 
African continent are also highlighted. Besides, we 
also discussed briefly the role and importance of gene 
therapy techniques in the possible cure and eradication 
of HIV-1. This review also shed some light on the 
biological (animal) models used in HIV/AIDS related 
research and the need for Africa to be a major player 
in HIV/AIDS-related research - since it is also a major 
beneficiary of the global HIV-1 disease burden.

HIV-1 Research is Targeted at Cure and Eradi-
cation: Latency Reversing Agents

In countries with the highest occurrence of HIV-1 in-
fections (particularly in Sub-Saharan Africa), the life ex-
pectancy and total well-being of people living with HIV/
AIDS (PLHA) is being impoverished due to the pitiable 
state of health infrastructure and poor access to qual-
ity healthcare especially for HIV-1 infected individuals. 
The poor standard of living in the region coupled with 
the comatose health care sector puts the life of PLHA at 
much risk - compared to their counterparts in other de-
veloped economies with resources to research into find-
ing a functional cure for HIV/AIDS. With the African con-
tinent taking the lead in the current prevalence of HIV/
AIDS in the world, and with the paucity of high-through-
put research facilities in the region, it is important that 
leaders and researchers and health care policy makers 
in the region sees the need to set up more infectious 
disease laboratories and PRIs that will act as centers of 
excellence for infectious disease research. Such centers 
will not only research into HIV-1 reservoir and cure, 
but that will also help to carry out timely and targeted 
research whose output will help to proffer sustainable 
cure, vaccines, prevention and treatment strategies to 
Africa’s own diseases such as malaria, Lassa and Ebola 
to mention a few. Currently, there is serious paucity of 
high-throughput infectious disease laboratory in Africa 
that will independently investigate into finding a cure or 
vaccine for HIV/AIDS. Only few researchers and institu-
tions in Africa are looking towards HIV-1 research; and 
these individuals and/or institutions usually have collab-
orations outside the continent, where research facilities 
and funds are always available for such high-throughput 
medical research.

The search for a cure and vaccine for HIV-1 infection 
is still ongoing and putative. The widely reported cure 
of HIV-1 in Europe (the Berlin patient scenario) using 
haematopoietic stem cell transplantation technique, 
and in addition to many other outstanding findings 
targeted at acknowledged futuristic HIV/AIDS cure 
raises the hope that a sustainable/functional cure for 
HIV-1 infection is nearer than we thought despite the 
fact that latent HIV-1 still persist in the infected host 
as quiescent (latent) virus [7-9]. Understanding the 
molecular mechanisms underlying this possible cure 

the causative agent of acquired immunodeficiency 
syndrome (AIDS). Since HIV-1 has a very short half-life 
in the blood plasma, why is HIV infection still not cur-
able by HAART (highly active antiretroviral therapy) or 
the currently used combination antiretroviral therapy 
(cART)? It is because of this question that we are meant 
to believe in part, that latent HIV-1 still persists in some 
cells, tissues and organs of the body even in the face of 
potent ART; while waiting for opportunity to breakout 
from their hiding and initiate new infections in already 
infected individuals. These sanctuaries for latent HIV-1 
(known in the most part of this review as reservoir sites) 
act as sources of new virus that initiate new infection 
when therapy is interrupted by infected individuals.

Unlike HIV-1 which is a worldwide epidemic, HIV-2 
is not spread worldwide. HIV-2 is the less-widespread 
relative of HIV-1; and its pathological conditions are 
usually restricted to the sub-Saharan continent and 
some other parts of the world where it may have spread 
to [1,2]. The persistence of HIV-1 in infected individuals 
despite HAART is attributed to reservoirs of latently 
infected CD4+ memory T cells and other reservoir 
anatomical sites of HIV-1 such as lymph nodes that are 
not easily permissible to ART and the infected hosts’ 
immunological mechanisms [1-6]. AIDS is a retroviral 
disease that has global reach but Africa faces the disease 
most acutely. The reason being that, Africa accounts for 
the largest number of people infected by HIV-1 around 
the globe, aside the population of people who are also 
infected with HIV-2; and the region is battling with its 
health system which is still underdeveloped in most 
parts. More so, the level of HIV-1 related research in 
Africa is at a pitiable state due to lack of researchers, 
research facilities and proper funding to investigate this 
unique disease burden.

It is therefore critical that the continent sees it as 
a responsibility to be on the frontline of garnering re-
search activities that will lead to the possible cure and 
eradication of HIV-1 and its less-pathogenic counter-
part (HIV-2) as well as the total cure and eradication 
of other infectious diseases such as Lassa fever, Ebola 
and malaria to mention a few, that ravages the people 
of the region. Finding a cure for HIV-1 infection and/or 
AIDS is still an outstanding medical quagmire that has 
resisted all known current and sophisticated medical 
interventions, research and therapeutic applications. 
Africa is leading in the number of people infected with 
the less-pathogenic strain of HIV (i.e., HIV-2) - which is 
mainly endemic in West Africa; and the region is still 
lacking behind in terms of the number of primate re-
search institutes (PRIs) and other high-tech infectious 
diseases laboratories or facilities for studying and prof-
fering solutions to the continents infectious diseases.

In this review, we succinctly explained the general 
principles of latent HIV-1 reservoir sites as a way of 
awakening the interest of HIV-1-related researchers 
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death -1, PD-1); protein kinase C (PKC), and disulfiram 
(used to treat chronic alcoholism) to mention a few [6]. 
HDACis include vorinostat, panobinostat, romidepsin 
and entinostat. And which is mainly responsible for the 
intermittent chronic infection seen in PLHA even in the 
face of ART or off-ART. The use of small RNAs that use 
RNA interference pathway to target HIV-1 replication 
in vivo - as a possible functional cure approach for HIV-
1 remission has also been proposed [13]. Aside this, 
the targeting of the Vif protein in HIV-1 to activate the 
APOBEC antiviral pathway is another HIV-1 cure strategy 
known as the silencing strategy that is currently being 
proposed as a cure strategy [14].

In the study by Darcis, et al. [15], in which LRAs 
was investigated both in vitro and in vivo to compare 
the efficacy of various HIV-1 latency models, it was 
reported that bryostatin-1 + JQ1 and ingenol-B + JQ1 
(which are potential LRAs still being investigated as 
possible HIV-1 cure or reservoir sites purging-agents) 
had more possibility or potential of reactivating viral 
gene expression. As aforementioned, HIV reservoir and 
cure research is now the ‘in thing’ in HIV/AIDS related 
research since it is mainly geared towards understanding 
the sanctuaries of latent HIV-1 in the cells and tissues 
of infected human and/or animal host, thereby coming 
up with specific clinical strategies to purge these safe 
haven for quiescent (latent) HIV-1. The lodgment or 
hiding of quiescent HIV-1 strains in specific host cells, 
tissues and organs where current medications and the 
host immune system armamentarium cannot reach 
them is a major impediment to the cure of HIV [6,10].

Ever since its discovery in the early 1980s, mankind 
is still battling with this pandemic (HIV/AIDS) that has 
defiled almost every medical intervention developed for 
its possible cure and total elimination from the global 
community. LRAs are very non-specific in their ability to 
activate genes, causing a lot of off-target consequences. 
But LRAs may hold some potential to cure or eradicate 
the virus if properly harnessed to be selectively toxic in 
its in vivo activities in PLHA. Diminishing the size and 
amount of HIV reservoirs in major HIV-1 sanctuaries in 
the body is indispensable to finding a lasting cure for 
HIV. And this could be achieved if current cure strategies 
(especially the maximization of the potentials of LRAs 
and other putative cure strategies) and animal models 
used for studying the progression of the diseases across 
different centers in the world are properly coordinated 
and financially supported as much as possible. Research 
targeted at HIV-1 cure strategies is lacking in Africa due 
in part to lack of funding and unavailability of research 
facilities and technical know-how to undertake such 
studies. Since the top most priority of the International 
AIDS Society (IAS) is “Towards an HIV Cure”; it is 
important to find out and develop novel (less-toxic) 
and affordable-sustainable measures that will help to 
purge HIV-1 reservoir sites of the infectious (quiescent) 
virus through effective and sustainable research geared 

strategy as well as the immunological and anatomical 
dispositions of HIV-1 reservoir cells and tissues in the 
already infected hosts will help us to achieve a possible 
remission of the virus from the body of PLHA. Even if not 
a total remission, HIV/AIDS cure strategies can be re-
engineered to teach the infected host’s immune system 
on how to target more effectively and possibly flush out 
latent HIV-1 from latently infected host cells especially 
after the usage or administration of latency reversing 
agents (LRAs) and other potent antiretrovirals that has 
the capabilities to re-activate quiescent forms of the 
virus.

LRAs are now the in-thing in HIV-1 related research 
targeted at a functional cure of the infection. LRAs are 
defined as drugs or chemical compounds that reactivate 
viral production [10] in vivo or in vitro; and especially 
from their hiding reservoir sites in the body of PLHA. 
They are small pharmacological molecules that could 
help uncover where the provirus or latent HIV-1 is 
hiding in the cells or tissues of HIV-1 infected individuals 
whose viral load has been suppressed below the level of 
treatment by effective HAART/ART. The advent of HAART 
cum cART has significantly improved the life expectancy 
of PLHA due to its ability to suppress viral replication for 
long periods of time; but HAART/ART does not cure HIV-
1, and it has some untoward effects that may affect the 
quality of life of HIV-1 infected individuals. Thus, LRAs 
are being intensively pursued experimentally, in order 
to come up with novel therapeutic strategies of purging 
reservoir sites of the latent virus, and possibly leading 
to viral remission and eradication in PLHA. It is however 
unfortunate that research targeted at finding novel 
LRAs for HIV-1 infection is still at its lowest ebb if not 
missing in Africa, a continent with the world’s highest 
number of PLHA.

Why LRAs? ART has only succeeded in making HIV-1 
infection a treatable disease but not yet curable; and 
this is due in part to the fact that ART has the ability to 
reduce plasma viral load of HIV-1 to below detectable 
limits (usually < 40-50 copies/ml) in peripheral 
circulation. Since ART can only reduce plasma viral load 
of the infection but not cure or eradicate the infectious 
virus from the body of PLHA, there arose the need for 
agents capable of dislodging the infectious virus from 
their reservoir sites in the body of PLHA and who are 
on ART. LRAs are one of such potent agents currently 
being investigated as possible flushing (curing) agents 
for possible HIV-1 cure.

The major goal of proposing for the use of LRAs in 
HIV-1 infection is to reactivate the latent reservoir of 
the virus in vivo so that infected cells or tissues (acting 
as sanctuaries for latent HIV-1) can be recognized and 
targeted by the host immune system, with the ultimate 
goal of achieving an HIV-1 cure [11,12]. LRAs include 
histone deacetylase inhibitors (HDACis); some growth 
factors (IL-15); checkpoint blockades (programmed cell 
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HIV-1 does not replicate or produce viral proteins, and 
this prevents the efficient targeting of the virus in its 
sanctuaries or reservoir sites by potent ART as well as 
by the hosts’ immune system. This perhaps is one of 
the most challenging factors in the fight against HIV/
AIDS since latent HIV-1 strains are secluded and given 
protection by these reservoir cells so that ART or the 
host immune system will not reach them.

A viral reservoir site is a cell type or anatomical site 
in the body of PLHA, where a replication-competent 
form of latent HIV-1 can accumulate and continue 
stably [16]. HIV-1 reservoir sites represent one of the 
major impediment to the cure or eradication of HIV-1 
from the body of PLHA - since these cellular/anatomical 
sites continue to serve as sources from which infectious 
virus are released into the peripheral circulation to 
initiate new infection even in individuals on ART. When 
ART is interrupted in HIV-1 infected individuals, viral 
rebound of new HIV-1 infection is bound to occur; and in 
developing countries where treatment and health care 
is still pitiable, the situation could worsen - with already 
infected people having rapid viraemia coupled with 
other co-morbidities associated with HIV-1 infection. 
The poor state of health facilities and infrastructure 
in Africa may impede on the proper management of 
PLHA in the region, and thus worsen the prognosis of 
such individuals especially in the face of a viral rebound. 
Latent HIV-1 reservoir sites are critical to HIV-1 cure and 
eradication; and this is because these secluded sites of 
the body of PLHA are repertoire from which the general 
circulation is usually replenished (as aforesaid) with 
infectious HIV-1 especially when infected individuals 
are taken off ART [2,10,13,16]. Some of these reservoir 
sites which can either be cellular or anatomical in 
nature are summarized in (Table 1) [17-54]. They are 
majorly responsible for rebound viraemia commonly 
experienced by PLHA when taken off ART.

Cellular reservoir sites of HIV-1 includes a group 

towards finding a total cure for the disease. And Africa 
being a major beneficiary of the global HIV/AIDS 
burden must not be left in the dark in this important 
medical pursuit. She must take the bull by the horn 
and strategize on how to institutionalize modern and 
high-tech or high-throughput research facilities across 
the continent in order to not only research into HIV/
AIDS but also lead ground breaking researches into the 
continent’s own diseases such as Lassa fever, Ebola 
and malaria to mention a few. This will go a long way 
to bridging the research gap that exists in the continent 
as far as HIV/AIDS research and other infectious 
diseases as aforesaid are concerned. But while cure and 
eradication strategies are pursued with HIV-1 strains in 
mind, it is also important to take into cognizance the 
counterpart of this widely distributed virus, (i.e., HIV-2) 
- which is peculiar to West Africa - since the relatedness 
of HIV-1 and HIV-2 might be sufficient enough to spark 
some genetic recombination that might produce a 
different virulent and infectious HIV strain in the 
future. In this case, it is better to be prepared for such 
phenomenon by pursuing HIV-2 research in line with its 
globally distributed strain, HIV-1. The following section 
summarizes HIV-1 reservoir sites and viral rebound. 

Latent HIV-1 Reservoir Sites and Viral Rebound 
Latent HIV reservoirs are certain cells, tissues or 

organs of the body that harbour replication competent 
but transcriptionally silent HIV-1 strain(s) that are 
not actively producing new virions (especially in the 
presence of ART) or viral proteins (particles) that could 
be easily targeted by ART or the hosts’ immunological 
machinery for possible purging and destruction. 
Latent HIV-1 have also been previously described as a 
replication competent but transcriptionally-silent HIV-1 
that persists in HIV-1 infected individuals for a long time 
and during the period of active ART, but also has the 
ability to resume replication upon the discontinuance 
of ART [5,7]. According to Cary and Peterlin [6], latent 

Table 1: Summary of some cellular and anatomical reservoir sites of latent HIV-1.

S/
NO.

Cellular 
Reservoir

Anatomical 
Reservoir

References

1. CD4+ T cells Brain and *CNS Okoye, Picker [4]; Petito [19]; Alexaki, et al. [18]; Falangola, Petito [20],
2. *TFH cells Sex gonads Perreau, et al. [21]; Moukambi, et al. [22]; Politch, et al. [23]; Matusali, et al. [24],
3. CD8+ T cells Spleen Eller, et al. [25]; Mercure, et al. [26]; Nolan, et al. [27]; Fletcher, et al. [28],
4. *TREG Lymph nodes Estes, et al. [29]; Kleinman, et al. [30]; Tirumalasetti, Latha [31]; Bogoch, et al. [32]; 

Cainelli, et al. [33],
5. *TSCM, TCM, TTM Thymus Tabler, et al. [34]; Zhu, et al. [35]; Sallusto, et al. [36]; Courgnaud, et al. [37]; Kolte 

[38],
6. Macrophages *GALT/GIT Koppensteiner, et al. [39]; Moir, et al. [40]; Nkuize, et al. [41]; Kotler [42],
7. *FDCs Genital tracts and 

fluids
Burton, et al. [43]; Heesters, et al. [44]; Coombs, et al. [45],

8. NK cells Lungs Mikulak, et al. [46]; Leal, et al. [47]; Grommes, et al. [48]; Almodovar, et al. [49],
9. Monocytes Adipose tissue Avettand-Fènoël, et al. [50]; Lambotte, et al. [51]; Couturier, et al. [52]; Damouche, 

et al. [53]; Hazan, et al. [54].
*TSCM-stem cell memory T cell; TCM-central memory T cell; TTM-transitional memory T cell; CNS-central nervous system; GALT-gut 
associated lymphoid tissue; GIT-gastrointestinal tract; FDCs- Follicular dendritic cells; NK-natural killer cells; TFH-follicular helper 
T cells; TREG-regulatory T cells.
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HIV strain, patient’s poor compliance to therapy and/
or poor adherence to an HIV-1 treatment regimen and 
interruption of ART/HAART [5,17].

Total cure for HIV-1 infection in humans may soon 
become possible if the current medical technologies 
and HIV-1 therapeutic strategies can be re-invented to 
effectively target and dislodge latent HIV-1 from their 
fortresses in the body especially from reservoir sites 
harbouring latently infected CD4+ T cells [17,57,58,60]. 
This could be achieved (in part) by harmonizing all cur-
rent animal models and other cure strategies with pu-
tative findings with a view to understanding properly, 
the molecular, pathological and immunological mecha-
nisms underlying the effective control of the disease in 
some select few individuals (known as elite controllers), 
while those with chronic HIV-1 infection continues to 
take medications to keep the viral load under control. 
Some of the ongoing novel approaches and strategies 
geared towards finding a functional cure for HIV-1 infec-
tion are discussed later on. The HIV-1 pandemic still re-
mains very active with several new cases of the diseas-
es emerging across the world especially in developing 
countries - where health systems is still in a comatose 
and helpless situation. Nonetheless, morbidities due to 
HIV-1 related infections continue to abound across the 
globe especially in the African continent where the dis-
ease burden of the pandemic is high [61,62].

Poor research facilities and the dearth of technical 
know-how on HIV-1/HIV-2 research in developing 
countries (Africa in particular) have also contributed 
to the spread of the epidemic in the region since there 
are no meaningful and coordinated efforts by the 
authorities to track and report new cases of the diseases 
and even the spread of the disease across the continent. 
This continues to happen irrespective of the vast 
knowledge of HIV-1 transmission routes and infection. 
It is therefore of utmost importance that researchers 
on HIV-1/HIV-2 in Africa and leaders of the region pull 
together their resources and knowledge on the subject 
with a view to understanding the immunological and 
pathological disposition of the disease in the region, 
especially as it regards to HIV-2 - which is endemic in 
sub-Saharan Africa. This can be achieved more through 
collaborations with notable HIV-1 researchers and 
institutions in the developed economies; and partly 
by setting up more PRIs and high-throughput research 
facilities in the region. These facilities will also help 
African scientists to effectively study HIV-1, HIV-2 and 
other intractable diseases notable in the region such as 
Ebola, Malaria and Lassa Fever to mention a few. Taken 
together, the region will not only actively contribute 
to the global search for a cure for HIV-1, but will also 
be on the top in finding a permanent and/or sustained 
therapeutic solution to other intractable diseases in 
Africa.

of special compartments or cells of the body (in this 
case, HIV-1 infected individuals) to which HIV-1 has 
immense specificity and propensity to cleave to upon 
invasion of a suitable host, and thus maintain a long 
lasting population of latent HIV-1 or provirus even in 
the face of ART [16,18]. These sites have receptors that 
mediate HIV-1 attachment and final penetration of the 
host cell, which are both necessary prerequisite for 
the establishment of viral persistence, virulence and 
pathological conditions [18,33]. Cellular reservoir sites 
continue to serve as sources of new infection especially 
when HIV-1 infected individuals are taken off therapy. 
Typical examples of cellular HIV-1 cellular reservoirs 
include CD4+ T cells, macrophages, astrocytes, 
monocytes, TFH cells, and cells of the gonads [16,18,55]. 
However, the best characterized cellular HIV-1 reservoir 
is a small population of resting memory and naïve CD4+ 
T cells [54-56].

Anatomical HIV reservoirs refer to some selected 
organs or tissues of the body of PLHA where latent HIV-
1 or provirus is lurking away from potent antiretroviral 
and immunological attack [45,48,57]. They are actually 
the source of infectious virus which initiates new 
infection in PLHA especially during cessation of ART. The 
hiding place of latent HIV-1 in the infected host, how 
they manage to survive in such sanctuaries and how 
to manipulate therapeutic interventional strategies 
towards their cure and possible eradication from the 
host are important factors to consider in finding a 
functional cure for HIV-1 infection [55]. The lungs, 
spleen, liver, gastrointestinal tract, bone marrow, 
lymph nodes, brain, thymus, kidney and adipose tissue 
are some perceived anatomical sites where latent HIV-1 
are lurking in the body of PLHA [5,55].

Viral rebound is an occasional clinical episode in HIV-
1-infected patients, and this condition usually occurs 
when HIV-1 at their latent stage resurfaces in vivo (from 
their reservoir sites) even in the face of potent ART, 
but especially during the stoppage of ART [7,17,58,59]. 
Most patients infected with HIV-1 may a times stay 
off ART - owing to the notable side effects and some 
complicated dosing plan associated with the use of 
ART/HAART in the management and/or treatment for 
HIV-1. This scenario can give room for the rebound 
of viraemia in infected individuals once ART/HAART 
cessation is anticipated and executed. Viral rebound is a 
repeated viral load that is > 50 copies/ml of peripheral 
blood [7,58,59]. HIV-1 rebound leads to increase in the 
plasma viral load of HIV-1 infected individuals; and this 
sets in motion the clinical episodes that characterize 
new infections in PLHA. In Africa where health care 
facilities and research is still at a comatose state, the 
challenge of viral rebound in PLHA may not be properly 
handled and managed. And this can in part contribute 
to the severity of the disease condition in PLHA in the 
continent. Some of the major causes of viral rebound 
as previously reported include drug resistance in the 
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approach for HIV-1 infection [65]. The major aim of 
the shock strategy is to upset or agitate cellular and 
anatomical reservoir sites of latent HIV-1 so that the 
hiding virus can be extricated from its hiding place 
in the infected host [15,58]. And this is putative and 
important for possible HIV-1 cure since current ART only 
limit the replication of the virus in vivo, but lacks the 
capacity to eradicate the virus (particularly from their 
hiding places in some cellular and anatomical sites) 
[17,55]. The HIV provirus or viral genome still remains 
integrated into the genome (DNA) of the infected host 
cell (particularly memory CD4+ T cells); and thus the 
host’s immune system or ART cannot reach the provirus 
in these reservoir sites [55]. And the virus continues to 
maintain some level of viral replication (even in the face 
of ART) which is responsible for the persistent chronic 
infection in PLHA. In a recent study, it was reported 
that vorinostat, a histone deacetylase inhibitor (HDACi) 
has the capacity to activate HIV genes in vivo in HIV-
1 infected individuals on ART, thereby leading to the 
production of viral mRNA - which is important for HIV-
1 treatment [65]. The activation of the provirus in its 
reservoir sites cum the production of viral RNA will 
help to spark up immunological response in the host to 
flush out the hiding virus. HDACis are currently being 
investigated in the shock strategy as a potent tool for 
the breaking up of the latent HIV-1 reservoir in vivo - so 
that the quiescent virus can be targeted by both ART 
and host immune system for possible eradication [65]. 
Vorinostat (also known as suberoylanilide hydroxamic 
acid) has the capacity to activate quiescent HIV-1 
in reservoir sites [65,66]. Initial infection with HIV-1 
depletes the CD4+ helper T cells (which is central to 
the activation of other immune system cells), and this 
leaves the immune system incapacitated to handle 
other infections that result from HIV-1 invasion of the 
host cell [4]. This predisposes the infected individual to 
opportunistic infections; and a protracted inflammation 
and incapacitation of other immune system cells finally 
leads to the AIDS stage of the disease. But with the 
shock strategy, the reservoir sites of latent HIV-1 can 
be stimulated using LRAs such as growth factors (IL-
15); checkpoint blockades (PD-1); HDACis, and protein 
kinase C (PKC) in order to release the latent virus so that 
they will be readily available for immune system attack 
[3,6,7,67-69]. The mechanisms of action of these agents 
are beyond the scope of this review.

The kill strategy
After reactivating the quiescent virus from their 

reservoir sites in vivo, what next? In as much as the 
shock strategy helps to reactivate the latent virus in 
their reservoir sites, by causing the virus to resume 
viral replication (which is an important factor for 
immunological attack), it is also important that these 
reservoir sites are efficiently purged of the infectious 
virus and targeted by host immune system for possible 
killing. Prior to HIV-1 infection, individuals possess 

Ongoing Approaches for Functional HIV-1 
Cure: Current ART is Limited in Action but 
Novel-Non-ART May Provide Answers to HIV-
1 Cure

Antiretroviral drugs (ARDs) are anti-HIV-1 drugs 
which are used clinically for the treatment of HIV-1 in-
fections in humans. ARDs are often used in combina-
tions in ART when HIV-1 infection is considered; and 
these agents’ helps to suppress in vivo HIV-1 replication, 
thereby delaying the progression of HIV-1 infection to 
AIDS. Nonetheless, ARDs used in ART for HIV-1 infect-
ed individuals can only treat the infection but still lacks 
the capacity to cure the infection. The concept of curing 
and eradication therefore, is the major target and am-
bition of all HIV-1 related research - since these ongoing 
approaches are mainly focused on finding a functional 
cure for HIV-1 infection so that the virus can be possibly 
eradicated from the body of PLHA [5,6,55,57].

ART has really gone a long way in providing succour 
and relief to the millions of people living with HIV-
1 around the globe in terms of easing the infectious 
process of HIV-1 in vivo; as well as preventing the 
possible risk of getting an opportunistic infection due 
to weakened immune system resulting from HIV-1 
infection. But there is however, no functional cure yet 
for HIV/AIDS or its related simian immunodeficiency 
virus (SIV) counterpart that infects monkeys and other 
NHPs. This necessitates the urgent need to step up 
HIV/AIDS cure research strategies in order to help the 
millions of people living with the disease across the 
world; and who suffer from several immunological and 
neurological untoward effects resulting from current 
ART. Unfortunately, the search for a cure for HIV-1 and 
its other counterpart, HIV-2, which is notable in Africa is 
at its lowest ebb in the African continent, if not lacking. 
And this is largely attributable to the paucity of funding 
and unavailability of high-tech research facilities for 
such capital-intensive research. Since latency is the 
major impediment to finding a total cure for HIV 
infection [7,8,17,63,64]; it is therefore important to 
continue to study HIV-1 latency and their reservoir sites 
in PLHA so as to better understand the immunological, 
physiological and molecular mechanisms that help the 
virus dodge ART and host immunological attack. Such 
pursuit should also be steadily followed with intensive 
research on HIV-2 which is notable in Africa; and African 
scientists and the medical and academic institutions 
should be on the pioneering forum of such medical 
interventions. Some of the major cure strategies for 
HIV-1 infection which include shock and kill strategies, 
silencing and gene therapy approaches are highlighted 
in this section.

The shock strategy
This strategy has been postulated or hypothesized 

in some quarters as a possible hope and futuristic cure 
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mainly used to knockdown the expression of RNA mole-
cules [72,73]. It is an endogenous catalytic pathway that 
is triggered by double-stranded RNA (dsRNA); and the 
trigger can occur naturally, as in the case of a cellular 
infection by a dsRNA virus, or by the intentional intro-
duction of dsRNA to induce user-directed degradation 
of the cognate transcript [72]. Since RNAi has the capac-
ity to knockdown the expression of RNA molecules; it 
therefore might hold the potential to permanently stop 
latent-HIV-1 in reservoir cells from replicating, thereby 
preventing the production of infectious virus - which is 
responsible for the persistent infection seen occasion-
ally in PLHA when taken off-ART. Certain agents such 
as cyclosporin A are also being investigated for their 
potential to silence and stop the replication of HIV-1 in 
vivo. As aforementioned, latent HIV-1 is transcriptional-
ly silent but replication competent; therefore, the virus 
has the potential to resume replication upon discontin-
uance of ART or any antiviral agents that temporarily 
stopped or reduced its in vivo replication. With RNAi, 
HIV-1 can possibly be silenced naturally, thus achieving 
the purpose of viral remission [72,73]. However, the 
therapeutic effect of this approach has not been clinical-
ly experimented or approved on PLHA; and this also ap-
plies to other proposed HIV-1 cure strategies highlight-
ed in this review. It is therefore important to continue 
to study RNAi as a possible HIV-1 remission approach in 
order to get the full benefit of this natural way of curing 
or eradicating HIV-1 infection in PLHA. The targeting of 
the Vif protein of HIV-1 is one aspect of the HIV-1 cure 
strategy that is close to becoming a clinical reality in the 
treatment of HIV-1 infection [14]. In this silencing strat-
egy, the Vif protein is targeted to activate the APOBEC 
antiviral pathway. APOBECs are deaminases that target 
the virus during reverse transcription (RT) to hyper-
mutate the virus to silence any latent viruses activat-
ed by LRAs [14]. HIV-1 Vif protein inhibits APOBECs by 
preventing their viral packaging and shuttling them to 
degradation but therapies that target Vif protein of the 
virus would allow APOBECs to be packaged into newly 
activated latent virus and prevent further infection or 
reservoir formation [14]. The activation of the APOBEC 
antiviral pathway by targeting the Vif protein of HIV-1 
is yet another putative strategy geared towards HIV-1 
cure. 

Curing HIV-1 through gene therapy and transplan-
tation

Gene therapy allows pathological conditions to 
be treated at the molecular (gene) level through the 
administration of therapeutic genetic molecules (DNA 
or RNA) in order to improve and/or correct the genetic 
factors at play in a particular disease condition. Following 
the success story of HIV-1-free remission in the absence 
of ART for over a decayed in the Berlin patient (Timothy 
Ray Brown) after successful stem cell transplantation 

[74,75], it was believed in some quarters that HIV-1 

highly-specific CD8+ T cells (known as cytotoxic T cells) 
which can target and kill intracellular parasites including 
HIV-1; but following infection with HIV-1, the population 
of the CD8+ T cells becomes depleted and loses their 
immunological effectiveness overtime [59,60,70]. 
Thus, the host becomes incapacitated to handle and 
control HIV-1 infection using its own immunological 
armamentarium. In the kill strategy, it is anticipated 
that the immune system of the hosts is boosted to 
effectively attack, kill and destroy the dislodged latent 
HIV-1 emanating from the reservoir sites [3,67-69]. In 
the course of persistent and/or chronic HIV-1 infection, 
the hosts immune system loses the battle to effectively 
fight the virus and other co-morbidities associated with 
the disease; and this is due mainly to the fact that the 
major aspect of the immune system that should have 
done the fight (i.e., the CD4+ T cells) have already been 
arrested and taken over by the invading virus. Since no 
functional cure for HIV-1 infection will be successful 
without a boosting of the infected host’s immune 
system to take care of co-morbidities of the disease as 
well as the dislodged latent virus; it becomes important 
to combine the cure strategies with approaches that will 
help restore the lost immunity of the PLHA. This is the 
main mechanism of the proposed kill strategy for HIV-
1 cure. The current cure strategies of HIV-1 research 
cum kill strategy of HIV-1 cure looks to reactivating and 
making the immune system more effective in its role 
of locating and destroying pathogens including latent 
HIV-1 [3,67,68,69]. During HIV-1 infection, the host’s 
immune system produces certain type of antibodies 
known as broadly neutralizing antibodies (bNAbs) 
whose function it is to eliminate HIV and possibly other 
viral pathogens [71]. But bNAbs, which are produced 
in high amount during HIV-1 infection, are not able to 
perform its statutory role of identifying and destroying 
HIV-1 after invasion because of the notable evolution 
and/or mutation rate of the virus [69,70,72]. The use 
of bNAbs is a typical example of fighting the virus using 
immunotherapy techniques. bNAbs, natural killer (NK) 
cells, toll-like receptor (TLR) agonists and the use of T 
cells with chimeric antigen receptors (CARs) are some 
proposed approaches used in the kill strategy of HIV-1 
cure [67,71].

The silence strategy
The silencing strategy is geared towards using mo-

lecular therapeutic techniques that involves the inclu-
sion of RNA interference (RNAi) to silence HIV-1, pos-
sibly shutting down its replication in vivo [72] RNAi is 
a biological process that occurs in both mammalian 
and non-mammalian cells; and it is a novel therapeutic 
strategy that is being proposed to be used against HIV-
1 infection because of its potential to stop translation 
(or gene expression) in a cell via the neutralization of 
targeted mRNAs [72,73]. RNAi is a naturally occurring 
mechanism for gene silencing induced by the presence 
of short interfering RNA (siRNA) molecules; and it is 
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Biological Model Systems Used for HIV/AIDS 
Research

This section is not exhaustive of the myriad of animal 
(biological) model systems that are used globally for 
the study of HIV/AIDS pathogenesis, immunology, 
transmission, prevention and treatment. Animals 
including NHPs are important in the HIV/AIDS research 
because they are predictive models of human hosts for 
research into diseases that affect human population 
[78]. Animal experimental models are mostly used for 
HIV/AIDS related research including those targeted 
at possible HIV/AIDS cure because of the seeming 
physiological, morphological and anatomical similarities 
that these animals or biological systems share with 
humans. Notably, these (biological) models also provide 
avenues through which novel medications and vaccines 
targeted at HIV-1 infection in PLHA can be properly 
evaluated even before such studies can be scaled-up 
clinically to the human population in clinical practice 
[78]. It will also be very wrong ethically to test novel 
HIV-1 medications and vaccines or other therapeutics 
for infectious disease treatment directly on humans; 
and this is why biological (animal) models are very 
important to HIV/AIDS research. The use of animals 
for biomedical research is important, but the welfare 
of the animals should be considered and prioritized in 
line with the research [80]. Minimal number of animals 
should always be used, and they should be used only 
in cases where there is no other alternative to the 
experimentation [79]; and such a strategy will help 
to save the lives of these animals and prevent their 
extinction.

This is why the 3 Rs (replacement, reduction, and 
refinement) is always a guiding principle in the humane 
use of animals for biomedical/scientific research. 
The use of animals therefore should be replaced with 
alternative models or avoided entirely (replacement); 
the number of animals used for scientific research 
should be as minimal as possible (reduction); and 
the welfare of animals used in biomedical research 
should be improved on while ensuring that animals 
suffer minimal pain in the course of the experiment 
(refinement) [79]. According to Fenwick, et al. [79], the 
three Rs are the tenets that guide the use of animals for 
biomedical/scientific research. This tenet is grounded 
in the premise that animals should be used only if a 
scientist’s best efforts to find a non-animal alternative 
have failed, and that when animals are needed, only the 
most humane methods should be used on the smallest 
number of animals required to obtain valid information 
[80] for the anticipated research.

The biological (animal) models used for HIV/AIDS 
related research includes but not limited to SIV models, 
humanized mouse models, feline models, NHP models, 
transgenic mouse models and cell and tissue culture 
models. HIV-1 does not cause disease in other animal 

remission or cure is possible, and should be attempted 
experimentally and clinically. Till date, Timothy Ray 
Brown (which will be known in the greater part of this 
review as the ‘Berlin patient’) still remains the only 
individual in the world, who is considered to have 
been cured of HIV-1 infection [74-76]. Cell and gene 
therapies offer the promise of preventing progressive 
HIV infection by interfering with HIV-1 replication in 
the absence of chronic antiviral therapy [76]. The Big 
Scientific question is: “Can the functionality of the Berlin 
patients’ cure strategy be successfully recapitulated to 
help other HIV-1 infected patients around the globe”? 
While it may not be possible to recapitulate the Berlin 
patients’ stem cell therapeutic approach in the millions 
of PLHA around the globe - owing to the clinical side 
effects (such as apparent tissue rejection), availability 
of suitable donors, and high cost of undertaking such 
clinical intervention; gene therapy and other futuristic 
novel experimental/clinical approach may yet provide 
a cure for HIV-1 if persistently pursued and approved. 
In the case of the Berlin patient who received an 
allogeneic hematopoietic stem cell (HSC) transplant 
from a homozygous CCR5Δ32 donor, HIV-1 replication 
was perfectly inhibited and the patient has continued 
to stay off-ART without the detection of any active, 
replicating HIV-1 [76]. How this medical feat in the “fight 
against HIV-1” was made possible is very important for 
the medical community and the entire HIV community 
- since we all look forward hopefully, for a cure for HIV-
1. Achieving HIV-1 cure through transplantation (as was 
successfully exemplified in the Berlin patient) may not 
be feasible - owing to the aforementioned drawbacks 
associated with grafting techniques. Since HIV-1 enters 
the host cell through the combined efforts of a CD4 
receptor and a chemokine co-receptor, particularly 
CCR5, gene therapy techniques may further provide 
suitable experimental/clinical approaches that could 
be exploited to provide some therapeutic protective 
functions to the host especially antiviral immunity 
against R5-tropic HIV-1 strains [75]. The use of gene 
therapy techniques as a potential cure strategy for HIV 
infection has been previously reviewed [75,77].

In summary, irrespective of the potentials of these 
cure strategies currently being investigated for curing 
and eradicating HIV-1 from the body of PLHA, it is also 
very important to consider the therapeutic efficacy 
of these agents in line with their untoward effects on 
the patients so that a better and much appreciable 
prognosis will be derived from their usage overtime. 
Nonetheless, Africa as a continent with a huge burden 
of HIV-1/2 incidence is still lagging behind in putting 
up novel research and development geared towards 
finding a cure for HIV/AIDS. And this can be due in 
part to the paucity of funding for such research, lack 
of infrastructure and lack of state of the art research 
facilities as well as HIV-1/2 researchers in the continent.
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HIV/AIDS research especially in the valuable data that 
they contribute towards finding a functional cure for 
the infection/disease. Most of the important features 
of HIV-1 pathogenesis and transmission have been 
understood through research carried out in NHPs [83], 
which are also infected with SIV, another relative of HIV. 
And NHPs are also important research tools for studying 
other infectious diseases of man. Nonetheless, the use 
of NHP for HIV1/2 research is still at its lowest ebb due 
to poor funding and unavailability of research facilities 
for such studies.

Humanized mice (BLT mice)
Humanized mice are mice species produced 

through the transplantation of CD34+ stem cells and/
or implantation of human tissue into immunodeficient 
mice [80,85]. Humanized mice carry functional human 
tissues, genes and cells. Such mice go on to generate the 
human B cells and myeloid cells; and they are also re-
engineered and implanted with human thymus tissues 
as well as bone marrow and liver cells [80,85,86]. And as 
a result, such mice go on to produce typical human cells 
and/or tissues which are vital for HIV/AIDS research. 
Humanized mice are also called BLT mice - because they 
produce human bone marrow, liver and thymus cells. 
BLT mice are capable of replicating the HIV-1 and HIV-2 
strains in the human immune cells that they now harbor 

[80,85]; and this helps HIV/AIDS researchers to study the 
pathogenesis and other aspects of HIV. The functionality 
of BLT mice in supporting the replication of HIV-2, a 
notable viral pathogen of HIV in sub-Saharan Africa is 
promising, since humanized mice can be reengineered 
and utilized for studying the pathogenesis of HIV-2 in 
Africa. BLT mice can also be used in other biomedical 
research applications such as cancer research and 
research into other genetic diseases of humans; and 
they provide suitable avenue for the testing novel 
therapeutics as well [80,85]. Humanized mice carry 
different components of the human haematolymphoid 
system such as the liver, bone marrow and thymus cells 
[8,10,85,86]; and thus, they are still excellent animal 
models for specific investigations into HIV/AIDS related 
research.

Feline models
Felines refers to species of cat including domesticat-

ed cats. They are infected by a different type of retrovi-
rus/lentivirus known as feline immunodeficiency virus 
(FIV) [87,88]. FIV is the only non-primate virus to cause 
AIDS-like disease in felines; and thus, can compromise 
the immune system of cats and cause immunodeficien-
cy disease [87,88] that is akin to AIDS in humans. Felines 
are often used in HIV/AIDS related research because of 
some similarities between HIV and FIV. But unlike HIV-
1; FIV infection in felines is naturally controlled in these 
non-primates [87,88]. More so, FIV pathogenesis is also 
similar to HIV infection in humans, thus warranting its 
use in HIV/AIDS research [87]. Feline models used for 

species because it is a species-specific virus that only 
causes infections in humans [80]. Nevertheless, the 
study of HIV-1 infections cannot be started in humans, 
but rather in other related animal models that also bear 
similar physiological, immunological and anatomical 
resemblances with their human counterparts. And since 
HIV-1 only replicates or causes infections in humans, 
some other animals such as the humanized mice can 
be re-engineered especially through transplantation 
techniques to start expressing some human cells or 
tissues that could be used to study the disease process 
of the virus. Though these models are not without some 
deficiencies since they are not 100% human-related 
hosts (in which HIV-1 causes infection), they also provide 
a suitable means through which HIV/AIDS and all of its 
associated clinical manifestations could be properly 
studied prior to the scaling-up and implementation 
of such research findings to the human host in clinical 
practice. Most importantly, these animal (biological) 
models allow HIV/AIDS scientists/researchers to do 
in vivo experimentations that would not have been 
possible in the first place using human host. The unique 
qualities of some of these animal models are succinctly 
reviewed in this section.

Non-human primate model
NHP models have immense research values for the 

testing of potential HIV-1 cure agents and vaccines. 
They also provide the means through which HIV-
1 immunopathogenesis can better be understood 
especially as it relates to the finding of a cure for the 
dreaded disease (AIDS) caused by the virus. Therefore, 
NHP represent an important tool and animal model for 
the HIV/AIDS cure research community. NHP models 
including monkeys, African green monkeys, macaques 
provides a suitable means of investigating the 
pathogenesis, immunology and immunohistochemistry 
of the HIV disease; and this is usually due in part to the 
genetic, physiological and anatomical relatedness of the 
NHPs and their human counterparts [81-83]. Several 
studies have shown that the infection of NHPs with 
the virulent strain of simian-human immunodeficiency 
viruses (SHIV) results in a similar disease that closely 
resembles HIV-1 infection in humans [82,84]. Rhesus 
macaque (RM) monkeys are usually the primary primate 
and/or NHP experimental animal models for HIV/SIV 
research [84]. However, HIV-1 (the causative agent of 
HIV infections in humans) replicates very poorly in these 
monkeys. Thus, HIV-1 pathogenesis cannot be studied 
directly using these monkeys. Instead, SIV, the NHP 
relative of HIV-1 is currently being used to study HIV-
1 pathogenesis in RMs due to the similarities of these 
two viruses (i.e., SIV and HIV); and many laboratories 
and ours now have HIV-1 models (for example, HIV-
1 macaque tropic, HIV-1mt strains) that can infect 
monkeys (RMs for example) and initiate similar clinical 
episodes associated with HIV-1 pathogenesis in humans 

[81]. These animal models are important tools for 
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achieve this, but first of all, Africa is in dire need of 
high-tech research laboratories and research scientists 
who will collaborate and do world-class research with 
their counterparts across the world in order to find a 
lasting cure to this pandemic. With Africa having one 
of the most worsened cases of the disease, and with 
the poor healthcare facilities and research laboratories 
in many parts of the region, now is the time to act. 
According to the United Nations Programme on HIV and 
AIDS (UNAIDS), there were approximately 36.7 million 
people worldwide living with HIV/AIDS at the end of 
2016 [90,91]. Of these, 2.1 million were children (< 
15-years-old); and an estimated 1.8 million individuals 
worldwide became newly infected with HIV in 2016, 
thus accounting for about 5,000 new infections per day 

[90,91]. And this includes 160,000 children (< 15 years) 
who are also infected [90,91].

Most of these children live in sub-Saharan Africa 
and were infected by their HIV-positive mothers during 
pregnancy, childbirth or breastfeeding [90,91]. Currently 
only 60% of people with HIV know their status [89-91]. 
The remaining 40% (over 14 million people) still need 
to access HIV testing services [90,91]. As of July 2017, 
20.9 million people living with HIV were accessing ART 
globally, up from 15.8 million in June 2015, 7.5 million 
in 2010, and less than one million in 2000 [90,91]. One 
million people died from AIDS-related illnesses in 2016, 
bringing the total number of people who have died from 
AIDS-related illnesses since the start of the epidemic to 
35.0 million [90,91]. The vast majority of people living 
with HIV are in low- and middle-income countries. 
Sub-Saharan Africa is the most affected region, with an 
estimated 25.6 million people living with HIV in 2015; 
and about 66% of new HIV infections in 2015 occurred 
in sub-Saharan Africa [90,91].

According to Dube, et al. [92], about 42.9 million 
people are living with HIV across the globe; and 
approximately 2.1 million new infections of the disease 
occurred as of the year 2016. It is possible that newer 
cases might have emerged especially in poor resource 
countries and/or continents such as Africa where the 
disease is most prevalent. Though ARDs and/or ARTs 
have significantly reduced to a bearable minimum the 
percentages of HIV-1 co-morbidities, and thus ensured 
some level of comfort and improvement of the health 
status of those living with the disease, there is still no 
current cure or vaccine for the eradication of HIV-1 from 
the body of those living with the virus. On the other hand, 
the African continent is lacking in financial resources 
to fight its own HIV/AIDS issues especially by financing 
programs and interventions targeted at preventing 
the spread of the disease and proper management of 
already infected individuals. It is pitiable that most of 
the resources for fighting HIV/AIDS in Africa are mainly 
from donor agencies and foreign governments; and 
these measures cannot be sustainable owing to the 
changing economic situations around the globe.

HIV/AIDS research include cats and other felines which 
are known to be naturally infected with FIV. However, 
felines have certain limitations; and are thus not widely 
used for HIV/AIDS related research even though some 
aspects of HIV-1 research can be attempted using the 
feline models [87,88]. Most importantly, feline models 
use the CD134 receptor instead of CD4 receptor as the 
major binding site for HIV-1 infection and entry into the 
cell [88]. This makes the target cells for FIV different 
from that of HIV-1 and its SIV counterpart. An under-
standing of the FIV model as a possible alternative mod-
el in the HIV/AIDS research may expose other striking 
features that may contribute positively towards finding 
a cure for HIV/AIDS.

In summary, researchers working on HIV-1/2 in 
Africa should as a matter of urgency localize the animal 
models that is best fit for HIV research in the region; and 
owing to the vast forest and wild life reserve in Africa, 
experiments in which animals are involved should be 
anticipated and carried out based on international 
protocol in order to secure the life and prevent the 
extinction of these animals.

The Global HIV/AIDS Distribution: Africa in Fo-
cus, and the Way Forward

The need for more PRIs and high-throughput 
infectious disease laboratories in the African continent 
cannot be over emphasized. First, HIV-1 is a major 
concern in Africa particularly in the sub-Saharan part 
of Africa - where HIV-2 is most prevalent. Secondly, 
Africa is known for some peculiar infectious diseases 
such as Lassa fever, malaria and Ebola that ravages the 
people of the continent. More so, despite the current 
fight against ending HIV-1 infection and its scourge 
on the human race, new cases of the disease are still 
emerging and yet there is still no functional cure yet for 
the disease. HIV-1 has infected over 60 million people 
across the world since over 3 decades the infectious 
virus was first discovered; and over 30 million people 
have also died as a result of HIV-related complications 
[89]. According to the World Health Organization (WHO), 
the Sub-Saharan Africa remains most severely affected 
with HIV infection, with nearly 1 in every 25 adults 
(representing about 4.2% of her population) living with 
HIV and accounting for nearly two-thirds of the people 
living with HIV worldwide [89]. This development is not 
a palatable report - owing to the fact that it represents 
millions of people who may be in their prime stage of 
life. And with the poor state of health in most African 
nations, it is important for the African leaders to take 
the bull by the horn and rise up to the occasion of being 
at the fore front of fighting the infectious diseases head-
on. This can be done by coming up with legislation to 
back up the establishment and funding of facilities and 
researchers working on HIV-1/2 and other intractable 
diseases in the continent.

There are a lot of ways that the African nations can 
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join in this quest since she bears the largest burden of 
the global HIV/AIDS epidemic.

PRI: Minding the Research Gap in Africa
PRI is a research and academic based institute cum 

laboratory facility that is mainly focused towards prima-
tology, the scientific study of primates. In part, PRIs are 
also focused at understanding the physiological, met-
abolic, biological, and behavioural and socioecological 
roles and functions of primates (including NHPs and 
monkeys) in the environment and how data obtained 
from such studies can be extrapolated to humans. Since 
most research targeted at humans may be ethically 
wrong and impossible to undertake in humans, such as 
the testing of a new drug or treatment; primates are 
often the choicest of animal models to use for such ex-
perimentations owing to the genetic and evolutionary 
similarities that may exist among primates and humans. 
Nonetheless, there is paucity of PRIs and other high-tech 
infectious disease laboratories for studying Africa’s own 
diseases especially HIV-1 (which she shares the great-
est burden of the disease) as well as HIV-2 (common in 
the West African states). The Association of Assessment 
and Accreditation of Laboratory Animal Care (AAALAC) 
is the organization that promotes the humane treat-
ment of animals (inclusive of primates and NHPs) in sci-
ence through voluntary accreditation and assessment 
programs related to animal research and primatology in 
particular. In Africa, the Institute of Primate Research 
(IPR) in Nairobi, Kenya is the first organization in Africa 
to obtain the AAALAC International accreditation (www.
aaalac.org) in late 2017. This adds to the two other PRI 
facilities in North-West University, South Africa and an-
other US Naval facility that undertake such research in 
Mauritius. In all, Africa can only boast of three (3) PRI 
which is not bad but insufficient to encourage and en-
gage her scientists to undertake world class research 
that will tackle head-on, the continents own diseases 
such as Ebola, Lassa fever and malaria that have held 
many Africans hostage.

Concluding Remarks: Bridging the Research 
Gap of HIV-1 Cum HIV-2 in Africa

This review is only but a brief on the subject of 
HIV-1 reservoir and cure research strategies and why 
Africa as an important beneficiary of the HIV/AIDS 
disease burden must bridge the lacuna of HIV/AIDS 
related research in the region. Basic research into HIV-1 
including HIV-2 that is common in some African states is 
important to understanding the infection, pathogenesis, 
transmission and cure strategies of HIV-1 and HIV-2. 
Having state of the art research facilities and increased 
number of PRIs in the continent will help to spur and 
sustain a chain of research into HIV-1 and HIV-2 as well 
as other infectious diseases of Africa such as malaria, 
Lassa fever and Ebola to mention a few. More so, these 
facilities and funding will enable HIV-1/2 researchers 
in Africa to collaborate and sustain this research 

With Africa being the most hit region of the world 
with the HIV/AIDs epidemic, the situation varies across 
the countries in the continent. According to the United 
Nations Programme on HIV/AIDS (UNAIDS), the Eastern 
and Southern African countries happens to be the region 
hardest hit by HIV-1 - with about 19.4 million people 
living with HIV and 790,000 new HIV-1 infections; and 
South Africa accounted for about one third (270,000) of 
the region’s new infections [90,91]. In the Western and 
Central African states, the situation is pretty less severe 
when compared to the East and Southern African states. 
According to UNAIDS, HIV in West Africa and Central 
Africa is less prevalent than in East and Southern Africa 

[90,91]. There were about 6.1 million people living with 
HIV-1 in West and Central Africa as at 2016, and about 
370,000 new infections occurred as at the time, with 
about half a million cases occurring in children [90,91]. 
HIV prevalence among adults in West and Central Africa 
is about 2.2%, which is relatively low when compared 
to the East and Southern Africa where HIV prevalence 
in adults is about 7% [90,91]. However, the prevalence 
of HIV in the Western and Central African states 
varies from one country to another. For example, the 
prevalence of HIV among adults in Nigeria is much less 
(2.9%) than other African countries such as South Africa 
and Zambia where the prevalence is over 10% [90,91]. In 
North Africa, the prevalence of HIV is relatively low (less 
than 1%) compared to other regions of Africa [90,91].

The factors spurring the prevalence and emergence 
of new HIV-1 infection in Africa is multifactorial. Many 
people living with HIV-1 in Africa are still unaware 
of their status. The fear of knowing their status has 
prevented many people from getting tested and seeking 
help especially through counseling and recruitment onto 
the ART/HAART treatment program. In addition, the 
low levels of access to ART treatment in most parts of 
Africa (especially in the rural areas) may also contribute 
to the morbidity and mortality associated with the 
disease. The stigma associated with HIV/AIDS may 
also contribute in preventing many from coming out 
to declare their status; and this means that many that 
is infected still remains largely unknown in the region 
because they fail to get tested or declare their status 
and get treatment. More so, most people infected with 
HIV-1 in sub-Saharan Africa, where the disease burden 
of HIV is highest may be without proper treatment care 
for the disease. Public awareness through sensitization 
of the public and creating more HIV/AIDS counseling 
and testing centers across the regions especially in the 
rural areas can help more people get tested and seek 
help where they need one. This will go a long way in 
helping to reduce the burden of the disease in the 
region especially by preventing the emergence of new 
infections and improving the lives of those already 
infected by the virus. With the sustainable developing 
goals (SDGs) hoping to end the AIDS epidemic by 2030, 
it is pertinent that Africa pulls her resources together to 
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of antiretroviral enabling innate immunity by protecting 
APOBEC3 from HIV Vif-dependent degradation. Trends 
Mol Med 24: 507-520.

15. Darcis G, Kula A, Bouchat S, Fujinaga K, Corazza F, et al. 
(2015) An In-depth comparison of latency-reversing agent 
combinations in various in vitro and ex vivo HIV-1 latency 
models identified Bryostatin-1+JQ1 and Ingenol-B+JQ1 to 
potently reactivate viral gene expression. PLOS Pathog 11: 
e1005063.
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and others that are targeted at finding a sustainable 
solution to many intractable disease in Africa. For Africa 
to benefit sufficiently from the gains and spoils of war 
in terms of finding a cure or vaccine for HIV/AIDS, it 
must step up its support for HIV/AIDS related research 
in the continent. The prospects and potentials of having 
more PRIs and high-tech infectious disease laboratories 
in Africa especially in Nigeria (that primes itself as the 
Giant of Africa) cannot be overemphasized. Africa ranks 
highest in the HIV/AIDS pandemic. Most countries in 
the region are also noted for low standards of health 
and even low life expectancy due to both health and 
non-health related issues. And there is plethora of 
intractable infectious diseases that currently bedevil 
the wellbeing of the populace of Africa aside HIV/AIDS. 
This calls for urgent attention. Drawing from the quest 
to achieve the SDGs as other continents of the world, 
and with the One Health advocacy of WHO in the global 
community, it is important that Africa regains its place 
and pride of ensuring quality healthcare services for 
its huge populace by developing and building research 
centers and institutes that will help in addressing some 
of the disease’s notable for the region. It is now time for 
Africa to wake up from its slumber and draw clues from 
countries in Asia, America and Europe who are doing 
outstanding research geared towards the treatment 
and possible control of numerous diseases including 
HIV/AIDS that mostly affects the African continent.
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