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Introduction
The discovery of the human T-lymphotropic virus 1, HTLV-

1, in 1980[1], and of HIV-1 shortly after, this latter causing 
the Acquired Immuno Deficiency Syndrome (AIDS) [2,3], has 
introduced two novel chapters in Medicine human exogenous 
retroviruses as relevant pathogenic viruses (in the case of HIV-
1 with pandemic potential) and antiretroviral agents that have 
also served as “lead compounds” for other antiviral drugs, as 
exemplified by the successful use of Protease Inhibitors (PIs) in 
the therapy of hepatitis C virus[4].

The early identification of CD4 as primary receptor of HIV-[5] 
has immediately provided a first, correct model of pathogenesis: 
by infecting CD4+ T lymphocytes, HIV-1 caused their depletion 
with the consequent profound immunodeficiency resulting in 
the AIDS phase of the disease with opportunistic infections and 
cancers rapidly leading to the death of >95% individuals. The 
successful discovery of antiretrovirals targeting crucial steps [6] of  

 
the retroviral life cycle, starting with the inhibitors of Reverse 
Transcriptase (RT), the key enzyme allowing the conversion of the 
viral RNA genome into its DNA equivalent capable of integration 
in the host chromosomes as a provirus, followed by PIs, integrase 
inhibitors and others has resulted in cART protocols that have 
completely reversed the “death sentence” previously associated 
with the diagnosis of HIV infection and AIDS. Early studies 
have further reinforced the tight association between[7] virus 
replication, T lymphocyte depletion and prognosis of infected 
individuals therefore leading to a “T cell-centric view” of HIV-1 
infection, disease progression and its pharmacological control [8, 
9].

This view has been further strengthened by the early studies 
of Robert Siliciano’s laboratory demonstrating that a tiny, but 
highly stable pool of CD4+ T lymphocytes with a “resting memory” 
phenotype was infected with replication-competent proviruses 
(therefore capable of spreading the infection to other cells if 
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unchecked by antiretrovirals) that was unaffected by cART (that 
prevents new infections, but cannot eliminate already infected 
cells).

 Other independent laboratories have confirmed and further 
refined Siliciano’s initial discovery while his laboratory updated 
the estimate of the size of the T cell reservoir being potentially 
60-fold bigger than initially calculated [12]. The physiology of 
“resting-memory” T cells, undergoing homeostatic proliferation 
in response to constitutively released cytokines and/or to 
stimulation by persisting low levels of viral antigens[13], would 
guarantee life-long infection even in the presence of cART and 
of the at least partially reconstituted immune system. This latter 
would be, however, “blind” to latently infected T cells expressing 
too little, if at all, viral antigens to be detected.

A further intriguing aspect of latent T cell infection (in the 
presence of cART) was discovered in 2014 when clonally expanded 
CD4+ T cells carrying HIV-1 proviruses in the same integration 
sites were demonstrated to contribute to the HIV-1 reservoir, its 
stability and potential expansion[14-16]. While most of these T 
cells carry defective proviruses, some of them actually harbor 
replication-competent HIV-1 therefore potentially contributing to 
viral spreading upon therapy suspension [17]. This fundamental 
knowledge on the nature of the cART-resistant HIV-1 reservoir 
has inspired the design of several experimental protocols, 
collectively defined as “Shock and Kill” approaches, based on 
the stimulation of latently infected CD4+ T cells with various 
pharmacological agents, such as protein kinase C activators and 
inhibitors of histone deacetylases (proven in-vitro to be highly 
effective in awakening latent HIV-1 infection) in the presence of 
cART to prevent spreading of the virus while potentially eliminate 
the pool of chronically infected cells either directly or by means 
of a restored immune function. The results of these approaching 
have been collectively disappointing [18]. in terms of poor efficacy 
in the face of a significant toxicity of the drug cocktails[19].

 These studies have also confirmed that latently infected T cell 
do not die upon virus reactivation (as earlier observed in-vitro)
and that even the experimental addition of immune effector cells 
[20] (such as CD8+ T lymphocytes with cytolytic potential) while 
effective in eliminating cells carrying defective proviruses ex vivo 
is much less efficient against those infected with replication-
competent HIV-[21]. More recently, the opposite approach 
of “Blocking and Locking” latent HIV-1 proviruses has been 
gaining more attention [19, 22], but the related pharmacologic 
armamentarium is currently quite limited.

However, a central question remains: is it definitively proven 
that the only relevant reservoir of replication-competent HIV-1 
is limited to certain subsets of CD4+ T lymphocytes or do other 
cell types play a relevant role in individuals under cART? The 
issue is not just a theoretical question in that even eliminating 
the T cell-based HIV-1 reservoir by “Shock and Kill” or “Block 
and Lock” strategies might not be necessarily enough to achieve 

a “functional Cure” if the virus hides in other cell types potentially 
obeying to at least partially different rules for its latency and 
replication. In this regard, non-T cell types proven to be infected 
in-vivo and infectable in-vitro by HIV-1 with potential features 
of representing viral reservoirs resistant to cART additional to 
CD4+ T cells include the astrocytes of the Central Nervous System 
(CNS), myeloid dendritic cells, carrying the virus from peripheral 
tissue to regional lymph nodes, and follicular dendritic cells of the 
lymph node germinal centers that, although not infected, adsorb 
and maintain virions on their surface for long time, as recently 
debated in a dedicated meeting[21-23]. I will here focus on 
discussing the essential features of another cell type as candidate 
HIV-1 reservoir: TheTissue Resident Macrophages (TRM).

Tissue resident macrophages. A candidate HIV-1 
reservoir

The biology of mononuclear phagocyte ontogeny has 
undergone a “Copernican revolution” in recent years with 
the demonstration that most TRM, such as the CNS microglia, 
do not originate from bone marrow precursors but rather by 
earlier progenitor cells of the yolk sac or fetal liver[24,25]. In 
the adult life TRM are capable of self-renewal (similar to resting 
T cells) and are responsible for housekeeping functions (such 
as removal of apoptotic bodies) typical of the tissue or organ 
where they reside[24,25]. It is only as a consequence of an injury, 
inflammation or infection that bone marrow-derived, circulating 
monocytes invade the tissue and rapidly differentiate into 
Monocyte-Derived Macrophages (MDM) that, together with TRM, 
become activated according to either a pro-inflammatory (M1) or 
a tissue repairing, anti-inflammatory (M2) mode encompassing 
several intermediate states[26,27].

HIV-1 infection of brain microglia, and of other TRM, has 
been recognized in 1986 to be a significant component of AIDS 
pathogenesis[28,29]. In the absence of cART, it causes (together 
with the infection of astrocytes) a state of HIV-associated 
dementia leading to a deadly encephalitis; it is actually perhaps 
the only clinical condition in which HIV kills directly its host. It is 
commonly believed that the high levels of viremia of individuals 
fully depleted of their CD4+ T lymphocytes in the absence of cART 
is at least partially sustained by the productive infection of TRM 
(more difficult to investigate than T cells for obvious reasons), 
as also supported by experimental evidence in non-human 
primates (NHP), as later discussed. Unlike T cells, macrophages 
are not significantly depleted by HIV-1 infection both in-vivo (as 
TRM) and in-vitro (mostly studied in in vitro derived MDM), a 
feature supporting their potential role as reservoir. Furthermore, 
they display the unique property of accumulating new progeny 
virions in subcellular compartments, known as “Virus Containing 
Compartments (VCC)”, resulting from the invagination of the 
plasma membrane, a subcellular structure preexisting the 
infection that has been defined “a perfect niche” for the virus to 
hide from the recognition of the immune system as well as from 
antiretroviral agents[30-32] (Table 1).
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Table 1: Key similarities and differences in HIV-1 infection of T lymphocytes and Macrophages.

Feature T lymphocytes Macrophages Notes

Entry
CD4 (primary receptor) 

and CCR5 or CXCR4 
(coreceptors)

CD4 (primary receptor)
 and CCR5 or CXCR4

 (coreceptors); 
phagocytosis of
 infected cells?

Macrophages are usually
 productively infected in vitro only 

by CCR5-dependent viruses

Cytopathicity Present, profound Absent or minimal Features observed
 both in vivo and in vitro

Subcellular 
distribution

virion budding at the
 plasma membrane

in addition to virion
 budding at the plasma

 membrane viral
 particles actively

 accumulate in VCC

Features observed both in 
vivo and in vitro.

 Infected macrophages 
showing VCC have been 

described as 
“Trojan horses” of infection

In vivo 
distribution

Primary and secondary 
lymphoid organs,
 peripheral blood

Organs and tissues;
 central role in CNS

While T cells recirculate,
 tissue resident 

macrophages do not

Main clinical 
consequences

Profound immunodeficiency 
leading to AIDS in the absence 

of cART

Dementia and CNS
 encephalitis, chronic

 inflammation of tissues
 and organs

While cART corrects HIV-induced immunodeficiency it does not 
effectively reduce the chronic inflammatory state of several tissues 

and organs, a feature associated with the increased frequency 
of cardiovascular diseases and solid tumors observed in treated 

individuals

A substantial support to the hypothesis that TRM are a relevant 
candidate HIV-1 reservoir comes from in-vivo studies. Transgenic 
mice reconstituted only with myeloid cells establish an inducible 
viral reservoir [33,34], whereas experimental infection of NHP 
with SIV (a virus highly related to HIV-2), clearly indicates that, in 
addition to T cells, this virus can establish a latent, but inducible 
infection of brain macrophages in the presence of antiretroviral 
agents effective in suppressing the animal’s viremia[35,36]. 
Finally, it has been indeed estimated by imaging studies that 10-
20% of individuals under fully suppressive cART (as determined 
by undetectable levels of viremia) suffer of either HIV-1 replication 
or HIV-related inflammation in their CNS[37].

Discussion
There is no question that infection of CD4+ T lymphocytes 

is “the heart” of HIV-1 pathogenesis as proven by the success of 
cART in terms of viral suppression and reconstitution of normal or 
near normal levels of CD4+ T lymphocytes with a highly significant 
impact on the life expectancy of infected individuals. Nonetheless, 
it should not be forgotten that HIV belongs to the genus of 
lentiviruses that typically infect myeloid cells at different stages of 
maturation[38,39]. The evolutionary selection of CD4 as primary 
entry receptor (together with CCR5 and CXCR4 coreceptors) 
has expanded and likely diverted the central target of HIV from 
myeloid cells to T lymphocytes with the consequence of causing 
a deadly immunodeficiency far greater than that observed with 
animal retroviruses. A recent study in which CD4+ T cells were 
artificially depleted from SIV-infected macaques has shown a shift 
to TRM as primary sources of virus replication[40]. Thus, even 
an obviously desirable “functional Cure” for CD4+ T cell might not 
necessarily eliminate the long-lasting infection in individuals and 
prevent their capacity to transmit the virus to others.

Conclusion
There are several evidences supporting the alternative view 

that the so called “HIV-1 reservoir” is actually a mosaic of different 
infected cell types (with T lymphocytes at the center stage), as 
recently debated [23]. Investing all public and private funds to 
exclusively support scientific efforts focusing on the “T cell only 
HIV reservoir” may not be necessarily successful if other cell types 
(such as TRM) indeed play a relevant role in maintaining HIV-1 as 
a life-long infection in cART treated individuals.
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