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Abstract 

In order to survive, the host has developed distinct strategies to recognize and respond effectively and rapidly to invading 

microorganisms present within the environment. Two types of immunity are utilized to protect the host against microbial pathogens: 

innate and adaptive (acquired) immunity. HIV can be transmitted via four major routes: through sexual contact, blood, perinatally 

(mother-to-child transmission) or via breast milk. HIV can be found as cell-free viral particles or in infected immune cells such as 

dendritic cells, macrophages and CD4+ T cells. Innate immune cells (e.g., dendritic cells and natural killer cells) are the first line of 

defence which HIV encounters upon entry to the body. The cellular immune response is induced upon the entry of HIV into the target 

cells (e.g., T cells) and synthesis of viral proteins. Major Histocompatibility Complex (MHC) class I on the cell surface displays the 

intracellularly degraded HIV peptide fragments for recognition by T-cell receptors (TCR) on CD8+ T cells. The paper was aimed to 

review host immune response to Human Immunodeficiency Virus (HIV). 
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Introduction 

Over the years, a great amount of progress has been accomplished 

in the understanding of the relationship between the host and 

invading pathogens [1]. In order to survive, the host has developed 

distinct strategies to recognize and respond effectively and 

rapidly to invading microbes present within the environment. The 

immune system is classically divided into innate and adaptive 

(acquired) immunity [1]. During the early phase of infection, hosts 

mount innate immune response that comprises defense 

mechanisms to protect the hosts from invading pathogens in an 

antigen independent manner. This immune response is the first 

and a rapid response launched against a variety of 

microorganisms. The innate immune system can distinguish 

between self and foreign proteins and responds accordingly [2]. 

This nonspecific immune response is activated primarily by the 

structural motifs of invading pathogens. The major cell types that 

play key roles in innate immune response against invading 

pathogens include macrophages, dendritic cells, neutrophils, 

natural killer cells, mast cells, eosinophils, and basophils [3]. Most 

of the innate effector cells produce inflammatory factors that 

function as chemical messengers. Among these molecules, IFNs 

are the most effective in elucidating antiviral immune responses 
[4]. Additionally, cytokines and chemokines also play important 

roles as chemo-attractants controlling leukocytes trafficking [5]. 

Innate immune response operates through the steps of recognition 

of the pathogen, Signal transduction, and subsequent gene 

expression to produce the innate immune effector molecules [6]. 

The adaptive immunity in mammals is characterized by two types 

of lymphocytes, T and B cells, clonally expressing a large 

repertoire of antigen receptors that are produced by site-specific 

somatic recombination, i.e., T cell receptor (TCR) and antibody 

B cell receptor [7]. Functionally, naive T and B cells encounter 

antigens in specialized lymphoid organs and undergo a process 

of cell division and maturation before exerting their effector 

function [8]. 

Human Immunodeficiency Virus (HIV) 

Human Immunodeficiency Virus (HIV) is a member of the 

Lentiviruses genus and is known to cause the acquired 

immunodeficiency syndrome (AIDS). HIV was discovered by 

one group in early 1983 from human patients [9]. It was first 

isolated from the lymph node of a patient with lymphadenopathy, 

a syndrome that was considered to be a precursor of AIDS [10, 11]. 

Two species of HIV, which are known to infect humans, are 

commonly found throughout the world. HIV-1 (HIV type 1) and 

HIV-2 (HIV type 2) have been shown to have arisen from several 

cross-species transmission from primates in Africa to humans. 

They have been shown to have evolved from a related simian 

immunodeficiency virus (SIV) that mainly infects African 

monkeys [12]. HIV-1 has evolved from an SIV strain namely 

SIVcpz, found in chimpanzees (Pantroglodytes troglodytes) from 

West central Africa. HIV-2 appears to be closely related to the 

SIVsmm strain found in sooty mangabeys from West Africa [13]. 

HIV-1 has spread in most part of the world including North 

America, central Europe, and Asia, whereas HIV-2 has remained 

mainly prevalent in West Africa [14]. Although, both viruses are 

associated with the development of progressive immunological 
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deterioration, HIV-1 is more virulent, highly transmitted and is 

the cause of the AIDS pandemic [15]. By the end of 2008, the 

number of people worldwide living with AIDS was estimated to 

33.4 million, and in North America about 1.4 million of 

individuals are living with HIV-1 [16]. On the other hand, HIV-2 

is known to be less transmittable, has lower virulence and has an 

incubation period for the progression of the disease longer than 

HIV-1, thus people tend to live longer. HIV-2 has largely 

remained confined to West Africa and is rarely found elsewhere 
[17, 18]. Number of people worldwide living with AIDS was 

estimated to 33.4 million, and in North America about 1.4 million 

of individuals are living with HIV-1 [16]. On the other hand, HIV-

2 is known to be less transmittable, has lower virulence and has 

an incubation period for the progression of the disease longer 

than HIV-1, thus people tend to live longer. HIV-2 has largely 

remained confined to West Africa and is rarely found elsewhere 
[19].  

 

Molecular Biology of HIV  

HIV is an enveloped virus that has a spherical shape of 

approximately 120-140nm in diameter. The mature virion is 

composed of two identical 9.2 kb positive single-stranded RNA 

molecules that are surrounded by cone-shaped core that is 

composed of more than 1000 capsid (CA) proteins [20]. Within the 

core, the viral genomic RNA molecules are tightly bound by 

nucleocapsid (NC) proteins and also present are the virally 

encoded enzymes required for the replication of the virion such 

as reverse transcriptase (RT), protease (PR), and integrase (IN). 

Several viral proteins including Vpu, Vif, Vpr and Nef as well as 

some cellular factors can be also found in the viral particles 

(reviewed in [21, 22]. To ensure the integrity of the virion, the core 

is surrounded by a matrix coat that consists of the viral MA 

protein or p17, which is in turn surrounded by lipid bilayer 

membrane that is derived from the host cell membrane after 

budding. Also, embedded within the membrane are the viral Env 

glycoproteins [23]. The Env protein is a heterodimer of the 

glycoprotein (gp) 120 that is attached to a stem which consists of 

three molecules of gp41 that anchors the structure into the 

envelop of the virion [24]. Gp41 also forms a pore in the plasma 

membrane, which enables gp120 to be anchored in both the virion 

and infected cells [25]. 

 

HIV Infection  

HIV can be transmitted via four major routes: through sexual 

contact, blood, perinatally (mother-to-child transmission) or via 

breast milk. HIV can be found as cell-free viral particles or in 

infected immune cells such as dendritic cells, macrophages and 

CD4+ T cells. A great percentage of HIV infections occur 

through unsafe sexual intercourse, whereby bodily fluids such as 

semen, vaginal fluids or blood from an infected individual come 

into contact with the mucous membranes of the genitals, mouth 

or rectum of an uninfected person [26]. In general, the mode of 

infection, either through mucosal surfaces or through direct 

contact with blood, can often determine the target cells that will 

be initially infected by the virus. Upon viral entry in the mucosa, 

the first encountered cells are the antigen-presenting cells, 

including different subsets of dendritic cells or macrophages. 

HIV infected dendritic cells or macrophages will subsequently 

migrate to the lymphoid tissue, where infection of CD4+ T cells 

will then take place [26]. Upon HIV infection, a host cellular 

immune response is triggered to eradicate the HIV infected cells; 

a cell-mediated immune response mediated by cytotoxic CD8+ T 

lymphocytes (CTL), as well as a humoral immune response. 

CD8+ T cells play a pivotal role in the control of HIV-1 

replication. They can destroy HIV infected cells through different 

mechanisms. Detection of infected antigen-presenting cells by 

CTL occurs through an MHC-I dependent manner. CTL 

recognize infected cells presenting the HIV antigen via MHC-I 

molecules and induce the production of perforin and granzymes 

which lead to the destruction of infected cells [27]. In addition, 

CTL can also induce apoptosis of the infected cells by interaction 

of the death inducing ligand, FasL, Sexpressed on their surface 

with the death receptor, Fas, present on the infected cells [27]. CTL 

also induce the expression of chemokines such RANTES and 

MIP-1α/β, which are the ligands of the coreceptor CCR5. 

Binding of these chemokines to CCR5 has been shown to 

interfere with HIV entry into target cells [28]. HIV infection 

induces the production of HIV-1 specific antibodies; however the 

contribution of the humoral response in the inhibition of viral 

replication appears to be relatively minor. Non-neutralizing 

antibodies directed against the envelope glycoprotein are 

produced during the early stages of the infection, while 

neutralizing antibodies that would normally neutralize HIV, are 

delayed and arise few months after the initial infection and can 

no longer control viraemia [29, 30] HIV has developed several 

strategies to evade detection by CD8+ T cells and antibody 

neutralization. HIV has a high degree of genetic variations that 

result in viral escape from the immune system. Several factors 

contribute to production of HIV variants; in particular the rapid 

replicative cycle of HIV, the high maturation rate of the RT, the 

lack of exonuclease proof-reading activity, and the propensity of 

the RT to promote recombination of different viral strains [31, 32, 

33]. Consequently, these HIV-1 variants expose different epitopes 

that can no longer be recognized by the CTL and neutralizing 

antibodies. Thus, the host immune response cannot control HIV 

infection and disease progression. 

 

Host Immunity  

Protection against invading pathogens is essential for host 

survival. In vertebrates, two types of immunity are utilized to 

protect the host against microbial pathogens: innate and adaptive 

immunity [1]. The innate immune response acts as the sentinel for 

the immune system and is characterized by a rapid detection of 

specific features of micro-organisms. Upon recognition of 

pathogens, innate immune cells such as macrophages, dendritic 

cells (DCs) and neutrophils are activated to produce cytokines 

that will directly inhibit spreading of invading microbes and 

simultaneously regulate a pathogen-specific adaptive immune 

response, mediated by the T and B lymphocytes [1, 5].  

 

Innate immune response to HIV  

Innate immune cells (e.g., dendritic cells and natural killer cells) 

are the first line of defence which HIV encounters upon entry to 

the body.  

 

Macrophages  
Tissue macrophages are one of the target cells for HIV. These 

macrophages harbor the virus and are known to be the source of 
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viral proteins. However, the infected macrophages are shown to 

lose their ability to ingest and kill foreign microbes and present 

antigen to T cells. This could have a major contribution in overall 

immune dysfunction caused by HIV infection [34].  

 

Dendritic cells (DCs) 

DCs are large cells with dendritic cytoplasmic extensions. These 

cells presented processed antigens to T lymphocytes in lymph 

nodes. Epidermal DCs, expressing CD1a and Birbeck granules, 

are probably among the first immune cells to combat HIV at the 

mucosal surfaces [29]. These cells transport HIV from the site of 

infection to lymphoid tissue. The follicular DCs, found in 

lymphoid tissue, are also key antigen-presenting cells that trap 

and present antigens on their cell surfaces. In the lymph node 

follicles, DCs provide signals for the activation of B lymphocytes 
[34]. 

  

Natural killer (NK) cells  

NK cells have lytic activity against cells that have diminished 

expression of major histocompatibility complex (MHC) I 

antigens. Because the presence of MHC class I is required for 

peptide presentation to T cell receptors, NK cells are important 

line of defence when HIV escapes the cellular immune response. 

NK cells proliferate in response to type 1 interferon secreted by 

DCs. These stimulated NK cells release cytokines such as 

interferon γ (IFN-γ), tumour necrosis factor α (TNF-α), and 

chemokines to activate T-cell proliferation (cellular immune 

response). NK cells also inhibit viral replication by releasing 

IFN-γ [34].  

 

Adaptive immune response to HIV  
The cellular immune response is induced upon the entry of HIV 

into the target cells (e.g., T cells) and synthesis of viral proteins. 

MHC class I on the cell surface displays the intracellularly 

degraded HIV peptide fragments for recognition by T-cell 

receptors (TCR) on CD8+ T cells [34]. CD8+ T cells lyse HIV 

infected cells and secrete cytokines, i.e. interferon-γ (IFN-γ), 

tumor necrosis factor α (TNF-α), and chemokines, i.e. MIP-1 α, 

MIP β and RANTES, that inhibit virus replication and block viral 

entry into CD4+ T cells [27]. Development of CD8+ T cells is 

crucial for control of HIV replication. This results in declining 

viraemia after primary infection. In the early stages of infection, 

CD4+ T cells lose their proliferative capacity and therefore their 

contribution to viral control is minor. However, during chronic 

infection CD4+T cells are present and secrete interleukin-2 (IL-

2) or cytokines, such as IFN-γ, to control viraemia [34].  

 

Humoral response to HIV  

The humoral immune response occurs later in infection; 

therefore, the level of antibodies during the acute infection is very 

low. Non-neutralizing antibodies to structural proteins (i.e. P17 

and P24) are first to appear and generally do not persist. Later 

neutralizing antibodies specific to proteins, involved in the entry 

of the virus into the cells, will be generated. These antibodies are 

specific to: The variable region of gp120 (V3); CD4 binding sites 

and chemokine receptors (i.e., CXCR4 and CCR5) and the trans-

membrane protein gp41. Potent neutralizing antibodies have been 

shown to play a major role in controlling HIV infection in a few 

symptom-free HIV+ individuals who maintain high level of 

CD4+ T cells and low viral load [11, 34]. 

 

Evasion of host immunity by HIV 

Viruses have evolved distinct mechanisms to evade the innate 

immune response by directly inhibiting the activation of specific 

signaling pathways in order to promote their replication and 

transmission [1]. Retroviruses, for example, have developed 

several ways to subvert immune detection by these pathogen-

recognition receptors, or in contrast favor the activation of certain 

pathways to promote their replication. There are various reasons 

which can contribute to the failure of the immune system to 

control HIV infection and prevent AIDS development. By 

infecting CD4+ T cells, HIV is able to replicate predominantly in 

activated T cells and paralyze one of the main components of 

adaptive immune system. HIV can also establish latent infection 

in CD4+ T cells and remain invisible to CD8+ T cells and 

therefore replication can occur later in the infection and generate 

new virions. Antigenic mutation within the T-cell epitopes can 

affect the binding capacity of MHC molecules to the viral 

peptides, resulting in the inability of the TCRs to recognize the 

MHC-peptide complex. Finally, HIV is able to hide from anti-

HIV antibodies by expressing non- immunogenic glycans on key 

antibody epitopes [34].  

 

Conclusion  

The interaction between HIV and the host cells is complicated. 

The host system attempts to use its machinery to overcome HIV 

infection. Both innate and adaptive immune induced response 

upon the entry of HIV into the target cells. 
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