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Abstract. The protective role of T cells in viral infection is well described. T cells generally mediate anti-viral immune

responses via direct cytotoxicity and production of pro-inflammatory cytokines, by providing help to B cells and by

promotion of memory responses. A fundamental step in T cell responses involves presentation of viral peptide antigens in

the context of human leucocyte antigens (HLA), to the T-cell receptor. HLA are highly polymorphic cell surface molecules

that present a vast array of peptides to T cells and induce their activation, differentiation and proliferation into effector cells

which can eliminate microbial infection.
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The human HLA molecules were first identified in the early 20th

century as transplantation antigens and characterised in the 1950s as

transfusion antigens. In 1974 Rolf Zinkernagel and Peter Doherty1

described the phenomenon of MHC restriction – that killing of virus-

infected cells by mouse cytotoxic T cells depended on a combination

of viral antigen and mouse H-2 (murine HLA) antigen. Subsequent

work over the next decades showed that the human MHC (Major

Histocompatibility Complex) encodes the classical MHC Class I and

Class II HLA molecules, which present peptide antigens to CD8+

and CD4+ T cells, respectively. The Class I MHC encode the

HLA-A, HLA-B, and HLA-C molecules involved in peptide antigen

presentation to CD8+ T cells, and the Class II genes encode the HLA-

DP, HLA-DQ, HLA-DR molecules that present peptide antigens to

CD4+ T cells. Each of the MHC genes is highly polymorphic,

encoding a large number of variants differing by up to 20 amino

acids and which are capable of binding different peptides; differences

within these variants are largely within the peptide-binding sites that

make direct contact with the T-cell receptor.More than 20 000 different

Class I and Class II alleles have been identified so far2.

HLA Class I molecules are expressed on the surface of almost all

nucleated cells. Class II molecules are constitutively expressed on

immune cells including professional antigen presenting cells

(dendritic cells, macrophages and monocytes), B cells and activated

T cells, and expression can be induced on most cells by interferon-

gamma. T cells recognise peptide antigens bound to HLA molecules,

as peptide/MHC (pMHC) complexes, via their T-cell receptors.

Activated naïve T cells undergo clonal expansion to effector cells

that mediate protective immune responses including cytokine

secretion and cytotoxicity, and a small percentage of effector cells

become long lived memory cells which can be reactivated to mediate

protective immunity when the host is challenged months or years

later. As all nucleated cells can express class I MHC, activated CTL

can kill any infected cell in any tissue and significantly reduce the

reservoirs of infection. CTL are critical for control of many acute

viral infections and provide protection against secondary infections.

After entering a cell, viruses initiate translation of their proteins.

Proteins within the cytosol enter the proteosome where they are

cleaved to peptides 8–12 amino acids long. These peptides are

transported into the endoplasmic reticulum where they associate

with newly synthesised MHC Class I molecules, and the pMHC

complex is transferred to the surface of the infected cell where it can

interact with the T-cell receptor of CD8+ T cells. Of the thousands of

peptides encoded by a virus that can be presented to T cells, in

association with a given MHC Class I allele, only a small number of

immunodominant peptide antigens induce a response. Class I poly-

morphism is thought to have evolved as a protective function of the

immune response to the large array of microbes we encounter,

including emergent and re-emergent viruses, and to protect against

pathogen immune evasion. However, both protective and dysfunc-

tional HLA-associated T-cell responses have been described.

Escape from CTL-mediated immune control was first described

for HIV-1 in 19913. HLA-B*27-positive HIV-infected individuals

are among the elite controllers, antiretroviral-naïve subjects with

undetectable viral loads. The HLA-B*27-restricted response to the

immunodominant HIV GAG 263-272 KK10 epitope was shown to

be associated with slow progression to disease. Mutation within this

epitope that prevented peptide attachment to the binding cleft of the

Class I molecule abrogated immunogenicity for any HLA-B*27-
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positive recipient of the variant virus. Escape mutants were asso-

ciated with progression to AIDS4. Following recognition of the role

of HLA in control of HIV replicative capacity, other Class I

molecules were linked to protective responses. HLA-mediated con-

trol of HIV has been well described within the sub-Saharan African

population, in the context of HLA-B*57 and HLA-B*58-restricted

HIV p24 Gag-specific responses. The immunodominant HLA-

B*57:03-restricted GAG 162-172 KF11 epitope is targeted by the

majority of infected individuals expressing HLA-B*57:03. Escape

within KF11 is similar to that described for HLA-B*27-KK10 where

mutation is at the residue that anchors the peptide to the HLA

binding cleft, and can lead to loss of recognition of the epitope by

CD8+ T cells if compensatory mutations do not restore viral fitness.

These CTL responses directed against the more conserved HIV Gag

protein are more effective in long term suppression of viremia than

responses against less conserved viral proteins, including HIV Env,

which do not have a significant impact on HIV replication capacity

and are not associated with control of viremia5,6. Genome-wide

association studies identified the HLA-peptide binding region as the

major factor modulating control of HIV-1 replication in elite con-

trollers7, supporting the findings of in vitro analyses of T-cell

function; however, subsequent assessment of HLA-B*57- and

HLA-B*27-restricted CD8 T cells showed that elite controllers were

differentiated from progressors who expressed the same alleles, on

the basis of potency and cross-reactivity of T-cell receptor recog-

nition of HIV-1. The protective effect of HLA alleles is therefore

modulated by host TCR usage, which determines viral replication

capacity and evolution of immune escape variants8.

In dengue virus (DENV) infection virus-specific T-cell responses

have been shown to be both protective and pathologic. Primary

DENV infection induces long lasting immunity9 to the same DENV

serotype but does not provide long term protection against infection

with the other three serotypes and people who live in dengue

endemic areas will likely be infected multiple times over their

lifetimes. Pre-existing cross-reactive memory T cells may be pref-

erentially reactivated to mount an ineffective anti-viral response

which does not control viral replication; higher viremia is associated

with increased likelihood of developing severe dengue10. This

phenomenon of original antigenic sin in dengue-specific T-cell

responses was described in a Thai population, with HLA-A*11

found in 30% of the southeast Asian population, presenting DENV

NS3 130-144 GTS epitope11. CD8+ memory T cells in acute phase

DENV infection preferentially bound tetramers constructed with

serotype-specific GTS epitope peptide variants representing possible

earlier dengue infections, and there was an association between

magnitude of the T-cell response and disease severity. Skewed

memory T-cell responses have been described in other populations:

CD8+ T-cell clones specific for an immunodominant HLA-B*55-

restricted NS5 329-337 KP9 epitope demonstrated greater functional

avidity for variant DENV-2 epitope peptides, in Pacific Islanders

recently infected with DENV-1 and who had encountered DENV-2

in a previous epidemic12.

Polymorphism, particularly in the HLA-A gene, was shown to be

associated with increased susceptibility to dengue haemorrhagic

fever/severe dengue in a Vietnamese population13, where HLA-

A*11 and HLA-A*24 were considered susceptible genotypes that

present epitopes, in the relatively conserved DENV NS3 and NS5,

that are both serotype-specific and cross-reactive. Such potentially

serotype cross-reactive CD8+ T cells are postulated to contribute to

dengue immunopathogenesis in endemic settings that experience

regular epidemic transmission of variant DENV. Another study in

more than 600 Vietnamese children with severe dengue found the

same association with HLA-A*24, where the A*2402/03/10 allele

with altered structure in the peptide binding pocket was expressed at

higher frequency in children with severe dengue compared to

population background groups14.

Other population-based studies have shown strong protective

effects of DENV-specific CD8+ T cells, with repeated DENV

exposure in Sri Lankan blood donors driving responses towards

CTL recognition of relatively conserved non-structural proteins

NS3, NS4B and NS515. HLA-B-restricted responses (B*0702,

B*3501, B*4001) were of significantly higher magnitude and greater

breadth, and were associated with multifunctional T-cell responses

with hierarchy IFN-gamma>TNF-alpha>IL-2, compared with

HLA-A responses that were of lower breadth and magnitude. These

findings were extended in a Nicaraguan population, where despite

differences in DENV variants and epidemiology there was also a

strong correlation between HLA type and breadth and magnitude of

T-cell responses, including immunodominant responses restricted by

HLA-B*3501, an allele that was also associated with protection in

the Sri Lankan population. As was described in Vietnam, HLA-

A*2402 was subdominant and associated with increased suscepti-

bility to severe disease. Interestingly, B*3501-restricted T cells but

not HLA-A*2402-restricted T cells expressed PD-1, and in contrast

to other viral infections these PD-1+ CD8+ T cells were associated

with activation, not exhaustion, and were proliferative and func-

tional. PD-1 may be a marker of activated and highly functional

CD8+ memory T cells in DENV infection16.

An exhausted CD8+ T-cell phenotype has been described in

patients with severe COVID-1917 but not in patients with more

mild disease, suggesting that cellular immune responses are protec-

tive. CD8+ and CD4+ T-cell epitopes are being mapped and their

immunodominance assessed for common and less frequent HLA

alleles, across different population groups. Of great interest is the
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observed cross-reactivity in SARS-CoV-2 T-cell responses in

healthy unexposed people sampled prior to the pandemic18, raising

the issue of whether pre-existing SARS-CoV-2-reactive memory

T cells, likely induced in previous human seasonal coronavirus

infection, mediate protection or contribute to immunopathogenesis

of COVID-19. These data, in association with a greater understand-

ing of SARS-CoV-2-specific T-cell phenotype and function, will

advance our understanding of the correlates of protection and

immunopathogenesis and importantly, enhance our understanding

of how to best optimise COVID-19 vaccine design.
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