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The Way Forward: Potentiating Protective Immunity to 
Novel and Pandemic Influenza Through Engagement of 
Memory CD4 T Cells
Andrea J. Sant
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Potentially pandemic strains of influenza pose an undeniable threat to human populations. Therefore, it is essential to develop better 
strategies to enhance vaccine design and predict parameters that identify susceptible humans.  CD4 T cells are a central component 
of protective immunity to influenza, delivering direct effector function and potentiating responses of other lymphoid cells. Humans 
have highly diverse influenza-specific CD4 T-cell populations that vary in stimulation history, specificity, and functionality. These 
complexities constitute a formidable obstacle to predicting immune responses to pandemic strains of influenza and derivation of 
optimal vaccine strategies.  We suggest that more precise efforts to identify and enumerate both the positive and negative contrib-
utors of immunity in the CD4 T-cell compartment will aid in both predicting susceptible hosts and in development of vaccination 
strategies that will poise most human subjects to respond to pandemic influenza strains with protective immune responses.
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THE SPECIFICITY OF HUMAN CD4 T CELLS TO 
INFLUENZA VIRUS

It has become increasingly clear that human CD4 T-cell immu-
nity to influenza has broad viral antigen specificity. In some 
countries where there are no formal policies for vaccination, 
immunity is generated primarily by influenza infection. In con-
trast, within North America, many countries in Europe, and the 
Western Pacific, where vaccination is recommended (reviewed 
in [1]), immunity is established by both vaccination and infec-
tion. Influenza-specific CD4 T cells have been quantified through 
approaches such as HLA-class II tetramer staining [2, 3], intra-
cellular cytokine staining [4, 5], cytokine enzyme-linked immu-
nospot (ELISPOTS) [6, 7], or surveyed using epitopes selected 
with predictive algorithms [8]. Our laboratory has used cytokine 
ELISPOTS and large peptide libraries to assess the influenza viral 
protein specificity directly ex vivo in an unbiased and comprehen-
sive manner [9–13], feasible because of the relative small genome 
size of influenza virus. Collectively, these studies have revealed 
that human CD4 T cells in circulation are highly diverse and rec-
ognize epitopes derived from conserved internal influenza virion 
proteins such as nucleoprotein (NP) and matrix (M1), as well 
as the more genetically variable hemagglutinin (HA) and neur-
aminidase (NA) proteins. Our estimate, based on analyses of a 
relatively highly vaccinated US population [9], is that influenza 

A specific CD4 T-cell abundance in circulation is approximately 
0.15% of circulating CD4 T cells (range 0.02%–3.6%), when the 
most abundant viral specificities are summed (Figure  1). The 
broad specificity of influenza-specific CD4 T cells is due in part 
to the diversity of HLA class  II molecules in humans available 
to present epitopes, with multiple class II “isotypes” (HLA-DR, 
HLA-DQ, and HLA-DP), their codominant expression, and het-
erozygosity in the HLA class II loci [14].

The diversity and abundance of influenza-specific CD4 T cells 
in most humans might initially suggest that CD4 T-cell function 
is not a limiting factor in protective immunity to influenza. With 
many CD4 T cells in many humans dedicated to highly conserved 
internal virion proteins, one might predict that there should be 
sufficient cross-reactive CD4 T cells to provide protection against 
even novel and potentially pandemic strains of influenza. If true, 
then vaccine efforts should logically focus on the compartments 
of the adaptive response that are clearly lacking, such as B cells 
that produce broadly protective antibodies. However, recent data 
on vaccine responses, as well as a body of experimental evidence 
dissecting the complex functionality of CD4 T cells, argue that 
this assessment is almost certainly incorrect.

Critical Effector Functions of CD4 T cells

Because of the importance of neutralizing antibody in protec-
tion against influenza [15–17], there has been increasing empha-
sis on exploring the subset of CD4 T cells termed T follicular 
helper cells (Tfh) that promote the generation and maintenance 
of the germinal center reaction and the production of high affin-
ity, class-switched immunoglobulin (Ig) (reviewed in [18–20]). 
Characterized by the expression of the chemokine receptor 
CXCR5 within the lymph node during an immune response to 
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infection or vaccination, Tfh cells migrate toward the T:B bor-
der of secondary lymphoid tissue where they form conjugates to 
antigen-specific B cells that have internalized antigen and dis-
play antigenic peptides in association with host MHC class II 
molecules. These cognate interactions between antigen-specific 
B cells and CD4 T cells provide help for B-cell expansion and 
survival, and promote affinity maturation in the elicited anti-
body response. The resulting germinal center response is essen-
tial for long-lived B-cell memory and persistence of antibody 
secreting cells [21, 22]. The cognate CD4 T-cell help to B cells 
includes localized secretion of cytokines, such as interleukin-4 
(IL-4) and IL-21, and direct cell contact-mediated costimula-
tion via cell surface proteins expressed on B cells and CD4 T 
cells, such as CD40 and CD40L, respectively. Human circulat-
ing CD4 T cells corresponding to Tfh have been identified and 
quantified in recent studies (reviewed in [18, 23]). Subsets of 
these CXCR5-positive Tfh cells, distinguished by expression of 
chemokine receptors CXCR3 and CCR6, demonstrate a supe-
rior capacity to help B cells become antibody-producing cells 
in vitro via cognate interactions and their emergence into the 
blood after vaccination correlates with a productive antibody 
response [24, 25]. After resolution of the response, they are 
thought to represent circulating memory Tfh cells that can be 
quickly mobilized in future responses. The precise relationship 
between the CD4 T cells that emerge into the blood after vac-
cination versus those that persist in the draining lymph node 
is not clear at the moment. There are efforts to sample these 

sites of the germinal center response in situ, using such methods 
as fine-needle aspiration [26]. These approaches would permit 
much more precise insight into the evolution of the germinal 
center response over time, including a detailed understanding 
of the responding B-cell and CD4 T-cell receptor repertoire.

CD4 T cells also play key functions distinct from delivery of 
B-cell help (reviewed in [27–29]). They are important for pro-
tective immunity conveyed by CD8 T cells, enhancing their 
priming, expansion, and establishment of long-lived memory. 
Recent studies suggest that they also contribute to the devel-
opment of effector CD8 T cells that have cytotoxic potential 
and express proteins important for homing and extravasation, 
all features required for protective immunity to influenza. An 
additional, potentially critical function of influenza-specific 
CD4 T-cell memory during infection is the ability to accelerate 
recruitment of innate effectors to the lung, blunting virus rep-
lication. A final discreet function of CD4 T cells that has been 
increasingly validated is cytotoxicity that has the potential to 
directly eliminate infected cells (reviewed in [30–33]), and as 
has been recently demonstrated directly ex vivo [34].

Links Between Specificity and Function of CD4 T Cells in Influenza

The diversity in epitope specificity and functional roles of CD4 
T cells in protective immunity to influenza raises critical ques-
tions. Do most CD4 T cells convey similar functions? If not, 
does the viral antigen protein specificity of CD4 T cells influence 
their functionality? For example, can we predict which CD4  
T cells have the ability to recruit innate effectors to the lung, 
mediate cytotoxicity, or provide help for antibody responses 
based on their viral antigen specificity? Does the functional 
potential of virus-specific CD4 T cells depend on the events that 
originally primed them — for example infection versus vacci-
nation? Another critical issue is whether the highly inflamma-
tory environment and abundant levels and persistence of viral 
proteins after infection together give the elicited CD4 T cells 
priority for persistence into memory. If only some subsets of 
memory CD4 T cells convey particular functions, which of 
these subsets are a limiting factor in protective responses to 
infection from novel potentially pandemic strains of influenza 
or robust responses to vaccine? Finally, do CD4 T cells of some 
viral protein specificities or phenotypic characteristics compete 
with or antagonize the effector functions of others? At present, 
we have only limited understanding of these issues.

Due to the clear role that neutralizing antibodies play in 
immunity to influenza, our laboratory has explored the role 
of CD4 T-cell viral protein specificity in provision of help for 
antibody responses to vaccines and infection. We used an 
experimental mouse model to address whether enhanced rep-
resentation of CD4 T-cell memory could potentiate antibody 
responses to influenza infection. Using synthetic peptides pre-
viously identified to be coimmunodominant to generate CD4 
T-cell memory independently of B-cell memory, mice were 
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Figure 1.  Influenza-specific CD4 T-cell frequencies and specificity in circulating 
PBMC of healthy adults. Influenza-specific CD4 T-cell frequencies were determined 
from IFN-γ cytokine ELISPOT assays of circulating PBMC from healthy donors 
depleted of CD8 and CD56 cells. The range of total influenza-specific CD4 T cells, 
when the reactivity to HA, NA, NP, NS1, and M1 were summed was 235 to 3570 
IFN-γ–producing cells per million CD4 T cells [9]. Based on these frequencies, the 
influenza-specific CD4 T cells comprise approximately 0.15% of all circulating CD4 
T cells, with a range of 0.02%–3.6%. The data on viral specificity are represented 
as a pie diagram where each slice of the pie depicts the relative fraction of the 
CD4+ T-cell response dedicated to hemagglutinin (H1, H3), neuraminidase (N1, N2), 
nucleoprotein (NP), nonstructural protein (NS1), and matrix protein (M1), based on 
IFN-γ ELISPOT values. The average frequency of IFN-γ–producing cells per million 
CD4 T cells for pH1 was 6.7%; H3, 12.9%; N1, 14%; N2, 9.6%; NP, 21.1%; NS1, 
3.8%; and M1, 31.9%. Abbreviations: ELISPOT, enzyme-linked immunospot; HA, 
hemagglutinin; IFN-γ, interferon-gamma; NA, neuraminidase; PBMC, peripheral 
blood mononuclear cells.
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subsequently challenged with influenza virus. These studies 
revealed, first, that despite the abundance of CD4 T cells elic-
ited by infection in the primary response [35–38], the presence 
of CD4 T-cell memory accelerated the influenza-specific B-cell 
response. Second, and somewhat surprisingly, these studies 
also revealed an inseparable linkage of specificity in the pro-
vision of CD4 help to antigen-specific B cells [39]. Mice with 
CD4 T-cell memory to NP demonstrated an enhanced antibody 
response to NP but not HA, while those with HA-specific mem-
ory CD4 T cells exhibited an accelerated antibody response to 
HA, a phenotype associated with lower viral titers in the lungs. 
We interpret this important result to mean that HA-specific 
memory CD4 T cells, but not other CD4 T-cell specificities, can 
potentiate production of early neutralizing antibodies that can 
diminish the yield of replicating virus.

Our studies of the human response to influenza vaccination 
agree with and extend this concept of linked CD4 T cell–B-cell 
antigen specificity to vaccination. Although licensed vaccines 
are quantified only for HA, inactivated vaccines also contain 
the membrane protein NA and internal viral proteins such as 
M1 and NP [40, 41]. Therefore, these vaccines will recruit CD4 
T cells of many protein specificities. In 2 separate studies, we 
have tracked expansion of human CD4 T cells after vaccina-
tion, using cytokine ELISPOTS and large peptide pools derived 
from discrete viral proteins, bypassing the need for antigen 
processing by antigen-presenting cells in culture. When CD4 
T-cell responses were tracked over time, expansion of CD4 T 
cells specific for peptide epitopes within HA, but not NP, were 
positively correlated with the neutralizing anti-HA antibody 
response [11, 12].

We speculate that the importance of viral antigen specificity 
in the ability of recruited CD4 T cells to facilitate the neutral-
izing antibody response is dependent on the nature of the anti-
gen/complex internalized by HA-specific B cells and that during 
the course of influenza infection or vaccination, this complex 
does not include proteins such as NP. If true, there are 2 impli-
cations of this work. First, a portion of the influenza-specific 
CD4 T-cell repertoire, particularly those dedicated to internal 
virion proteins such as NP and polymerase, may be irrelevant 
to antibody production during the course of infection or vacci-
nation. Second, CD4 T-cell help for production of the protective 
antibodies specific for HA and NA may cross-help each other as 
they cluster together in lipid rafts [42] and may have persistent 
interactions after infection or vaccination. These issues need to 
be experimentally explored.

THE CHALLENGE TO SUCCESSFUL VACCINATION 
AND PROTECTION FROM NOVEL PANDEMIC 
STRAINS OF INFLUENZA

The preceding findings regarding the link between HA speci-
ficity of CD4 T cells and antibody responses are of particular 
importance when considering the ability of circulating CD4 

memory to provide help for production against novel and 
potentially pandemic strains of influenza. Figure  2 shows a 
comparison of the degree of sequence identity among influenza 
proteins (HA, NA, NP, nonstructural protein [NS1], and M1) 
derived from seasonal strains and potentially avian pandemic 
strains. The HA sequence comparisons (Figure 2A and 2B) are 
organized into pairs with the seasonal strain aligned with the 
genetically closest avian strain, where blue represents sequence 
identity. Sequence identity among internal virion proteins for 
all seasonal and avian strains of influenza A is also shown. In 
these illustrations, NP, NA, and NS1 from 3 recently circulating 
seasonal strains of influenza (an H3N2 and 2 H1N1 viruses cir-
culating within the last 30 years) were aligned with their coun-
terparts in avian H5N1 and H7N9 viruses isolated in humans. 
It is clear from this comparison that M1 and NP (Figure 2D 
and 2E) offer far more regions of sequence identity than do HA 
proteins. Across avian and human viruses, the NA protein also 
has very dissimilar amino acid sequences (Figure  2C). Thus, 
if adequate help for neutralizing antibody is sought during 
responses to vaccination, and CD4 T cells specific for M1 and 
NP cannot provide it, the abundance of HA-specific CD4 T 
cells for avian strains will likely be limiting if drawn exclu-
sively from the memory pool established from seasonal influ-
enza H1N1 or H3N2 viruses. We have shown that there are 
H7-reactive CD4 T cells in humans never exposed to H7N9, 
enriched in reactivity toward HA2-derived epitopes shared by 
H7 and H3, suggesting that these CD4 T cells were generated 
by exposure to seasonal viruses. Although detectable, these H7 
cross-reactive cells are of quite low abundance and, in most 
individuals, inadequate to promote B-cell responses with sin-
gle, unadjuvanted vaccines [13].

An unusual pandemic strain emerged in 2009 that expressed 
a novel HA protein originally encoded within a classic swine 
influenza strain [43–46]. However, because this HA was an H1 
protein, there was significant (approximately 80%) sequence 
identity with recently circulating seasonal H1N1 HAs. We [11] 
and others [47, 48] found that vaccination of humans with a 
monovalent pH1N1 vaccine successfully elicited neutraliz-
ing antibody responses, despite very little B-cell memory to 
draw from, suggesting that the memory CD4 T cells from the 
cross-reactive CD4 T-cell pool were able to facilitate a primary 
B-cell response to unique pH1 B-cell epitopes or to expand rare 
cross reactive HA-specific B cells. Our studies revealed that in 
these vaccinated human subjects, expansion of CD4 T cells 
specific for conserved HA epitopes was the best correlate of 
the neutralizing antibody response [11]. We suspect that the 
high degree of CD4 T-cell cross-reactivity between the pH1N1 
and the previous seasonal H1N1 strain may be responsible for 
the better antibody response to pH1N1 vaccination compared 
to avian-influenza–derived vaccines and may also have served 
to temper disease progression during the initial spread of this 
virus. Completely novel strains of influenza of avian origin 
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are likely to present a more substantial hurdle for protective 
immunity. The potential for cross-reactive CD4 T-cell recog-
nition of these pandemic strains in protection will depend on 
the abundance of CD4 T cells that provide the most critical 
function to early protective responses in the lung and robust 
antibody responses.

UNKNOWNS AND THE WAY FORWARD

There have been investigators who have speculated that it is not a 
matter of “if ” but “when” the next influenza pandemic will occur. 
To guard against this, efforts by many scientists have advocated 
for derivation of vaccination strategies that will elicit broadly neu-
tralizing antibodies that can recognize many strains of influenza 
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Figure 2.  Sequence alignment of closely related influenza A  virus strains. The sequences of influenza A  viral proteins were aligned using CLC sequence Viewer 7.7 
(Qiagen, Aarhus) to show sequence identity. HA alignments for H1N1 A/California/07/09 and H5N1 A/Vietnam/1203/04 (A) and H3N2 A/ New York/384/05 HA and H7N9 A/
Anhui/1/2013 (B) are shown in pairs, based on the genetic relatedness. The sequence relatedness of NA (C) NP (D), M1 (E), and NS1 (F) are also shown where sequences from 
gene segments from 5 viruses (H1N1 A/Caledonia/20/99H1N1, A/California/07/09, H5N1 A/Vietnam/1203/04, H3N2 A/ New York/384/05, and H7N9 A/Anhui/1/2013) were 
aligned against each other. Dark gray segments represent sequence identity while light gray segments represent areas of any sequence disparity across the viral proteins that 
were compared. Abbreviations: HA, hemagglutinin; M1, matrix protein; NA, neuraminidase; NP, nucleoprotein; NS1, nonstructural protein.
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virus (reviewed in [49–53]). Clearly, this is an important priority. 
However, our perspective is that protective immunity to novel 
and pandemic strains of influenza would also be enhanced by 
vaccination strategies that more fully leverage all of the effector 
functions of CD4 T cells. There are many unknowns at present 
regarding the utility of CD4 T cells to promote broadly protective 
immunity to novel and potentially pandemic strains of influenza. 
Development of the most effective vaccines requires that the sig-
nificant gaps in knowledge be addressed.

The central unknown is the type(s) of CD4 T-cell effector 
function that are most needed to enhance protective immunity 
or to modulate severity of disease. Insight into this issue is nec-
essary to devise strategies to enhance their representation in 
susceptible hosts. The complexity of the influenza-specific rep-
ertoire in humans, distinguished by expression of cell surface 
molecules, transcription factors, cytokine potential, and anti-
gen specificity, makes this goal extremely challenging. Although 
there are many circulating CD4 T cells specific for influenza in 
humans, it is not known what fraction of these participate in the 
response to vaccination or infection. Even for those CD4 T cells 
that are drawn into the response, it is likely that only some CD4 
T-cell subsets are truly limiting, constituting a bottleneck in the 
response. Below we divide the consideration of influenza-spe-
cific CD4 T cells based on the site in which effector function is 
conveyed.

Based on our own and other’s data, a functional subset that is 
almost certainly a limiting factor in pandemic vaccine efficacy is 
helper CD4 T cells that recognize avian HA proteins. CD4 Tfh 
cells are critical in the germinal center response that produces 
high affinity, class-switched antibodies. As we have discussed 
earlier, there is good evidence that broad-based “prepandemic 
priming” of human subjects can poise them for a productive 
future antibody response to avian HA [12]. These data argue 
that in most human subjects, there are insufficient CD4 T cells 
of the correct epitope specificity to optimally enable a neutraliz-
ing antibody response to novel avian-derived viruses. Although 
in our own work, an intact H5 protein of a distinct clade was 
used to establish CD4 T-cell memory, some might have the con-
cern that such priming would lead to a B-cell response to a sec-
ond encounter with a related strain of HA that is preferentially 
focused on the first clade. To overcome this worry, novel HA 
constructs could be pursued. For example, several groups have 
designed vaccines composed of stalk only, HA2 domains of HA 
[54–56], or modified head domains that are less immunogenic 
[57]. These constructs could elicit CD4 T cells recognizing con-
served epitopes in avian HA proteins that could be recalled upon 
infection or vaccination. The added benefit of these constructs is 
that they are also likely to elicit B cells whose surface Ig recognize 
conserved epitopes in the HA stalk domain. Protein constructs 
derived from avian HA proteins from viruses that are currently 
of concern, such as H5, H7, and H9, could be combined in a 
single vaccine. Upon peripheral vaccination, sufficient levels of 

circulating CD4 T cells specific for epitopes within these avian 
HA proteins could be established to potentiate or accelerate the 
antibody response to infection. Such CD4 T-cell memory could 
also limit the dose of vaccine or adjuvants needed for successful 
vaccination in the case of an emerging pandemic.

In addition to help for antibody responses, it would be 
extremely valuable to leverage the capabilities of other effector 
functions of CD4 T cells, particularly those that are delivered in 
the respiratory tract.

With regard to these effector functions, there is a dearth of 
knowledge regarding the availability and specificity of lung-lo-
calized CD4 T cells in adults and children. Using animal mod-
els of infection, it is known that intranasal infection generates a 
robust CD4 T-cell response detectable in both the local drain-
ing lymph node and in the respiratory tract [58–60]. Despite 
the magnitude of the initial response in the respiratory tract, 
most antigen-specific CD4 T cells in the lung decay rather 
quickly, typically within 3–4 weeks [59, 61]. However, it is pos-
sible that these encounters through infection establish niches 
of such memory CD4 T cells, either within the respiratory tract 
or in the periphery [62–65]. If memory CD4 T cells with lung 
homing potential exist in most humans, we need the capac-
ity to quantify them, interrogate their functional capabilities 
(including whether they are protective or pathogenic), and 
then develop strategies to selectively boost the needed effector 
function. Activities of CD4 T cells, such as cytolysis or produc-
tion of cytokines or chemokines that initiate the host antiviral 
response, can theoretically be enhanced.

A number of studies have suggested that vaccination 
strategies that initiate responses in the respiratory tract may 
be the most efficacious, and have included attenuated viruses, 
nanoparticles, and antibody-antigen conjugates (reviewed 
in [66, 67]). Intranasal protein-based or attenuated vaccines 
that are aimed at selective recruitment or amplification of 
lung-localized CD4 T cells with broad cross-reactivity to 
diverse influenza viruses might not only allow persistence of 
tissue resident influenza specific memory cells but might also 
establish cells in the periphery with lung homing preferences. 
Recent studies have suggested that priming of CD4 T cells 
via lung-draining dendritic cells leads to development of 
lung homing potential of the elicited CD4 cells [68] and that 
intranasal vaccines can seed cells in peripheral lymph nodes 
as well as the lung [69]. It is possible that these peripheral 
CD4 T cells may have preferential and early access to the 
respiratory tract upon influenza infection. We do not yet have 
precise chemokine receptor profiles and adequate knowledge 
of other markers expressed by circulating CD4 T cells that 
predict their ability to be recruited into the respiratory tract 
early after infection. Viral antigen specificity within the 
vaccines may be important as well. In addition to selection 
of viral protein specificities that are shared across influenza 
virus strains, strategies that focus on influenza proteins with 
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abundant expression during infection, such as HA, NA, M1, 
NS1, and NP [70] may also be important in order to recruit a 
broad and diverse repertoire of CD4 T cells that will be rapidly 
recalled during infection. HA- and NA-specific CD4 T cells 
could provide help for lung-localized antibody production, 
while CD4 T cells specific for antigens such as M1, NP, and 
NS1 could provide protection via mechanisms distinct from 
help for antibody responses, such as cytokine production or 
direct cytotoxicity.

Here, we have suggested 2 distinct modes of vaccination 
— one that focuses on priming hosts for adequate CD4 T-cell 
help for production of HA-specific neutralizing antibody 
responses and the other for provision of localized effector 
function to the lung. It is important to consider whether 
these goals can be met by heterogeneous inactivated influ-
enza vaccines, a single-protein vaccine, or will require vac-
cination strategies with complex and well-characterized viral 
components, perhaps administered through different routes 
of vaccination. With regard to systemic immunity, we would 
advocate for a more broad-based vaccination strategy that 
includes efforts to promote antibody responses to the increas-
ingly better-understood targets and mechanisms of protective 
antibodies, including HA, NP, and NA. However, even for this 
straightforward goal, recruitment of many viral specificities 
into the CD4 T-cell response to vaccination may have unpre-
dictable consequences. Our own studies have suggested that 
CD4 T cells specific for NP have less Tfh potential than CD4 
T cells specific for HA [71] and that some CD4 T-cell viral 
specificities are enriched for cytotoxic potential [9] or inter-
feron-gamma (IFN-γ) production, which can have immuno-
suppressive effects [72]. Also, infection can elicit regulatory 
CD4 T cells [73] and, in humans, these Treg may be enriched 
for CD4 T cells of some viral specificities [74]. Therefore, the 
immunogenicity of multicomponent vaccines, relative to sin-
gle-component vaccines, and the functionality of the CD4 T 
cells elicited needs to be explicitly evaluated. Additionally, 
we suggest that it would be beneficial to complement these 
peripherally administered vaccines with strategies that spe-
cifically recruit CD4 T cells that deliver effector function 
into the respiratory tract. Such strategies may result in seed-
ing broadly distributed and long-lived memory CD4 T cells 
that can be rapidly recruited into the lung during infection. 
Critical considerations for this goal likely include adminis-
tration of antigen via intranasal inoculation, inclusion of 
influenza proteins robustly expressed early during infection, 
targeting to the most efficacious lung-derived antigen-pre-
senting cell, via engagement of specific lectin receptors on 
antigen presenting cell [75–77]. Also of potential value would 
be development of viral antigen constructs, such as self-rep-
licating RNA, that promote antigen persistence [78, 79], 
based on the studies of natural infection that suggest antigen 

persistence is an important parameter for effector T-cell func-
tion in the lung [62, 80].

To fully leverage the influenza-specific CD4 T cells in the 
human host for protective immunity to both seasonal and pan-
demic strains of influenza, the available repertoire needs to be 
better defined and key subsets that participate in the response 
to infection and vaccination quantified. There have been tre-
mendously powerful experimental tools developed in the past 
decades to analyze human CD4 T cells. These include defini-
tion of a vast array of cell-surface markers that are coupled with 
highly specific monoclonal antibodies, a greater understand-
ing of chemokines and chemokine receptors, more detailed 
understanding of transcriptional regulators of CD4 T-cell 
subsets, and experimental techniques such as multiparameter 
flow cytometry, single-cell transcriptomics, and analytical tools 
to handle the complex data sets that emerge from these tech-
niques. Coupled with development of human vaccine studies 
and human infection challenge models, gaining insight into the 
CD4 T-cell correlates of protection and strategies to enhance 
their representation in vulnerable hosts should be within reach 
within the next few years.
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