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A novel avian influenza A (H7N9) virus recently emerged in the Yangtze River delta and caused 
diseases, often severe, in over 130 people. This H7N9 virus appeared to infect humans with greater 
ease than previous avian infl uenza virus subtypes such as H5N1 and H9N2. While there are other 
potential explanations for this large number of human infections with an avian influenza virus, 
we investigated whether a lack of conserved T-cell epitopes between endemic H1N1 and H3N2 
infl uenza viruses and the novel H7N9 virus contributes to this observation. Here we demonstrate 
that a number of T cell epitopes are conserved between endemic H1N1 and H3N2 viruses and H7N9 
virus. Most of these conserved epitopes are from viral internal proteins. The extent of conservation 
between endemic human seasonal infl uenza and avian infl uenza H7N9 was comparable to that with 
the highly pathogenic avian infl uenza H5N1. Thus, the ease of inter-species transmission of H7N9 
viruses (compared with avian H5N1 viruses) cannot be attributed to the lack of conservation of 
such T cell epitopes. On the contrary, our fi ndings predict signifi cant T-cell based cross-reactions 
in the human population to the novel H7N9 virus. Our findings also have implications for H7N9 
virus vaccine design.

KEYWORDS  H7N9; influenza virus; T cell epitope; conservation; clinical phenotype; vaccine; 
immunity

Received: 5 May 2014, Accepted: 10 June 2014
Published online: 17 June 2014
 Correspondence:
Wenwei Tu, Phone: +852-2819-9357, Fax: +852-2819-8142, 
Email: wwtu@hkucc.hku.hk
J.S. Malik Peiris, Phone: +852-39177537, Email: malik@hkucc.hku.hk

VIROLOGICA SINICA 2014, 29 (3): 170-175
DOI 10.1007/s12250-014-3473-3

INTRODUCTION

In March 2013, human infections with a novel avian 
infl uenza H7N9 virus were identifi ed in China (Gao R, et 
al., 2013). Although other H7 subtype infections in hu-
mans have been detected before, this is the fi rst report of 
human infection with an H7N9 infl uenza virus. As of 12th 
August 2013, a total of 135 laboratory-confi rmed cases 
of human H7N9 infection have been reported to WHO, 
44 of these being fatal (WHO, 2013). Phylogenetic anal-

ysis indicated that this novel virus is a reassortant virus, 
with the hemagglutinin (HA) gene originating from a 
duck influenza virus, neuraminidase (NA) gene from a 
wild bird virus and six internal genes derived from poul-
try avian H9N2 viruses (Lam T T, et al., 2013; Liu D, et 
al., 2013).

Human infections with H7N9 virus were fi rst clustered 
around the Yangtze River delta followed by occurrence 
in the neighbouring provinces (Cowling B J, et al., 
2013; Li Q, et al., 2013). Most of hospitalized patients 
had severe illness, ranging from pneumonia to ARDS 
and multi-organ dysfunction sometimes necessitating 
mechanical ventilation or extra corporeal membrane ox-
ygenation (Chen Y, et al., 2013; Gao H N, et al., 2013). 
Despite these high fatality rates, a recent study indicated 
that there may be many milder cases that were not re-
ported and human infections with H7N9 virus may be 
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less severe than previously reported (Yu H, et al., 2013).
T cell immunity plays important roles in host defenses 

against influenza virus infection. While it is generally 
believed that T-cells do not prevent virus infection in 
the way that antibody does, cross-reactive T cells, in-
cluding CD4 and CD8 T cells, are believed to enhance 
virus clearance and reduce severity of illness, even in the 
absence of virus-specifi c antibodies (McMichael A J, et 
al., 1983). In the 2009 H1N1 pandemic (pdmH1N1) out-
break, we analyzed the conserved CD8 T cell epitopes 
in pdmH1N1 virus, and demonstrated that the conserved 
epitope-specifi c T cells established by seasonal infl uenza 
virus could cross react against the pandemic virus, which 
might contribute to the milder pandemic H1N1 illness 
overall and the lower infection attack rate in young adults 
even though they did not have detectable cross-neutral-
izing antibody (Tu W, et al., 2010). In this study, we 
analyzed the conservation of T cell epitopes of seasonal 
influenza virus in H7N9 virus, aiming to provide some 
insight into pre-existing immunity to the H7N9 illness.

METHODS

Total human T cell epitopes of influenza A viruses 
in the Immune Epitope Database (IEDB) (http://www.
iedb.org) were retrieved, which is a publicly available 
database of epitopes for infectious agents (Vita R, et 
al., 2010). The epitopes that induced a positive T-cell 
response were included for analysis. The presence of 
these epitopes in seasonal influenza viruses including 
A/Brisbane/59/2007 (H1N1) and A/Brisbane/10/2007 
(H3N2) were examined for each virus and then for the 
two viruses together. The conservation of these pooled T 
cell epitopes in the novel avian H7N9 (A/Anhui/1/2013), 
2009 pandemic (A/California/07/2009(H1N1)) (pd-
mH1N1), avian H9N2 (A/Quail/Hong Kong/G1/97) and 
highly pathogenic avian H5N1 (A/common magpie/
Hong Kong/5052/2007) viruses were further analyzed 
respectively. The epitopes with 100% conservation were 
included for analysis. The distribution of epitopes in 
different viral proteins was checked. Chi square test was 
employed to compare the conservation of T cell epitopes 
in H7N9 virus with that in other virus. 

RESULTS

MHC class I-restricted CD8 T cell epitope 
analysis

All experimentally determined T cell epitopes were 
retrieved from IEDB database. A total of 223 MHC class 
I-restricted epitopes with positive T cell response have 
been reported in influenza A viruses. We examined the 
presence of these CD8 T cell epitopes in seasonal infl u-
enza H1N1 and H3N2 virus subtypes (prior to emergence 

of pdmH1N1). As shown in Table 1, 151 epitopes were 
detected in seasonal H1N1 and H3N2 viruses. Of these, 
81 were shared by both of them, 44 were unique to H1N1 
and 26 unique to H3N2 virus. Most of the epitopes were 
located in viral internal NP, M1 and PB1 proteins, while 
few were in surface HA and NA proteins. Among the 151 
seasonal infl uenza epitopes, 68.9% (104/151) were con-
served in the novel H7N9 virus. A similar conservation 
level of these epitopes was also detected in pdmH1N1 
(69.5%), H9N2 (68.2%) and H5N1 (71.5%) viruses. 
The conserved epitopes were mainly derived from viral 
NP, M1 and PB1 proteins (Table 2). As currently, a large 
number of humans have been exposed to pdmH1N1 prior 
to H7N9 outbreak, we further examined how many epi-
topes of seasonal H1N1, H3N2 plus pdmH1N1 viruses 
are conserved in the avian viruses. As shown in Table 3, 
67.7% (113/167), 67.7% (113/167) and 73.1% (122/167) 
of these CD8 T cell epitopes were invariant in H7N9, 
H9N2 and H5N1 virus respectively.

MHC class II-restricted CD4 T cell epitope 
analysis

We next examined the conservation of CD4 T cell 
epitopes. 687 MHC class II-restricted epitopes with pos-

Table 1. CD8 T cell epitopes in seasonal H1N1 & H3N2 
viruses

Unique H1N1 Shared Unique H3N2 Total

M1 4 28 3 35
M2 0 1 1 2
NP 22 13 17 52
PA 3 8 0 11
PB1 4 26 3 33
PB2 2 3 2 7
NS1 4 0 0 4
NS2 0 2 0 2
HA 3 0 0 3
NA 2 0 0 2
Total 44 81 26 151

Table 2. Conservation of seasonal CD8 T cell epitopes in 
other viruses

Seasonal 
pitopes

Conserved 
in H7N9

Conserved 
in pdmH1N1

Conserved 
in H9N2

Conserved 
in H5N1

M1 35 24 26 28 24
M2 2 0 0 0 0
NP 52 35 36 31 35
PA 11 9 8 6 9
PB1 33 27 28 29 30
PB2 7 5 4 5 5
NS1 4 1 0 1 1
NS2 2 2 1 2 1
HA 3 1 1 1 2
NA 2 0 1 0 1
Total 151 104 105 103 108
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itive T cell response were obtained from the database, 
of which 199 and 189 epitopes were present in seasonal 
H1N1 and H3N2 virus respectively. Among them 71 
were shared by both seasonal infl uenza viruses. Most of 
the epitopes were derived from HA, NP, M2 and NA pro-
teins (Table 4). The conservation of these seasonal infl u-
enza viral epitopes in avian infl uenza viruses was further 
analyzed. As shown in Table 5, 23.3% (74/317) of these 
epitopes were conserved in H7N9 virus. Compared to 
H7N9 virus, a similar conservation level was shown in 
H9N2 (28.4%, 90/317) and H5N1 (25.6%, 81/317) virus, 
but a much higher level (31.9%, 101/317, p<0.05) was 
conserved in pdmH1N1 virus. As with the CD8 T cell 
epitopes, the conserved CD4 T cell epitopes were mainly 
located in M1, NP and PB1 proteins. Few epitopes of 
surface HA and NA proteins were invariant in the avian 
influenza viruses. We also analyzed the conservation 
of CD4 T cell epitopes of seasonal H1N1, H3N2 plus 
pdmH1N1 viruses in avian infl uenza virus. As shown in 
Table 6, 22.1% (81/367), 27.2% (100/367) and 27.8% 
(102/367) of these epitopes remained invariant in H7N9, 
H9N2 and H5N1 virus respectively.

DISCUSSION

In this study, we analyzed the T cell epitopes in H7N9 
infl uenza virus and found that around 70% and 20% of 
experimentally determined CD8 and CD4 T cell epi-
topes of seasonal infl uenza virus were conserved in the 
novel H7N9 virus. Most of the conserved epitopes were 
derived from viral internal proteins. The degree of con-
servation of CD8 epitopes between seasonal influenza 
and novel H7N9 did not differ from that seen with pd-
mH1N1, avian H9N2 or avian H5N1 viruses. Thus lack 
of cross-reactive CD8 epitopes could not explain the 
apparently high susceptibility of humans to novel H7N9 
virus. However, the number of CD4 T cell epitopes con-
served between seasonal infl uenza H1N1 and H3N2 and 
H7N9 virus (23.3%) was lower than the conservation 
seen between seasonal infl uenza and pdmH1N1 (31.9%) 
but comparable to that seen in H9N2 (28.4%) and H5N1 
(25.6%) viruses. Thus it is conceivable that there was 
more CD4 T cell cross-protection against the pdmH1N1 

Table 3. Conservation of seasonal plus pdmH1N1 CD8 
epitopes in other viruses

Seasonal plus 
pdmH1N1 
epitopes

Conserved 
in H7N9

Conserved 
in H9N2

Conserved 
in H5N1

M1 37 24 28 25
M2 3 1 1 1
NP 60 40 36 42
PA 13 10 8 11
PB1 33 27 29 30
PB2 7 5 5 5
NS1 5 2 2 2
NS2 3 3 3 2
HA 3 1 1 2
NA 3 0 0 2
Total 167 113 113 122

Table 4. CD4 T cell epitopes in seasonal H1N1 & H3N2 
viruses

Unique H1N1 Shared Unique H3N2 Total

M1 15 45 8 68
M2 1 0 0 1
NP 23 15 25 63
PA 1 2 1 4
PB1 5 8 2 15
PB2 1 0 2 3
NS1 6 1 3 10
NS2 2 0 1 3
HA 53 0 57 110
NA 21 0 19 40
Total 128 71 118 317

Table 5. Conservation of seasonal CD4 T cell epitopes in 
other viruses

Seasonal 
epitopes

Conserved 
in H7N9

Conserved 
in pdmH1N1

Conserved 
in H9N2

Conserved 
in H5N1

M1 68 32 40 40 35
M2 1 0 0 0 0
NP 63 24 25 24 21
PA 4 4 3 4 3
PB1 15 11 9 13 12
PB2 3 1 1 2 2
NS1 10 1 2 2 3
NS2 3 1 0 2 1
HA 110 0 18 0 0
NA 40 0 3 3 4
Total 317 74 101 90 81

Table 6. Conservation of seasonal plus pdmH1N1 CD4 
epitopes in other viruses

Seasonal plus
pdmH1N1 
epitopes

Conserved
in H7N9

Conserved 
in H9N2

Conserved 
in H5N1

M1 72 32 42 39
M2 1 0 0 0
NP 71 28 30 27
PA 4 4 4 3
PB1 17 13 14 14
PB2 4 2 3 3
NS1 10 1 2 3
NS2 3 1 2 1
HA 123 0 0 0
NA 62 0 3 12
Total 367 81 100 102
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virus when it emerged in 2009 compared with what is 
likely for novel H7N9 or for other avian viruses H9N2 
or H5N1. Hence it may be possible that the milder dis-
ease course of pdmH1N1 virus may be contributed by 
cross-reactive T-cell epitopes. However, it is unlikely 
that the ease with which H7N9 virus infects humans 
compared with other avian viruses such as H5N1, can be 
explained on a similar basis.

Both humoral and T cell immunity are responsible 
for human defense against influenza virus infection. T 
cells promote viral clearance and reduce illness severity 
(Mbawuike I N, et al., 2007; McMichael A J, et al., 1983; 
Webby R J, et al., 2003). Unlike humoral immunity that 
protects against a specific influenza viral strain alone, 
T cells could cross-react against across serologically 
distinct viruses of different HA subtypes. The cross-pro-
tection of T cells has been demonstrated in humans in 
vivo by the Cleveland family study (Boon A C, et al., 
2004; Jameson J, et al., 1999). Humans who have not 
been exposed to avian infl uenza A (H5N1) virus do have 
cross- reactive memory T cells to a wide range of H5N1 
peptides (Lee L Y, et al., 2008; Roti M, et al., 2008). In 
2009 H1N1 pandemic outbreak, we also demonstrated 
the cross-reactivity of conserved epitope-specifi c T cells 
against pdmH1N1 virus (Tu W, et al., 2010). For the 
novel H7N9 influenza virus, although pre-existing hu-
moral immunity is low in the general population (Boni 
M F, et al., 2013), here we showed that most CD8 and 
less CD4 T cell epitopes of seasonal infl uenza virus were 
conserved in H7N9 virus. It could be expected that these 
conserved epitope-specifi c T cells established by season-
al influenza virus may provide some protection against 
H7N9 virus, which might explain the presence of mild 
infection cases.

Although many of the hospitalized patients with H7N9 
virus infection had severe illness, several cases were 
identifi ed via infl uenza-like illness surveillance network 
and presented with mild clinical phenotype, even did not 
require hospitalization. This implied that a substantial 
number of symptomatic infections with mild to moder-
ate illness remained unconfi rmed. It was estimated that 
about 1500-27000 symptomatic H7N9 infections might 
have occurred as of May 28, 2013 (Yu H, et al., 2013). 
The H7N9 infection may indeed be less serious than pre-
viously reported, and the symptomatic case fatality risk 
was estimated to be 160-2800 per 100 000 symptomatic 
cases (Cowling B, et al., 2013; Yu H, et al., 2013). Well 
designed sero-epidemiology studies may help clarify 
these issues. Identifi cation of mild H7N9 infection cas-
es is challenging due to the detection bias. Generally, 
case detection is typically biased to severe patients with 
mild cases having lower probability of being detected 
(Viboud C, et al., 2013). Therefore, the so far detected 
several mild cases may be just the tip of an iceberg of 

H7N9 infections at the community (Ip D K, et al., 2013). 
The case detection bias also leads to an overestimation 
of fatality risk. In 2009 H1N1 pandemic, the case-fatal-
ity estimates rapidly declined with increased data from 
sero-epidemiological studies defining the true infection 
attack rate in the population (Viboud C, et al., 2013). 
Similarly, it could be expected that the estimated fatality 
risk of H7N9 virus may decrease with greater informa-
tion, which indeed has been demonstrated by a prelimi-
nary study (Yu H, et al., 2013).

Like avian H5N1 infection, most of patients with 
H7N9 infection who were hospitalized for medical care 
had severe illness, although both of the two viruses had 
conserved T cell epitopes that are shared with seasonal 
infl uenza virus. The inpatient fatality risk of H7N9 infec-
tion was estimated to be 36% on admission to hospital (Yu 
H, et al., 2013). Indeed, the clinical phenotype of infl uen-
za illness depends on host defense mechanisms as well as 
the virus itself. In comparison to avian H5N1 virus, the 
H7N9 virus also induced signifi cant hyperinfl ammatory 
responses in hosts, although the extent of such respons-
es appeared to be less extreme compared with H5N1 
virus (Chan M, et al., 2013). Substantial increased lev-
els of serum cytokines and chemokines, including IP-
10, MIG, MIP-1β, MCP-1, IL-6, IL-8 and IFN-α, were 
detected in patients with H7N9 infection, compared to 
healthy controls (Chen Y, et al., 2013; Zhou J, et al., 
2013). Hypercytokinemia may partly contribute to the 
clinical severity in H7N9 infection, as seen in H5N1 
infection. 

As the general human population does not have 
pre-existing humoral immunity against H7N9 and pres-
ent inactivated seasonal vaccination does not provide 
cross-protection (Boni M F, et al., 2013; Zhou J, et al., 
2013) development of specific vaccines to prepare for 
a potential outbreak of H7N9 infection are underway. 
Current influenza vaccine strategy targets an antibody 
response against surface HA antigen. Recent in silico 
analysis showed that the HA protein of H7N9 virus has 
low T cell epitope content and poor immunogenicity 
(De Groot A S, et al., 2013) which is compatible with 
our fi ndings that no CD4 T cell epitopes in HA and NA 
proteins of seasonal influenza virus were conserved in 
H7N9 virus. The CD4 T cell response is required for the 
development of antibody response. Thus, these data indi-
cate that H7N9 infl uenza vaccine would be of relatively 
low effi cacy if it were based on current vaccine strategy. 
However, here we further demonstrate that many T cell 
epitopes of internal proteins of seasonal infl uenza virus 
were conserved in the novel H7N9 virus. It has been 
shown that T cell immunity can provide cross-protection 
against serologically distinct infl uenza viruses (Boon A C, 
et al., 2004; Jameson J, et al., 1999). Therefore, includ-
ing more conserved T cell epitopes of internal proteins in 
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the vaccine would be an applicable and attractive way to 
develop an effective H7N9 vaccine.
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