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ABSTRACT

To control avian influenza infection in chickens, whole inactivated influenza viruses (IIV) are used as vaccine. These vaccines 
provide immunity only to antigenically matched strains or homologous viruses. Influenza viruses circulating in field undergo 
spontaneous antigenic changes in head domain, thereby escape from the preexisting vaccine immunity. Therefore, annual 
reformulation of vaccines are needed to compensate the antigenic change. To overcome this issue, universal flu vaccines are 
preferred which may protect against antigenically unmatched strains or heterologous viruses. Apart from natural infection, 
IIV also may induce stalk reactive antibodies but in meager level. Stalk domain of haemagglutinin is one of the target for the 
development of universal vaccine as it is conserved among influenza viruses. The antigenic changes are rare in stalk rather than 
head domain. Designing of stalk is challenging in prefusion conformation as it requires skilled knowledge. In the present study, 
we have tested the reactivity of in vitro expressed HA stalk protein with sera of chickens immunized with different subtypes of 
inactivated influenza virus vaccines. Our result showed that the HA stalk is reactive with sera against group I viruses mostly 
because our stalk belongs to the same group I. Hence, we concluded that in-vitro expressed HA stalk protein used in this study 
is conformationally stable and mimics the HA stalk as present in the intact viruses. This study provides hope for development 
of universal influenza vaccine in chicken is possible if the stalk immunogen is designed better.

HIGHLIGHTS

 m Recombinant HA stalk protein is cross reactive with sera raised against group I influenza A viruses
 m Inactivated influenza viruses in chicken induces HA stalk specific antibodies
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Haemagglutinin (HA) is a surface glycoprotein of avian 
influenza viruses which projects as spikes (Chen et al., 
2011). Based on this glycoprotein, influenza A viruses are 
divided into 18 HA subtypes (H1-H18) which are further 
divided into two groups. Group I contains subtypes of 
H1, H2, H5, H6, H8, H9, H11, H12, H13, H16, H17, 
H18 and group II contains H3, H4, H7, H10, H14, H15 
(Krammer et al., 2013; Wu et al., 2014). HA protein 
is a trimer, 225 kDa, 13.5 nm long, and essential for 
attachment of host cell and fusion (Chen et al., 2011). The 
haemagglutinin consist of two domains HA1 and HA2 

(Kim et al., 2017). The HA1 is globular in shape induces 
neutralizing antibodies, having immunodominant epitopes 
but antigenically highly variable or less conserved among 
influenza subtypes. Whereas the HA2 is a dimer, and 
conserved among group I or II; and less immunogenic 
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(de Vries et al., 2015). Current avian influenza vaccines 
(whole inactivated virus with adjuvant) primarily 
produces neutralizing antibodies against HA1 domain 
which correlates with protection against challenge viruses 
(Kang et al., 2020) and these vaccines are strain specific 
or provides immunity only to antigenically matched 
viruses in chickens; whereas antibodies produced against 
HA2 are broadly reactive against different subtypes of 
influenza viruses (Corti et al., 2011; Ekiert and Wilson, 
2012). In vaccination, primarily HA1 specific antibodies 
are produced rather HA2 specific antibodies. If there is 
antigenic change in HA1 of circulating strains, the vaccine 
strain has to be updated. This is because HA1 frequently 
undergoes mutation due to error prone RNA polymerase. 
So, annual reformulation of vaccines are essential to 
antigenically match the circulating strains (Tricco et al., 
2013). To overcome this issue, universal influenza vaccines 
are the preferred choice, which are protective against 
antigenically different strains. The HA2 is conserved 
among antigenically different strains and hence, in-vitro 
expressed HA2 fragment can be used as universal vaccine 
(Corti et al., 2010; Sui et al., 2011; Ekiert and Wilson, 
2012). Such vaccines are currently under development 
for human influenza viruses. HA2 based universal flu 
vaccine are moderately successful in mice (Steel et 
al., 2010) and HA2 specific antibodies or stalk reactive 
antibodies are reported to be broadly reactive against 
heterologous viruses in mice. The protectiveness of stalk 
reactive antibodies in chicken are unclear. Conventional 
IIV elicit insufficient stalk reactive antibodies (Corti et al., 
2010; Moody et al., 2011; Margine et al., 2013). There is 
question of whether the natural infection or immunization 
of inactivated whole virus vaccine induces stalk reactive 
antibodies in chickens?. If, so then is it possible to detect 
the stalk reactive antibodies using in-vitro expressed 
HA2 protein or not? The present study was designed to 
address these questions using in-vitro expressed HA stalk 
(as vaccine) which protected mice against lethal challenge 
of H5N1 (Valkenburg et al., 2016). Although, expression 
of stalk protein in tertiary structure as present in intact 
virus is challenging because of meta stable nature of HA2 
(stalk), it has been successfully expressed and the same 
was used as coating antigen for the testing of reactivity 
of sera samples received from chickens immunized with 
inactivated vaccines. Hence, this study may lay foundation 
or insights for development of universal flu vaccines in 
chickens.

MATERIALS AND METHODS

Serum samples

Immunized SPF chicken reference serum samples were 
received from Avian Influenza repository of ICAR-
NIHSAD, Bhopal, India. These are reference sera against 
(H1-H16) procured from NLVS, Ames, Lowa. H5-HA 
stalk (current study), rgH5N2 (reverse genetics virus) 
specific serum and M2e-HA2 (Kalaiyarasu et al., 2021) 
specific chicken serum were also included in the study.

Recombinant proteins

M2e-HA2 is a recombinant protein expressed in E. Coli. 
The conserved HA2 and M2e sequences were collected 
from common circulating H5N1 viruses in India and 
expressed together with His-tag sequence (Kalaiyarasu 
et al., 2021). H5-HA stalk purified recombinant protein 
received from Indian Institute of Science (IISc), 
Bangalore, India. The protein was expressed in E. coli 
using gene sequence derived from HA1 and HA2 of H5N1 
(A/VietNam/1203/04, GenBank Acc. AAW80717.1). This 
protein consist of three stem derived fragments containing 
amino acid sequences of HA1: 14–37, 286–319 and HA2: 
41–113 (Valkenburg et al., 2016).

ELISA Procedure

96 well ELISA plate (Nunc) was coated with H5-HA 
stalk (1 µg in 50 µl/well) at 37°C for 1 hr in carbonate 
bicarbonate buffer (pH=9.4). Following washing once 
with PBS-tween (0.05%) (PBST), wells were blocked with 
200 µl of 2% bovine serum albumin (Proliant, USA) and 
incubated at 37°C for 1 hr. Subsequently after discarding 
blocking buffer, wells were incubated with 50 µl of diluted 
test serum samples (in duplicates) along with positive 
control (immune sera against HA stalk), negative control 
(unimmunized SPF chicken sera) and blank (PBS) at 37°C 
for 1hr. The test serum samples initially diluted to two fold 
serial dilution starting from 1:100 and up to 1: 6400 for 
optimization and finalized at 1:400 with PBST. Following 
incubation of test serum samples, wells were washed thrice 
with 200 µl of PBST and then, 50 µl of Anti- chicken HRPO 
in PBS (1:10,000) was added and incubated at 37°C for 
1hr and washed thrice with PBST. Later, developed with 
50 µl of substrate TMB (3,3’,5,5’-Tetramethylbenzidine) 
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and the reaction was stopped with 50 µl of 1M H2SO4. The 
OD was measured at 450 nm using TriStar2S LB942 Micro 
plate reader (BERTHOLD Technologies, Germany).

RESULTS AND DISCUSSION

Stem-directed broadly neutralising antibodies are powerful 
probes to evaluate HA stalk conformation. Antibody 
response against the stalk domain in post infection or 
vaccination are relatively weaker than head domain. 
So, eliciting cross-protective, stem-directed broadly 
neutralising antibodies (bnAbs) remains challenging 
(Rathore et al., 2014). Different strategies, such as prime-
boost with a chimeric HA protein (Wei et al., 2010; Krammer 
et al., 2013), polypeptide mimics to the HA stem, headless 
HA virus (Steel et al., 2010; Mallajosyula et al., 2014) 
or sequential infection with different influenza subtypes 
(Krammer et al., 2012) have been employed to elicit 
bnAbs antibodies towards the stalk domain. The anti-stalk 
broadly neutralizing antibodies (bnAbs) are detectable in 
humans at a low level with natural infection suggesting 
the possibilities of induction in other species too by either 
natural infection and or vaccination. In present study, we 
have evaluated the reactivity of H5-HA stalk in ELISA 
with reference sera (Ames, Lowa) derived from chickens 
immunised with different subtypes of inactivated influenza 
viruses such as H1, H2, H3, H4, H6, H7, H8, H10, H11, 
H12, H13, H14, H15, H16, H5N1, H5N8, H9N2, rgH5N2 
and recombinant proteins namely, H5-HA stalk and HA2-
M2e apart from negative unimmunized SPF chicken sera. 
The chicken sera samples that showed reactivity with HA 
stalk only, were mentioned in figures (Fig. 1 & 2). H5-
HA stalk immunised chicken sera used as positive control. 
Sera from unimmunized chickens used as negative control. 
HA stalk immunised sera showed maximum OD value 
of 1.3 and negative control serum showed maximum of 
0.29 (Fig. 1). Serum produced against HA stalk designed 
from H5N1 subtype (M2e-HA2) (Kalaiyarasu et al., 2021) 
which belongs to group I, reacted with IISc HA stalk 
protein in ELISA and the OD varied from 0.6 to 1.08. 
Serum against rgH5N2 also reacted well (OD ranges from 
0.14 to 0.73) with H5-HA stalk, which indicate the sharing 
of conformational epitopes among them. Among the 
subtype specific reference sera, H2 subtype specific sera, 
which belongs to group I reacted well (OD value of 0.59) 
(Fig. 2). Among the tested serum samples, sera against HA 
stalk (homologus) was highly reactive followed by M2e-

HA2. In conclusion, these results showed that in vitro 
expressed HA stalk broadly reacts with HA specific sera 
against group I viruses. 

Fig. 1: ELISA. Reactivity of immunised chicken sera (1:400 
dilution) with H5-HA stalk protein coated on ELISA plate. 
Number of sera samples used in this study were M2e-HA2 (n=3), 
H9N2(n=18), H5N1(n=3), rgH5N2 (n=15), HA stalk (n=10), 
naive serum (n=21), H1 (pooled sera), H2 (pooled sera), H6 
(pooled sera), H8 (pooled sera), H12 (pooled sera), H15 (pooled 
sera). Average O.D value of naive serum samples considered as 
cut off value=0.230. HA stalk immunised sera used as positive 
control and naive serum samples used as negative control

This study indicates the preservation of common 
conformational epitopes in the expressed HA stalk as 
present in the virion. Stabilization of HA stalk molecule 
is reported to be difficult because HA stalk is a metastable 
in nature but our HA stalk (H5) successfully designed in a 
way with incorporation of site specific mutation and GSA 
linkers to make it stable (Valkenburg et al., 2016). All sera 
used in this study produced against group I viral subtypes 
except H15 which belongs to group II. Among all sera 
of whole viruses, serum against rgH5N2 showed better 
reactivity since HA stalk of rgH5N2 and H5-HA stalk are 
phylogenetically closer (Fig. 2). The serum dilutions up to 
1:800 showed reactivity with H5-HA stalk which indicates 
the presence of sufficient concentration of stalk reactive 
antibodies (Fig. 2). The stalk reactive antibodies are not 
so far demonstrated in chickens with inactivated influenza 
vaccine but in mice it has been reported (Krammer et 
al., 2013). These stalk antibodies are protective in mice 
(Impagliazzo et al., 2015; Valkenburg et al., 2016) against 
heterologous viruses but its efficacy in chicken is unclear 
and poorly studied. Since our stalk is broadly reactive 
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with many subtypes of IIV vaccine sera, there is hope for 
development of universal flu vaccine in chickens in near 
future.

nm

Fig. 2: ELISA. Reactivity of immunised chicken sera (pooled 
samples) at each serial dilution (1:100 to 1:6400) with H5-HA 
stalk protein coated ELISA plate
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