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Abstract
Background  H9N2 avian influenza viruses have been circulating in Bangladesh since 2006, affecting multiple 
avian species and resulting in economic losses. The recent emergence of tribasic strains, along with co-infections, 
has increased the risk to poultry health. Therefore, the study aimed to compare the immune responses of Sonali 
(crossbred) and commercial broiler chickens infected with tribasic H9N2 low pathogenic avian influenza (LPAI) virus.

Methods  Following H9N2 infection, proinflammatory (IL-6, IL-8, IL-1β and TNF-α) and antiviral (IFN-β and IFN-γ) 
cytokine expressions were observed in the trachea, lungs, intestine, and lymphoid tissues in Sonali and broiler 
chickens from 1 day post infection (dpi) to 10 dpi by qPCR.

Results  Sonali chickens exhibited significantly higher proinflammatory and antiviral cytokine expressions in the 
trachea at 3–7 days post infection (dpi), while broiler chickens showed lower immune responses. Broiler chickens 
displayed prolonged IL-6, IL-8, and IL-1β expression in lungs at 3–10 dpi compared to Sonali chickens. In the intestine, 
broiler chickens showed higher IL-6 and IL-8 expression that peaks at 1–3 dpi, while in Sonali chickens only IL-1β 
elevated at 10 dpi. In response to the H9N2 viruses, broiler chickens exhibited a stronger early IFN-β responses and a 
delayed IFN-γ responses in their lymphoid organs compared to Sonali chickens.

Conclusion  This suggests distinct immune profiles between the chicken types in response to the H9N2 infection. 
The information sheds light on the function of innate immunity in the pathophysiology of currently circulating 
tribasic H9N2 virus and could assist in effective controlling of avian influenza virus spread in poultry and designing 
vaccines.
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Background
H9N2 viruses of the G1 lineage have been frequently 
isolated from backyard and commercial poultry across 
Bangladesh since 2006 [1–3]. The avian influenza virus 
(AIV) can cause influenza in chickens, showing a vari-
ety of clinical signs. These range from no symptoms or 
mild respiratory conditions to severe and potentially 
fatal disease [4, 5]. High mortality rates are typically 
the result of highly pathogenic AIV (HPAIV) infection, 
which can spread to various tissues and organs in wide 
range of avian species [6]. However, no clinical signs or 
mild respiratory distress are typically the outcome of 
infection with low pathogenic AIV (LPAIV). These H9N2 
viruses remains a threat to the worldwide poultry indus-
try including Bangladesh [4, 5], since co-infection with 
other respiratory pathogens like Newcastle Disease Virus 
(NDV), Infectious Bronchitis Virus (IBV), E. coli, Myco-
plasma are very common in field. AIV subtypes is influ-
enced by hemagglutinin endoproteolytic cleavage site 
(HACS) to produce disease in avian hosts. Reportedly, 
mono and di-basic (PAKSSR*GLF) cleavage site motifs 
of H9N2 viruses cleaved by trypsin-like proteases that 
are produced by respiratory and gastrointestinal cells, is 
common in Bangladesh [7]. However, recent field out-
break showing evidence of a tri-basic (PAKSKR*GLF) 
HA cleavage site motif with increasing frequency [8]. The 
tribasic H9N2 viruses increased the viral replication, sta-
bility, pathogenicity and transmission in chickens com-
pared to the monobasic H9N2 viruses [9]. Besides, an in 
ovo pathogenesis study describes the replication of tri-
basic H9N2 viruses in remarkably wide range of embry-
onic organs [10]. This H9N2 virus has become important 
due to its role as a genetic donor in the reassortment of 
zoonotic AIV, including subtypes H5, H7, and H10 [11] 
that posing a greater risk for zoonotic transmission and 
potential pandemic spread.

The interaction between the virus and its host is pri-
marily influenced by the pathogen’s virulence factors and 
the host’s immune response [12]. The role of host immu-
nity, notably innate immunity, plays a significant role in 
the pathogenesis of influenza viruses [13]. AIV infection 
commonly leads to an imbalance in cytokine levels, often 
termed a “cytokine storm,” marked by increased levels 
of proinflammatory cytokines and an interferon (IFN) 
reaction [4, 5]. One of the most important markers of 
the pathogenicity of the influenza virus is elevated pro-
inflammatory cytokine expression in the respiratory tract 
[14]. Generally, respiratory and digestive tracts were the 
main sites of H9N2 virus replication in specific patho-
gen-free (SPF) chickens, and commercial poultry under 
experimental condition [4, 5]. According to our previous 
study, H9N2 LPAI virus infected Sonali and broiler chick-
ens develop mild tracheitis, pneumonia, and enteritis 
[15]. Although replication of H9N2 LPAIVs is limited to 

trypsin-expressing epithelial cells lining the respiratory 
and gastrointestinal tracts, mononuclear cells can also be 
infected [16–18].

Innate immunity draws immune cells to the site of 
infection by producing cytokines. The most evident 
immune cells are alveolar macrophages, which com-
monly reside on the respiratory tract’s mucosal surface 
and induce inflammation [19]. Following infection with 
influenza viruses, there is a prominent surge in cyto-
kine production, including interferon-alpha (IFN-α), 
interferon-gamma (IFN-γ), tumor necrosis factor-alpha 
(TNF-α), interleukin-6 (IL-6), interleukin-8 (IL-8), inter-
leukin-10 (IL-10), interleukin-1β (IL-1β), and interleu-
kin-12 (IL-12) across different organs. However, the 
levels of cytokine induction appear to vary depending on 
the specific strain of the virus [18, 20–23] and the magni-
tude of viral replication in affected organs [24].

Prior research has shown that cytokine responses play 
a role in the immune reaction to H9N2 infection across 
various avian species [25–27]. Reportedly, there is modu-
lation of various cytokines, including IFN-γ, IFN-α, IL-1β, 
IL-4, IL-6, IL-8, IL-10, and IL-17, detected in chickens 
across different organs such as lungs, spleen, and cecal 
tonsils [18, 20, 25, 27, 28]. In addition, some research has 
verified that Japanese quails [25] as well as mallards [26] 
express IFN-α, IL-1β, IL-6, RIG-I and Mx against avian 
influenza infection. It has been reported that the patho-
genicity of influenza viruses in the host is influenced by 
the levels of proinflammatory cytokines (IL-1β and IL-6) 
and antiviral cytokines (IFN-γ) [29–31]. Proinflamma-
tory cytokines like interleukin and TNF work to worsen 
disease, while antiviral cytokines like interferon combat 
viruses by inhibiting their replication in cells [32, 33].

Several research performed real-time RT-PCR or 
microarray methodologies to gain insights into the inter-
action between H9N2 and avian cells [4, 5]. Our previ-
ous study focused on the gross and microscopic changes, 
viral distribution in tissues, and viral shedding of two low 
pathogenic avian influenza (LPAI) H9N2 subtype viruses 
in Sonali (Rhode Island Red cock x Fayoum hen cross-
breed) and Cobb 500 broiler chickens [15] that revealed 
mild pathological changes including tracheitis, pneumo-
nia and enteritis without showing any clinical signs.

The aim of this study was to evaluate the expression of 
proinflammatory and antiviral cytokines in Sonali and 
broiler chickens after infection with the H9N2 avian 
influenza virus. This is the first comparison of cytokine 
expressions in response to tribasic H9N2 in commercial 
broiler (Cobb 500) chickens and local crossbred Son-
ali chickens. Our investigation will deepen our under-
standing of the aspects of pathogenesis and host specific 
immunity by observing quantitative measurement of 
cytokine levels in different organs at different time points 
in Sonali and broiler chickens.
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Methods
Virus
For the cytokine expression, A/chicken/
Bangladesh/2458-LT2/2020 (LT_2) field H9N2 LPAI 
isolate was recovered from the virus repository of the 
Department of Pathology, Faculty of Veterinary Science, 
Bangladesh Agricultural University. The selected isolate 
A/chicken/Bangladesh/2458-LT2/2020 (LT_2) was prop-
agated and isolated in 10 days old embryonated chicken 
eggs [15] and then harvested allantoic fluids were col-
lected and stored at -80 °C until use.

Experimental design and sampling
A total of 80 day old chicks consisting of 40 Sonali and 
40 broiler chicks, were obtained from a leading and reli-
able commercial company of Bangladesh and were raised 
in separate enclosures, providing them with ad libitum 
access to food and water. At 21 days (broiler chickens) 
and 42 days (Sonali chickens), birds that tested negative 
for H9N2 LPAI antibodies were divided into four groups 
of birds: LT_2 infected Sonali (LT_2-So1) (n = 30), and 
the control group (So2) (n = 10); similarly, broilers were 
distributed to LT_2 infected broiler (LT_2-Br1) (n = 30) 
and the control group (Br2) (n = 10). The different groups 
were housed separately. Chicks in the infected groups 
(LT_2-So1 and LT_2-Br1) were intranasally and intra-
ocularly administered 200  µl of 106 EID50/ml of the 
selected isolate. Meanwhile, control groups (So2 and Br2) 

received 200 µl of PBS using the same routes. The birds 
were monitored daily for any clinical signs of infection. 
Subsequently, six birds from each infected group and 
two from each control group were euthanized and nec-
ropsied at 1, 3, 5, 7, and 10 days post-infection (dpi). All 
experimental birds were humanely euthanized by cervi-
cal dislocation performed by a veterinarian. Tissue sam-
ples, including the trachea, lungs, intestine and lymphoid 
organs (pooled thymus, spleen and bursa) were collected 
for cytokine expression analysis (Fig. 1).

RNA extraction and quantification
Tissue samples were ground and suspensions were pre-
pared at a 20% w/v ratio using PBS supplemented with 
gentamicin (500  µg/ml) with the help of Tissue Lyser 
instrument (Qiagen, Hilden, Germany). RNA was 
extracted from the tissue suspensions using a QIAamp 
Viral RNA Mini Kit (QIAGEN, Hilden, Germany) fol-
lowing the manufacturer’s instructions. Then the RNA 
was quantified by Nanodrop One (Thermo Scientific, 
Waltham, MA, USA).

cDNA synthesis
Extracted RNA were used for reverse transcriptase using 
RevertAid First Strand cDNA Synthesis Kit (Thermo Sci-
entific™, USA). Reaction mixtures contained 4 µl of Reac-
tion Buffer, RiboLock RNase Inhibitor (20 U/µl) 1 µl, 10 
mM dNTP Mix 2 µl, Revert Aid M-MuLV RT (200 U/µl) 

Fig. 1  In vivo experimental design of tribasic H9N2 infection in Sonali and Cobb 500 broiler chickens using A/chicken/Bangladesh/2458-LT2/2020 (LT_2) 
field isolate for measurement of cytokine expression by qPCR
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1 µl, Oligo(dT)18 Primer 1 µl and nuclease-free water to 
make 20 µl, incubated in a thermal cycler for 60 min at 
42 °C and 5 min at 70 °C with the reaction component.

Quantification of proinflammatory and antiviral cytokines
The synthesized cDNA was diluted (1:10) and sub-
jected to qPCR for the measurement of relative cytokine 
expression of TNF-α, IL-6, IL-8, IL-1β, IFN-β, IFN-γ 
and GAPDH for samples from both control and infected 
birds as changes in SYBR green fluorescence after ampli-
fication with specific primer sets. GAPDH was used 
as housekeeping gene. Details of primers are listed in 
Table 1. Reactions were done in duplicate on 10 µl reac-
tion mixtures containing 100 ng of cDNA (1 µl), 5 pmol 
of each primer (1 µl), Luna Universal qPCR Master Mix 
(5  µl) and nuclease free water (2  µl) using Luna® Uni-
versal qPCR Master Mix (New England Biolabs, Inc.). 
Amplification and detection of specific cytokines were 
performed using the qPCR with the following cycle pro-
file: one cycle at 95˚C for 2 min, 40 cycles at 95˚C for 15 s 
and 72˚C for 1 min. One cycle for the dissociation curve 
for all reactions was added and the melting curve was 
analyzed.

Statistical analysis
Fold change was determined by the -ΔCt method using 
GAPDH as the reference gene to normalize the level of 
target gene expression to uninfected control birds of 
each breed. Data were analyzed by two-way ANOVA fol-
lowed by the Bonferroni post hoc test (GraphPad Prism 
8, USA). The standard error mean was calculated using 
the fold change values of three replicates for each gene 
measured. Comparisons were considered significant to 
control at P ≤ 0.05.

Results
Expression of cytokines in respiratory and gastrointestinal 
tract
Trachea
Proinflammatory cytokines  In the trachea, IL-6 
expression was significantly increased (*** p ≤ 0.001), (** 
p ≤ 0.01) and (*p ≤ 0.05) at 10 dpi in Sonali chickens com-
pared to broiler chickens (Fig. 2a). Whereas, a significant 
increase in IL-8 expression in the Sonali chicken group at 
3 dpi compared to broiler. However, IL-8 expression was 
returned to lower level for Sonali chickens, at 5, 7, and 
10 dpi; whereas, it remained at the minimum level at all 
the time points tested for broiler chickens (Fig. 2b). Sonali 
chickens demonstrated a notable increase in IL-1β expres-
sion at 3 and 5 dpi, suggesting a robust inflammatory reac-
tion to the infection during these days. In contrast, broiler 
chickens during the same time period (3 dpi and 5 dpi) 
displayed lower levels of IL-1β expression (Fig. 2c). Sonali 
chickens showed a significant increase in TNF-α expres-
sion at 5 and 7 dpi, whereas, broiler chickens showed 
consistently low TNF-α expression levels throughout the 
infection period, suggesting a much weaker inflammatory 
response in trachea (Fig. 2d).

Antiviral cytokines  The antiviral cytokines, both IFN-β 
and IFN-γ, were expressed at significantly higher levels in 
the trachea of Sonali chickens at 3, 5, and 7 dpi whereas, 
broiler chickens exhibited consistently low expression for 
both cytokines at different days of post infection (Fig. 2e-
f ).

Lungs
Proinflammatory cytokines  Between 5 and 10 dpi, 
there was a significant increase in the expression of IL-6 
in the lungs of broiler chickens. However, Sonali chick-
ens showed a higher level of IL-6 expression over time 
(not significantly) (Fig.  3a). In broiler chickens, both 
IL-8 and IL-1β exhibited comparable patterns and sig-
nificantly increased expression from 3 dpi to 10 dpi. In 
contrast, Sonali chickens exhibited slightly lower levels of 
IL-8 expression over the same periods (Fig. 3b), and IL-1β 
expression was only observed at 1 dpi (Fig.  3c). Addi-

Table 1  List of primers used in quantification of 
proinflammatory and antiviral cytokines in this study
Gene Name Cytokine nature Sequences (5ʹ-3ʹ) Refer-

ences
IL-6 IL6-F Proinflammatory 545-​A​T​C​C​G​G​C​A​G​A​

T​G​G​T​G​A​T​A​A​A
IL6-R 707-​C​C​C​T​C​A​C​G​G​T​

C​T​T​C​T​C​C​A​T​A
IL-8 IL8-F 459-​C​A​T​C​A​T​G​A​A​G​

C​A​T​T​C​C​A​T​C​T
Nang 
et al., 
2011

IL8-R 663-CTTCCA ​A​G​G​
G​A​T​C​T​T​C​A​T​T​T

IL-1β IL1β-F 134-​G​G​A​T​T​C​T​G​A​G​
C​A​C​A​C​C​A​C​A​G​T

IL1β-R 405-​C​T​G​G​T​T​G​A​T​G​
T​C​G​A​A​G​A​T​G​T​C

TNF-α TNFα-F 57-​C​T​T​C​T​G​A​G​G​C​
A​T​T​T​G​G​A​A​G​C

TNFα-R 407-​A​C​T​G​G​G​C​G​G​
T​C​A​T​A​G​A​A​C​A​G

IFN-β IFNβ-F Antiviral 42-​G​C​T​C​A​C​C​T​C​A​
G​C​A​T​C​A​A​C​A​A

IFNβ-R 607-​G​G​G​T​G​T​T​G​A​
G​A​C​G​T​T​T​G​G​A​T

Nang 
et al., 
2011

IFN-γ IFNγ-F 320-​T​G​A​G​C​C​A​G​A​T​
T​G​T​T​T​C​G​A​T​G

IFNγ-R 471-​C​T​T​G​G​C​C​A​G​
G​T​C​C​A​T​G​A​T​A
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tionally, another proinflammatory cytokine TNF-α was 
expressed at significantly higher levels in broiler chickens 
compared to Sonali chickens at 7 and 10 dpi (Fig. 3d).

Antiviral cytokines  In both groups of birds, the expres-
sion of antiviral cytokines (IFN-β and IFN-γ) in the lungs 

increased over time. However, in broiler chickens, the 
levels of both IFN-β and IFN-γ were significantly higher 
compared to Sonali chickens. To be more precise, IFN-β 
significantly increased at 5 dpi and IFN-γ increased at 10 
dpi (Fig. 3e-f ).

Fig. 3  Expression of proinflammatory and antiviral cytokines mRNA expression in lungs of Sonali and broiler chickens, infected with H9N2 LPAI. Bar 
diagram showing relative expression of IL-6 (a), IL-8 (b), IL-1β (c), TNF-α (d), IFN-β (e) and IFN-γ (f) in lungs of two type of chickens. Error bars represent 
mean ± SEM. Two-way ANOVA with Bonferroni’s multiple comparison test, *** p ≤ 0.001, ** p ≤ 0.01 and *p ≤ 0.05. Non-significant differences are not 
indicated

 

Fig. 2  Expression of proinflammatory and antiviral cytokines mRNA expression in trachea of Sonali and broiler chickens, infected with H9N2 LPAI virus. 
Bar diagram showing relative expression of IL-6 (a), IL-8 (b), IL-1β (c), TNF-α (d), IFN-β (e) and IFN-γ (f) in the trachea of two type of chickens. Error bars 
represent mean ± SEM. Two-way ANOVA with Bonferroni’s multiple comparison test, *** p ≤ 0.001, ** p ≤ 0.01 and *p ≤ 0.05. Non-significant differences are 
not indicated
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Intestine
Proinflammatory cytokines  In the intestine of broiler 
chickens, IL-6 and IL-8 expression levels were significantly 
higher from 1 dpi to 5 dpi compared to Sonali chickens. 
IL-6 peaked at 3 dpi in broilers (Fig.  4a), whereas IL-8 
peaked at 1 dpi in both broilers and Sonali chickens which 
decreased over time (Fig. 4b). In contrast, IL-1β expres-
sion significantly increased in Sonali chickens at 10 dpi 
(Fig. 4c). TNF-α expression in both varieties of chickens 
had a similar pattern, peaking at 1 dpi and then gradually 
decreasing; however, at 3 dpi, broiler chickens had sub-
stantially higher TNF-α expression than Sonali chickens. 
(Fig. 4d).

Antiviral cytokines  Broiler chickens exhibited signifi-
cantly higher IFN-γ mRNA expression in the intestine 
compared to Sonali chickens at 1 dpi to 3 dpi. Both chicken 
types showed low and similar levels of IFN-γ expression 
with no significant differences between the groups at 5, 
7 and 10 dpi (Fig. 4f ). In case of IFN-β, both broiler and 
Sonali chickens exhibited high levels of expression; how-
ever, the difference between two groups of birds was not 
statistically significant. At 3, 5, 7, and 10 dpi, the levels of 
IFN-β expression decreased gradually over time, with no 
significant differences between the two types of chickens 
(Fig. 4e).

Expression of cytokine in lymphoid tissues (pooled thymus, 
spleen and bursa)
Proinflammatory cytokines  IL-6, IL-1β and TNF-α, all 
exhibited identical expression patterns and showed higher 
expression at later times. In broiler chickens, their expres-
sion level significantly increased at 10 dpi compared to 
Sonali chickens (Fig. 5a, c and d). But in both bird groups, 
IL-8 expressed at high levels at 1 and 3 dpi, with broiler 
chickens expressing it at a slightly higher level. There were 
no appreciable variations in the expression levels between 
the two varieties of chickens at 3, 5, 7, and 10 dpi during 
these days (Fig. 5b).

Antiviral cytokines  For antiviral cytokines, broiler 
chickens showed a significant increase in IFN-β mRNA 
expression at 1 dpi. At 3 dpi, there was a slight increase in 
IFN-β mRNA expression in broiler chickens. From day 5 
to day 10 post-infection, both broiler and Sonali chickens 
showed low and similar levels of IFN-β mRNA expression 
(Fig. 5e). Both broiler and Sonali chickens exhibited simi-
lar patterns with low levels of IFN-γ mRNA expression 
at 1, 3, 5 and 7 dpi. However, broiler chickens showed a 
significant increase in IFN-γ mRNA expression at 10 dpi 
(Fig. 5f ). This suggests that broiler chickens had a stron-
ger early IFN-β response and a delayed but strong IFN-γ 
response to H9N2 infection compared to Sonali chickens.

Fig. 4  Expression of proinflammatory and antiviral cytokines mRNA expression in intestines of Sonali and broiler chickens, infected with H9N2 LPAI. Bar 
diagram showing relative expression of IL-6 (a), IL-8 (b), IL-1β (c), TNF-α (d), IFN-β (e) and IFN-γ (f) in intestine of two type of chickens. Error bars represent 
mean ± SEM. Two-way ANOVA with Bonferroni’s multiple comparison test, *** p ≤ 0.001, ** p ≤ 0.01 and *p ≤ 0.05. Non-significant differences are not 
indicated
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Discussion
Sonali and broiler chickens are two different breeds of 
chickens with distinct physiological characteristics and 
genetic backgrounds. Sonali chickens, a crossbred recog-
nized for their resilience and adaptability [34], whereas, 
broiler chickens are mainly for fast growth and high 
meat purposes [35]. Previous studies have suggested that 
genetic differences among chicken breeds can influence 
their immune responses to viral infections, including 
avian influenza viruses [36]. However, no studies have 
been conducted on the immune responses to tribasic 
H9N2 LPAI to date. In this study, we compared the host 
immune responses of Sonali and broiler chickens from 
1 dpi to 10 dpi after infection with tribasic H9N2 LPAI 
viruses, where we measured the expression of proin-
flammatory (TNF-α, IL-6, IL-8, and IL-1β) and antiviral 
(IFN-β and IFN-γ) cytokines relative to GAPDH. In this 
study, Broiler and Sonali chickens were infected with tri-
basic H9N2 virus at 21 and 42 days, respectively. Here, 
chicken breeds of two different ages were used, assuming 
that 2–3 weeks differences had no or very minimal effect 
on immune responses against viral diseases of poultry. 
However, some studies suggest that older animals exhibit 
lower immune responses [37, 38], though others found 
no significant age-related differences in cytokine (IFN-α 
and IL-2) expression in ducks [39]. Furthermore, in 
our earlier investigation, infection of Broiler and Sonali 
chickens at different ages (21 days and 42 days respec-
tively) had no significant differences on viral loads and 
pathogenicity [15].

Reportedly, proinflammatory cytokines have a par-
ticular affinity for the upper respiratory tract and lym-
phoid organs [40, 41]. Viral replication, tissue damage, 
and fever are all intimately correlated with their expres-
sion levels [42]. In our study, Sonali chickens exhibited 
stronger proinflammatory responses in trachea com-
pared to broiler chickens at 3–7 dpi. This was consis-
tent with higher levels of viral load observed during the 
same period, as reported in our previous study [15]. Both 
groups of chickens showed a continuous increase in the 
expression of proinflammatory cytokines in their lungs. 
However, broiler chickens showed higher viral loads with 
significantly increased cytokine expression compared 
to Sonali chickens [15]. Other studies have shown that 
the inductions of IL-1β, IL-6, IFN-α, IFN-β, and IFN-γ 
increase in the lungs and trachea (both in vivo and in 
vitro) of H9N2-infected chickens, which aligns with our 
findings [28, 41, 43, 44].

In contrast, in the intestine, the expression of IL-6, 
IL-8, TNF-α, IFN-β, and IFN-γ decreased over time in 
both chicken hosts, while IL-1β showed a delayed expres-
sion. Broilers had significantly higher IL-6 (at 1–5 dpi), 
IL-8 (at 3–5 dpi), TNF-α (at 3 dpi) and IFN-γ (from 1 to 
3 dpi) expression levels in the intestine. However, viral 
load in the intestine of both types of breeds was high at 
3 and 5 dpi [15]. Additionally, in lymphoid organs, proin-
flammatory cytokines expression peaked at 10 dpi except 
IL-8, with broilers exhibiting higher levels compared to 
Sonali chickens. Another study also reported significantly 
higher expression of TNF-α and IL-1β in the bursa of 

Fig. 5  Expression of proinflammatory and antiviral cytokines mRNA expression in lymphoid tissues of Sonali and broiler chickens, infected with H9N2 
LPAI. Bar diagram showing relative expression of IL-6 (a), IL-8 (b), IL-1β (c), TNF-α (d), IFN-β (e) and IFN-γ (f) in lymphoid tissues of two type of chickens. 
Error bars represent mean ± SEM. Two-way ANOVA with Bonferroni’s multiple comparison test, *** p ≤ 0.001, ** p ≤ 0.01 and *p ≤ 0.05. Non-significant dif-
ferences are not indicated
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Fabricius at 1 and 10 dpi, consistent with the study find-
ings [22]. However, they also noted a significant increase 
in IL-6 expression at 1–3 dpi, which does not align with 
the current results.

The interferon system inhibits viral replication and 
stimulates immune responses that fight viral infection 
[45]. To avoid the host immune response and spread 
infection, influenza viruses have evolved complex defense 
mechanisms that antagonize interferon production and 
signaling [46].

Like proinflammatory cytokines, Sonali chickens 
showed a significant antiviral response from 3 to 7 dpi 
in the trachea than broiler chickens. Another study 
reported that higher levels of IFN-γ were induced in 
the trachea on 4 dpi [41]. Over time, antiviral responses 
increased progressively in the lungs of both chicken 
hosts. However, broiler chickens showed a higher level of 
cytokine expression compared to Sonali chickens. Several 
researches have indicated that the expression of IFN-α, 
IFN-β and IFN-γ was significantly higher at 4–10 dpi in 
the lung of chickens infected with H9N2 LPAI [14, 22] 
which is in line with the study findings.

In intestine, both groups displayed a decreasing trend 
in antiviral responses over time which is consistent with 
previous finding [47]. In lymphoid organs, the antiviral 
cytokine IFN-β was expressed from 1 to 10 dpi, with its 
peak expression occurring at 1 dpi. In contrast, INF-γ 
exhibited minimal expression at early time points but 
reached its peak at 10 dpi. Another study indicates that 
IFN-γ was expressed from 1 to 7 dpi, with a significant 
upregulation observed on 4 dpi in chickens inoculated 
with the H9N2 virus [28].

In our previous study, we noted that infected Son-
ali and broiler chickens showed no mortality or clinical 
signs with limited pathological changes including mild 
tracheitis, pneumonia and enteritis [15]. Despite this, 
our present study compared significant cytokine induc-
tion in both chicken hosts. This finding contrasted with 
some studies that reported a correlation between clinical 
signs and the production of inflammatory cytokines [48, 
49]. Some studies reported that viral pathogenicity was 
not simply related to the extent of viral replication [50]. 
Though the current study found that viral replication [15] 
and cytokine induction correlated with each other, these 
differences might be complex interplay between host fac-
tors (such as immune response and genetic makeup) and 
viral characteristics (such as strain virulence and ability 
to induce cytokine production). These factors collectively 
influence the severity and manifest clinical disease in dif-
ferent host species.

There is some potential limitation in our study as it 
is restricted to evaluate a limited set of cytokines (IL-6, 
IL-8, IL-1β, TNF-α, IFN-β, and IFN-γ) expression using 
only RT-qPCR. The study didn’t explore the adaptive 

immune responses or involvement of key immune cells 
(T-cells, B-cells, or NK cells) using modern techniques 
like flow cytometry or single cell RNA sequencing. There-
fore, the study required further an in-depth investigation 
of immune cell populations or broader immune pathway 
analysis against tribasic H9N2 infection in chickens that 
could provide more comprehensive view of the immune 
response against tribasic H9N2 infection in Broiler and 
Sonali chickens.

Conclusion
Infection of Sonali and broiler chickens with the tri-
basic H9N2 LPAI virus induce proinflammatory (IL-6, 
IL-8, IL-1β and TNF-α) and antiviral (IFN-β and IFN-γ) 
cytokine expressions in different organs. Sonali chick-
ens exhibited a significant proinflammatory and antiviral 
response in the trachea until 3 to 7 dpi. However, broiler 
chickens showed significant proinflammatory and antivi-
ral cytokine responses in lungs, intestine and lymphoid 
tissues until 3 to 10 dpi. Furthermore, broiler showed 
stronger early IFN-β response and a delayed IFN-γ 
response compared to Sonali chickens. Understanding 
the innate immune response by cytokine profile of triba-
sic H9N2 LPAI revealed their potential for cross-species 
transmission, and is crucial for assessing their pandemic 
potential.
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