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ABSTRACT Infectious coryza (IC) is an acute infec-
tious upper respiratory disease in chickens. Recently,
the prevalence of IC has increased in China. In this
study, to clarify the pathogenic mechanism and innate
immune response of Avibacterium paragallinarum (A.
paragallinarum), an infection experiment with A. para-
gallinarum was conducted. Our results showed that the
whole course of IC was approximately 7 d. The clinical
signs score was highest at 3 dpi and decreased from 5
dpi. A large amount of mucus and exudates was found
in the infraorbital sinuses and nasal cavity. The A. para-
gallinarum contents in blood remained the highest,
reaching 9.16 £ 105 CFU/g at 5 dpi, which indicated
that A. paragallinarum could rapidly invade the host,
replicate in the blood and cause bacteremia. A. paragal-
linarum targets the upper respiratory tract. The
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infiltration of inflammatory cells, macrophages, and het-
erophilic granulocytes was only observed in the nasal
cavity and infraorbital sinus. The Tlr4 and Nod1 path-
ways were activated and induced proinflammatory
responses in chickens after infection with A. paragallina-
rum. The expression of Il1b and Il6 in the nasal cavity
was significantly higher than that in the spleen, and it
was consistent with the gross lesions and pathological
changes. In particular, the expression of Il6 increased
229.07-fold at 1 dpi in the nasal cavity and increased
3.12-fold in the spleen. The high level of proinflamma-
tory cytokines in the nasal cavity at an early stage of
infection may be the main factor related to acute upper
respiratory inflammation in chickens. These findings
provide a reference for the occurrence and development
of diseases mediated by A. paragallinarum.
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INTRODUCTION

Avibacterium paragallinarum (A. paragallinarum) is a
gram-negative bacterium that causes infectious coryza
(IC), an acute infectious upper respiratory disease in
chickens (Blackall and Soriano�Vargas, 2020). The clin-
ical signs are nasal discharge, facial swelling, lacrima-
tion, conjunctivitis, and anorexia. IC is a cosmopolitan
disease and has major economic effects due to decreased
egg production (10−80%), slowed growth, and increased
mortality (2−10%) (Blackall et al., 2005). Generally,
the clinical symptoms can last for 2 to 3 wk. However, as
A. paragallinarum is a conditional pathogenic bacte-
rium, the severity of clinical signs depends on age, breed,
and factors such as poor feeding management, parasit-
ism, and mixed infections. Morbidity and mortality are
exacerbated in infectious IC flocks by the presence of
concomitant bacterial infections, such as Mycoplasma
synoviae, Mycoplasma gallisepticum, Ornithobacterium
rhinotracheale, Pasteurella multocid, and Gallibacte-
rium anatis (Sandoval et al., 1994; Morales-Erasto
et al., 2016; Paudel et al., 2017), and viral infections,
including infectious bronchitis virus, infectious laryngo-
tracheitis virus, and fowlpox virus (Welchman Dde
et al., 2010; Gallardo et al., 2020). Severe and prolonged
disease may develop into complex conditions character-
ized by chronic respiratory diseases, swollen head-like
syndrome, airsacculitis, tarsal arthritis, and septicemia.
Research has shown that coinfection of IC and fowl chol-
era could lead to 50% mortalities in layer flocks
(Anjaneya et al., 2013; Blackall and Soriano-Var-
gas, 2020). Thus, the control of IC is an important issue
in chicken farms.
IC is transmitted by horizontal transmission, includ-

ing direct contact and aerosols. Birds and carriers with
subclinical infection usually show no signs but may dis-
charge A. paragallinarum intermittently through the
respiratory tract. Therefore, subclinically infected birds
and carriers play an important role in the transmission
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Table 1. The standard of scoring of clinical signs.

Score Clinical signs

0 No signs
1 Slight facial swelling and nasal discharge
2 Moderate facial swelling and nasal discharge
3 Severe facial swelling, abundant nasal discharge, and

lacrimation
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of IC (Blackall and Soriano-Vargas, 2020). The presence
of IC has been reported in many countries, such as the
UK, USA, India, and Indonesia, in recent years
(Welchman Dde et al., 2010; Patil et al., 2017b;
Crispo et al., 2018; Wahyuni et al., 2018). Until 2012, IC
was relatively rare in commercial birds in China. How-
ever, IC occurred in Beijing, Anhui, and Shandong prov-
inces in 2012. The occurrence of IC is mostly caused by
cold stress due to improper ventilation. IC has also
occurred in vaccinated flocks and chickens at the brood-
ing stage. In recent years, researchers have established
the virulence pattern of A. paragallinarum. The clinical
signs caused by the isolates of A. paragallinarum were
independent of serotype (Chukiatsiri et al., 2012).
According to observations of the pathogenicity changes
in field isolates, the prevalence of the strain has changed
over time (Anjaneya et al., 2013; Patil et al., 2017a).

The innate immune system provides the first line of
defense against invading pathogens. Research on sys-
tematic pathogenicity and the role of innate immunity
in IC disease processes is scarce. The prevalence of IC
has recently increased in China, including in early
brooding stage chickens. To address this, we investi-
gated the colonization of A. paragallinarum, pathologi-
cal changes, clinical symptoms, and innate immune
responses in 28-day-old chickens after being challenged
with A. paragallinarum.
MATERIALS AND METHODS

Bacteria

The A. paragallinarum 2020/JS80 strain (serovar C)
was isolated from a chicken farm with typical clinical
signs of IC in Jiangsu Province, China. Diseased chickens
showed facial swelling, blindness, and decreased egg pro-
duction. For bacterial culture, we dipped the infraorbital
sinus of chickens with a sterile cotton swab and cultured
it on trypticase soy agar supplemented with 10% fetal
bovine serum and 0.0025% reduced nicotinamide adenine
dinucleotide. The bacteria were cultured at 37°C and 5%
CO2 for 24 to 36 h, and the suspected A. paragallinarum
colonies were purified on trypticase soy agar twice. The
isolates were identified by HPG-2 PCR, which is species-
specific for A. paragallinarum (Chen et al., 1996). Then,
the amplicons were sent to Sangon Biotech (Shanghai,
China) Co., Ltd. for sequencing. The A. paragallinarum
isolate was tested for catalase activity, carbohydrate fer-
mentation, oxidase, motility, and urease.

TheA. paragallinarum reference strain 221was purchased
from theChinaVeterinaryCulture CollectionCenter.
Animals and Experiment Design

The 28-day-old SPF white leghorn chickens used in
this study were purchased from Sipsifu Poultry Farm
(Jinan, China). The males and females were randomly
selected. Fifty chickens were randomly divided into 2
groups with sufficient space, feed, and water. The chal-
lenge experiment was conducted by using infraorbital
sinus inoculation with 0.2 mL of A. paragallinarum bac-
terial suspension (107 cfu/mL). Chickens of the control
group were inoculated with 0.2 mL of tryptone soybean
broth. The clinical symptoms were observed and
recorded after challenge with A. paragallinarum. Five
chickens were randomly selected and euthanized for
each group. The nasal contents, blood, trachea, thymus,
lung, and spleen were collected at 1, 3, 5, and 7 d postin-
fection (dpi). All experiments were approved by the
Committee on the Ethics of Animal Experiments of
Yangzhou University.
Clinical Signs Scores

Clinical signs were scored according to the protocol, as
previously reported (Bragg, 2002). 0: no clinical signs; 1:
mild signs; 2: moderate signs; 3: severe signs (Table 1).
The total disease score was recorded and calculated.
From each group, 5 chickens were randomly chosen to
provide data used to calculate the clinical signs scores.
The mean daily disease score was calculated by dividing
the daily disease score by the number of chickens.
Histopathological Changes

Suborbital sinuses and trachea were fixed with 4%
paraformaldehyde solution. Fixed samples were embed-
ded in paraffin wax and sectioned into 5 mm slices using
a microtome. Sections were stained with hematoxylin
and eosin (H&E). Then the microscopic lesion was
observed using a Leica microscope.
A. paragallinarum Quantification

To investigate the colonization of A. paragallinarum
in tissues and organs after challenge, the bacterial load
was detected by quantitative real-time PCR (qRT
−PCR). Total DNA was extracted from 1 g of chicken
tissue using the Bacteria Genomic DNA kit (CWbio,
Beijing, China). qRT−PCR was performed using Trans-
StartR Tip Green qPCR SuperMix (Transgen Biotech
Co., Ltd., Beijing, China). According to a previous study
(Wen et al., 2016), the primer of the recN gene was
designed for the detection of A. paragallinarum
(Table 2). The qRT−PCR program consisted of 1 cycle
of 94°C for 30 s, followed by 40 cycles of 94°C for 5 s and
60°C for 34 s and finally dissociation curves.



Table 2. Primers sequence used in this study.

Primer name Sequence (5’-3’)

HPG-2-F TGAGGGTAGTCTTGCACGCGAAT
HPG-2-R CAAGGTATCGATCGTCTCTCTACT
qrecN-F AGCTTGCTCTACCGCACAAT
qrecN-R CTGGCTTCTTGCACCTGAAT
Tlr4-F AGTCTGAAATTGCTGAGCTCAAAT
Tlr4-R GCGACGTTAAGCCATGGAAG
Nod1-F GCGATGCAGGAATTGGAAAA
Nod1-R TGTGAAAAGAACCGTATGAGGGA
Mhc II-a-F CTCGAGGTCATGATCAGCAA
Mhc II-a-R TGTAAACGTCTCCCCTTTGG
Myd88-F TGATGCCTTCATCTGCTACTG
Myd88-R TCCCTCCGACACCTTCTTTCTA
Il1b-F GTGAGGCTCAACATTGCGCTGTA
Il1b-R TGTCCAGGCGGTAGAAGATGAAG
Il8-F ATGAACGGCAAGCTTGGAGCTG
Il8-R TCCAAGCACACCTCTCTTCCATCC
Il6-F TCTGTTCGCCTTTCAGACCTA
Il6-R GACCACCTCATCGGGATTTAT
b-actin-F GAGAAATTGTGCGTGACATCA
b-actin-R CCTGAACCTCTCATTGCCA

INNATE RESPONSE TO A. PARAGALLINARUM 3
Innate Immune-related Genes

Total RNA was extracted from the nasal contents and
spleen by TRIzon reagent RNA kit (CWbio, Beijing,
China). First-strand cDNA synthesis was performed
with TransScriptR one-step gDNA Removal and cDNA
Synthesis SuperMix (Transgen Biotech Co., Ltd., Bei-
jing, China). The mRNA levels of innate immune-
related genes were detected by qRT−PCR. The primers
for Tlr4, Nod1, Il6, Mhc II-a, and b-actin were refer-
enced in previous studies (Iqbal et al., 2005; Liang et al.,
2011; Tao et al., 2015; Li et al., 2018), and the remaining
primers were designed using Primer Premier 6 software
(Table 2). The internal control was the housekeeping
b-actin gene. The relative mRNA expression levels of
target genes were calculated using the 2�DDCt method.
Statistical Analysis

SPSS 23.0 software (SPSS Inc., Chicago, IL) was used
for statistical analysis. Nonparametric Mann-Whitney
U test was used to analyze the significant difference. P <
0.05 was considered for significance.
Figure 1. A. paragallinarum isolation. (A) Colony morphology of A. p
HPG-2 PCR products of A. paragallinarum. A. paragallinarum isolate (lines
RESULTS

Isolation and Identification of A.
paragallinarum

The A. paragallinarum colonies on trypticase soy agar
are circular, transparent, and smooth dewdrops. Gram
staining of A. paragallinarum showed that bacteria had
coccobacilli morphology and were gram negative. The
suspected A. paragallinarum colonies with morphologi-
cal characteristics were recultured twice to obtain pure
colonies (Figure 1A). Then, the field isolates were recon-
firmed by HPG-2 PCR. The size of the amplified frag-
ment was approximately 500 bp, which was consistent
with the expected result (Figure 1B). The sequence was
confirmed by running BLASTn.
Clinical Symptoms and Scores

After challenge with A. paragallinarum, the chickens
showed depression and decreased intake of food and
water. At 1 dpi, 2/5 chickens showed slight facial swell-
ing and nasal discharge (arrow on Figure 2A). All chick-
ens exhibited clinical symptoms at 3 dpi. Two chickens
showed severe facial swelling and abundant nasal dis-
charge (arrow in Figure 2B). At 5 dpi, the facial swelling
was relieved (arrow in Figure 2C). At 7 dpi, the intake
of food and water gradually recovered (Figure 2D). No
clinical symptoms were observed in the chickens of the
control group (Figure 2E). As shown in Figure 2F,
through the score statistics of clinical symptoms, we
found that the clinical signs score was low at 1 dpi. The
clinical signs score was highest at 3 dpi and decreased
from 5 dpi.
Gross Lesions

At 1 dpi, hemorrhage of the nasal mucosa was
observed, and a large amount of mucus and exudates
was found in the infraorbital sinuses (arrow in
Figure 3A). At 3 dpi, chickens showed typical gross
lesions. There was a yellow exudate clot in the infraorbi-
tal sinus (arrow in Figure 3B), which then turned into
caseous exudate (arrow in Figure 3C and D). Diffuse
hemorrhage of the trachea was apparent at 1 dpi (arrow
aragallinarum in trypticase soy agar. (B) Agarose gel electrophoresis of
1-3), reference strain 221 (line 4), and negative control (line 5).



Figure 2. Clinical symptoms of chickens infected with A. paragallinarum. Facial swelling at (A) 1 dpi, (B) 3 dpi, (C) 5 dpi, and (D) 7 dpi.
(E) Represent the healthy chicken in the control group. (F) The clinical signs scores of chickens after challenge.
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in Figure 3F). The hemorrhage of the annulus trachealis
was most serious at 3 dpi (arrow in Figure 3G), relieved at
5 dpi (arrow in Figure 3H), and then returned to normal
(Figure 3I). No gross lesions were observed in chickens of
the control group (Figure 3E and J). Combined with the
results of clinical symptoms, IC developed rapidly in a
short time, and the course of the disease was short.
Histopathological Analysis

Pathological changes were detected in the infraorbital
sinus and trachea of the infected chickens. In the micro-
structural examination, the infraorbital sinus showed
infiltration of macrophages and heterophilic granulo-
cytes (Figure 4A and B). Severe edema, loosening, and
hemorrhage were observed in the nasal cavity (arrow in
Figure 3. Gross lesions of chickens infected with A. paragallinarum.
(B) 3 dpi, (C) 5 dpi, and (D) 7 dpi. The gross lesions in trachea at (F) 1 dpi,
in the control group.
Figure 4C). The tracheae exhibited adhesion, lodging,
and partial exfoliation of cilia. Inflammatory cell infiltra-
tion and mucosal edema in the lamina propria were
observed (Figure 4E and F). No pathological changes
were observed in the control group (Figure 4D, G, and
H). Overall, our results indicated that A. paragallina-
rum targets the upper respiratory tract and causes path-
ological lesions.
A. paragallinarum Content in Tissues of
Infected Chickens

As shown in Figure 5A, the A. paragallinarum con-
tent in the nasal contents, trachea, thymus, spleen,
lung, and blood of chickens was detected at 1, 3, 5,
and 7 dpi. The bacterial contents were very low at
The gross lesions in nasal cavity and infraorbital sinus at (A) 1 dpi,
(G) 3 dpi, (H) 5 dpi, and (I) 7 dpi. E and J represent the healthy chicken



Figure 4. Pathological changes of chickens infected with A. paragallinarum. (A and B) The infiltration of macrophages (red arrow) and hetero-
philic granulocytes (black arrow) in infraorbital sinus at 3 dpi. Macrophage is large. The nucleus is large and can be scattered in the cytoplasm or in
a horseshoe shape with stained deeply. The cytoplasmic is abundant. The nucleus of heterophils is lobed (usually 2 to 3). The cytoplasm of hetero-
philic granulocytes appears red and contains granules. (C) Edema, loose (black arrow), and hemorrhage (red arrow) in nasal cavity at 3 dpi. (E and
F) Adhesion and partial exfoliation of cilia at 3 dpi. Inflammatory cell infiltration and mucosal edema in lamina propria. D, G, and H showed infraor-
bital sinus and trachea in the control group. The black box represents the area of the picture enlarged to 400£.
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1 dpi, and no bacteria were detected in the thymus.
A. paragallinarum was detected in all tissues at 3
dpi. The bacterial contents in the trachea reached a
maximum at 5 dpi and then dramatically declined at
7 dpi (78.89 CFU/g). The change in bacterial load in
the lung and spleen was similar to that in the tra-
chea. In particular, the bacterial contents in blood
remained the highest, reaching 9.16 £ 105 CFU/g at
5 dpi (Figure 5B). However, the bacterial content in
the nasal cavity increased gradually from 1 to 7 dpi,
reaching 6.76 £ 105 CFU/g at 7 dpi, which was the
highest. Taken together, these results indicated that
A. paragallinarum could rapidly invade the host, rep-
licate in the blood, and cause bacteremia. Ultimately,
A. paragallinarum colonized the upper respiratory
tract.
Figure 5. The A. paragallinarum content in tissues of chickens after ch
trachea, lung, thymus, spleen, and blood of infected chickens. (B) Trend cu
the means § SD (n = 5).
Expression of PRRs and MHC Class II
Molecule mRNA in Infected Chickens

Innate immunity is a conservative host defense system
that is activated through PRRs. To investigate the
innate immune response induced by A. paragallinarum,
2 PRRs in the nasal contents and spleen were detected
by qRT−PCR at 1, 3, 5, and 7 dpi. The relative expres-
sion level of the target genes was expressed as the expres-
sion level of the infected group compared with the
control group. In the spleen, the expression of Toll-like
receptor 4 (Tlr4) was significantly upregulated at 1 dpi
and downregulated from 5 dpi. The expression of Tlr4
had a similar pattern in the nasal cavity and was signifi-
cantly downregulated by 0.39-fold at 7 dpi (Figure 6A;
P < 0.05). The expression of nucleotide-binding
allenge. (A) A. paragallinarum content (log10 CFU/g) in nasal cavity,
rve of A. paragallinarum content at 1, 3, 5, and 7 dpi. Bars represented



Figure 6. Expression of PRRs and MHC class II molecule in A. paragallinarum-infected chickens. The expression of (A) Tlr4, (B) Nod1, and
(C) Mhc Ⅱ-a in the spleen and nasal cavity at 1, 3, 5, and 7 dpi. Fold change was calculated from the gene expression of infected chickens compared
with that of the control group. Bars represented the means § SDs (n = 5). Significant differences are indicated with a *.
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oligomerization domain 1 (Nod1) was significantly upre-
gulated by 4.20-fold and 4.53-fold in the spleen at 1 and
3 dpi, respectively (P < 0.05). However, Nod1 was signif-
icantly upregulated by 5.12-fold in the nasal cavity at 5
dpi (Figure 6B). Our results suggested that the PRR
pathways are tissue-dependent. The Tlr4 and Nod1
pathways may play a more significant role in the spleen
than in the nasal cavity. As shown in Figure 6C, we also
detected the expression of major histocompatibility
complex (MHC) Ⅱ-a in the nasal cavity and spleen. The
expression of Mhc Ⅱ-a was at the highest level at 1 dpi,
decreased in the following 6 d, and was significantly
Figure 7. Expression of inflammatory factors in A. paragallinarum-infec
in the spleen and nasal cavity at 1, 3, 5, and 7 dpi. Fold change was calcula
the control group. Bars represented the means § SDs (n = 5). Significant dif
downregulated in the spleen at 7 dpi. In the nasal cavity,
the expression of Mhc II-a followed a similar tendency
but to a greater extent.

Expression of Inflammatory Factors mRNA
in Infected Chickens

Signal transduction upon engagement of PRRs is
mediated through adaptor proteins. The adaptor pro-
tein of myeloid differentiation factor 88 (Myd88) was
detected. As shown in Figure 7A, Myd88 was signifi-
cantly upregulated in the nasal cavity and spleen at 1
ted chickens. The expression of (A)Myd88, (B) Il1b, (C) Il6, and (D) Il8
ted from the gene expression of infected chickens compared with that of
ferences are indicated with a *.
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dpi. The results showed that the PRR pathways were
activated after challenge. Upon PRR pathway activa-
tion, proinflammatory cytokines were induced. However,
there was a remarkable difference between the spleen
and nasal contents. The expression level of Il1b
increased significantly in the nasal cavity at 1, 3, and
5 dpi, whereas it was basically unchanged in the spleen
(Figure 7B). The expression of Il6 was elevated in both
spleen and the nasal cavity. At 1 dpi, the expression of
Il6 increased by 3.12-fold in the spleen and increased by
229.07-fold in the nasal cavity (Figure 7C). In contrast,
the expression of Il8 was significantly upregulated by
41.91-fold in the spleen and upregulated by 2.26-fold in
the nasal cavity at 1 dpi (Figure 7D). On the other
hand, our results showed that the inflammatory
response is activated at an early stage of infection, and
then quickly inhibited.
DISCUSSION

In recent years, the morbidity of IC in intensive
chicken farms has significantly risen, even in vaccinated
flocks. IC usually infects laying hens, but now it also
occurs in the early brooding stage. The pathogenicity of
A. paragallinarum is determined by many factors,
including the host immune response. In this study, we
systematically investigated the clinical symptoms, histo-
pathological changes, colonization and innate immune
responses in A. paragallinarum-infected chickens.
Twenty-eight-day-old chickens were challenged with A.
paragallinarum. There are 2 main animal experimental
infection models: an infraorbital sinus inoculation model
and an “in-contact”model (Bragg, 2002; Xu et al., 2019).
Both models are used to evaluate bacterial pathogenic-
ity and have their own characteristics. Infraorbitory
sinus inoculation is a more severe challenge method than
natural conditions of exposure (Matsumoto and Yama-
moto, 1971). A previous study showed that all 35 strains
produced clinical signs via infraorbital sinus inoculation.
Eight strains cannot produce clinical signs of IC via the
oral and nasal routes (Rimler, 1979). Bragg found that
the scores of birds infected through the natural route of
infection should be twice the scores obtained through
direct infraorbital sinus inoculation (Bragg, 2002). In
this study, we used rapid infraorbital sinus inoculation.
Our results showed that all of the chickens exhibited
clinical facial swelling and abundant nasal discharge at
3 dpi, and the whole course of the IC was approximately
7 d. The clinical symptoms and gross lesions were mainly
in the upper respiratory tract, especially in the infraorbi-
tal sinus and trachea.

The pathogenicity of A. paragallinarum correlates
directly with the distribution in the tissues of chickens.
Our results showed that bacterial contents in all tested
tissues reached a maximum at 5 dpi, except in the nasal
cavity, and then had a dramatic decline at 7 dpi. The
bacterial content in the nasal cavity increased gradually
from 1 to 7 dpi, indicating that the nasal cavity is the
target organ of A. paragallinarum. These results indi-
cated that A. paragallinarum could rapidly replicate in
the blood and cause bacteremia. Finally, it was custom-
ized in the upper respiratory tract. High levels of bacter-
emia were the main cause of the acute inflammatory
response in facial swelling chickens.
The innate immune system plays an essential role in

the host’s defense against pathogens during the early
stage of infection. Gram-negative bacteria are sensed by
TLRs and NLRs (Wilmanski et al., 2008; Brennan and
Gilmore, 2018). LPS liberated from gram-negative bac-
teria associates with CD14 and is then transferred to
Tlr4. After oligomerization, Tlr4 recruits the canonical
adaptor proteinMyd88, triggering downstream signaling
cascades and inducing proinflammatory cytokines and
chemokines (Luo et al., 2020). Nod1, as an intracellular
microbial recognition molecule, can recognize L-Ala-
g-D-Glu-m-diaminopimelic acid, which is found in most
gram-negative bacteria (Girardin et al., 2003). In this
study, Tlr4 was significantly upregulated at 1 dpi in the
spleen. After activation of Tlr4, the adapter protein
Myd88 was significantly upregulated in the nasal cavity
and spleen at 1 dpi, indicating that the Tlr4 pathway
was activated after A. paragallinarum challenge. Simi-
larly, previous studies showed that the immune response
was initiated by Tlr4 after infection with A. paragallina-
rum, which in turn led to the Th2 response in nasal tis-
sue (Boucher et al., 2014, 2015). The expression of Nod1
was significantly upregulated in the spleen at 1 and
3 dpi. The expression of Tlr4 and Nod1 increased in the
nasal cavity but was not significant. Our results sug-
gested that the Tlr4 and Nod1 pathways may be more
important in the spleen than in the nasal cavity, which
suggested that the PRR pathways are tissue-dependent.
The spleen is mainly composed of lymphocytes, which
can quickly be involved in the innate immune response
to A. paragallinarum.
PRRs recognize pathogen-associated molecular pat-

terns and directly activate immune cells. Then, intracel-
lular signaling cascades are activated and rapidly induce
the production of proinflammatory cytokines, chemo-
kines, and interferon involved in inflammatory and
immune responses, which can reduce or inhibit the repli-
cation of the pathogen (Akira et al., 2006). In this study,
the expression of Il1b and Il6 in the nasal cavity was sig-
nificantly higher than that in the spleen. This result con-
sisted of gross lesions and pathological changes, in which
the infiltration of inflammatory cells, macrophages, and
heterophilic granulocytes was only observed in the nasal
cavity and infraorbital sinus. Hyperinduction of cyto-
kines, known as “cytokine storms,” may be relevant to
severe pathological lesions and higher mortality in
humans (Chan et al., 2005). A similar result was demon-
strated in ducks challenged with the influenza H5N1
virus (Wei et al., 2013). On the other hand, our results
showed that the inflammatory response is activated at
the early stage of infection and then quickly inhibited.
The trend was consistent with the changes over the
whole course of IC, including clinical symptoms, gross
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lesions, and A. paragallinarum content. We deduced
that the high level of proinflammatory cytokines (Il1b,
Il6, and Il8) in the nasal cavity at an early stage of infec-
tion might be the main factor related to acute upper
respiratory inflammation in chickens. In addition, sev-
eral studies demonstrated that the interaction of Salmo-
nella with Tlr4 induces the expression of avian
b-defensins, Il1b, and Il6 (Yoshimura et al., 2006), while
some other TLRs interact with corresponding ligands to
upregulate only Il1b and Il6 (Abdel-Mageed et al.,
2014). However, synthesized IL1b can induce b-defen-
sins (Yoshimura, 2015). In this study, a high level of
Il1b may promote the expression of b-defensins to
remove A. paragallinarum. Moreover, antimicrobial
peptides have diverse chemical properties and cell tar-
gets, and they are promising antimicrobial agents, espe-
cially against pathogens with poor vaccine protective
efficacy or antibiotic resistance (Fjell et al., 2011;
Mahlapuu et al., 2016; L�az�ar et al., 2018).

In conclusion, we systematically explored the whole
disease process of IC and the innate immune responses
induced by A. paragallinarum. The whole course of the
IC was approximately 7 d. A. paragallinarum could rap-
idly invade the host, replicate in the blood, and cause
bacteremia. The clinical symptoms and gross lesions
were mainly in the upper respiratory tract, especially in
the infraorbital sinus and trachea. The Tlr4 and Nod1
pathways were activated and induced proinflammatory
responses after infection with A. paragallinarum in
chickens. Il1b, Il6, and Il8 in the nasal cavity were signif-
icantly increased at the early stage of infection, which
may be the main role related to acute upper respiratory
inflammation in chickens. Moreover, a high level of Il1b
may induce b-defensins to remove A. paragallinarum.
Synthetic antimicrobial peptides or promoting the pro-
duction of antimicrobial peptides in chickens is a novel
strategy for prevention or control strategies for IC.
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