
[page 10]                                                 [Veterinary Science Development 2014; 4:5416]

Evaluation of the effect 
of simultaneous infection with
E. coli O2 and H9N2 influenza
virus on inflammatory factors
in broiler chickens
Habiballah Dadras, Saeed Nazifi, 
Marzieh Shakibainia
Department of Clinical Studies, School 
of Veterinary Medicine, Shiraz University,
Iran

Abstract
                                                                          
This study was conducted to evaluate the

effect of experimental infection with Escherichia
coli O2 and H9N2 influenza virus on inflammato-
ry factors in broiler chickens. A total of 120 one-
day-old Cobb broiler chicks were divided ran-
domly to 6 groups. Inoculation program with 109
EID50/bird of the A/Chicken/Iran/772/1998
(H9N2) virus and 109 CFU/mL/bird of E. coli O2
was carried out as follows: the chicks in group 1
were inoculated with virus and bacteria simulta-
neously on day 26, group 2 received virus on day
26 and then bacteria 3 days later, group 3 were
inoculated with bacteria on day 23 and then
virus on day 26, group 4 received only bacteria
on day 26, group 5 were inoculated with only
virus on day 26 and group 6 served as control.
Serum samples were collected from wing vein at
days 20, 30, and 40. Sera were examined for
inflammatory mediators (TNF-a and INF-γ),
acute phase reactants (haptoglobin and serum
amyloid A) and gangliosides (total, lipid-bound
and protein-bound sialic acids) using validated
standard procedures. Among the measured
parameters, serum gangliosides showed signifi-
cant differences between the challenged and
control groups in different days post inoculation
(P<0.05). Significant increase in serum concen-
trations of serum sialic acids was observed on
the 30th day in challenged groups. Elevations
were found in the concentrations of serum gan-
gliosides on day 40 compared to their first con-
centrations. The most obvious increase in
serum sialic acids was observed in group 1 chal-
lenged with avian influenza virus and E. coli O2
simultaneously. Bacterial infected group showed
more significant changes in comparison with
viral infected one. These findings suggest that
serum sialic acids may be a useful indicator of
H9N2 avian influenza virus and avian pathogenic
E. coli O2 co-infection. 

Introduction

Avian influenza is an important poultry dis-
ease with the potential to cause major epi-

demics resulting in significant economic loss-
es. Avian influenza viruses belong to type A of
Orthomyxoviridae family, and 18 hemagglu-
tinins (H1 to H18) and 11 neuraminidase sub-
types (N1 to N11) have been reported.1
Avian H9N2 influenza viruses have circulat-

ed widely in domestic poultry around the
world.2 Although avian H9N2 influenza virus is
pathotyped as low pathogenic, experiences
over the last decade show serious disease and
high mortality in broilers associated with this
subtype in many regions of Iran. One of the
possible explanations for such high mortality
and great economic losses could be mixed
infection with other respiratory pathogens.3
A member of Enterobacteriaceae family,

pathogenic E. coli O2 is one of the factors that
may affect the pathogenicity of avian H9N2
influenza virus. This bacterium is categorized
based on its somatic (O) and flagellar (H) anti-
gens. Any local or generalized infection caused
by avian pathogenic E. coli O2 is called col-
ibacillosis, the most common bacterial infec-
tion in poultry.4 Colibacillosis is usually seen
with other infections resulting in disease dete-
rioration. Simultaneous infection of colibacil-
losis with paratyphoid and histomoniasis
results in high mortality.5 Colibacillosis with
Gamboro cause increase in mortality.6
Infectious bronchitis virus increases the mor-
tality due to avian H9N2 influenza viruses.3
Acute phase proteins are a group of blood

proteins whose concentrations are affected by
infections and inflammatory conditions.7-9
These proteins are mainly synthesized in liver.
Acute phase protein mediators are pro-inflam-
matory cytokines.7,8,10 In addition to mammals,
acute phase proteins are also synthesized in
birds and their concentrations change during
different stages of infection.11 Therefore, the
concentration of acute phase proteins can be
used to evaluate poultry health.
Investigators have reported that sialic acids,

localized at the end chain of many acute phase
proteins (APPs), can be used as a marker for
the determination of acute phase protein con-
centrations.12-14 The majority of sialic acids are
found in either protein-bound (PBSA) or lipid-
bound (LBSA) forms, while a small amount is
in the free form. In addition, sialic acids are
localized at the end chain of many acute-phase
proteins (APPs) and are present in normal
serum of human and animals;12,13 their con-
tent in serum is changed in various dis-
eases.14,15 Therefore, the detection of sialic
acid may be a valuable indicator for the diag-
nosis and prognosis of inflammatory dis-
eases.14,15
This research was conducted to assess the

inflammatory mediators in simultaneous
infection with avian H9N2 influenza virus and
E. coli O2 in broilers. 
Although avian H9N2 influenza virus in

Iran�s farms is pathotyped as a low pathogenic

virus, the reports indicate that this subtype
causes severe disease and results in 20-65%
mortality rate.16 The possibility of disease
deterioration due to simultaneous infection of
avian H9N2 influenza virus with other bacterial
or viral diseases is supposed. Therefore, diag-
nosis and control of simultaneous infections
would be of great help in decreasing economic
losses due to avian H9N2 influenza virus.
Bano et al.17 showed the role of E. coli,

Ornithobacterium rhinotrachealea and bron-
chitis virus in increasing avian H9N2 influenza
virus virulence. The synergistic role of staphy-
lococcus proteases on hemagglutinin cleavage
was evaluated by Tashiro et al.18 Kishida et
al.19 reported that simultaneous infection of
avian H9N2 influenza virus with
Staphylococcus aureus or Haemophilus para-
gallinarum results in more severe clinical
signs in broilers and affects the virus prolifer-
ation. In the research of Barbour et al.,20 broil-
ers were inoculated with different doses of E.
coli and the same doses of avian H9N2 influen-
za virus. The highest mortality was observed in
the group that received the highest dose of E.
coli. Moreover, clinical findings decreased
with the decrease of E. coli doses. Nazifi et
al.21 showed that the concentrations of acute
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phase proteins and sialic acids in broilers
infected with bronchitis virus were signifi-
cantly higher compared to controls.
The aims of the present study were to deter-

mine: i) whether simultaneous infection of E.
coli O2 and avian H9N2 influenza virus affects
the inflammatory factors in broilers or not; ii)
which inflammatory factor is affected more by
simultaneous infection of E. coli O2 and avian
H9N2 influenza virus, and whether this factor
has a diagnostic value or not.

Materials and Methods 

Experimental design 
A total of 120 one-day-old Cobb broiler

chicks were purchased from a local hatchery.
They were randomly divided into 6 groups and
each group was kept in a separate room. They
were reared up to 6 weeks in cages and fed on
pelleted antibiotic-free broiler diet. The birds
did not receive any vaccine. Feed and water
were provided ad-libitum. A continuous twenty
four hour light was supplied.

Bacteria
E. coli strain O2 was provided by Razi Serum

and Vaccine Research Institute, Karaj, Iran.
The culture was prepared as described by
Matthijs et al.22 and was used at a concentra-
tion of 1×109 CFU/mL.

Avian influenza virus
Avian influenza virus subtype H9N2

(A/chicken/Iran/772/1998) was proliferated in
9-day-old chicken embryo. For this purpose, 0.2
mL virus was inoculated to allantoic cavity and
the eggs were incubated at 37°C for 48 hours.
The allantoic fluid was harvested and EID50
was calculated according to Reed and Muench
method. The viral source was kept in −70°C
until used.

Inoculation program
Table 1 presents the inoculation program

with avian influenza virus subtype H9N2 and E.
coli. Day 20 is a baseline data (prior infec-
tion). At 26 days of age, groups 1, 2, 3 and 5
were challenged intranasally with 10 µL of
allantoic fluid containing 1×109 EID50/mL of
the virus. E. coli O2 was sprayed on each group
separately. Each bird received 1 mL of 1×109
CFU/mL of E. coli. 

Blood samples
Blood samples were taken from wing vein

into tubes without anticoagulant 3 times; on
days 20 (before viral inoculation), 30 and 40 of
the chicken age. The sera were separated fol-
lowing centrifugation at 750 g for 15 min and
stored at −20°C until used.

Biochemical assays

Acute phase proteins determination
Haptoglobin (Hp) was measured by preven-

tion of peroxidase activity of hemoglobin
which is directly proportional to the amount of
Hp. The analytical sensitivity in serum was
0.0156 mg/mL for Hp as stated by the manufac-
turer (Tridelta Development Plc, Wicklow,
Ireland).

Serum amyloid A (SAA) was measured by a
solid phase sandwich-ELISA with a sensitivity
in sera of 0.3 μg/mL (Tridelta Development Plc,
Wicklow, Ireland).

Inflammatory mediators determination
IFN-γ and TNF-a were measured by a solid

phase sandwich-ELISA (AbC 606 and AbC 607,
respectively (Votre Fournisseur AbCys S.A.,
Paris, France). 
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Table 1. Inoculation program with avian influenza virus subtype H9N2 and E. coli.

GroupH9N2 inoculation         E. coli inoculation               Time of E. coli O2 inoculation

1                             +                                              +                                     Simultaneous with viral inoculation
2                             +                                              +                                            3 days after viral inoculation
3                             +                                              +                                          3 days before viral inoculation
4                              -                                               +                                             Simultaneous with group 1
5                             +                                               -                                                                      -
6                              -                                                -                                                                      -
Viral infection starts in day 26 in Group 5. 

Table 2. Mean ± standard errors of Hp, SAA, IFN-γ, TNF-a and TBSA concentrations in
different groups experimentally infected with/without avian influenza virus subtype
H9N2 and E. coli. Day 20 is a baseline data (prior infection).

Group                                        Day 20                          Day 30                            Day 40

Hp (g/L)                                                                                                                                                            
          1                                                   0.21±0.11a                              0.22±0.02a                                0.30±0.18a
          2                                                  0.14±0.010a                             0.13±0.06a                                0.22±0.21a
          3                                                  0.16±0.011a                             0.13±0.07a                                0.17±0.20a
          4                                                  0.13±0.030a                             0.09±0.04a                                0.27±0.21a
          5                                                   0.15±0.04a                              0.16±0.07a                                0.23±0.15a
          6                                                   0.11±0.06a                              0.18±0.11a                                0.18±0.14a
SAA (μg/mL)                                                                                                                                                    
          1                                                   1.38±0.14a                              1.50±0.19a                                1.45±0.42a
          2                                                   1.41±0.23a                              1.18±0.97a                                1.68±0.31a
          3                                                   1.48±0.30a                              1.61±0.11a                                1.75±0.39a
          4                                                   1.54±0.30a                              1.24±0.17a                                1.35±0.11a
          5                                                   1.54±0.17a                              1.31±0.22a                                1.31±0.25a
          6                                                   1.34±0.11a                              1.68±0.13a                                1.49±0.25a

IFN-γ (pg/dL)                                                                                                                                                  
          1                                                  15.88±2.71a                            18.18±2.97a                              19.10±3.46a
          2                                                  12.47±2.09a                            14.82±2.25a                              14.68±2.25a
          3                                                  13.60±2.33a                            14.62±2.59a                              22.03±3.43a
          4                                                  36.93±4.06a                            36.15±4.30a                              20.65±3.34a
          5                                                  12.55±1.43a                            18.98±1.98a                              24.18±3.07a
          6                                                  15.53±2.31a                            20.40±2.04a                              21.46±2.43a
TNF-a (pg/dL)                                                                                                                                                
          1                                                  32.64±2.65a                            30.93±2.26a                              25.90±0.14a
          2                                                   40.98±2.56                            39.20±2.42a                              43.22±2.84a
          3                                                   38.46±2.14                            39.24±2.40a                              38.53±2.27a
          4                                                   29.57±9.35                            29.91±1.12a                              27.92±9.54a
          5                                                   28.00±9.49                            25.85±5.65a                              28.72±9.75a
          6                                                   27.65±1.02                            29.10±1.06a                              24.49±1.00a

TBSA (μmol/L)                                                                                                                                                
          1                                                  1.00±0.08aC                             1.7±0.06aB                                0.4±0.07aA
          2                                                   0.9±0.06bC                              1.2±0.05bB                                0.4±0.13bA
          3                                                   0.9±0.10bC                              1.2±0.05bB                                0.4±0.05bA
          4                                                   0.6±0.10cC                              0.9±0.10cB                                0.4±0.11cA
          5                                                   0.5±0.04dC                             0.7±0.04dB                               0.5±0.09dA

          6                                                   0.4±0.06cC                              0.4±0.08cB                                0.4±0.05cA
Different small letters in each column indicates significant difference. Different capital letters in each column indicates significant difference. 
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TSA, LBSA, PBSA determination
Serum TSA concentration was determined

by the thiobarbituric acid method. The amount
of TSA was determined using a standard curve
developed from a standard sample of N-acetyl
neuraminic acid.23 LBSA was determined as
described by Katopodis et al.24 using a stan-
dard curve developed from a standard sample
of N-acetyl neuraminic acid. PBSA concentra-
tion was measured by subtracting serum TSA
from LBSA. 

Statistical analysis
Data were analyzed by SAS software. For

comparison between different parameters,
Tukey test was used. P value less than 0.05 was
considered as statistically significant.

Results

Mean±SE of blood factor measurements are
presented in Table 2 and Figure 1. Total, lipid
bound and protein bound sialic acids were sig-
nificantly different between groups (P<0.05).
However, no significant difference was
observed in Hp, SAA, TNF-a and INF-γ between
groups.
The concentrations of total, lipid-bound and

protein-bound sialic acids in challenged
groups revealed a significant increase on day
30, and then decreased (Figure 1). However,
elevations were found in the concentrations of
these factors on day 40 compared to their first
concentrations. The highest increases were
observed in group 1 (simultaneous inoculation
of virus and bacteria).

Discussion and Conclusions

No significant changes were observed in
TNF-a and INF-γ concentrations in challenged
groups in comparison with control one.
However, the concentrations of these 2 factors
in group 1 showed an increase in the 2nd sam-
pling day (day 30, 5 days after simultaneous
inoculation of virus and bacteria) compared
with the previous and next samplings.
Innate immunity plays an important role in

coordination of immune response against
pathogens. Many components including
mucosal immunity, macrophages, interferon,
cytokines, natural killer cells and complement
systems have roles in native immune system.
Infection induces the immune cascade system
including mucosal inflammatory response and
aggregation of polymorph nuclear cells, lym-
phocytes and macrophages in mucosal tissue
resulting in producing and increasing the pre
inflammatory mediators in blood.25

INF-γ, TNF-a, interleukine-1 and inter-
leukine-6 are involved in specific and non spe-
cific immune response against viruses.26

Elevation in human cytokines was observed
after infection with H1N1 influenza virus.27

The first stage of infection with swine influen-
za does not lead to interferon production.
Increase in γ-interferon is observed 14 days
post inoculation.28

Although humoral immunity, antibody pro-
duction is one of the major mechanisms in
limiting the infection, it has no sufficient effi-
ciency against virus proliferation.29 Cellular
immunity due to T cells plays a role in many
immune responses against viruses with differ-
ent mechanisms such as cytokine produc-
tion.30 Therefore, cytokines are considered as
important indicators in the diagnosis of
influenza infection.25

INF-γ, produced by macrophages and NK
cells, is a cytokine produced during the initial
stages of infection and induces Th1 stimula-
tion.28

TNF-a is another inflammatory mediator
that plays an important role in neutrophil and
macrophage stimulation.31 The synergistic
effect of influenza virus and E. coli in stimula-
tion of TNF-a production has been shown.32 In
the research of Fritz et al.,33 an increase was
observed in INF-c in human nasal lavage 2-5
days after nasal inoculation of H1N1. Monterio
et al.34 reported the elevation in IL-12 and INF-
c in alveolar lavage in mice 3-7 days after H1N1
inoculation.
During bacterial infection, a large amount

of peptidoglycan or lipopolysaccharide is
released in blood resulting in indirect stimula-
tion of immune system. Peptidoglycan and
lipopolysaccharide have the ability to stimulate
mononuclear phagocytic and epithelial cells
resulting in secretion of immune mediators
such as TNF-a, γ-INF and interleukins.
Moreover, in severe bacterial infections, heavy
secretion of proteooglycan and lipopolysaccha-
ride in blood initiates pathologic processes and
finally results in systematic immune stimula-
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Figure 1. The concentrations of LBSA and PBSA (μmol/L) in different times after exper-
imental infection with avian influenza virus subtype H9N2 and E. coli.
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tion.25 Koutsos and Klasing evaluated the
effect of LPS and MDP on acute phase
response in quail.35 They reported that quail
revealed less sensitivity to MDP in comparison
with LPS and showed resistance to the repeat
of LPS inoculation.
In the present study, no significant changes

occurred in acute phase protein (Hp and SAA)
concentrations. However, the highest concen-
tration of these factors was observed in the last
blood sampling (15 days after simultaneous
inoculation of virus and bacteria).
Changes in acute phase proteins are consid-

ered as a major part of acute phase response.
Acute phase proteins can be used to determine
the prognosis of diseases. In birds, these pro-
teins can also be evaluated as indicators to
determine birds’ health. Acute phase response
is caused due to pro-inflammatory cytokines.
The most important cytokines include inter-
leukin-1, intereukine-6 and TNF-a resulting in
stimulation of acute phase protein synthesis in
liver.36 Changes in most acute phase proteins
in birds are not similar to those of mammals
and cannot be evaluated in natural infections.
In birds, changes in a few acute phase proteins
have been described including alpha-1-acid
glycoprotein, SAA, transferrin and ovotransfer-
rin.21,37-40
Whicher et al.41 reported an elevation in SAA

in all people infected with influenza virus type
A and the highest concentrations of ceruloplas-
min and SAA were observed on the 3rd day. It
was concluded that SAA measurement could be
a valuable indicator in viral infection. In the
study of Barbe et al.42 on pigs infected with
swine influenza, the concentration of acute
phase proteins reached a peak 30-48 hours
post inoculation and then decreased. However,
the concentration of ceruloplasmin and Hp
reached a peak after 48 hours. Hulten et al.43
reported that the highest increase in SAA in
horses infected with equine influenza was
observed in the first 48 hours of clinical symp-
toms appearance. 
After increase in acute phase proteins,

antimicrobial processes occur including
opsonization, activation of complement sys-
tem, increase in phagocytosis and removal of
minerals from blood resulting in baterial pro-
liferation being limited.
Nazifi et al.21 reported significant increase

in Hp and SAA concentrations in broilers
infected with infectious bronchitis. In another
study by Nazifi et al.40 infection with gamboro
virus resulted in elevation of SAA and alpha-1-
acid glycoprotein concentrations. Chamanza et
al.38 showed increase in SAA and transferrin
concentrations in pullets after inoculation of
tripentin and infection with S. aureus.
In the present study, significant changes in

concentrations of total, lipid-bound and pro-
tein-bound sialic acids were observed between
challenged groups and control one. These find-

ings are in agreement with recent research-
es.21 The concentrations of serum sialic acids
showed significant increase in all challenged
groups and the highest concentrations were
found in the second sampling on day 4 post
infection. Main changes were seen in group 1,
the group that was inoculated simultaneously
with virus and bacteria. 
The concentration of serum sialic acid

showed more increase in bacterial infected
group compared with viral infected one.
Generally, inflammatory response in viral
infections is milder than bacterial ones.44,45
Also, increase in serum sialic acid concentra-
tion was more considerable in the group that
received first virus and then bacteria. 
Sialic acids increase rapidly after inflamma-

tory interactions.14,46 Significant increase in
total, lipid-bound and protein-bound sialic
acids were observed in broilers infected with
infectious bronchitis.21 In the study of Mosleh
et al.47 increase in total, lipid-bound and pro-
tein-bound sialic acids concentrations were
reported after omphalitis in Japanese quail.
The most significant changes were observed in
lipid-bound sialic acids levels. They concluded
that changes in serum gangliosides, especially
lipid-bound sialic acids can be considered a
valuable indicator in inflammatory response in
quail omphalitis.
Simultaneous infection of E. coli O2 and

avian H9N2 influenza virus had possible addi-
tive effects on the modulation of inflammatory
responses.
In the present study, significant changes in

sialic acid concentrations reveal that measure-
ment of serum gangliosides can be considered
a useful factor in evaluating the inflammatory
response in broilers with avian influenza virus
and E. coli co-infection. Furthermore, inflam-
matory factors were affected more by simulta-
neous infection of E. coli O2 and avian H9N2
influenza virus.

References

1. Tong S, Zhu X, Li Y, et al. New world bats
harbor diverse influenza A viruses. PLoS
Pathog 2013;9:e1003657. 

2. Karimi-Madab M, Ansari-Lari M, Asasi K,
Nili H. Risk factors for detection of
bronchial casts, most frequently seen in
endemic H9N2 avian influenza infection,
in poultry flocks in Iran. Prev Vet Med
2010;95:275-80.

3. Seifi S, Asasi K, Mohammadi A. Natural
co-infection caused by avian influenza H9
subtype and infectious bronchitis viruses
in broiler chicken farms. Veterinarski
Arhiv 2010;80:269-81.

4. Saif YM, Fadly AM, Glisson JR, et al.
Diseases of poultry. 12th ed., USA:

Blackwell Publishing; 2008.
5. Ganapathy K, Salamat MH, Lee CC, Johara
MY. Concurrent occurrence of salmonel-
losis, colibacillosis and histomoniasis in a
broiler flock fed with antibiotic-free com-
mercial feed. Avian Pathol 2000;29:639-42.

6. Okiki PA, Oghbimi AO. Atypical infectious
bursal disease with MDR E. coli co-infec-
tion among 11 week old pullet. ASSET
Series B 2008;7:154-63.

7. Eckersall PD. The time is right for acute
phase protein assays. Vet J 2004;168:3-5.

8. Murata H, Shimada N, Yoshioka M.
Current research on acute phase proteins
in veterinary diagnosis: an overview. Vet J
2004;168:28-40.

9. Gruys E, Toussaint MJM, Niewold TA,
Koopmans SJ. Acute phase reaction and
acute phase proteins. J Zhejiang Univ Sci
B 2005;6:1045-56.

10. Murata H. Stress and acute phase protein
response: an inconspicuous but essential
linkage. Vet J 2007;173:473-4.

11. Eckersall PD. Acute phase proteins as bio-
markers of disease in companion and lab-
oratory animals. Proceedings of the 57th
Annual Meeting of the American College
of Veterinary Pathologists and 41st Annual
Meeting of American Society fir Veterinary
Clinical Pathology, Tucson, Arizona 2006;
47-52.

12. Crook M. The determination of plasma or
serum sialic acid. Clin Biochem 1993;26:
31-8.

13. Thougaard A, Hellmen E, Jensen A. Total
serum sialic acid is a general disease
marker rather than a specific tumour
marker in dogs. Zentralbl Veterinarmed A
1998;45:471-9.

14. Ekin S, Mert N, Gunduz H, Meral I. Serum
sialic acid levels and selected mineral sta-
tus in patients with type 2 diabetes melli-
tus. Biol Trace Elem Res 2003;94:193-201.

15. Citil M, Gunes V, Karapehlivan M, et al.
Evaluation of serum sialic acid as an
inflammation marker in cattle with trau-
matic eticulo peritonitis. Rev Med Vet
2004;155:389-92.

16. Nili H, Asasi K. Avian influenza (H9N2)
outbreak in Iran. Avian Dis 2003;47:828-
31.

17. Bano S, Naeem K, Malik SA. Evaluation of
pathogenic potential of influenza virus
serotype H9N2 in chicken. Avian Dis
2003;47:817-22.

18. ashiro M, Ciborowski P, Reinacher M, et al.
Synergistic role of staphylococcal proteas-
es in the induction of influenza virus
pathogenecity. Virology 1987;157:421-30.

19. Kishida N, Sakoda Y, Eto M, et al. Co-infec-
tion of Staphylococcus aureus or
Haemophilus paragallinarum exacerbates
H9N2 influenza A virus infection in chick-
ens. Arch Virol 2004;149:2095-104. 

                                                                                                                             Article

Non
 co

mmerc
ial

 us
e o

nly



[page 14]                                                 [Veterinary Science Development 2014; 4:5416]

20. Barbour K, Mastori A, Abdelnour A, et al.
Standardization of a new model of
H9N2/Escherichia coli challenge in broiler
in Lebanon. Vet Ital 2009;45:317-22.

21. Nazifi S, Tabande MR, Hosseinian SA, et
al. Evaluation of sialic acid and acute
phase proteins (haptoglobin and serum
amyloid A) in healthy and avian infection
bronchitis virus-infected chicks. Comp
Clin Pathol 2011;20:69-73.

22. Matthijs MG, van Eck JH, Landman WJ,
Stegeman JA. Ability of Massachusetts-
type infectious bronchitis virus to increase
colibacillosis susceptibility in commercial
broilers: a comparison between vaccine
and virulent field virus. Avian Pathol
2003;32:473-81.

23. Warren L. The thiobarbituric acid assay of
sialic acids. J Biol Chem 1959;234:1971.

24. Katapodis N, Hirshaut Y, Geller NL, Stock
CC. Lipid-assoociated sialic acid test for
the detection of human cancer. Cancer
Res 1982;42:5270-5. 

25. Hayden FG, Fritz RS, Lobo MC, et al. Local
and systemic cytokine responses during
experimental human influenza A virus
infection. Relation to symptom formation
and host defence. J Clin Invest 1998;101:
643-9.

26. Le J, Vilcek J. Tumor necrosis factor and
interleukine-1: cytokines with multiple
overlapping biological activities. Lab
Invest 1987;56:234-48.

27. Lee YJ, Shin JY, Song MS, et al.
Continuing evaluation of H9 influenza
viruses in Korean poultry. Virology
2007;359:313-23.

28. Wesley RD, Kelly M, Lager KM, Kehrli ME.
Infection with porcine reproductive and
respiratory syndrome virus stimulates an
early gamma interferon response in the
serum of pigs. Can J Vet Res 2006;70:176-
82.

29. Xing Z, Cardona CJ, Li J, et al. Modulation
of the immune responses in chickens by
low-pathogenicity avian influenza virus

H9N2. J Gen Virol 2008;89:1288-99.
30. Kaiser P, Staheli P. Avian cytokines and

chemokines in avian immunology.
London, San Diego: Elsevier; 2008. pp 203-
222.

31. Van Reeth K, Nauwynck H, Pensaert M.
Bronchoalveolar interferon-alpha, tumor
necrosis factor-alpha, interleukine-1 and
inflammation during acute influenza in
pigs: a possible model for human? J Infect
Dis 1998;177:1076-9. 

32. Nain M, Hinder F, Gong JH, et al. Tumor
necrosis factor-alpha production of
influenza A virus-infected macrophages
and potentiating effect of lipopolysaccha-
rides. J Immunol 1990;145:1921-8.

33. Fritz RS, Hayden FG, Calfee DP, et al. Nasal
cytokine and chemokine responses in
experimental influenza virus infection;
results of a placebo-controlled of intra-
venous Zanamivir treatment. J Infect Dis
1999;180:386-93. 

34. Monterio JM, Harvey C, Trinchieri G. Role
of interleukine-12 in primary influenza
virus infection. J Virol 1998;72:4825-31. 

35. Koutsos EA, KC. The acute phase response
in Japanese quail (Coturnix coturnix
japonica).Comparative Biochemistry and
Physiology Part C: Toxicology and
Pharmacology 2001; 128:255-263.

36. Rivier C, Chizzonite R, Vale W. In the
mouse, the activation of hypothalamicpi-
tuitary-adrenal axis by a lipopolysaccha-
ride endotoxin is mediated through inter-
leukine-1. Endocrinology 1989;125:2800-5.

37. Inoue M, Satoh W, Murakami H. Plasma a-
1-acid glycoprotein in chickens infected
with infectious bursal disease virus. Avian
Dis 1997;41:164-70.

38. Chamanza R, Tuossaint MJ, Van Ederen
AM, et al. Serum amyloid A and transferrin
in chicken. A preliminary investigation of
using acute-phase variables to assess dis-
ease in chickens. Vet Q 1999;21:158-62.

39. Holt PS, Gast RK. Comparison of the
effects of infection with Salmonella enter-

itidis, in combination with an induced
molt, on serum levels of the acute phase
protein a1-acid glycoprotein in hens.
Poultry Sci 2002;81:1295-300.

40. Nazifi S, Dadras H, Hoseinian SA, et al.
Measuring acute phase proteins (hapto-
globin, ceruloplasmin, serum amyloid A
and fibrinogen) in healthy and infectious
bursal disease virus-infected chicks. Comp
Clin Pathol 2010;19:283-6.

41. Whicher JT, Chambers RE, Higginson J, et
al. Acute phase response of serum amyloid
A protein and C reactive protein to the
common cold and influenza. J Clin Pathol
1985;38:312-6. 

42. Barbe F, Atanasova K, Van Reeth K.
Cytokines and acute phase proteins asso-
ciated with acute swine influenza infec-
tion in pigs. Vet J 2011;187:48-53.

43. Hulten C, Sandgren B, Skioldebrand E, et
al. The acute phase protein serum amyloid
A as an inflammatory marker in equine
influenza virus infection. Acta Vet Scand
1999;40:323-33.

44. Alsemgeest SPM. Blood concentrations of
acute-phase proteins in cattle as markers
for disease. PhD dissertation. Utrech
University, the Netherlands. 1994. 

45. Nakayama T, Sonada S, Urano T, et al.
Monitoring both serum amyloid A and C
reactive protein as inflammatory markers
in infectious diseases. Clin Chem
1993;39:293-7.

46. Haq M, Haq S, Tutt P, Crook M. Serum total
sialic acid and lipid associated sialic acid
in normal individual patients with myocar-
dial infarction and their relationship to
acute phase proteins. Ann Clin Biochem
1993;30:383-6.

47. Mosleh N, Nazifi S, Alaeddini A. Changes
in serum acute phase reactants, inflam-
matory mediators and gangliosides in
Japanese quail (Coturnix japonica) with
retained yolk sac. Pakistan Vet J
2012;32:251-4.

                             Article

Non
 co

mmerc
ial

 us
e o

nly




