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Abstract

Newcastle disease (ND) is one of the most important viral di-
seases in the world that causes considerable damages to the 
poultry industry. This study aimed to investigate the acute pha-
se response in homologous interference between Newcastle 
disease vaccine virus and a virulent Newcastle disease virus 
(NDV) in chickens. The experimental chicks received live vacci-
ne virus either before or after challenge with virulent NDV to 
determine the stronger immune system stimulation and higher 
acute phase response. A total of 250 day-old Cobb-500 com-
mercial broiler chickens were divided randomly into 5 equal 
groups (n = 50), and the chicks in each group were treated as 
follows: Group 1 received live vaccine at 22 days of age. Group 
2 was vaccinated 24 hours prior to the challenge with NDV at 
23 days of age. Group 3 was challenged with NDV at 23 days of 
age and received live vaccine 24 hours later. Group 4 was the 
negative control. Group 5 was challenged with NDV at 23 days 
of age. Blood samples were collected at intervals of 3, 6, 12, 18, 
24, 48, 72 hours, and on days 6 and 9 after first inoculation in all 
the groups; and measurements of haptoglobin, serum amyloid 
A, ovotransferrin, adenosine deaminase, serum proteins (total 
protein, albumin, globulins), and gangliosides (total sialic acid, 

lipid-bound sialic acid, and protein-bound sialic acid) were car-
ried out according to standard procedures. The results showed 
that the challenge with NDV led to a significant increase in inf-
lammatory factors and acute phase response, whereas vaccina-
tion caused a mild increase in these parameters. At 24 hours, 
group 3 (post-challenge vaccinated chicks) showed a stronger 
immune system stimulation and higher acute phase response 
than group 2 (pre-challenge vaccinated chicks). To summari-
ze, the results of this study indicated that challenge with NDV 
could lead to a significant increase in the inflammatory factors 
and acute phase response, whereas vaccination alone could 
cause a mild increase in these parameters. The challenge with 
NDV followed by vaccination resulted in a stronger immune 
system stimulation and higher acute phase response than vac-
cination followed by the challenge with NDV. According to the-
se findings, vaccination of the chicks with a live vaccine soon 
after natural infection with virulent NDV may help the chicks to 
overcome the sequelae of the disease.
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Introduction

Newcastle disease (ND) is one of the most important viral diseas-
es in the world that causes considerable damages to the poultry 
industry (Alexander, 2003). The Newcastle disease virus (NDV) 
belongs to the genus Avulavirus in the family Paramyxoviridae. 
The type and severity of diseases caused by this virus are often 
variable, making it difficult in recognizing them. The isolates 
and strains of the virus are very different, creating different dis-

ease faces in the same bird species (Alexander & Senne, 2008). 
Biosecurity and immunization of endangered birds are 2 major 
steps to prevent ND. One of the important goals in controlling 
ND is to prevent infection in sensitive birds or reduce the num-
ber of susceptible birds by vaccination. Vaccination is a widely 
used method in the control of viral diseases, including ND in the 
poultry production (Senne et al., 2004). Vaccination is used as a 
control tool in most countries where the poultry industry is com-
mercialized, and the disease is endemic (Alexander, 2001). The 
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increase in our knowledge about the process of creating safety 
protection is substantial in the development of new vaccines 
and implementation of a proper vaccination program (Norup et 
al., 2011). Vaccination reduces the serious consequences of the 
disease but cannot prevent the virus replication and shedding. 
However, the amount of virus proliferation and excretion dimin-
ishes with vaccination (Afsar et al., 2018; Capua et al., 2005). Birds 
may respond to the vaccination by developing humoral and 
cellular immune response. The development of the immune re-
sponses requires time, although the time needed to evoke differ-
ent immune branches is not the same; humoral immunity takes 
the longest time, whereas cellular immunity takes the shortest 
(Sharma, 1999), and humoral immune response is more import-
ant in ND protection (Al-Garib et al., 2003). The replication of the 
NDV can be affected by the homologous and heterologous in-
terference, a phenomenon in which replication of a virus in a cell 
often prevents the replication of another virus (Gelb et al., 2007). 
The importance of homologous and heterologous interference 
of NDV in pathogenesis and proliferation of virulent strains by 
non-pathogenic strains is described in ovo (Ge et al., 2012) and 
field conditions (Costa-Hurtado et al., 2014; Gelb et al., 2007). 

In birds, like mammals, acute phase proteins (APPs) are synthesized 
in liver and secreted into blood; the production of APPs increases 
in acute stages of the infection (Nielsen et al., 1999; Juul-Madsen 
et al., 2003; Yazdani et al., 2015). Determining the concentration of 
APPs can be helpful in monitoring poultry health (O’Reilly & Ecker-
sall, 2014). Several studies evaluated the changes in the levels of 
APPs in common poultry diseases (Asasi et al., 2013; Chamanza et 
al., 1999a; Chamanza et al., 1999b; Holt & Gast, 2002; Kokosharov, 
2006; Mosleh et al., 2012; Mosleh et al., 2013; Nazifi et al., 2010; Na-
zifi et al., 2011; Rath et al., 2008; Xie et al., 2002b). Habibi et al. (2013) 
evaluated the levels of APPs in vaccinated and challenged birds by 
a wild NDV. Alterations of APPs in poultry infectious diseases have 
not been fully understood. Few reports are available regarding APP 
changes in the poultry vaccinated and challenged by ND vaccine.

This study aimed to investigate acute phase response in ho-
mologous interference of ND vaccine by experimental New-
castle infection in broiler chickens to determine which of the 
following results in stronger immune system stimulation and 
higher acute phase response: vaccination, then challenge with 
NDV or challenge with NDV, then vaccination.

Method

Virus and Vaccine Strain
The highly virulent NDV strain (Genebank Accession Number: 
JF820294.1; IVPI: 2.46) was used as a virus stock and propagat-
ed in the allantoic cavity of 10-day-old embryonated chicken 
eggs. The embryo infective dose (EID50) of harvested allantoic 
fluid was calculated as 108/mL per the method described by 
Reed and Muench (1938). To vaccinate the chickens, the com-
mercial Villegas-Glisson/University of Georgia (VG/GA) ND vac-
cine (Avinew, Lot number: L439957) was used.

Animals and Experimental Design
A total of 250 1-day-old Cobb-500 commercial broiler chickens 
were divided randomly into 5 equal groups (n = 50) for 2 main 
reasons: first, the probability of losses after NDV challenge and 
second, to put down the effect of stress on the final results, that 
is, to prevent double sampling in each chick as the sampling 
method was heart puncture that could cause stress in chickens. 
The chicks in each group were treated as follows:

•	 Group 1 received live vaccine on day 22 of their age.
•	 Group 2 vaccinated on day 22 of their age and challenged 

with NDV 24 hours later at the age of 23 days.
•	 Group 3 challenged with NDV at 23 days of age and re-

ceived live vaccine 24 hours later.
•	 Group 4 was negative control.
•	 Group 5 was challenged with NDV at 23 days of age.

Each group was reared in an isolated room of the animal research 
unit at the School of Veterinary Medicine, Shiraz University, and 
received standard feed and water ad libitum during the exper-
iment. The hemagglutination inhibition (HI) test was used to 
measure maternal antibody against NDV in the sera of the chicks. 
At the age of 22 days (day of first inoculation), their mean HI titer 
was less than 3 log2. The animals were obtained commercially 
from the Parsian broiler chickens company (Tehran, Iran).

This study was approved by the state committee on animal eth-
ics, Shiraz University, Shiraz, Iran. The recommendations of the 
European Council Directive (86/609/EC) of November 24, 1986, 
regarding the standards in the protection of animals used for 
experimental purposes, were also followed.

Sampling 
Blood samples were taken at intervals of 3, 6, 12, 18, 24, 48, 72 hours, 
and days 6 and 9 after first inoculation (challenge with NDV or vac-
cination with live vaccine) from the chicks of all groups. At each time 
interval, 5 chicks from each group were bled from heart (cardiac 
puncture). The sera were separated by centrifugation at 750 g for 
15 min and stored at –20°C until used. After the experiment, the ani-
mals were euthanized using manual cervical dislocation or breaking 
the neck method, which is the most commonly applied method.

Evaluation of Haptoglobin (Hp) and Serum Amyloid A (SAA)
Serum levels of Hp and SAA were measured by a quantitative 
sandwich enzyme immunoassay using commercial chicken-spe-
cific kits (Shanghai Crystal Day Biotech, Shanghai, China). The 
analytical sensitivity of this test in serum is determined as .0156 
mg/mL for Hp and .3 μg/mL for SAA by the manufacturer.

Ovotransferrin (OVT) Measurement 
OVT was measured by a quantitative enzyme-linked immuno-
sorbent assay method using a commercial chicken-specific kit 
(Abcam, Biotech,  Life Sciences, Cambridge, England). The sen-
sitivity of the OVT kit was .751 ng/mL. Both intra- and inter-as-
say precision of the OVT kit was CV<10%. The control serum 
recovery of the OVT kit was >85%.
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Adenosine Deaminase (ADA) Measurement 
ADA was assessed by an enzymatic-calorimetric assay kit (Dia-
zyme Laboratories, Gregg Court, California, USA). 

Measurement of Serum Proteins
Serum was analyzed for total protein (TP) by the Biuret method 
(Commercial kit; Pars Azmoon, Tehran, Iran), and for albumin 
(Alb) by the bromocresol green method (Commercial kit; Pars Az-
moon, Tehran, Iran). Globulin was determined as the difference 
between serum TP and Alb. Cellulose acetate electrophoresis (15 
minutes at 180 V using Elphor 5, Germany) was used to reveal 
serum proteins (albumin, α-globulin, β-globulin, and γ-globulin). 

Gangliosides (TSA, LBSA, PBSA) Determination
Serum total sialic acid (TSA) concentration was determined by 
the thiobarbituric acid method. Lipid-bound sialic acid (LBSA) 
concentration was determined by the method described by 
Katopodis et al. (1982). Protein-bound sialic acid (PBSA) con-
centration was measured by subtracting LBSA from serum TSA.

Statistical Analysis 
Statistical analysis was conducted using the Statistical Package for 
Social Sciences software version 16 (SPSS Inc., Chicago, IL, USA). 
Descriptive statistics were presented as means and standard er-
rors. Means of each variable in the treatment groups and in various 
times were compared using mixed model analysis. In all the analy-
ses, a p < .05 was considered as statistically significant. 

Results

Figures 1-12 illustrate the patterns of changes in the acute 
phase response in time intervals after the experimental chal-
lenge with NDV and vaccination.

Haptoglobin
Hp concentration in groups 3 (challenged prior to vaccination), 2 
(vaccinated prior to challenge), and 5 (challenge) initially showed 
an increase and then a decrease; the highest concentration of Hp 
in groups 3 (challenge + vaccine) and 5 (challenge) was observed 
at 48 and 72 hours, respectively; and in group 2 (vaccine + chal-
lenge) at 48 hours. In groups 4 (negative control) and 2 (vaccine 
+ challenge), no significant changes were observed in the con-
centration of Hp over time. There was a significant difference in 
Hp concentration between the tested groups and the negative 
control group at 12, 18, 24, and 48 hours (p < .05) (Figure 1).

Serum Amyloid A (SAA)
The concentration of SAA in groups 1 (vaccine), 3 (challenge+-
vaccine), and 5 (challenge) initially showed an increase and 
then a decrease; the highest concentration was found at 48 and 
72 hours. In group 2 (vaccine+challenge), SAA concentration 
showed an initial increase, then a decrease on day 6, followed by 
an increase on day 9; the highest concentration was observed at 
48 and 72 hours and on the 9th day. There was a significant differ-
ence in SAA concentration between the tested groups and the 
negative control group at all times (p < .05) (Figure 2).

Ovotransferrin (OVT)
OVT level in groups 1, 2, 3, and 5 (all groups except the negative 
control group) initially showed an increase and then a decrease; 
the highest OVT level in group 1 (vaccine) was observed at 48 
and 72 hours, in group 3 (challenge+vaccine) at 48 hours, and in 
groups 2 (vaccine+challenge) and 5 (challenge) at 48 hours. In 
the negative control group, no significant change in OVT level 
was found over time. There was a significant difference in OVT 
level between the tested groups and the negative control group 
at all times, except at the 3rd and 6th hours (p < .05) (Figure 3).

Adenosine Deaminase (ADA) 
ADA concentration in group 1 (vaccine) initially showed an in-
crease and then a decrease; the highest concentration of ADA 
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Figure 2
The Pattern of Changes in Serum Amyloid A (µg/mL) in the Sera 
of Chicks After Experimental Challenge with Newcastle Disease 
Virus and Vaccination. (Group 1: Received Live Vaccine on Day 
22 of Age. Group 2: Vaccinated 24 Hours Prior to Challenge with 
NDV at 23 Days of Age. Group 3: Challenged with NDV at 23 
Days of Age and Received Live Vaccine 24 Hours Later. Group 
4: Negative Control. Group 5: Challenged with NDV at 23 Days 
of Age).

Figure 1
The Pattern of Changes in Haptoglobin (g/L) in the Sera of 
Chicks After Experimental Challenge with Newcastle Disease 
Virus and Vaccination. (Group 1: Received Live Vaccine on Day 
22 of Age. Group 2: Vaccinated 24 Hours Prior to Challenge with 
NDV at 23 Days of Age. Group 3: Challenged with NDV at 23 
Days of Age and Received Live Vaccine 24 Hours Later. Group 
4: Negative Control. Group 5: Challenged with NDV at 23 Days 
of Age).
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was found at 48 and 72 hours; there was no significant difference 
in ADA concentration among these times. The concentration of 
ADA in groups 3 (challenge+vaccine), 2 (vaccine+challenge), and 
5 (challenge) initially showed an increase and then a decrease; 
the highest concentration of ADA was observed at 48 hours. 
There was a significant difference in ADA concentration between 
the tested groups and the negative control group at all times ex-
cept at the 3rd hour and on the 9th day (p < .05) (Figure 4).

Total Sialic Acid
In groups 1 (vaccine), 3 (challenge+vaccine), and 5 (challenge), the 
concentration of TSA initially showed an increase and then a de-
crease; the highest TSA concentration in group 1 was observed at 
48 hours and in groups 3 (challenge+vaccine) and 5 (challenge) at 
48 hours. In addition, in group 2 (vaccine+challenge), the concentra-

tion of TSA initially showed an increase and then a decrease, where-
as there was no significant difference in TSA concentration from 12 
hours to 6 days. No significant change was found in the concentra-
tion of TSA in the negative control group over time. There was a sig-
nificant difference in TSA concentration between the tested groups 
and the negative control group at all times (p < .05) (Figure 5).

Lipid-bound Sialic Acid (LBSA)
In all groups, except the negative control, the concentration 
of LBSA initially showed an increase and then a decrease; the 
highest LBSA concentration was observed at 48 hours. In the 
negative control group, no significant change in the concen-
tration of LBSA was observed over time. There was a significant 
difference in LBSA concentration between the tested groups 
and the negative control group at all times (p < .05) (Figure 6).
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Figure 4
The Pattern of Changes in Adenosine Deaminase (U/L) in the 
Sera of Chicks After Experimental Challenge with Newcastle 
Disease Virus and Vaccination. (Group 1: Received Live Vaccine 
on Day 22 of Age. Group 2: Vaccinated 24 Hours Prior to 
Challenge with NDV at 23 Days of Age. Group 3: Challenged 
with NDV at 23 Days of Age and Received Live Vaccine 24 Hours 
Later. Group 4: Negative Control. Group 5: Challenged with 
NDV at 23 Days of Age).

Figure 6
The Pattern of Changes in Lipid-Bound Sialic Acid (µmol/L) in 
the Sera of Chicks After Experimental Challenge with Newcastle 
Disease Virus and Vaccination. (Group 1: Received Live Vaccine on 
Day 22 of Age. Group 2: Vaccinated 24 Hours Prior to Challenge with 
NDV at 23 Days of Age. Group 3: Challenged with NDV at 23 Days 
of Age and Received Live Vaccine 24 Hours Later. Group 4: Negative 
Control. Group 5: Challenged with NDV at 23 Days of Age).

Figure 3
The Pattern of Changes in Ovotransferrin (µg/mL) in the Sera of 
Chicks After Experimental Challenge with Newcastle Disease Virus 
and Vaccination. (Group 1: Received Live Vaccine on Day 22 of Age. 
Group 2: Vaccinated 24 Hours Prior to Challenge with NDV at 23 
Days of Age. Group 3: Challenged with NDV at 23 Days of Age and 
Received Live Vaccine 24 Hours Later. Group 4: Negative Control. 
Group 5: Challenged with NDV at 23 Days of Age).

Figure 5
The Pattern of Changes in Total Sialic Acid (µmol/L) in the Sera of 
Chicks After Experimental challenge with Newcastle Disease Virus 
and Vaccination. (Group 1: Received Live Vaccine on Day 22 of age. 
Group 2: Vaccinated 24 Hours Prior to Challenge with NDV at 23 
Days of Age. Group 3: Challenged with NDV at 23 Days of Age and 
Received Live Vaccine 24 Hours Later. Group 4: Negative Control. 
Group 5: Challenged with NDV at 23 Days of Age).
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Protein-bound Sialic Acid (PBSA)
In groups 1 (vaccine) and 5 (challenge), the concentration of 
PBSA initially showed an increase and then a decrease; the high-
est PBSA concentration in group 1 was observed at 72 hours and 
in group 5 (challenge) at 48 hours. In groups 3 (challenge+vac-
cine) and 2 (vaccine+challenge), the concentration of PBSA was 
constant until 18 hours; then, it showed an increase at 24 and 48 
hours, followed by a decrease. In group 4 (negative control), no 
significant change in the concentration of PBSA was observed 
over time. There was a significant difference in PBSA concentra-
tion between the tested groups and the negative control group 
at all times except at the 3rd hour (p < .05) (Figure 7).

Total Protein (TP)
The concentration of TP in group 1 (vaccine) was constant for up 
to 48 hours, then a sudden increase was observed at 72 hours 
(the highest TP concentration), followed by a decreasing trend. 
The concentration of TP in groups 3 (challenge+vaccine), 2 (vac-
cine+challenge), and 4 (negative control) initially showed an 
increase and then a decrease; the highest concentration of TP in 
groups 3 (challenge+vaccine) and 2 (vaccine+challenge) was ob-
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Figure 7
The Pattern of Changes in Protein-Bound Sialic Acid (µmol/L) in 
the Sera of Chicks After Experimental Challenge with Newcastle 
Disease Virus and Vaccination. (Group 1: Received Live Vaccine 
on Day 22 of Age. Group 2: Vaccinated 24 Hours Prior to 
Challenge with NDV at 23 Days of Age. Group 3: Challenged 
with NDV at 23 Days of Age and Received Live Vaccine 24 Hours 
Later. Group 4: Negative Control. Group 5: Challenged with 
NDV at 23 Days of Age).

Figure 9
The Pattern of Changes in Albumin (%) in the Sera of Chicks 
After Experimental Challenge with Newcastle Disease Virus 
and Vaccination. (Group 1: Received Live Vaccine on Day 22 
of Age. Group 2: Vaccinated 24 Hours Prior to Challenge with 
NDV at 23 Days of Age. Group 3: Challenged with NDV at 23 
Days of Age and Received Live Vaccine 24 Hours Later. Group 
4: Negative Control. Group 5: Challenged with NDV at 23 Days 
of Age).

Figure 10
The Pattern of Changes in α-Globulin (%) in the Sera of Chicks 
After Experimental Challenge with Newcastle Disease Virus and 
Vaccination. (Group 1: Received Live Vaccine on Day 22 of Age. 
Group 2: Vaccinated 24 Hours Prior to Challenge with NDV at 23 
Days of Age. Group 3: Challenged with NDV at 23 Days of Age 
and Received Live Vaccine 24 Hours Later. Group 4: Negative 
Control. Group 5: Challenged with NDV at 23 Days of Age). 

Figure 8
The Pattern of Changes in Total Protein (g/dL) in the Sera of 
Chicks After Experimental Challenge with Newcastle Disease 
Virus and Vaccination. (Group 1: Received Live Vaccine on Day 
22 of Age. Group 2: Vaccinated 24 Hours Prior to Challenge with 
NDV at 23 Days of Age. Group 3: Challenged with NDV at 23 
Days of Age and Received Live Vaccine 24 Hours Later. Group 
4: Negative Control. Group 5: Challenged with NDV at 23 Days 
of Age).
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served at 24, 48, and 72 hours, and in group 4 (negative control) 
at 24 and 48 hours. In group 5 (challenge), the concentration of TP 
was constant for up to 18 hours and increased at 24 and 48 hours, 
followed by a decrease. No significant difference in TP concentra-
tion was found between the tested groups and the negative con-
trol group at all times, except at 18 and 72 hours (Figure 8).

Albumin (Alb)
In all the groups, no significant changes were observed in Alb 
concentration over time. Moreover, there was no significant 
difference in Alb concentration among all the groups and be-
tween the tested groups and the negative control group at all 
times (Figure 9).

α -globulin
In groups 1 (vaccine) and 4 (negative control), no significant 
changes were observed in α-globulin concentration over time. 
In groups 3 (challenge+vaccine), 2 (vaccine+challenge), and 
5 (challenge), the concentration of α -globulin showed an in-
creasing, but not a significant, trend from 12 hours to 6 days. 
There was no significant difference in the α-globulin concentra-
tion between the tested groups and the negative control group 
at all times (Figure 10). 

β-globulin
In group 1 (vaccine), the concentration of β-globulin at 48 hours 
was significantly higher than at 3 hours (p < .05). The concen-
tration of β-globulin in groups 3 (challenge+vaccine), 2 (vac-
cine+challenge), and 5 (challenge) initially showed an increase 
and then a decrease; the highest concentration of β-globulin 
in groups 3 and 5 was observed at 48 hours, and in group 2 
at 48 and 72 hours. In the negative control group, no signifi-
cant change in β-globulin concentration was found over time. 
There was no significant difference in β-globulin concentration 
between the tested groups and the negative control group at 
all times, except at 12 and 24 hours (Figure 11).

γ-globulin
In groups 1 (vaccine) and 4 (negative control), no significant 
change was observed in the concentration of γ-globulin over 
time. The concentration of γ-globulin in group 3 (challenge+-
vaccine) initially showed a decrease and then an increase; the 
lowest γ-globulin concentration was found at 48 and 72 hours. 
In groups 2 (vaccine+challenge) and 5 (challenge), the concen-
tration of γ-globulin initially showed a decrease and then an in-
crease, whereas there was no significant difference in γ-globu-
lin concentrations from 18 hours to 6 days. Moreover, there was 
no significant difference in γ-globulin concentrations between 
the tested groups and the negative control group at all times, 
except at 48 hours (Figure 12).

Discussion, and Conclusion and Recommendations

The strain and dose of the virus and the immunity of the bird 
are among the factors that affect the variation in ND clinical 
signs. In unvaccinated or poorly vaccinated birds, ND clinical 
signs can be found in the neural, gastrointestinal, reproductive, 
and respiratory systems (Dimitrova et al., 2017; Miller & Koch, 
2013). Maternal antibodies against NDV show a progressive de-
crease until base levels after a few weeks (Cardoso et al., 2005; 
Gelb & Jackwood, 1998). The goals of vaccination in ND are to 
bring about a decrease in virus shedding and a reduction in the 
clinical signs (Dimitrova et al., 2017; Kapczynski et al., 2013). 
However, vaccination can be considered as a stressor causing a 
decrease in food intake, body weight gain, and nutrient digest-
ibility (Kaab et al., 2018). Nishizawa et al. (2007) have evaluated 
the response of white Pekin ducks during an experimental vac-
cination and challenge in ND. They indicated that vaccination 
could interfere with NDV shedding and found that vaccination 

GHAEMMAGHAM et al. Acute Phase Response in Viral Interference
Acta Veterinaria Eurasia 2021; 47(2): 64-75

Figure 11
The Pattern of Changes in β-Globulin (%) in the Sera of Chicks 
After Experimental Challenge with Newcastle Disease Virus 
and Vaccination. (Group 1: Received Live Vaccine on Day 22 
of Age. Group 2: Vaccinated 24 Hours Prior to Challenge with 
NDV at 23 Days of Age. Group 3: Challenged with NDV at 23 
Days of Age and Received Live Vaccine 24 Hours Later. Group 
4: Negative Control. Group 5: Challenged with NDV at 23 Days 
of Age). 

Figure 12
The Pattern of Changes in γ-Globulin (%) in the Sera of Chicks 
After Experimental Challenge with Newcastle Disease Virus 
and Vaccination. (Group 1: Received Live Vaccine on Day 22 
of Age. Group 2: Vaccinated 24 Hours Prior to Challenge with 
NDV at 23 Days of Age. Group 3: Challenged with NDV at 23 
Days of Age and Received Live Vaccine 24 Hours Later. Group 
4: Negative Control. Group 5: Challenged with NDV at 23 Days 
of Age).
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against NDV was an important factor in reducing NDV shed-
ding in the field. EI-Tayeb et al. (2013) have determined the 
effect of maternal antibodies to NDV on vaccination with VG/
GA vaccine. The minimum titer that interfered with vaccination 
was obtained on day 22 of the chick’s age (less than 3 log2), 
showing the optimum time for vaccination with VG/GA.

A major part of the innate immune response present in all ani-
mal species is acute phase response that reduces the growth of 
infectious agents and maintains the normal function of an organ 
by preventing further damage and activating repair mechanisms 
(Cray et al., 2009; Firouzi et al., 2014; Hirvonen, 2000). Acute phase 
response indicates systemic activation in inflammatory processes 
but is not diagnostic of any specific disease (Rath et al., 2009). Sev-
eral researchers have investigated acute phase response in chick-
ens in common poultry diseases (Chamanza et al., 1999a, Cha-
manza et al., 1999b; Habibi et al., 2013; Holt & Gast, 2002; Mosleh 
et al., 2013; Nazifi et al., 2010; Nazifi et al., 2011; Xie et al., 2002b).

Part of the acute phase response includes the production of APP 
by hepatic origin. The assessment of APP levels is considered as a 
helpful tool in monitoring poultry health (O’Reilly & Eckersall, 2014).

Hp concentration was significantly higher, especially at 24 and 48 
hours in group 5 (challenged with NDV) than in group 4 (negative 
control), revealing that challenge with NDV causes a significant 
increase in serum Hp. The concentration of Hp was significantly 
higher, especially at 24 and 48 hours in group 3 (challenged with 
NDV+vaccine) than in group 2 (vaccine+challenged with NDV). 
Milder and less changes in Hp concentration was found in group 
2 (vaccine+challenged with NDV) than in group 3 (challenged 
with NDV+vaccine), showing that vaccination after challenge 
with NDV results in a higher and stronger Hp response than in 
vaccination before challenge. At times, there was no significant 
difference in Hp concentration, group 2 (vaccine+challenged 
with NDV) and group 1 (vaccine), indicating that vaccination 
then challenge with NDV compared with vaccination alone did 
not make much difference in Hp response.

The concentration of SAA in group 5 (challenged with NDV) 
was significantly higher, especially at 48 hours, than in group 
4 (negative control), revealing that challenge with NDV could 
result in a significant increase in SAA concentration. There was 
a significant increase in the concentration of SAA in group 3 
(challenged with NDV+vaccine), especially at 48 hours, than 
in group 2 (vaccine+challenged with NDV). Milder and less 
changes in SAA concentration was found in group 2 (vac-
cine+challenged with NDV) than in group 3 (challenged with 
NDV+vaccine), showing that challenge with NDV then vaccina-
tion could result in a higher and stronger SAA response than 
with vaccination then challenge with NDV. There was no signif-
icant difference in SAA concentration when comparing groups 
2 (vaccine+challenged with NDV) and 1 (vaccine), indicating 
that vaccination then challenge with NDV compared with vac-
cination alone did not make much difference in SAA response.

Haptoglobin is an α2-globulin and one of the APP whose serum 
levels increase during infections, inflammations, or tissue damages 
(Murata et al., 2004). SAA is an apolipoprotein of high-density lipo-
protein and one of the major APP whose serum levels elevate fol-
lowing inflammation, physical stress, or at parturition (Murata et al., 
2004). SAA and Hp have the most important changes to inflamma-
tion among the APP in many animal species (Piñeiro et al., 2007). In 
chickens, SAA is likely to be a reliable APP for diagnosing inflamma-
tory lesions (Chamanza et al., 1999a; Chamanza et al., 1999b). SAA 
restrains the oxidative damage, employs immune cells in inflamed 
tissues, stops pyrexia, and modulates proinflammatory processes 
(Eriksen et al., 1993; Marques et al., 2017; O’reilly & Eckersall, 2014; 
Shainkin-Kestenbaum et al., 1991; Uhlar & Whitehead, 1999).

Firouzi et al. (2014) showed that there was a significant increase in 
SAA concentration in experimentally infected chickens with velo-
genic Newcastle virus than in healthy chickens. Habibi et al. (2013) 
have investigated the changes of Hp and SAA in village chickens 
challenged by a wild NDV. They showed that the concentrations 
of all variables, except Hp, were significantly higher in vaccinated 
and challenged birds than in the negative control group. Asasi et 
al. (2013) have shown that Hp and SAA concentrations of the birds 
challenged intranasally with infectious bronchitis virus were sig-
nificantly higher than the healthy birds. The same results have also 
been shown by Nazifi et al. (2011) and Barbe et al. (2011). 

The concentration of OVT in group 5 (challenged with NDV) 
was significantly higher, especially at 48 hours, than in group 
4 (negative control), revealing that challenge with NDV could 
result in a significant increase in OVT concentration. There was 
a significant increase in the concentration of OVT in group 3 
(challenged with NDV+vaccine), especially at 48 hours, than 
in group 2 (vaccine+challenged with NDV). Milder and less 
changes in OVT concentration was found in group 2 (vac-
cine+challenged with NDV) than in group 3 (challenged with 
NDV+vaccine), showing that challenge with NDV then vacci-
nation could result in a higher and stronger OVT response in 
comparison with vaccination then challenge with NDV. There 
was a significant difference in OVT concentration, especially at 
48 hours (the range from 24 to 72 hours), between groups 2 
(vaccine+challenge with NDV) and 1 (vaccine), indicating that 
vaccination then challenge with NDV could cause a greater 
OVT response than with vaccination alone.

Transferrins are found in birds as serotransferrin with hepatic 
origin and ovotransferrin with oviduct origin (Superti et al., 
2007). OVT acts as an APP in birds and elevates in bacterial-, 
viral-, and chemical-induced inflammations. As long as the in-
flammation persists, OVT remains elevated (Hallquist & Klasing, 
1994; Rath et al., 2008; Rath et al., 2009; Xie et al., 2002a; Xie et 
al., 2002b). The increased level of OVT during infection may be 
attributed to its role as an antioxidant against oxidative tissue 
damage (Giansanti et al., 2015), an immunomodulator (Xie et 
al., 2003), a preventer of infectious agents’ growth (Giansanti 
et al., 2007), and a protectant in revitalizing homeostasis (Rath 
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et al., 2009). Moreover, OVT is associated with angiogenesis, a 
post inflammatory mechanism responsible for wound healing 
(Cermelli et al., 2000; Eming et al., 2007; Velazquez, 2007). OVT 
is regulated under inflammatory stress and can be considered 
as a diagnostic marker of infection and inflammation in chick-
ens (Rath et al., 2009). Carlevaro et al. (1997) and Morgan et al. 
(2001) have reported that OVT could be upregulated in fibro-
blasts and chondrocytes in response to the inflammation and 
infection. Rath et al. (2009) have reported a significant increase 
in OVT serum levels in chickens infected with Escherichia coli, 
Eimeria maxima, and Eimeria tenella. Xie et al. (2002a) have re-
ported that OVT is a major APP in chickens.

The concentration of ADA in group 5 (challenge with NDV) 
was significantly higher, especially at 48 hours, than in group 
4 (negative control), revealing that challenge with NDV could 
result in a significant increase in ADA concentration. There was 
a significant increase in the concentration of ADA in group 3 
(challenged with NDV+vaccine), especially at 48 hours, than 
in group 2 (vaccine+challenged with NDV). Milder and less 
changes in ADA concentration was found in group 2 (vac-
cine+challenged with NDV) than in group 3 (challenged with 
NDV+vaccine), showing that challenge with NDV then vaccina-
tion could result in a higher and stronger ADA response than 
with vaccination then challenge with NDV. There was a signif-
icant increase in ADA concentration in group 2 (vaccine+chal-
lenged with NDV) than in group 1 (vaccine) at 24 and 48 hours, 
whereas no significant difference was observed at other times, 
indicating that vaccination then challenge with NDV could 
cause an ADA response than with vaccination alone.

ADA has a key role in the purine metabolism as it catalyzes the 
deamination of adenosine to inosine and deoxyadenosine to 
deoxyinosine, resulting in regulation of extracellular adenos-
ine level, an anti-inflammatory molecule. Adenosine acts as a 
sensor to the immune system during tissue damage and acute 
inflammation. Therefore, ADA is involved in inflammatory re-
sponses via adenosine adjustment and protects the host tissue 
from damage (da Silva et al., 2017; Franco et al., 1997; Frode & 
Medeiros, 2001; Kumar & Balachandran, 2009). ADA is involved 
in the cell-mediated immunity, and its activity can be consid-
ered as an important biomarker to determine the severity of in-
flammatory and immune responses in infections (Boiago et al.,  
2016). Boiago et al. (2016) have reported a significant decrease 
in ADA activity in serum and a significant increase in ADA ac-
tivity in the liver tissue of laying hens naturally infected with 
Salmonella gallinarum. Da Silva et al. (2017) have reported that 
aflatoxin poisoning in quails increased the ADA activity. They 
reported that cell damage and inflammatory process owing to 
aflatoxin poisoning caused a decrease in the anti-inflammatory 
adenosine levels and resulted in an increase in ADA activity. In 
contrast, Lautert et al. (2014) have demonstrated a reduction in 
ADA activity in chickens intoxicated by mycotoxins (ochratoxin, 
zearalenone, and deoxynivalenol). 

The concentration of TSA in group 5 (challenged with NDV) was 
significantly higher, especially at 48 hours, than in group 4 (neg-
ative control), revealing that challenge with NDV could result in 
a significant increase in TSA concentration. The increase in TSA in 
group 3 (challenged with NDV+vaccine) was significantly more 
than in group 2 (vaccine+challenged with NDV), although signif-
icant changes were not found at all times; the increasing trend 
in TSA between groups 2 and 3 was close. This finding indicates 
that both vaccination then challenge with NDV and challenge 
with NDV then vaccination could cause a TSA response, whereas 
challenge with NDV then vaccination could result in a higher TSA 
response. The increase in TSA in group 2 (vaccine+challenged 
with NDV) was significantly higher than in group 1 (vaccine), in-
dicating that vaccination then challenge with NDV could lead to 
a higher TSA response than with vaccination alone.

The concentration of LBSA in group 5 (challenged with NDV) 
was significantly higher, especially at 48 hours, than in group 4 
(negative control), revealing that challenge with NVD could re-
sult in a significant increase in LBSA concentration. The increase 
in the concentration of LBSA in group 3 (challenged with NDV+-
vaccine) was significantly more than in group 2 (vaccine+chal-
lenged with NDV) at 48 hours but not at other times. This result 
shows that neither vaccination then challenges with NDV nor 
challenge with NDV then vaccination caused any difference in 
the LBSA response, except at 48 hours. There was a significant 
increase in LBSA concentration in group 2 (vaccine+challenged 
with NDV) at all times than in group 1 (vaccine), indicating that 
vaccination then challenge with NDV could lead to a greater 
LBSA response than with vaccination alone.

The concentration of PBSA in group 5 (challenge with NDV) was 
significantly higher, especially at 48 hours, than in group 4 (neg-
ative control), revealing that challenge with NDV could result in a 
significant increase in PBSA concentration. Although PBSA con-
centration was higher in group 3 (challenged with NDV+vaccine) 
than in group 2 (vaccine+challenged with NDV), there was no 
significant difference even at 24 to 72 hours, showing that both 
vaccination then challenge with NDV and challenge with NDV 
then vaccination could result in the same PBSA response. The in-
crease in PBSA in groups 3 (challenged with NDV+vaccine) and 
2 (vaccine+challenged with NDV) was significantly more than 
group 1 (vaccine), indicating that both vaccination then chal-
lenge with NDV and challenge with NDV then vaccination could 
cause a higher PBSA response than with vaccination alone.

Sialic acid (SA), an acetylated derivative of neuraminic acid, is 
widely distributed in mammals’ tissue. Sialic acid is a terminal 
component of the non-reducing end of carbohydrate chains of 
glycoproteins and glycolipids (Seyrek et al., 2008). The concen-
tration of SA increases rapidly following the inflammatory and 
injury process. The measurement of serum SA concentration 
is of importance in the diagnosis and prognosis of inflamma-
tion and cancer (Citil et al., 2004). Firouzi et al. (2014) showed 
that there was a significant difference among TSA, LBSA, and 
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PBSA concentrations in experimentally infected chickens with 
velogenic Newcastle virus than in healthy chickens. Habibi et 
al. (2013) have investigated the TSA, LBSA, and PBSA in village 
chickens challenged by a wild NDV. They showed that the con-
centrations of all the variables were significantly higher in vac-
cinated and challenged birds than in negative control group. 
Asasi et al. (2013) have showed that TSA, LBSA, and PBSA con-
centrations of the birds challenged intranasally with infectious 
bronchitis virus were significantly higher than in the healthy 
birds. The same results have also been shown by Farsang et al. 
(2002), Keles et al. (2000), and Nazifi et al. (2011). 

No significant difference in the concentration of TP was observed 
among all the groups at all times. The only change in TP concen-
tration was found in group 5 (challenged with NDV) that showed 
a significant increase at 72 hours. There was no significant differ-
ence in Alb concentration among all groups at all times.

The most increasing trend in α–globulin concentration was 
found in groups 5 (challenged with NDV) and then group 3 
(challenged with NDV+vaccine); the maximum incremental 
change was observed at 48 hours. There was no significant 
difference in α–globulin concentration between groups 2 (vac-
cine+challenged with NDV) and 1 (vaccine) and other groups.

The concentration of β-globulin in group 5 (challenged with 
NDV) was significantly higher, especially at 48 hours, than 
in group 4 (negative control), revealing that challenge with 
NDV could result in a significant increase in β-globulin con-
centration. The increase in β-globulin concentration in group 
3 (challenged with NDV+vaccine) was significantly more than 
in group 2 (vaccine+challenged with NDV), indicating that 
challenge with NDV then vaccination could result in a higher 
β-globulin response than with vaccination then challenge with 
NDV. The increase in β-globulin in groups 3 (challenged with 
NDV+vaccine) and 2 (vaccine+challenged with NDV) was sig-
nificantly more than in group 1 (vaccine), showing that both 
vaccination then challenge with NDV and challenge with NDV 
then vaccination could cause a higher β-globulin response 
than with vaccination alone.

The concentration of γ-globulin in group 5 (challenged with 
NDV) was significantly lower, especially at 48 hours, than in 
group 4 (negative control), revealing that challenge with NDV 
results in a significant decrease in γ-globulin concentration. The 
decrease in γ-globulin concentration in group 3 (challenged 
with NDV + vaccine) was significantly more than in group 2 
(vaccine+challenged with NDV), showing that challenge with 
NDV then vaccination results in a stronger γ-globulin response 
than with vaccination then challenge with NDV.

Conditions that cause alteration in serum proteins, like infec-
tions, could lead to an alteration in the protein roles (Eze et al., 
2014). NDV can cause intestinal ulcers and hemorrhages that 
could lead to malabsorption and loss of proteins (Okorie-Kanu et 
al., 2016). The decrease in the level of plasma albumin, the most 

abundant plasma protein, leads to a decrease in the concentra-
tion of serum proteins (Harr, 2009; Okorie-Kanu et al., 2016). The 
loss of albumin in urine, diarrhea, or ulcers and the reduction in 
albumin production by liver because of insufficient intake of pro-
tein in diet may result in a decrease in serum albumin (Ihedioha & 
Chineme, 2005; Kaslow, 2011). Serum albumin shows a decrease 
in inflammatory conditions and anorexia and causes osmotic im-
balance and dehydration (Lumeij, 2008; Petersen et al., 2004). In 
acute phase response in chickens, albumin concentrations de-
crease to 50%–75 % of normal concentrations (Adler et al., 2001; 
Grieninger et al., 1986; O’Reilly & Eckersall, 2014).

Eze et al. (2014) have investigated the effect of velogenic NDV on 
the immune responses and serum proteins in chickens. The se-
rum total proteins in infected chickens were significantly higher 
than the controls on day 7 and 14 PI. By the day 21 PI, the infected 
chickens presented significantly lower total serum proteins than 
the control group. The serum albumin level in infected chickens 
was not significantly different when compared with the control 
throughout the experimental period. Okorie-Kanu et al. (2016) 
have investigated the blood biochemistry responses of cockerels 
experimentally infected with a velogenic NDV strain, KUDU 113. 
They showed a decreased concentration of total protein and al-
bumin in vaccinated challenged and unvaccinated challenged 
birds compared with the unvaccinated unchallenged controls; this 
could be associated with the severity of enteritis that resulted in 
increased malabsorption and loss of protein. However, no signifi-
cant difference in total protein concentration was found between 
vaccinated challenged and unvaccinated challenged birds. This 
finding could be associated with the vaccine protection that led to 
little effect on absorption and losses. They reported a significant 
decrease in total protein and albumin and a significant increase 
in globulin as early signs of velogenic NDV infection in chickens. 
This was indicative of the importance of vaccination because of 
the prevention of mortality and the reduction of pathologic ef-
fects on vaccinated challenged chickens. Talebi (2006) reported 
a significant decrease in the total proteins and albumin values in 
broilers vaccinated against NDV. The decrease in concentrations 
of total serum proteins and albumin was attributed to anorexia 
and enteritis caused by NDV. Anorexia was reported by Ezema et 
al. (2009) in vaccinated chickens challenged with a velogenic NDV. 
Chekwube et al. (2014) have assessed the effects of velogenic NDV 
on the immune responses and serum proteins in chickens. They 
reported a significant increase in total protein and serum globu-
lins on days 7 and 14 post-infection.

In viral, bacterial, etc. infection, serum proteins have substan-
tial roles and are an essential substrate for antibody synthesis 
(Eckersall, 2008; Kaslow, 2011; Nnadi et al., 2010; Oladele et 
al., 2005). Elevations in the level of antibodies, that are gam-
ma globulin, are associated with the inflammatory conditions 
caused by microorganisms such as viruses (Okorie-Kanu et al., 
2016). Eze et al. (2014) have investigated the effects of velo-
genic NDV on the immune responses and serum proteins in 
chickens. The serum globulins in infected chickens were signifi-
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cantly higher than the control on days 7 and 14 PI but were 
significantly lower than the control on day 21 PI. The increase in 
globulin levels during NDV infection in chickens was reported 
by Snyder (2012) and Okorie-Kanu et al. (2016). 

To summarize, the results of the present study indicated that 
challenge with NDV could lead to a significant increase in the 
inflammatory factors and acute phase response, whereas vac-
cination alone could cause a mild increase in these parameters. 
Challenge with NDV then vaccination could result in a stron-
ger immune system stimulation and higher acute phase re-
sponse than vaccination then challenge with NDV. On the basis 
of these findings, vaccination of the chicks with a live vaccine 
soon after natural infection with virulent NDV may help the 
chicks to overcome the sequelae of the disease.

Ethics Committee Approval: All animal experiments were approved 
by the state committee on animal ethics, Shiraz University, Shiraz, Iran 
(IACUC no: 4687/63; 4/10/2018). The recommendations of the Europe-
an Council Directive (2010/63/EU) of September 22, 2010, regarding 
the standards in the protection of animals used for experimental pur-
poses were also followed.

Peer-review: Externally peer-reviewed. 

Author Contributions: Concept – H.D., S.N.; Design – H.D., S.N.; Super-
vision – H.D., S.N.; Resources – H.D., S.N.; Materials – H.D., M.G.; Data 
Collection and/or Processing – M.G., S.N.; Analysis and/or Interpretation 
– S.N., H.D.; Literature Search – M.G., S.N.; Writing Manuscript – M.G., 
S.N., H.D.; Critical Review – H.D., S.N.; Other – S.N., M.G. 

Acknowledgements: The authors would like to thank the research 
council of Shiraz University and the school of veterinary medicine, Shi-
raz University, for financial and technical support of this study. 

Conflict of Interest: The authors have no conflicts of interest to declare.

Financial Disclosure: This study was funded by Shiraz University (grant 
number: 71-GR-VT-5). The funder declares that they have no conflict of in-
terest. The funder provided technical and financial support for this study. 

References

Adler, K. L., Peng, P. H., Peng, R. K., & Klasing, K. C. (2001). The kinetics of 
hemopexin and α1-acid glycoprotein levels induced by injection 
of inflammatory agents in chicken’s inflammatory agents in chick-
ens. Avian Diseases, 45(2), 289-296. [Crossref]

Afsar, M., Nazifi, S., Dadras, H., Taebipour, M. J., & Ansari-Lari, M. (2018). 
Evaluation of antioxidant parameters in broiler chicken after vac-
cination and experimental challenge with Newcastle disease vi-
rus. Pakistan Veterinary Journal, 38(1), 19-24. [Crossref]

Alexander, D. J. (2001). Newcastle disease, the Gordon Memorial Lec-
ture. British Poultry Science, 42(1), 5-22. [Crossref]

Alexander, D. J. (2003). Newcastle disease, other avian paramyxovirus-
es, and pneumovirus infections. In Y.M. Saif, (Ed.), Diseases of Poul-
try, (11th Ed., pp. 63-100). Iowa State Press, Ames, 10, 

Alexander, D. J., & Senne, D. A. (2008). Newcastle disease, other avian 
paramyxoviruses, and pneumovirus infections. In Y.M. Saif, A. M. 

Fadly, J. R. Glisson, L. R. McDougald, L. K. Nolan, & D. E. Swayne, 
(Eds.), Diseases of Poultry, (12th Ed., pp. 75-116). Iowa State Univer-
sity Press, Ames, Iowa. 

Al-Garib, S. O., Gielkens, A. L. J., Gruys, E., Hartog, L., & Koch, G. (2003). 
Immunoglobulin class distribution of systemic and mucosal anti-
body responses to Newcastle disease in chickens. Avian Diseases, 
47(1), 32-40. [Crossref]

Asasi, K., Mohammadi, A., Boroomand, Z., Hosseinian, S. A., & Nazifi, S. 
(2013). Changes of several acute phase factors in broiler chickens 
in response to infectious bronchitis virus infection. Poultry Science, 
92(8), 1989-1996. [Crossref]

Barbe, F., Atanasova, K., & Van Reeth, K. (2011). Cytokines and acute 
phase proteins associated with acute swine influenza infection in 
pigs. The Veterinary Journal, 187(1), 48-53. [Crossref]

Boiago, M. M., Baldissera, M. D., Doleski, P. H., Bottari, N. B., do Carmo, G. 
M., Araujo, D. N., Giuriatti, J., Baggio, V., Leal, D. B. R., Casagrande, 
R. A., Wisser, C. S., Stefani, L. M., & da Silva, A.S. (2016). Ectonucle-
otidases and adenosine deaminase activity in laying hens natu-
rally infected by Salmonella gallinarum and their effects on the 
pathogenesis of the disease. Microbial Pathogenesis, 93, 180-184. 
[Crossref]

Capua, I., Cattoli, G., & Marangon, S. (2005). DIVA-a vaccination strategy 
enabling the detection of field exposure to avian influenza. Devel-
opments in Biologicals, 119, 229-233.

Cardoso, W. M., Aguiar Filho, J. L. C., Romão, J. M., Oliveira, W. F., Salles, R. 
P. R., Teixeira, R. S. C., & Sobral, M. H. R. (2005). Effect of associated 
vaccines on the interference between Newcastle disease virus and 
infectious bronchitis virus in broilers. Revista Brasileira de Ciência 
Avícola, 7(3), 181-184. [Crossref]

Carlevaro, M. F., Albini, A., Ribatti, D., Gentili, C., Benelli, R., Cermelli, S., 
Cancedda, R., & Cancedda, F. D. (1997). Transferrin promotes endo-
thelial cell migration and invasion: implication in cartilage neovas-
cularization. Journal of Cell Biology, 136(6), 1375-1384. [Crossref]

Cermelli, S., Zerega, B., Carlevaro, M., Gentili, C., Thorp, B., Farquharson, 
C., Cancedda, R., & Cancedda, F. D. (2000). Extracellular fatty acid 
binding protein (Ex-FABP) modulation by inflammatory agents: 
“Physiological” acute phase response in endochondral bone for-
mation. European Journal of Cell Biology, 79(3), 155-164. [Crossref]

Chamanza, R., Toussaint, M. J. M., van Ederen, A. M., van Veen, L., & Hul-
skamp-Koch, C. (1999a). Serum amyloid A and transferrin in chick-
en. A preliminary investigation of using acute phase variables to 
assess diseases in chickens. Veterinary Quarterly, 21(4), 158-162. 
[Crossref]

Chamanza, R., Van Veen, L., Tivapasi, M. T., & Toussaint, M. J. M. (1999b). 
Acute phase proteins in domestic fowl. World’s Poultry Science 
Journal, 55, 61-72. [Crossref]

Chekwube, P., Eze, C. P., Shoyinka, S. V. O., & Ogbu, K. I. (2014). Compar-
ison of the serum proteins and immune responses of velogenic 
Newcastle disease virus infected chickens and ducks. Open Jour-
nal of Veterinary Medicine, 4(6), 122. [Crossref]

Citil, M., Gunes, V., Karapehlivan, M., Atalan, G., & Marasli, S. (2004). Eval-
uation of serum sialic acid as an inflammation marker in cattle 
with traumatic reticulo peritonitis. Revue de Médecine Vétérinaire, 
155, 389-392.

Costa-Hurtado, M., Afonso, C. L., Miller, P. J., Spackman, E., Kapczynski, 
D. R., Swayne, D. E., Shepherd, E., Smith, D., Zsak, A., & Pantin-Jack-
wood, M. (2014). Virus interference between H7N2 low pathogen-
ic avian influenza virus and lentogenic Newcastle disease virus 
in experimental co-infections in chickens and turkeys. Veterinary 
Research, 45(1), 1-11. [Crossref]

GHAEMMAGHAM et al. Acute Phase Response in Viral Interference
Acta Veterinaria Eurasia 2021; 47(2): 64-75

https://doi.org/10.2307/1592967
https://doi.org/10.29261/pakvetj/2018.004
https://doi.org/10.1080/713655022
https://doi.org/10.1637/0005-2086(2003)047[0032:ICDOSA]2.0.CO;2
https://doi.org/10.3382/ps.2012-02902
https://doi.org/10.1016/j.tvjl.2009.12.012
https://doi.org/10.1016/j.micpath.2016.02.008
https://doi.org/10.1590/S1516-635X2005000300008
https://doi.org/10.1083/jcb.136.6.1375
https://doi.org/10.1078/S0171-9335(04)70018-7
https://doi.org/10.1080/01652176.1999.9695012
https://doi.org/10.1079/WPS19990005
https://doi.org/10.4236/ojvm.2014.46014
https://doi.org/10.1186/1297-9716-45-1


74

Cray, C., Zaias, J., & Altman, N.H. (2009). Acute phase response in ani-
mals: a review. Comparative Medicine, 59, 517-526.

da Silva, A. S., Santurio, J. M., Roza, L. F., Bottari, N. B., Galli, G. M., Morsch, 
V. M., Schetinger, M.R.C., Baldissera, M. D., Stefani, L. M., Radavelli, 
W. M., Tomasi, T., & Boiago, M. M. (2017). Aflatoxins produced by 
Aspergillus parasiticus present in the diet of quails increase the 
activities of cholinesterase and adenosine deaminase. Microbial 
Pathogenesis, 107, 309-312. [Crossref]

Dimitrova, K. M., Afonsoa, C. L., Yub, Q., & Millera, P. J. (2017). Newcastle 
disease vaccines--a solved problem or a continuous challenge? 
Veterinary Microbiology, 206, 126-136. [Crossref]

Eckersall, P. D. (2008). Proteins, proteomics and the dysproteinemias. In 
J.J. Kaneko, J.W. Harvey, & M.L. Bruss, (Eds.), Clinical Biochemistry 
of Domestic Animals, (6th Ed., pp. 117-155). Academic Press, San 
Diego. [Crossref]

El-Tayeb, G. A., El-Ttegani, M. Y., Hajer, I. E., & Mohammed, M. A. (2013). 
The immune response of maternally immune chicks to vaccina-
tion with Newcastle disease virus. Bulletin of Animal Health and 
Production in Africa, 61(4), 417-426.

Eming, S. A., Brachvogel, B., Odorisio, T., & Koch, M. (2007). Regulation of 
angiogenesis: wound healing as a model. Progress in Histochemis-
try and Cytochemistry, 42(3), 115-170. [Crossref]

Eriksen, N., Meek, R. L., & Benditt, E. P. (1993). The SAA lipoprotein family. 
In A. Mackiewicz, I. Kushner, & H. Baumann (Eds.), Acute phase pro-
teins: Molecular biology, biochemistry and clinical applications, (pp. 
93-106). CRC Press, Boca Raton, Florida. [Crossref]

Eze, C. P., Shoyinka, V. S. O., Osita Arinze Okoye, J., Ezema, W. S., Ogbon-
na, I. O., Eze, D. C., Okwor, E. C., & Ikejiofor, O. K. (2014). Comparison 
of the serum proteins and immune responses of velogenic New-
castle disease virus infected chickens and ducks. Open Journal of 
Veterinary Medicine, 4(6), 122-128. [Crossref]

Ezema, W. S., Okoye, J. O. A., & Nwanta, J. A. (2009). LaSota vaccination 
may not protect against the lesions of velogenic Newcastle dis-
ease in chickens. Tropical Animal Health and Production, 41(4), 477-
484. [Crossref]

Farsang, A., Ros, C., Renstrom, L. H. M., Baule, C., Soos, T., & Belak, S. 
(2002). Molecular epizootiology of infectious bronchitis virus in 
Sweden indicating the involvement of a vaccine strain. Avian Pa-
thology, 31(3), 229-236. [Crossref]

Firouzi, S., Nili, H., Asasi, K., Nazifi, S., Mosleh, N., Habibi, H., & Mohammadi, 
M. (2014). Acute phase responses in commercial broiler chickens ex-
perimentally infected with a highly virulent Newcastle disease virus 
strain. Online Journal of Veterinary Research, 18(6), 495-502.

Franco, R., Casado, V., Ciruela, F., Saura, C., Mallol, J., & Canela, E. I. (1997). 
Cell surface adenosine deaminase: much more than an ectoen-
zymes. Progress in Neurobiology, 52(4), 283-294. [Crossref]

Frode, T. S., & Medeiros, Y. S. (2001). Myeloperoxidase and adenos-
ine-deaminase levels in the pleural fluid leakage induced by car-
rageenan in the mouse model of pleurisy. Mediators of Inflamma-
tion, 10(4), 223-227. [Crossref]

Ge, S., Zheng, D., Zhao, Y., Liu, H., Liu, W., Sun, Q., Li, J., Yu, S., Zuo, Y., Han, 
X., Li, L., Lv, Y., Wang, Y., Liu, X., & Wang, Z. (2012). Evaluating viral 
interference between Influenza virus and Newcastle disease virus 
using real-time reverse transcription-polymerase chain reaction in 
chicken eggs. Virology Journal, 9, 128. [Crossref]

Gelb, J. Jr., Ladman, B. S, Licata, M. J., Shapiro, M. H., & Campion, L. R. 
(2007). Evaluation viral interference between infectious bronchitis 
virus and Newcastle disease virus vaccine strains using quantita-
tive reverse transcription polymerase reaction. Avian Pathology, 
51(4), 924-934. [Crossref]

Gelb, J. Jr., & Jackwood, M. W. (1998). Infectious bronchitis. In D.E. 
Swayne, J.R. Glisson, M.W. Jackwood, J.E. Pearson, W.M. Reed. 
(Eds.), A laboratory manual for the isolation and identification of 

avian pathogens, (4th Ed.). American Association of Avian Pathol-
ogists. Kendall/Hunt Pub Co.

Giansanti, F., Giardi, M. F., Massucci, M. T., Botti, D., & Antonini, G. (2007). 
Ovotransferrin expression and release by chicken cell lines infect-
ed with Marek’s disease virus. Biochemistry and Cell Biology, 85(1), 
150-155. [Crossref]

Giansanti, F., Leboffe, L., Angelucci, F., & Antonini, G. (2015). The nutra-
ceutical properties of ovotransferrin and its potential utilization as 
a functional food. Nutrients, 7(11), 9105-9115. [Crossref]

Grieninger, G., Liang, T. J., Beuving, G., Goldfarb, V., Metcalfe, S. A., & 
Mullereberhard, U. (1986). Hemopexin is a developmentally reg-
ulated, acute-phase plasma protein in the chicken. Journal of Bio-
logical Chemistry, 261, 15719-15724. [Crossref]

Habibi, H., Nili, H., Asasi, K., Nazifi, S., Mosleh, N., & Firouzi, S. (2013). 
Acute phase responses in village chicken challenged by a wild 
Newcastle disease virus isolate (JF820294.1). Online Journal of Vet-
erinary Research, 17, 571-577.

Hallquist, N. A., & Klasing, K. C. (1994). Serotransferrin, ovotransferrin and 
metallothionein levels during an immune response in chickens. Com-
parative Biochemistry and Physiology, 108(3), 375-384. [Crossref]

Harr, K. E. (2009). Diagnostic value of Biochemistry. In G. J. Harrison, & T. L. Light-
foot, (Eds.), Clinical Avian Medicine. (Chapter 23, pp. 611-630). Internation-
al Veterinary Information Service, Ithaca, NY.

Hirvonen, J. (2000). Hirvonen’s thesis on acute phase response in dairy 
cattle. Helsingin Yliopiston Verkkojulkaisut. University of Helsinki, 
Faculty of Veterinary Medicine. pp 4-202.

Holt, P. S. & Gast, R. K. (2002). Comparison of the effects of infection with 
Salmonella enteritidis, in combination with an induced molt, on 
serum levels of the acute phase protein α1-acid glycoprotein in 
hens. Poultry Science, 81(9), 1295-1300. [Crossref]

Ihedioha, J. I., & Chineme, C. N. (2005). Fundamental of Systemic Veteri-
nary Pathology. Vol. 2, Great A P Express, Nsukka.

Juul-Madsen, H. R., Munch, M., Handberg, K. J., Sørensen, P., Johnson, 
A. A., Norup, L. R., & Jørgensen, P. H. (2003). Serum levels of man-
nan-binding lectin (MBL) in chickens prior to and during experi-
mental infection with avian infectious bronchitis virus (IBV). Poul-
try Science, 82(2), 235-241. [Crossref]

Kaab, H., Bain, M. M., & Eckersall, P. D. (2018). Acute phase proteins and 
stress markers in the immediate response to a combined vaccina-
tion against Newcastle disease and infectious bronchitis viruses 
in specific pathogen free (SPF) layer chicks. Poultry Science, 97(2), 
463-469. [Crossref]

Kapczynski, D. R., Afonso, C. L., & Miller, P. J. (2013). Immune responses 
of poultry to Newcastle disease virus. Developmental and Compar-
ative Immunology, 41(3), 447-453. [Crossref]

Kaslow, E. J. (2011). Serum proteins and functions. California (800), 633-
2322. www.mbc.ca.gov

Katopodis, N., Hirshaut, Y., Geller, N. L., & Stock, C. C. (1982). Lipid asso-
ciated sialic acid test for the detection of human cancer. Cancer 
Research, 42, 5270-5275.

Keles, I., Ertekin, A., Karaca, M., & Akkan, S. E. H. A. (2000). Research on se-
rum sialic acid and lipid-induced sialic acid levels in leptospirosis of 
cattle. Yüzüncü Yıl Üniversitesi Veteriner Fakültesi Dergisi, 11, 121-122.

Kokosharov, T. (2006). Changes in the protein profile in birds with ex-
perimental acute fowl typhoid. Bulgarian Journal of Veterinary 
Medicine, 9, 189-192.

Kumar, R., & Balachandran, C. (2009). Histopathological changes in 
broiler chickens fed aflatoxin and cyclopiazonic acid. Veterinarski 
Arhiv, 79(1), 31-40.

Lautert, C., Ferreiro, L., Zimmermann, C. E. P., Castilhos, L. G., de Jesus, F. P. K., & 
Zanette, R. A. (2014). In vitro effects of ochratoxin A, deoxynivalenol and 
zearalenone on cell viability and E-ADA activity in broiler chicken’s lym-
phocytes. Pesquisa Veterinária Brasileira, 34(12), 1173-1180. [Crossref]

GHAEMMAGHAM et al. Acute Phase Response in Viral Interference
Acta Veterinaria Eurasia 2021; 47(2): 64-75

https://doi.org/10.1016/j.micpath.2017.03.041
https://doi.org/10.1016/j.vetmic.2016.12.019
https://doi.org/10.1016/B978-0-12-370491-7.00005-2
https://doi.org/10.1016/j.proghi.2007.06.001
https://doi.org/10.1201/9781003068587-7
https://doi.org/10.4236/ojvm.2014.46014
https://doi.org/10.1007/s11250-008-9210-x
https://doi.org/10.1080/03079450220136530
https://doi.org/10.1016/S0301-0082(97)00013-0
https://doi.org/10.1080/09629350123332
https://doi.org/10.1186/1743-422X-9-128
https://doi.org/10.1637/7930-020807-REGR.1
https://doi.org/10.1139/o06-210
https://doi.org/10.3390/nu7115453
https://doi.org/10.1016/S0021-9258(18)66777-8
https://doi.org/10.1016/0305-0491(94)90089-2
https://doi.org/10.1093/ps/81.9.1295
https://doi.org/10.1093/ps/82.2.235
https://doi.org/10.3382/ps/pex340
https://doi.org/10.1016/j.dci.2013.04.012
https://doi.org/10.1590/S0100-736X2014001200005


75

Lumeij, J. T. (2008). Avian clinical biochemistry. In J. J. Kaneko, J. W. Har-
vey, & M.L. Bruss (Eds.), Clinical Biochemistry of Domestic Animals 
(6th Ed., pp. 839-872). Academic Press, San Diego. [Crossref]

Marques, A. T., Nordio, L., Lecchi, C., Grilli, G., Giudice, C., & Ceciliani, F. 
(2017). Widespread extrahepatic expression of acute-phase pro-
teins in healthy chicken (Gallus gallus) tissues. Veterinary Immunol-
ogy and Immunopathology, 190, 10-17. [Crossref]

Miller, P. J., & Koch, G. (2013). Newcastle disease. In D.E. Swayne,  J.R. 
Glisson, L.R. McDougald,  L.K. Nolan,  D.L. Suarez, & V. Nair (Eds.), 
Diseases of Poultry (pp. 89-138). Wiley-Blackwell, Hoboken, New 
Jersey. 

Morgan, R. W., Sofer, L., Anderson, A. S., Bernberg, E. L., Cui, J., & Burnside, 
J. (2001). Induction of host gene expression following infection of 
chicken embryo fibroblasts with oncogenic Marek’s disease virus. 
Journal of Virology, 75(1), 533-539. [Crossref]

Mosleh, N., Nazifi, S.,& Alaeddini, A. (2012). Changes in serum acute 
phase reactants, inflammatory mediators and gangliosides in 
Japanese quail (Coturnix japonica) with retained yolk sac. Pakistan 
Veterinary Journal, 32(2), 251-254.

Mosleh, N., Nazifi, S., Nili, H., & Habibi, H. (2013). Effect of H9N2 virus 
infection on the acute phase response in chukar partridges (Alec-
toris chukar). Bulgarian Journal of Veterinary Medicine, 16(1), 20-28.

Murata, H., Shimada, N., & Yoshioka, M. (2004). Current research on 
acute phase proteins in veterinary diagnosis: An overview. Veteri-
nary Journal, 168(1), 28-40. [Crossref]

Nazifi, S., Dadras, H., Hoseinian, S. A., Ansari-Lari, M., & Masoudian, M. 
(2010). Measuring acute phase proteins (haptoglobin, ceruloplas-
min, serum amyloid A and fibrinogen) in healthy and infectious 
bursal disease virus-infected chicks. Comparative Clinical Patholo-
gy, 19, 283-286. [Crossref]

Nazifi, S., Tabande, M. R., Hosseinian, S. A., Ansari-Lari, M., & Safari, H. 
(2011). Evaluation of sialic acid and acutephase proteins (hapto-
globin and serum amyloids A) in healthy and avian infection bron-
chitis virus- infected chicks. Comparative Clinical Pathology, 20(1), 
69-73. [Crossref]

Nielsen, O. L., Jensenius, J., Jørgensen, P. H., & Laursen, S. B. (1999). Serum 
levels of chicken mannan-binding lectin (MBL) during virus infections: 
indication that chicken MBL is an acute phase reactant. Veterinary Im-
munology and Immunopathology, 70(3-4), 309-316. [Crossref]

Nishizawa, M., Paulillo, A. C., Nakaghi, L. S. O., Nunes, A. D., Campioni, J. 
M., & Doretto Júnior, L. (2007). Newcastle disease in white Pekin 
ducks: response to experimental vaccination and challenge. Bra-
zilian Journal of Poultry Science, 9(2), 77-79. [Crossref]

Nnadi, P. A., Eze, P. C., & Ezema, W. S. (2010). Influence of delayed feed-
ing on the performance development and response of immune 
system to Newcastle disease vaccination in chickens. International 
Journal of Sciences, 9(7), 669-674. [Crossref]

Norup, L. R., Dalgaard, T. S., Pedersen, A. R., & Juul-Madsen, H. R. (2011). 
Assessment of Newcastle disease-specific T cell proliferation in 
different inbred MHC chicken lines. Scandinavian Journal of Immu-
nology, 74(1), 23-30. [Crossref]

O’reilly, E. L., & Eckersall, P. D. (2014). Acute phase proteins: a review of 
their function, behavior and measurement in chickens. World’s 
Poultry Science Journal, 70, 27-43. [Crossref]

Okorie-Kanu, C. O., Okorie-Kanu, O. J., & Okoye, J. O. A. (2016). Blood 
biochemistry responses of chickens experimentally infected with 
a velogenic Newcastle disease virus (Kudu 113). Nigerian Veteri-
nary Journal, 37, 160-174.

Oladele, S. B., Abdu, P., Nok, A. J., Esievo, K. A. N. & Useh, N. M. (2005). 
Haemagglutination inhibition antibodies rectal temperature and 
total protein of chicken infected with a local Nigerian isolate of 
velogenic Newcastle disease virus. Veterinary Research Communi-
cation, 29(2), 171-179. [Crossref]

Petersen, H. H., Nielsen, J. P., & Heegaard, P. M. (2004). Application of 
acute phase protein measurements in veterinary clinical chemis-
try. Veterinary Research, 35(2), 163-187. [Crossref]

Piñeiro, M., Pineiro, C., Carpintero, R., Morales, J., Campbell, F. M., Ecker-
sall, P. D., Toussaint, M. J., & Lampreave, F. (2007). Characterization 
of the pig acute phase protein response to road transport. Veteri-
nary Journal, 173(3), 669-674. [Crossref]

Rath, N. C., Anthony, N. B., Kannan, L., Huff, W. E., Huff, G. R., Chapman, 
H. D., Erf, G. F., & Wakenell, P. (2009). Serum ovotransferrin as a 
biomarker of inflammatory diseases in chickens. Poultry Science, 
88(10), 2069-2074. [Crossref]

Rath, N. C., Xie, H., Huff, W. E., & Huff, G. R. (2008). Avian acute phase pro-
tein ovotransferrin modulates phagocyte function. In G.V. Muller 
(Ed.), New Immunology Research Development (pp. 95-108). Nova 
Science Publishers, New York, NY.

Reed, L. J., & Muench, H. (1938). A simple method of estimating fifty percent 
endpoint. American Journal of Hygiene, 27(3), 493-497. [Crossref]

Senne, D. A., King, D. J., & Kapczynski, D. R. (2004). Control of Newcastle 
disease by vaccination. Developmental Biology, 119, 165-170.

Seyrek, K., Yaylak, E., & Akşit, H. (2008). Serum sialic acid, malondialde-
hyde, retinol, zinc, and copper concentrations in dairy cows with 
lameness. Bulletin of the Veterinary Institute in Pulawy, 52, 281-284.

Shainkin-Kestenbaum, R., Berlyne, G., Zimlichman, S., Sorin, H. R., Nyska, 
M., & Danon, A. (1991). Acute phase protein, serum amyloid A, in-
hibits IL-1- and TNF-induced fever and hypothalamic PGE2 in mice. 
Scandinavian Journal of Immunology, 34(2), 179-183. [Crossref]

Sharma, J. M. (1999). Introduction to poultry vaccines and immunity. 
Advances in Veterinary Medicine, 41, 481-494. [Crossref]

Snyder, P. W. (2012). Diseases of immunity. In J. F. Zachary, & M. D. Mc-
Gavin (Eds.), Pathologic Basis of Veterinary Disease, (5th Ed. pp. 242-
288). Mosby Inc. USA. [Crossref]

Superti, F., Ammendolia, M. G., Berlutti, F., & Valenti, P. (2007). Ovotrans-
ferrin in bioacive egg compounds. In R. Huopalahti, R. Lopez-Fandi-
no, M. Antonand, & R. Schade, (Eds.). Bioactive Egg Compounds. 
(pp. 43-48). Springer-Verlag, Berlin, Germany. [Crossref]

Talebi, A. (2006). Biochemical parameters in broiler chickens vaccinat-
ed against ND, IB and IBD. International Journal of Poultry Science, 
5(12), 1151-1155. [Crossref]

Uhlar, C. M., & Whitehead, A. S. (1999). Serum amyloid A, the major ver-
tebrate acute-phase reactant. European Journal of Biochemistry, 
265(2), 501-523. [Crossref]

Velazquez, O. C. (2007). Angiogenesis and vasculogenesis: Inducing the 
growth of new blood vessels and wound healing by stimulation of 
bone marrow-derived progenitor cell mobilization and homing. 
Journal of Vascular Surgery, 45(Suppl A), A39-A47. [Crossref]

Xie, H., Huff, G. R., Huff, W. E., Balog, J. M., Holt, P., & Rath, N. C. (2002a). 
Identification of ovotransferrin as an acute phase protein in chick-
ens. Poultry Science, 81(1), 112-120. [Crossref]

Xie, H., Huff, G. R., Huff, W. E., Balog, J. M., & Rath, N. C. (2003). Effects 
of ovotransferrin on chicken macrophages and heterophilgranu-
locytes. Developmental and Comparative Immunology, 26(9), 805-
815. [Crossref]

Xie, H., Newberry, L., Clark, F. D., Huff, W. E., Huff, G. R., Balog, J. M., & 
Rath, N. C. (2002b). Changes in serum ovotransferrin levels in 
chickens with experimentally induced inflammation and diseases. 
Avian Disease, 46(1), 122-131. [Crossref]

Yazdani, A., Asasi, K., & Nazifi, S. (2015). Evaluation of acute-phase pro-
teins and inflammatory mediator’s changes in native chickens ex-
perimentally infected with Salmonella typhimurium. Comparative 
Clinical Pathology, 24, 733-739. [Crossref]

GHAEMMAGHAM et al. Acute Phase Response in Viral Interference
Acta Veterinaria Eurasia 2021; 47(2): 64-75

https://doi.org/10.1016/B978-0-12-370491-7.00030-1
https://doi.org/10.1016/j.vetimm.2017.06.006
https://doi.org/10.1128/JVI.75.1.533-539.2001
https://doi.org/10.1016/S1090-0233(03)00119-9
https://doi.org/10.1007/s00580-009-0858-z
https://doi.org/10.1007/s00580-009-0939-z
https://doi.org/10.1016/S0165-2427(99)00090-2
https://doi.org/10.1590/S1516-635X2007000200008
https://doi.org/10.3923/ijps.2010.669.674
https://doi.org/10.1111/j.1365-3083.2011.02534.x
https://doi.org/10.1017/S0043933914000038
https://doi.org/10.1023/B:VERC.0000047495.03341.2b
https://doi.org/10.1051/vetres:2004002
https://doi.org/10.1016/j.tvjl.2006.02.006
https://doi.org/10.3382/ps.2009-00076
https://doi.org/10.1093/oxfordjournals.aje.a118408
https://doi.org/10.1111/j.1365-3083.1991.tb01535.x
https://doi.org/10.1016/S0065-3519(99)80036-6
https://doi.org/10.1016/B978-0-323-35775-3.00005-9
https://doi.org/10.1007/978-3-540-37885-3_7
https://doi.org/10.3923/ijps.2006.1151.1155
https://doi.org/10.1046/j.1432-1327.1999.00657.x
https://doi.org/10.1016/j.jvs.2007.02.068
https://doi.org/10.1093/ps/81.1.112
https://doi.org/10.1016/S0145-305X(02)00028-9
https://doi.org/10.1637/0005-2086(2002)046[0122:CISOLI]2.0.CO;2
https://doi.org/10.1007/s00580-014-1972-0



