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Abstract 
Avian influenza is the most contagious disease not only in poultry, but also in 
humans. Avian influenza in humans occurs mainly in Southeast Asia, but no 
human-to-human pandemic has occurred. Meanwhile, outbreaks of avian in-
fluenza in poultry occur on a global scale and cause a large economic loss. 
Migration antibodies passed from mother birds via eggs are said to be an im-
portant component of the immune system that protects birds from infection. 
Thus, the immunity status of mother birds can determine the ability of 
offspring to defend against infection. In this study, we investigated the pres-
ence of anti-avian influenza virus antibody in chickens hatched on a poultry 
farm in Indonesia and examined the involvement of migratory antibodies in 
protecting against virus infection by infectious experiments of highly patho-
genic avian influenza in chickens. Blood was collected from randomly se-
lected chicks, and antibodies against avian influenza virus were evaluated in 
all birds. Since these young birds had no history of vaccination, the antibodies 
were deemed to have been transferred from the mother birds. The en-
zyme-linked immunosorbent assay antibody titer in each bird varied. Infec-
tion of these birds with highly pathogenic avian influenza virus A/H5N1 in-
tra-nasally resulted in a high mortality rate in chicks with low antibody titers 
but a low mortality rate in chicks with high antibody titers. These findings 
indicate that migratory antibody prevented highly pathogenic avian influenza 
A/H5N1 infection in chicks, suggesting that such a preventive effect could 
also be expected with outdoor natural infection. 
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1. Introduction 

Mammals are equipped with an immune system in which antibodies from 
mothers transfer to children through the placenta and breast milk. These anti-
bodies are called migratory antibodies and are responsible for protecting young 
children with an incomplete immune function against infection. In egg-laying 
animals, such as birds, migratory antibodies can be transferred from mothers to 
their eggs, thereby protecting their offspring. Even in domestic chickens, migra-
tory antibodies from mothers are useful for defense against various infectious 
diseases, and the mother’s immune status determines the susceptibility of chicks 
to infection [1] [2] [3] [4]. As an example, in infectious encephalomyelitis, which 
is one of picornavirus infections in domestic fowls, chicks can be prevented the 
viral infections by vaccinating their mother birds [5]. 

Highly pathogenic avian influenza is the most feared infectious disease in 
poultry, and in recent years, a number of infectious and death cases have been 
reported in humans as well, mainly in Southeast Asia [6] [7] [8] [9] [10]. In 
avian flu-free countries, vaccination is not conducted, and if infection occurs, all 
suspected infected chickens must be disposed [11] [12]. Since mother birds do 
not have immunity against avian influenza in these areas, chicks are not given a 
migratory antibody from their mother. In contrast, chickens are naturally in-
fected daily by viruses in areas where avian influenza is resident, and, in some 
cases, vaccination prevents viral infection [11] [12]. Antibodies against avian in-
fluenza virus are produced by chickens in such areas, suggesting that migratory 
antibodies may also exist in chicks, obtained from their mothers via eggs. 
Therefore, chicks may already have immunity to this virus at the time of hatch-
ing. 

In the present study, the presence of anti-avian influenza virus antibodies in 
the blood of infant chicks hatched at a poultry farm in Indonesia was assessed, 
and the protective effect of transferred antibody on highly pathogenic avian in-
fluenza A/H5N1 infection was verified by infection experiments. 

2. Materials & Methods 
2.1. Chickens 

Thirty newly-hatched chicks were collected from poultry farms selected at ran-
dom in Indonesia. We confirmed that these birds had no history of vaccination 
with avian influenza vaccine. In addition, specific-pathogen-free (SPF) chicks 
were purchased and used for experiments as controls. They were reared under 
conditions of water and feed provided ad libitum in BSL-3 facility, and blood 
was sampled at 10 days of age. The serum titer of antibodies against A/H5N1 an-
tigens was measured by an enzyme-linked immunosorbent assay (ELISA). 

2.2. ELISA 

The antibody titer was measured by an ELISA according to our previous report 
[13]. A/H5N1 antigens (0.2 µg) (Protein Science, USA) in phosphate-buffered 
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saline (PBS) were coated onto each well of 96-well ELISA plates and stored 
overnight at 4˚C. Each of the subsequent incubation steps was preceded by suffi-
cient washing the wells with 0.05% Tween 20 in PBS. The wells were blocked 
from nonspecific binding by the addition of a commercial blocking reagent (DS 
Pharma Biomedical, Japan) and incubated at 37˚C for 2 h. The serial dilutions of 
subject serum from each chick were added vertically to the wells and incubated 
at 37˚C for 1 h. The serum from SPF chicks was also used as a negative control. 
Next, HRP-conjugated rabbit IgG against chicken IgY Fc fraction (Nakarai Tes-
que, Japan) diluted in PBS (1:5000) was dispensed into each well. The plate was 
incubated for 1 h at 37˚C. Later, a substrate buffer containing TMB (Sumitomo 
Bakelite, Japan) was added to each well, and samples were incubated at 37˚C for 
15 min. The reaction was terminated by the addition of a stopping reagent (1.25 
M sulfuric acid). The absorbance was recorded at 450 nm using the ELISA plate 
reader. The ELISA titers were defined as the reciprocal of the highest dilution of 
subject serum that produced an ELISA signal twice as intense as that from equi-
valently diluted SPF chick serum. 

2.3. Infection of Chickens with the Highly Pathogenic Avian  
Influenza Virus A/H5N1 

At 10 days of age, seventy-two chicks from farm and ten SPF chicks were   
inoculated intranasally with a field-isolated strain of A/H5N1 virus 
(A/LAWANG/FKH-IPB/H5N1) at a dose of 105TCID50 per bird. This virus 
strain was isolated from a chicken spontaneously infected with H5N1 in a local 
poultry farm in the Bogor area of Indonesia. Five days after the viral inoculation, 
the lethality of infected birds was scored as the percentage of dead birds. The 
surviving chickens were sacrificed by administration of overdose pentobarbital 
sodium solution. The tracheae and lungs of subjects were removed and im-
mersed in 10% neutral buffered formalin for further histopathology and immu-
nostaining studies. All of the animal experiments were performed in accordance 
with the guidelines for studies with laboratory animals of the Kyoto Prefectural 
University Experimental Animal Committee. After completion of the experi-
ment, all samples were completely sterilized by autoclave. 

2.4. Histopathology 

The formalin fixed samples were dehydrated with serial concentrations of etha-
nol and embedded with xylene and paraffin using an automatic embedding pro-
cessor. The sections were then cut using a microtome and attached to 
slide-glasses. The sections were dried and de-paraffinized inxylene and ethanol 
and then stained with hematoxylin and eosin. They were next serial-dehydrated 
with ethanol and immersed in xylene before finally being mounted with cov-
er-glass using Canada balsam and examined under a light microscope. 

2.5. Detection of A/H5N1 Virus Antigens in Infected Chicks 

The chick organs fixed in buffered formalin were washed in PBS, cut into 5-mm 
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cubes, and soaked in 30% sucrose in PBS overnight. The pieces were mounted in 
a compound, frozen, and cut into 20-μm sections with a cryostat. The frozen 
sections were attached to glass slides and air-dried at room temperature. After 
being washed in PBS, the samples were incubated with an FITC conjugated os-
trich IgY against A/H5N1 viruses (1:1000) at 4˚C overnight [13] [14] [15]. Fi-
nally, they were mounted with glycerol following sufficient washing with PBS, 
and specific signals for viral antigens were examined under a fluorescent micro-
scope. 

3. Results 
3.1. Antibody Titer against A/H5N1 Antigens in the Serum of  

Chicks from an Indonesian Poultry Farm 

The immunoreactivity of subject sera against A/H5N1 virus was estimated by 
ELISA. The titers for A/H5N1 varied among the chicks, as shown in Figure 1. 
The antibody titer in chicks’ blood was 102,400 at the maximum and 1600 at the 
minimum, and there were individual differences. This suggested that the amount 
and activity of transitional antibody from the mother differed among individual 
chicks. 

3.2. Lethality of A/H5N1-Infected Chickens 

The experimental challenge in SPF chickens (10 days old) with A/H5N1 caused 
high lethality among the birds (100%) within 5 days after infection, indicating 
that this viral strain isolated from poultry farm was a highly virulent type 
(Figure 2). Of note, all SPF birds showed only slight symptoms, including dehy-
dration and depression, followed by sudden death. In contrast, a large individual  
 

 
Figure 1. The transfer antibody titers in conventional chicks obtained from a poultry 
farm in Indonesia. The antibody titers against A/H5N1antigens in the sera from all chicks 
from the poultry farm were estimated by an enzyme-linked immunosorbent assay 
(ELISA). The ELISA titers were increased in all serum samples, with large individual var-
iations among birds (range: 1600 - 102,400).  
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Figure 2. The transfer antibody titers of chicks and mortality rate due to highly patho-
genic avian influenza A/H5N1 infection. In chicks exhibiting low antibody titers, the 
mortality rate due to A/H5N1 infection was high, while that in chicks with a high antibo-
dy titer was lower. When the antibody titer was 102,400, death due to infection was com-
pletely suppressed. 
 
difference was observed in the fatality rate of the infected chicks purchased from 
the poultry farm. The mortality rate due to virus infection was quite high in 
chicks with low antibody titers in blood, whereas the birds with high serum an-
tibody titers showed low mortality. Furthermore, 100% of birds with an ELISA 
value of 102,400 survived despite virus infection. We therefore concluded that 
viral infection could be suppressed in individuals with high transitional antibody 
titers. 

3.3. Histopathology 

The histopathological study of the infected SPF chickens showed the typical 
avian flu findings of acute inflammation accompanied by heterophilic infiltra-
tion, hemorrhaging, edema and severe congestion in various organs, mainly in 
the pulmonary tissues, including the trachea and lung (Figure 3). Pathological 
findings similar to SPF chickens were observed in dead chickens or infected 
chickens with low ELISA values (≤25,600). The pulmonary sections of infected 
birds showed slight to moderate inflammation with epithelial necrosis and hete-
rophilic infiltrations in the interstitium and parabronchial cavities. Severe he-
morrhaging and congestion, accompanied by edema and mucosal exudates, were 
predominately seen. In contrast, the pathological reactions were decreased in the 
tracheae and lungs in survival chicks with an ELISA value exceeding 51,200. The 
edema, hemorrhaging, congestion and mucosal exudation were clearly inhibited 
in the lesions. Viral antigens were scarcely found in the trachea and pulmonary 
tissues. These findings were consistent with the results showing that the mortal-
ity of A/H5N1 chicks was decreased by higher titer of migratory antibodies. 
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Figure 3. Histopathological findings of the trachea and lungs of highly pathogenic avian 
influenza virus A/H5N1-infected chicks. Paraffin sections were prepared, stained with 
H-E, and observed under a microscope. In chickens with an antibody titer of 25,600, 
acute inflammatory lesions, such as swelling, epithelial necrosis, interstitial edema and in-
flammatory cell infiltration, were observed in the trachea. In the lungs, severe congestion 
and necrotic cell debris, exudate and inflammatory cell infiltration were found in the pa-
ra-bronchial lumen and interstitium. In contrast, histopathological findings were scarcely 
found in either the trachea or lung of chicks with an antibody titer of 102,400. Bars, 200 
μm. 

3.4. Detection of Viral Antigens in Trachea and Lung of Infected  
Chicks 

Viral antigens were found in the tracheal epithelial cells and pulmonary tissues 
of dead chickens or infected chickens with low ELISA values (≤25,600). In con-
trast, viral antigens were scarcely seen in the pulmonary tissues of in surviving 
chicks showing ELISA values exceeding 51,200 (Figure 4). 

4. Discussion 

The present study confirmed that antibodies against avian influenza virus 
A/H5N1 existed in chicks from a poultry farm in Indonesia. Since these birds 
had no history of vaccination, we concluded that they had migratory antibodies 
obtained from their mother. However, since the mother’s vaccination history 
was unknown, we could not confirm whether the migratory antibody was the in-
fluence of vaccination of the mother bird or had been acquired by natural infec-
tion. Given that the antibody titer against the A/H5N1 virus varied greatly 
among the birds, we predicted that susceptibility to avian influenza infection 
would vary among animals at chicken farms in Indonesia. 

The A/H5N1 virus used for infection experiments on conventional chicks was 
a field isolate from Indonesia and proved to be highly pathogenic to chickens, as 
the infected SPF chicken shows a 100% mortality rate. Regarding the conven-
tional chicks obtained from farms, a high mortality rate was also observed in in-
dividuals with low antibody ELISA values. In contrast, the mortality rate drastically  

https://doi.org/10.4236/wjv.2018.84008


K. Adachi et al. 
 

 

DOI: 10.4236/wjv.2018.84008 95 World Journal of Vaccines 
 

 

Figure 4. Viral antigen titers in the trachea and lungs of highly pathogenic avian influen-
za virus A/H5N1-infected chicks. Frozen sections of tracheae and lungs were cut, and in-
direct immunofluorescence staining was performed with anti-H5N1 antibody and 
FITC-conjugated secondary antibody. In chickens with an antibody titer of 25,600, viral 
antigens were detected in the tracheal and parabronchial epithelial cells in the lung. In 
contrast, specific signals of fluorescence were scarcely found in either the trachea or lung 
of chicks with an antibody titer of 102,400. Bars, 200 μm. 
 
decreased in chicks with an antibody titer of ≥51,200, and none with values ex-
ceeding 102,400 died. These findings indicate that the antibody transferred from 
the mother had neutralizing activities against A/H5N1 virus infections and that 
the birds with an antibody titer above a certain level were resistant to death from 
avian influenza. At present, there are benefits and drawbacks for employing in-
fluenza vaccines in domestic fowls: 1) in avian influenza-free countries, it is dif-
ficult to diagnose natural infections; 2) the virus resides in the poultry body; and 
3) the virus may mutate and become able to infect pigs or humans, causing a 
pandemic of a novel influenzas train [9] [11] [12].  

Our findings here suggest that the transfer of antibodies from mother birds to 
their chicks may be a way to prevent avian influenza infection in the offspring. 
Maternal antibodies migration to chicks is considered effective for preventing 
virus infection, but the development of a good-quality vaccine and improve-
ments in existing vaccination programs are required. 
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