2020, Scienceline Publication
World™ Veterinary Journal

5l

World Vet J, 10(3): 398-404, September 25, 2020 ISSN 2322-4568

DOI: https://dx.doi.org/10.36380/scil.2020.wvj49

Cross Protectivity of Yolk Immunoglobulin Anti-Hemagglutinin
Protein of High Pathogenic Avian Influenza A subtypes H5N1
Administered on Chicken Infected by High Pathogenic Avian
Influenza A subtypes H5N1

Suwarno*, Rahaju Ernawati, and Nanik Sianita Widjaja
Laboratory Virology and Immunology, Department of Microbiology, Faculty of Veterinary Medicine, Airlangga University, Indonesia

*Corresponding's Email: suwarno@fkh.unair.ac.id; : 0000-0002-8592-2877

ABSTRACT

Yolk Immunoglobulin (IgY) against Avian Influenza (Al) is commonly used as immunotherapy and
immunodiagnostic techniques. Application of IgY mixed in drinking water is known effective to inhibit Al
replication. The effectivity of IgY anti-Hemagglutinin Protein (anti-HA) of High Pathogenic Avian Influenza
(HPAI) clade 2.1 (A/Chicken/Blitar/2003) was tested against infection of High Pathogenic Avian Influenza clade
2.3.2 (A/Duck/Sidoarjo/2012). The inhibiting activity was observed through Immunohistochemistry. Sixty chickens
were infected with 10° EIDsy/ml of HPAI clade 2.3.2 (A/Duck/Sidoarjo/2012). Yolk Immunoglobulin with different
amounts (0 pg, 100 pg, 200 pg and 400 pg) were administered at three different times which were 24 hours before
infection, at the time of infection, and 24 hours after infection. The observation was conducted for 7 days. During
post infection observation, death chickens were managed for immunohistochemistry assay to observe the present of
virion and IgY sialic acid 2,3-alfa galactosa (SA a 2,3 gal) blocking activity in septa alveoli. By the end of
observation all chickens were euthanized for immunohistochemistry assay. The result showed that anti-HA 1gY
obtained from HPAI clade 2.1 could protecting infection of HPAI clade 2.3.2. According to immunohistochemistry
assay, the administration of IgY can neutralize the infecting virus marked by the number of virions observed in septa
alveoli of the lungs. Regarding the assay, the dose of 200 pg and 400 pg of IgY applied 24 hours before the
infection, can reduce clinical signs and mortality of infected chicken (80-100%). The best dose of the IgY to protect
them from infection of clade 2.3.2 (A/Duck/Sidoarjo/2012) was 400 pg administered 24 hours before infection. It
could be concluded that administration of IgY anti-Haemaglutinin Protein (anti-HA) of High Pathogenic Avian
Influenza (HPAI) clade 2.1 (A/Chicken/Blitar/2003) could protect chickens against the infection of HPAI clade 2.3.2
(A/Duck/Sidoarjo/2012), even though they belong different clades. The protection rate was 80-100%. Further
research should be done to discover the cross-protectivity of IgY as preventive method against HPAI outbreak.
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INTRODUCTION

Avian Influenza (Al) is commonly known as fowl plague which is a disease caused by infection of Influenza A virus
which belongs to the family Orthomyxoviridae. This disease is susceptible for many species of birds (Bouma et al.,
2009; Webby and Webster, 2003; De Jong et al., 1997). According to the genotype, It is classified into 16
Haemagglutinin and 9 Neuraminidase subtypes (Bergervoet et al., 2019). According to virulence, It is classified into two
groups which are Low Pathogenic Avian Influenza (LPAI) and High Pathogenic Avian Influenza (HPAI) (OIE, 2016).
Both LPAI and HPAI are originated from H5 and H7 subtypes (Bouma et al., 2009; Webby and Webster, 2003; De Jong
etal., 1997), and it has become attention-getting to international trade community since HPAI causing a great loss by the
outbreak, and the LPAI causing annual problem and has potency to mutate into HPAI (MacLachlan et al., 2016). It has
become endemic in many countries such as Indonesia (Daniel et al., 2012).

Prevention has been already conducted such as routine vaccination and biosecurity management but annual
outbreak remained ongoing. Poultry farm companies in Indonesia have conducting vaccination more than 400 million
doses since 2004 (Bouma et al., 2009). Al is an enveloped segmented single-stranded negative sense RNA virus. Under
electronic microscopes it is seen on pleomorphic, spherical, or velamentous forms. Its virion consists of 10-14.6 kb
genome divided into eight segments arranged on helical-symmetrically order. It has seven structural proteins such as
Haemagglutinin protein (HA), Neuraminidase protein (N), two Matrix proteins (M1 and M2), and three Polymerase
proteins (PB1, PB2, and PA). HA and N are enveloped protein lining on the membrane form spikes that has important
roles on pathogenicity, classification and neutralization of the virus (MacLachlan et al., 2016; Knipe and Howley, 2013).
Specific antibody is usually used as a diagnostic rule or as a prevention for specific diseases. The antibody obtains from
animals needs a good production procedure regarding to animal welfare instructions (Hau and Hendriksen, 2005).
Antibody obtained from Yolk Immunoglobulin (IgY) is homolog to Immunoglobulin G (IgG) obtained from mammals.
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Recently the application of IgY obtained from eggs as immunotherapy is rising because the concentration of
immunoglobulin is higher compared to IgG obtained from mammals. One of the privileges of obtaining immunoglobulin
from chickens is that chickens have high sensitivity of antigen exposure, thus immune response and IgY production are
persistent (Hau and Hendriksen, 2005).

Al virus transfers through the airway or orally, then Haemagglutinin protein of the virus bounds to the receptors of
sialic acid alfa 2 and 3- galactosa (SA a 2,3 gal) proteins. This binding triggers the fusion of the virus into cells (Knipe
and Howley, 2013). This binding could be failed if specific antibody against HA protein block the process. HA antibody
obtained from Yolk Immunoglobulin might have the potency to block this process to prevent Al infection in chickens.
This research was conducted to know the effectivity of anti-HA from HPAI clade 2.1 (A/Chicken/Blitar/2003) against
infection of HPAI clade 2.3.2 (A/Duck/Sidoarjo/2012).

MATERIALS AND METHODS

Sixty chickens (21 days-old) were used in this experiment. They were divided into three groups randomly. Each group
consisted of four subgroups of treatments which were consisted of five chickens respectively. IgY was obtained by
infecting HA protein of HPAI clade 2.1 (A/Chicken/Blitar/2003) into Specific Pathogen Free (SPF) layer chicken. IgY
was extracted from the eggs, and stored at -20°C (Narat, 2003). Yolk Immunoglobulin was given to each major group at
three different times. IgY was administered 24 hours before infection, 24 hours after infection, and at the time of
infection on Group I, 11, and 111 respectively. The amounts of IgY given on each sub groups were 0 pg, 100 ug, 200 g,
and 400 pg respectively. Each of dose was diluted on distilled water till the total volume was one ml. The research was
conducted at Biosecurity Level-2 (BSL-2) of Faculty of Veterinary Medicine, Airlangga University Indonesia. The
temperature was set at 16 °C.

The chickens were infected with 10° EIDso/ml dose of the antigen (A/Duck/Sidoarjo/2012). The observation has
been started at the time of infection continuing for 7 days. During this period, all death chickens were recorded, then
prepared for immunohistochemistry assay for determining the degree of cell destruction and sialic acid 2,3-alfa galactosa
(SA o 2,3 gal) blocking activity from anti-HA on cell tropism according to the antigen (virion detection) and antibody
detection (anti-anti HA). By the end of observation, the rest of living chickens were euthanized through cervical
dislocation method. Samples for immunohistochemistry were collected from the lung. The lung was dipped in 10%
formalin buffer, then processed to make slides (Damayanti et al., 2004). Before the immunohistochemistry procedures
applied to the slides, they were prepared for deparaffinization to wear the wax off. After cleaning up the slide, 250 pl of
primer antibody (anti H5N1 and anti-anti HA) that had been diluted (1:1600) was added to the slides, then it was
incubated for 60 minutes. Then activity of peroxidase was blocked by adding three drops of hydrogen peroxidase (H,0,),
then it was incubated for 20 minutes. The slides were then rinsed using PBS for three times. Moreover, anti-rabbit
conjugate labelled with Biotin-Streptavidin was added followed by DAB substrate. After that the slides were rinsed, they
were dipped on Haematoxilyn for two minutes. They were transferred into Scott solution, then incubated for 2 minutes.
They were rinsed, and then covered by cover glass. Positive result marked by the present of brown color on the slide
(Damayanti et al., 2004). Obtained data was analyzed using ANOVA (Analysis of Variance) on Statistical Programs for
Social Scientific (SPSS) program. The possible results were analyzed according to the Least Significance Different
(LSD) analysis (Kusriningrum, 2012).

Ethical approval
The arrangement of this research had been approved by the ethics commission of experimental animals of Faculty
of Veterinary Medicine Airlangga University, Indonesia.

RESULTS AND DISCUSSION

Observation has been conducted for seven days after the infection. It revealed that each treatment showed different
effects according to mortality rate; the presence of virion captured on septa alveoli, and the presence of IgY in septa
alveoli of chickens. In group I, chickens which were not treated by anti-HA were death on day 2 until day 3 after
infection of (A/Duck/Sidoarjo/2012) (Diagram 1). In contrary, chickens treated with anti-HA (with amounts of 100ug,
200ug, and 400ug) showed healthy condition, and no clinical signs were present. Even though clinical signs were
absence, one of the chickens administered with 100ug of antibody died on the second day after the infection while others
remained intact until the end of the observation period (Diagram 1). It could be concluded that administration of anti-HA
24 hours before the infection could give 80-100% of protectivity (Table 1).

Group Il which were treated with anti-HA at the same time of infection showed different results. Administration of
anti-HA has protected the chickens from mortality only on day 1 after being infected. On the second day of infection, the
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mortality of chickens could be seen on each subgroup; primely on the subgroup not treated by anti-HA. The subgroup
which were not treated with anti-AH (0 pg) has started the mortality prior to the subgroup treated with 100 pg of anti-
HA. Mortality still could be seen even on the subgroup treated by 400 pg anti-HA (Diagram 2). According to the
protection rate, administration of anti-HA at the same time of infection could gave 40-80% of protection (Table 1).

While administration of anti-HA on Group 11 has completely protected the chickens from mortality only on day 1
after the infection, Mortality occurred on all subgroups even on the one administrated with 400 pg of anti-HA. The
mortality rate was significantly around 60% of the group population (Diagram 3). This rate is the largest among other
treated groups. By the end of the observation, only subgroups of chickens treated with 200 pg and 400 ug of anti-HA
have survived, while all chickens in other subgroups were death. It could be concluded that anti-HA given 24 hours after
being infected gave a protection of 40% (Table 1). Regarding the dose of anti-HA, administrations of 200 pg and 400 pg
of anti-HA are more protective than 100 pg of anti-HA. They could give protection around 40-100%. Administration of
both doses 24 hours before the infection indicated a protection lasting longer than other times of administration
(Diagrams 1-3). All data were collected, then processed into ANOVA analysis. According to the ANOVA analyses, the
results showed a significant difference (p<0.05) (Table 2). Thus, it was processed into LSD analysis. The results of
analyses revealed that the administration of anti-HA is influenced by the time of administration and the doses.
Administration of anti-HA 24 hours before infection could give aa appropriate protection more and last longer than the
other administration times. This discovery was supported by the result of immune-histochemistry (IHC) assay.
According to IHC results, there was an absence of Al virus in septa intra-alveola from chickens treated with 400ug anti-
HA on Group I. It was marked by the absence of dark-brown colour like formation observed on IHC slides (Figure 1). In
contrast, the presences of Al virus observed on the chickens treated with anti-HA with 200pg and 100pg of anti-HA on
Group I. The presence of Al virus also has been observed on the chickens which were not treated with anti-HA antibody
(Figure 1). Administration of anti-HA in Group Il and Group 111 seemed that they could not neutralize the virus as good
as Group |, thus the number of virions have increased on both groups (Figure 1). The presents of virion inside the septa-
alveoli of lungs could disturb respiration of infected chickens (OIE, 2016). Regarding the effective dose of protection,
400 pg of anti-HA gave best protection among others. In poultry, Al virus enters the host body through respiratory
system and orally, then attaches to receptor sialic acid alfa 2,3- galactosa (SA o 2,3 gal) protein which laid on mucosal
epithelium located on both respiratory and gastrointestinal tracts (Costahurtado et al., 2014; Webby and Webster, 2003).
The transmission commonly occurs through contaminated water source, ingestion of contaminated feed and nasal
discharge (Achenbach and Bowen, 2011).
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Table 1. Protectivity rate of anti-HA antibody obtained from egg yolk (IgY).
Application of Antibody Anti-HA (1gY)

Dose 24 hours before infection (%) 0 hours before infection (%) 24 hours after infection (%)
0 pg/head 0 0 0
100 pg/head 80 40 0
200 pg/head 100 60 40
400 pg/head 100 80 40

%: means protectivity rate

Table 2. The amount of IgY and the time administration influence the protectivity of chickens

Amount Time of apllicatipn of anti-HA (Mean + SD)
D-1 4,8°+0,83
400 D-0 10°+1,41
D+1 23,2°+1,09
D-1 12,89+1,09
200 D-0 18,8°+1,09
D+1 35,27 +1,09
D-1 30,89+ 1,09
100 D-0 35,67+ 0,89
D+1 41,2"+1,09
D-1 47,6'+0,89
0 D-0 47,2'+1,09
D+1 47,6'+0,89

Different superscript on the same column showing significant different (p < 0.05). D-1: 24 h before infection, D-0: at the time of infection, D+1: 24
hours after infection.

In this research anti-HA obtained from egg yolk called IgY was used which is equivalent to mammalian
Immunoglobulin G (IgG), since it is distinguished as the ancestor. As the 1gY is equivalent to mammalian IgG, it has
similar functions as the main humoral immune-system to eradicate antigens (Agrawal et al., 2016). 1gY is frequently
used as substitution from mammalian antibody because the production process is more respecting animal welfare.
Moreover, it is easier to be done and the amount of immunoglobulin obtained is larger among small-sized animals
(Narat, 2003; Ko and Ahn, 2007; Wen et al., 2012; Agrawal et al., 2016). Its capability to binding and target specifity is
higher than mammalian Immunoglobulin G (IgG) which makes it has potential as therapeutic therapy for respiratory
infections (Abbas et.al., 2018). Application of IgY is noticed capable to prevent bacterial and viral infections (Narat,
2003; Ko and Ahn, 2007; Wen et al., 2012; Agrawal et al., 2016). It could be applied in human too which gives many
advantages (Pereira et.al., 2019; Constantin et. al., 2020). According to the IHC of anti-HA detection, anti-HA
administered orally could be seen on septa alveoli of lungs as brown color (Figure 2). Immunotherapy given orally is
capable to block receptors on the epithelium of mucosa on digestion system. It is directly transported through all over the
body absorbed by intestine to capillaries, then transported to portal vein in liver and then vena cava in heart (Rahimi et
al., 2007). Administration of anti-HA 24 hours before being infected suggested that it could compete binding of the virus
to receptor SA a 2,3 gal protein. Administration of anti-HA obtained from horses given to the mouse intraperitoneal
before infection can give 100% protection (Lu et al., 2006).

This research used anti-AH obtained HPAI clade 2.1 (A/Chicken/Blitar/2003) against the infection of HPAI
clade 2.3.2 (A/Duck/Sidoarjo/2012). Both viruses belong to different clades, different hosts and different time isolations.
According to the results, even both viruses are different; the cross-protection was observed. This finding extents the fact
that cross-reactivity among clades of H5 subtypes occurred (Dharmayanti et al., 2017; Ducatez et al., 2011). This
evidence is not only occurred among H5 subtypes. Cross-reactivity also occurred among H7 subtypes to H3 and H4
subtypes. It is noticed that cross-reactivity between H7 and H3 is stronger than H7 and H4 (Guo et al., 2016). Cross-
reactivity among subspecies in same family not only occurs in Al. It also occurs in Newcastle Disease (Aldous et al.,
2016). The distinct point is that cross-reactivity in Newcastle Disease seems stronger than Al. Both viruses are single
stranded negative sense RNA virus. RNA viruses are easy to mutate because their polymerase enzymes lack of proof-
reading. Among them, the mutation rate of Al is higher because its genome arranged on some segments leading to
antigenic shift and antigenic drift (MacLachlan et al., 2016).

This finding reveals the possibility of anti-HA hyper-immune serum application on Al prevention. Routine
vaccination as one of the main prevention methods could be possibly optimized by application of anti-HA serum orally.
Further researches need to be done since this research is conducted in controllable and variables environment.
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Figure 1. Immunohisochemistry of chicken lungs. Arrows indicate the presence of Avian Influenza Virus on septa alveoli. I; chicken administered with anti-HA IgY 24 hours
before infection. 11; chicken administered with anti-HA 1gY 24 hours after infection. I11; chicken administered with anti-HA IgY 24 at time of infection. A; Amount of administered
IgY is 400 pg. B; Amount of administered IgY is 200 pg. C; Amount of administered IgY is 100 pg. D; Amount of administered 1gY is Oug.
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Figure 2. Immunohisochemistry of chicken lungs. Arrows indicate the blocking activity of anti-HA IgY on Avian Influenza Virus on septa alveoli. I; chicken administered with anti-
HA 1gY 24 hours before infection. Il; chicken administered with anti-HA 1gY 24 hours after infection. 111; chicken administered with anti-HA 1gY 24 at time of infection. A; Amount
of administered IgY is 400 pg. B; Amount of administered IgY is Oug.
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CONCLUSION

It can be concluded that application of anti-HA obtained High Pathogenic Avian Influenza (HPAI) clade 2.1
(A/Chicken/Blitar/2003) could give a protection from infection of HPAI clade 2.3.2 (A/Duck/Sidoarjo/2012), although
they were originated from different clades. The protection rate was 80-100% applied 24 hours before infection.
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