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ABSTRACT
The aim of this study was to investigate the effects of route of
inoculation and dose on production and avidity of IgY antibodies
in chickens. The animals were inoculated with 20 µg of human
IgG by intramuscular, intradermal, or subcutaneous routes, or with
2, 20, or 200 µg of human IgG via IM to evaluate the effect of
dose. All routes led to significant levels of specific antibodies after
the fifth inoculation. There was a significant difference in the
levels of antibodies produced with 2 and 200 µg of antigen after
the third and seventh inoculation. It was observed that there is no
influence of route of inoculation or dose on the avidity of the
antibodies produced. Furthermore, the index of avidity is
influenced directly by the number of inoculations. These results
are important to help future studies where antibody production of
IgY from laying hens is necessary.
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1. Introduction

In avians, three classes of antibodies are found, IgY, IgM, and IgA (Spillner et al., 2012).
IgY is the only class found in the egg yolk and provides immunity to the foetus before it is
able to generate its own humoral immune response (Carlander, 2002). It is estimated that
100 mg of IgY can be recovered from one egg yolk (Dias da Silva & Tambourgi, 2010).

In recent years studies have shown the feasibility of application of IgY antibodies in
human and veterinary immunotherapy for cystic fibrosis by Pseudomonas aeruginosa
(Thomsen et al., 2016), diarrhoea by rotavirus (Motoi et al., 2005), gastritis byHelicobacter
pylori (Wang et al., 2014), dental caries by Streptococcus mutans (Bachtiar, Afdhal, Mei-
dyawati, Soejoedono, & Poerwaningsih, 2016), diarrhoea in pigs (Kweon et al., 2000; da
Rosa et al., 2015) and canine Parvovirus (Van Nguyen, Umeda, Yokoyama, Tohya, &
Kodama, 2006).
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A major advantage of using IgY antibodies in relation to antibodies produced in
mammals is that IgY production is less invasive, as there is no need for blood or even
the death of the animal to obtain large amounts of antibodies (Schade et al., 1996).
Other advantages are the high yield of specific antibodies (Pauly et al., 2009; Sheng
et al., 2015); and the larger immunogenicity compared to antigens of mammals due to
phylogenetic distance and easy purification of IgY antibody from egg yolk (De Meulenaer
& Huyghebaert, 2001; Dias da Silva & Tambourgi, 2010). In addition, these antibodies
have several important biological properties for immunotherapy and immunodiagnosis
as there is no activation of the complement system of mammals, nor interaction with
the receptors of the Fc portion of immunoglobulins present on the surface of mammalian
cells (Dias da Silva & Tambourgi, 2010; Kumar, Abbas, Fausto, & Aster, 2010).

In an attempt to improve the production of IgY, several studies have investigated the
route of inoculation and antigen dose (Schade et al., 2005). These studies show that the
levels of production of IgY can be influenced by the inoculation route chosen and
antigen dose (Eto et al., 2012; Schade et al., 2005; Schwarzkopf, Staak, Behn, & Erhard,
2000). For example, studies show that the subcutaneous (SC) route results in higher
levels of antibodies than other routes, such as the intramuscular (IM) route, but this
effect may be dependent on the type of antigen used (Chang, Ou-Yang, Chen, & Chen,
1999; Erhard et al., 2000). Furthermore, there is a wide range of doses of antigens being
used for the production of IgY (Dong, Liu, Xiao, & Li, 2008; de Andrade et al., 2013).
However, doses as small as 1 µg of antigen are apparently enough to trigger significant
IgY antibody production (Larsson, Carlander, & Wilhelmsson, 1998). Although there
are studies on the influence of these factors on the production of antibodies, there is a
lack of studies on the influence of these on the avidity of the antibodies produced
(Schade et al., 2005). Avidity is an important feature of antibodies and directly impacts
on the ability of antibodies to neutralise the antigen.

Therefore, this study aimed to investigate the effects of using different routes of inocu-
lation and doses of antigen on production and avidity of IgY antibodies in laying hens.

2. Material and methods

2.1. Animals

White leghorn chickens, 20 weeks old, were kept in the warehouses of the farm school of
the Universidade Estadual de Londrina, in cages of galvanised wire, with one animal/cage,
at room temperature, with 17 h of light, receiving clean water and laying ration ad libitum.
The ration was formulated to meet the minimum requirements proposed by Rostagno
et al. (2005). The study was approved by the Animal Experimentation Ethics Committee
of the Universidade Estadual de Londrina, process number: 11976.

2.2. Experimental procedure

2.2.1. Effects of inoculation on production and avidity of IgY antibodies
For the analysis of the effect of inoculation route on production and avidity of IgY anti-
bodies, 24 animals were randomly placed into 4 groups. The animals from the control
group (CG, n = 6) were inoculated intramuscularly with phosphate-buffered saline
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(PBS) pH 7.4 in aluminium hydroxide (AH). The remaining laying hens were inoculated
with 200 µL containing 20 µg/animal of human IgG (Sigma®, batch: 20H8990) in AH by
IM (n = 6), intradermal (ID, n = 6) or SC (n = 6) routes. Additional inoculations were per-
formed on days 15, 30, 60, 105, 150, and 195 after the first inoculation. Before the first
inoculation and 7 days after inoculation serum samples were collected and stored at
−20°C until the moment of use.

2.2.2. Effects of antigen dose on production and avidity of IgY antibodies
To evaluate the effect of antigen dose on production and avidity of IgY antibodies, 24
animals were randomly divided into 4 groups. In the control group (CG, n = 6) laying
hens were inoculated IM with 200 µL of PBS in AH. The remaining animals were inocu-
lated with 200 µL containing human IgG (Sigma®, batch: 20H8990) in AH by IM route in
the following concentrations: 2 µg/animal (2 µg, n = 6), 20 µg/animal (20 µg, n = 6), and
200 µg/animal (200 µg, n = 6). Additional inoculations were performed on days 15, 30,
60, 105, 150, and 195 after the first inoculation. Serum samples were obtained and
stored as described above.

2.3. Analysis of production and antibody avidity in laying hens

Determination of the levels of antibody production IgY anti-human IgG was performed
in polystyrene plates with flat bottoms (Costar®) sensitized with human IgG solution
(1.25 µg/mL) in carbonate-sodium bicarbonate buffer (pH 9.6), followed by overnight
incubation at 4°C. The plates were washed with PBS 1 x, and blocked with 5% Skim
Milk in PBS for 2 h at 37°C. After 3 washes with PBS-0.05% Tween 20, chicken serum
(1:1000) was added. The plate was incubated for 1 h at 37°C and washed, as described
earlier. Goat anti-Chicken IgY-Fc Fragment Antibody horseradish peroxidase (HRP) Con-
jugated (Bethyl®, batch: A30-104P-28, 1:40,000) was added and incubated for a further 1 h
at 37°C. After a new washing with PBS-0.05% Tween 20, the substrate/chromogen (H2O2/
TMBZ) was added. After 5 min at 37°C the reaction was stopped with 2 N H2SO4 and the
optical density was determined at 450 nm. All procedures were carried out in automatic
equipment for ALISEI immunoassays (Radim Diagnostics, Pomezia, Italy).

Estimation of the avidity of the IgY antibodies anti-human IgG was performed as
described previously by de Andrade et al. (2013). After sensitisation of the plaques, as
described above, serum samples (1:1000) were incubated for 1 h at 37°C and washed 3
times with PBS-0.05% Tween 20. For each serum sample, two wells were treated with
100 µL of 2 M magnesium chloride (Nuclear, Diadema, SP, Brazil) and two with 100 µL
of saline (NaCl 0,9%). The plate was incubated for 30 min at 37°C and washed as described
earlier. Next, Goat anti-Chicken IgY-Fc Fragment Antibody HRP Conjugated was added
and the other steps followed the protocol described above. The avidity index of IgY anti-
bodies was determined by the relationship between the absorbance obtained at 450 nm in
the presence or absence of 2 M magnesium chloride.

2.4. Statistical analysis

Statistical analyses were carried out in the program GraphPad Prism 5. The data were sub-
mitted to homogeneity (Levene’s) and normality (Kolmogorov–Smirnov) tests. According
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to these tests, the ANOVA or Kruskal–Wallis test was applied, followed by a post hoc Bon-
ferroni or Dunn tests, for parametric or nonparametric data, respectively. P values <.05
were considered significant.

3. Results and discussion

Several factors affect the production of antibodies in chickens. Studies with chicken strains
have shown that the genetic basis of the animal has a direct effect on its ability to produce
antibodies (Carlander, Wilhelmson, & Larsson, 2003; Emam et al., 2014). This effect is
related to the presence of polymorphisms associated with genes involved in the production
of antibodies (Gehad, Mashaly, Siegel, Dunnington, & Siegel, 1999). Another important
factor is nutrition. Several nutrients have an influence on the production of antibodies
because they provide essential elements for the immune response (Du et al., 2016; Forte
et al., 2016; Perween et al., 2016). One of the most important factors for the production
of antibodies is the use of adjuvants. The most commonly used adjuvants are based on
aluminium salts and oil emulsions (Heegaard, Fang, & Jungersen, 2016). The immunos-
timulatory effect of adjuvants is associated with antigen retention ability and interaction
with receptors for molecular patterns that recognise microbial molecules (He, Zou, &
Hu, 2015). In addition, several studies have shown the effect of the antigen route and
dose on antibody production.

3.1. Routes of inoculation and IgY production

The most common routes for antigen inoculation are IM, SC, and ID routes (Erhard et al.,
2000; Eto et al., 2012; Murphy, Tavares, & Walport, 2010). In laying hens, the IM route is
the most commonly used for production of antibodies (Schade et al., 2005). The results

Figure 1. Effects of the inoculation of antigen on the production of specific antibodies. The levels of
antibody (IgY) anti-human IgG from serum collected 7 days after the third (III), fifth (V), and seventh
inoculation (VII) from animals without inoculation (CG) and inoculated through intramuscular (IM),
intradermal (ID), or subcutaneous routes (SC) were determined by indirect enzyme-linked immunosor-
bent assay (ELISA). The data are shown as mean and standard deviation. #Significant difference
between the CG and ID and SC groups (Dunn, P < .007). *Significant difference between CG and IM,
ID, and SC groups (Bonferroni, P < .0001).
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showed that the ID and SC routes, but not the IM route, reached significant levels of
specific antibodies after the third inoculation of the antigen. Furthermore, after the fifth
inoculation, all routes resulted in significant levels of specific antibodies (Figure 1).
These results are in agreement with Erhard et al. (2000), who using different antigens,
including human IgG, showed that antigen inoculation via SC resulted in antibody
levels greater than via IM (Erhard et al., 2000). A similar result was obtained by Mayo,
Persdotter-Hedlund, Tufvesson, and Hau (2003) when analysing the IgY antibody levels
anti-bovine serum albumin. However, the effect of routes is apparently dependent on
the type of antigen. Studies using complex antigens such as microorganisms or cells
show that the IM route can be more efficient than SC. Chang et al. (1999), using S.
mutans to compare the effects of IM and SC routes, showed that the production of IgY
via IM was almost 10 times greater than through SC. Furthermore Eto et al. (2012),
using sheep red blood cells as the antigen observed that the intravenous route resulted
in a better response when compared with IM and SC, although there were no significant
differences in the levels of antibodies produced by these two routes.

3.2. Routes of inoculation and IgY avidity

When we investigated the effect of inoculation route on the avidity of the IgY antibodies,
no significant differences were observed (Figure 2). However, we did observe a significant
increase in the index of avidity after the fifth inoculation. This effect was observed in all the
routes used (Figure 2). Our results are in accordance with the work performed by de
Andrade et al. (2013), who investigated the anti-bothropic and anti-crothalic IgY antibody
avidity after seven inoculations. In this study, IgY antibodies presented a significant

Figure 2. Influence of route of inoculation of antigen on the avidity index of specific antibodies. The
avidity index (AI) was determined by indirect ELISA using the relationship between the serum sample
treated with chaotrope (MgCl2 2 M) and the same sample treated with saline. Serum samples collected
7 days after the third (III), fifth (V), and seventh (VII) inoculation of the antigen were analysed from
animals without inoculation or inoculated through intramuscular (IM), intradermal (ID), or subcu-
taneous routes (SC). The data are shown as mean and standard deviation. *Significant difference
between samples collected after the third, fifth, and seventh inoculations (IM, Bonferroni, P = .003;
ID, Bonferroni, P < .0001). #Significant difference between samples collected after the third and
seventh inoculations (Bonferroni, P = .0025).
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increase in avidity after the fifth immunisation and this effect remained over time, as in
our study.

3.3. Dose of antigen on IgY antibody production

With respect to antigen dose the majority of studies on the production of IgY antibodies
use doses between 50 and 200 µg of the antigen in each inoculation by the IM route to
induce significant production of IgY antibodies (Camenisch et al., 1999; Erhard et al.,
2000; Matsuda et al., 1999; Murphy et al., 2010; Zolfagharian & Dounighi, 2015). In
this work we used doses of 2, 20, and 200 µg of human IgG to investigate the effects of
antigen dose on IgY antibody production. Analysis of the levels of specific antibodies pro-
duced showed that after the third inoculation there were significant levels of specific anti-
bodies with doses of 20 and 200 µg, but not with 2 µg of antigen (Figure 3). After the fifth
inoculation of antigen there was a significant level of specific antibodies with all doses
(Figure 3). Furthermore, the results obtained showed that there was a significant difference
between the levels of specific antibodies produced after the third and seventh inoculation
of the 2 and 200 µg doses of antigen (Figure 3). These results are in line with the work
carried out by Erhard et al. (2000) who observed that doses ranging from 0.5 to
1000 µg can lead to significant levels of antibody production depending on the type of
antigen used, adjuvant type, and route of inoculation.

3.4. Dose of antigen on IgY antibody avidity

With respect to avidity, in our study we did not observe an effect related to inoculation of
different doses of antigen (Figure 4). With 2 µg of antigen there was a significant increase

Figure 3. Antigen dose effect on the production of specific antibodies. The levels of serum antibody
(IgY) anti-human IgG were determined by indirect ELISA. Serum samples collected 7 days after the fifth
(V) and seventh (VII) inoculation of animals without inoculation (CG) or inoculated with 2 µg (2 µg),
20 µg (20 µg), and 200 µg (200 µg) of human IgG were analysed. The data are shown as mean and
standard deviation. #Significant difference between CG, 20 µg, and 200 µg groups (Bonferroni, P
< .0001). *Significant difference between the CG, 2, 20, and 200 µg groups (V, Dunn, P = .0045; VII, Bon-
ferroni, P < 0.0001). &Significant difference between the 2 and 200 µg groups (Bonferroni = P < .0001).
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in IgY antibody avidity between the fifth and seventh inoculation (Figure 4). There are few
studies on the avidity of IgY antibodies. An increase in IgY antibody avidity raised against
specific antigens has been observed in different studies only after multiple doses of antigen
(Bollen, Crowley, Stodulski, & Hau, 1996; de Andrade et al., 2013). The results obtained in
the present study show that doses as small as 2 µg of antigen are sufficient to produce high
levels of specific antibodies with avidity equal to that achieved by inoculation with 200 µg
of antigens. These results support the recommendation made by the European Center for
the Validation of Alternative Methods (Schade et al., 1996) for use of low doses of antigens
to obtain significant levels of specific antibodies. In addition, it is important to note that in
this study we used AH as an adjuvant, and not Freund’s complete adjuvant (FCA) or
Freund’s incomplete adjuvant (FIA). With the use of this adjuvant it was possible to
obtain significant levels of specific antibodies with doses of antigens such as 2 µg. It is
important to note that aluminium-based adjuvants, such as that used in this study, are
the most frequently used in poultry vaccines (Heegaard et al., 2016). Their use is associated
with less tissue damage when compared with FCA or FIA. However, studies show that this
adjuvant results in lower levels of specific antibodies when compared with FCA or FIA. Its
mechanisms of action probably involve the deposition effect, a pro-phagocytic action, and
activation of the inflammatory response (He et al., 2015).

4. Conclusions

The results obtained in this study show that the dose used for the production of specific
antibodies against purified antigens can be over 25–100 times smaller than the doses nor-
mally used for this purpose. It is important to note that this was achieved using AH as an
adjuvant instead of the commonly used FCA or FIA. This represents a significant

Figure 4. Influence of dose of antigen on the avidity index of specific antibodies. The avidity index (AI)
was determined by indirect ELISA using the relationship between the serum sample treated with chao-
trope (MgCl2 2 m) and the same sample treated with saline. Serum samples collected 7 days after the
fifth (V) and seventh (VII) inoculation of the antigen were analysed in the animals in the control group
(CG) without inoculation and inoculated with 2 µg (2 µg), 20 µg (20 µg), and 200 µg (200 µg) of human
IgG. The data are shown as medium and standard deviation. *Significant difference between the fifth
and seventh inoculation in animals from the 2 µg group (Paired t-test P = .0064).
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reduction in the amount of antigen required for the production of specific antibodies.
Whereas the antigen is a limiting factor for production of specific antibodies, we believe
that the present study shows the feasibility of production of specific antibodies even
with small amounts of antigen. In addition, this study showed that the route of inoculation
does not significantly influence the levels or the eagerness of antibodies produced against
purified antigens. Therefore, the route of inoculation used in a study may be set by the
authors based on variables such as volume and adjuvant used. In addition, the results
obtained show that the number of antigen doses significantly influenced the avidity
index of specific antibodies produced.

These results are important for allowing the design of protocols for specific IgY anti-
body production for immunotherapy or immunodiagnosis using low doses of antigens
and by an inoculation route defined by variables such as type and volume of the antigen.
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