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Abstract
Background and Objective: Hemmaglutination Inhibition (HI) is the most common serological assay for detection of immune response
in poultry to investigate Newcastle Disease (ND). Also, Egg yolk provides good alternative for blood samples because it is not invasive and
also reduce stress in poultry. Nevertheless, there is no standard method for antibody extraction from egg yolk. The objective of this study
was to compare two commercial methods (Chloroform and Ammonium Sulfate Extraction) for isolation of antibodies from egg yolk.
Materials and Methods: In this study, 91 eggs of 7 layer flocks of East Azerbaijan province (Northwest of Iran) included. NDV antibody
titers of yolk samples were measured after chloroform and ammonium sulfate extraction by HI. Statistical analysis was carried out by
Minitab 17. Results: Mean ND titers were significantly higher in chloroform assay (10.8) than ammonium sulfate extraction (3.66) (p<0.01).
Moreover, unlike chloroform method, there was no correlation between antibody titers of yolk samples evaluated by HI and total protein
of the sample in ammonium sulfate method. Conclusions: Chloroform extraction is more functional in regard to NDV antibody isolation
and immune system evaluation than ammonium sulfate precipitation.
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INTRODUCTION

MATERIAL AND METHODS

Newcastle Disease (ND) is a viral infection affecting
domestic poultry and other bird species1. ND is caused by
Newcastle Disease Virus (NDV), which belongs to the
Paramyxoviridae family2. Strains of NDV have been classified
into 5 pathotypes known as neurotropic velogenic,
viscerotropic velogenic, mesogenic, lentogenic and
asymptomatic enteric, based on the clinical signs seen in
infected chickens3. Eleven serotypes of avian paramyxoviruses
have been recognized4. Among them, avian paramyxovirus
type 1 causes Newcastle disease in poultry4. ND causes
massive financial loss to global poultry industry. Laboratory
tests should be used to confirm clinical suspicion5. Molecular
assays, viral isolation and presence of specific antibodies are
indicative of exposure to NDV. Hemagglutination Inhibition
(HI) test is the serologic assay most often used for evaluation
of immune response against NDV in affected birds3.
The IgM, IgA and IgY are three classes of
immunoglobulins identified in chicken. Of these, IgY is the
major antibody produced by chickens6. The IgY is continually
synthesized, secreted into the blood and transferred to the
egg yolk, where it is accumulated7. During egg maturation, the
concentrations of IgY in egg yolk are similar to those of IgY in
the blood circulation of the hen8. To collect blood samples,
birds need to be restrained which can cause great stress to
them. Egg yolk is a good source of antibody and provides an
alternative to serum. Egg yolk samples can be used for
evaluation of immune status of layer flocks, efficiently. Egg
also represents a good source of immunoglobulins.
Production of IgY antibodies has broad application in
diagnosis, therapy and prophylaxis 9.
On the other hand, specific antibody has been widely
used nowadays for immunodiagnostics subjects and/or for
treatment and prevention of infections in humans and
animals10. The IgY technology has been suggested as a useful
strategy to produce a huge amount of specific antibody for
the commercial use11. Therefore, improvement and
standardization in IgY purification from egg yolk are essential.
Unfortunately, there is no standard method for antibody
extraction from egg yolk.
The main objective of the present study was to evaluate
NDV specific antibodies in egg yolk samples of layer flocks of
Northwestern Iran by two assays. Chloroform and ammonium
sulfate extraction methods were compared to assess which
gave more reliable results. To our knowledge, this is the first
study evaluating NDV antibodies in egg yolk of layers in this
region. Furthermore,
efficiency of two extraction
methods (Chloroform and Ammonium Sulfate Extraction)
was compared.

Collection of samples: Ninety one eggs from 7 layer flocks of
East Azerbaijan province (Northwest of Iran) were collected
from January-July 2016. From each flock, 13 eggs were
sampled. All flocks were vaccinated against ND during rearing
and production several times in a similar program according
to guidelines of Iranian Veterinary Organization. The yolk was
carefully separated from the white and homogenized. The yolk
sample divided into two; one for chloroform extraction and
another for ammonium sulfate assay.
Extraction of yolk antibodies by chloroform assay: Two mL
of yolk and 2 mL of Phosphate-Buffered Saline (PBS) mixed
together. Two volumes of chloroform added to one volume of
the mixture12. The mixture was then stored 1 h at room
temperature. By centrifugation at 383×g for 20 min, the
supernatant was separated and kept at -20EC for HI analysis13.
Extraction of yolk antibodies by ammonium sulfate assay:
Egg yolk was diluted with 6 volumes of deionized acidic water
(pH = 2) and homogenized. The pH of the egg yolk solution
was adjusted to pH 5.0. The mixture stored 12 h at 4EC and
then centrifuged 12000×g at 4EC. The supernatant collected
and adjusted to pH 7.0 by NaOH 0.1 M.
100 g ammonium sulphate was dissolved in 100 mL
distilled water at 50EC, allowed to stand overnight at room
temperature and adjusted to pH 7.2. The concentrated sample
was first mixed with equal volume of 45% ammonium sulfate
and precipitated by centrifugation at 12000×g for 20 min at
4EC. The supernatant discarded. This stage repeated again.
Then, the sample was precipitated by 40% saturated
ammonium sulfate twice again and the pellet was dissolved in
PBS, pH 7.4 and dialyzed against dialysis sacks (12,000 Da;
Sigma-Aldrich, USA)14. NDV antibodies and total protein of the
samples were determined using HI and spectrophotometry
(commercial kit; Zist Chemi, Iran)13. This kit originally used for
measurement of protein in the biological fluid based on
pyrogallol red molybdate method. In this survey, this kit was
out to measure serial concentrations of ovalbumin protein
participated by ammonium sulfate.
Hemagglutination Inhibition (HI): Samples subjected to HI
test according to protocol15. Briefly, two-fold serial dilutions of
the samples were mixed with equal volume (25 µL) of 8HA
NDV antigen (Pasouk, Iran). After 45 min incubation at
room temperature, 25 µL 1% chicken RBC was added and
after 30 min incubation at room temperature, the last well,
which had a complete inhibition, was considered as the
antibody titer.
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extraction revealed that they were not normally distributed,
with the highest frequency of 3.0.
There was a positive correlation between reduction of
NDV antibody titers after chloroform extraction and layer flock
age. As the flocks age, we see a decrease in NDV antibody
levels (Fig. 2).

Statistical analysis: The non-parametric data (NDV titers)
16

were analyzed using Mann-Whitney U . The parametric data
(total protein) was compared by Student's t-test. Values were
presented as Means±SD, p<0.05 were considered statistically
significant.
RESULTS

DISCUSSION
Mean NDV antibody levels in the yolk samples after
chloroform and ammonium sulfate extraction are displayed in
Table 1. Mean NDV titers were significantly higher in
chloroform assay than ammonium sulfate extraction (p<0.01).
Mean NDV antibody titers after chloroform and ammonium
sulfate extraction was 10.8 and 3.66, respectively. It is
interesting to note that both methods showed a similar
pattern of NDV antibody titers among flocks. Both methods
revealed that flock no.2 and flock no.7 had the highest and the
lowest NDV titers, respectively.
In ammonium sulfate extraction, there was no correlation
between antibody titers of yolk samples evaluated by HI and
total protein of the sample evaluated by spectrophotometry
(R = 0.03) (Fig. 1).
Assessing frequency distribution of NDV antibody levels
after chloroform extraction suggest that the data are normally
distributed, with the highest frequencies of 10.0. Whereas,
frequency distribution of the titers after ammonium sulfate

All egg yolk samples tested positive by two extraction
methods (Chloroform and Ammonium Sulfate Extraction).
However, chloroform assay tends to yield higher antibodies
than ammonium sulfate. In cases where the aim is to extract
NDV antibodies from egg yolk, the chloroform extraction is
more efficient. Son17 compared chloroform polyethylene
glycol procedure with the polyethylene glycol procedure. They
found that the chloroform-polyethylene glycol method
yielded 2.57 times more IgY than the other method17.
Hagan et al.18 also confirmed the suitability of chloroform
extraction of yolk for detection of Mycoplasma synoviae
antibodies. A study was conducted to compare Polyethylene
Glycol (PEG) and ammonium sulfate precipitation method,
water dilution method, Lithium sulfate precipitation method
and the chloroform extraction of anti Echis carinatus
antivenom antibodies from immunized chicken egg yolk18.
They noted that PEG and ammonium sulfate was the most
efficient method that is in contrast with our findings.
Evaluation of serum antibody levels were not included
in this study. Hence, yolk antibody titers with serum antibody
titers were not compared. In Iran, layer flocks are vaccinated
several times with live and inactivated vaccines during rearing
and production. These vaccines can provide a high level of
immunity. Such immunity protects flocks against ND losses. It
seems that chloroform extraction shows a more realistic
picture of flock immunity against ND. It should be noted that
HI titer of NDV in yolk samples is higher than serum
samples13,19,20.

Table 1: (Mean±SD) NDV HI antibody titers in egg yolk of flocks after extraction
with chloroform and ammonium sulfate
Chloroform
(Log2)

Ammonium
sulfate (Log2)

1
2
3
4
5
6
7

10.60±1.32
12.00±1.41
12.20±1.36
8.77±1.16
10.90±1.03
10.31±0.75
7.77±1.16

3.15±0.80
6.38±0.87
4.69±1.31
3.46±1.33
5.77±0.92
3.38±0.65
3.00±0.81
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Fig. 2: Relationship between increasing age of flocks and
decreasing mean HI NDV titers after chloroform
extraction

Fig. 1: Total protein and HI NDV titers in egg yolk samples
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There is no correlation between them (R = 0.03)
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5.

There were no correlation between yolk antibodies and

Cattoli, G., L. Susta, C. Terregino and C. Brown, 2011.

total protein after ammonium sulfate extraction. This can be

Newcastle disease: A review of field recognition and

explained by this fact that total protein of yolk is influenced

current methods of laboratory detection. J. Vet. Diagn. Invest.,
23: 637-656.

greatly by other factors like nutrition of birds other than
6.

antibody levels.

Da Silva, W.D. and D.V. Tambourgi, 2010. IgY:

A

promising antibody for use in immunodiagnostic and

Results of this research showed than antibody levels

in

against NDV waned as the flocks get older. Antibody titers will

immunotherapy.

Vet.

Immunol. Immunopathol.,

135: 173-180.

be diminished in older flocks after the first appearance. Such

7.

decline of antibodies is a normal phenomenon13,21.

Warr, G.W., K.E. Magor and D.A. Higgins, 1995. IgY: Clues to
the origins of modern antibodies. Immunol. Today,
16: 392-398.

CONCLUSION
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Results of this research revealed that prevalence of NDV

9.
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antibodies was high in yolk of layers of this region. Chloroform
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extraction of yolk antibodies is a useful method for monitoring
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of immune response of layers against ND. These data may

production and use in research and human and veterinary

generally suggest that chloroform extraction is more reliable
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and efficient method for IgY isolation than ammonium sulfate
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antibody (IgY) against recombinant VP8-S2 antigen. Polish
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