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In Korea, several outbreaks of low pathogenic Al (HON2) viral infections leading to decreased egg production and increased mortality have
been reported on commercial farms since 1996, resulting in severe economic losses. To control the HON2 LPAI endemic, the Korea Veterinary
Authority has permitted the use of the inactivated HON2 LPAI vaccine since 2007. In this study, we developed a killed vaccine using a low
pathogenic HON2 Al virus (A/chicken/Korea/ADL0401) and conducted safety and efficacy tests in commercial layer farms while focusing
on analysis of factors that cause losses to farms, including egg production rate, egg abnormality, and feed efficiency. The egg production rate
of the control group declined dramatically 5 days after the challenge. There were no changes in feed consumption of all three groups before
the challenge, but rates of the control declined afterward. Clinical signs in the vaccinated groups were similar, and a slight decline in feed
consumption was observed after challenge; however, this returned to normal more rapidly than the control group and commercial layers.
Overall, the results of this study indicate that the safety and efficacy of the vaccine are adequate to provide protection against the Al field

infection (HON2) epidemic in Korea.
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Introduction

The low pathogenic avian influenza (LPAI) HON2 virus is
prevalent in poultry worldwide, and its antibody was detected in
humans in Hong Kong in 1997 [6]. In the poultry industry, the
LPAI H9N2 viral serotype is prevalent in Asian countries,
including Korea, Hong Kong, China, Japan, Pakistan, Iran,
Vietnam, Indonesia, and Cambodia. The main symptoms
associated with this viral infection include egg drop syndrome,
respiratory problems and occasional mortality in poultry,
including chicken and turkey; accordingly this virus causes
large economic losses to the poultry industry [2,14,24].
Studies of vaccines against high pathogenic avian influenza
(HPAI) virus and LPAI are currently being performed in many
countries. Vaccines are broadly classified into live and
inactivated vaccines; however, live vaccines are rarely used in
many countries owing to the potential for viral contamination

and genetic mutations. Most inactivated vaccines have been
developed based on the viral strain prevalent in each occurrence
area.

To develop an oil emulsion vaccine (OE), a vaccine virus is
inoculated into chicken embryos, which are then inactivated
and emulsified. The results of laboratory and field assessments
of OE vaccines have shown that they do not cause infections,
but that they prevented clinical symptoms and the associated
decrease in egg production in response to challenge by the same
serotype of the avian influenza (Al) virus 2 to 3 weeks after
vaccination [26].

Since 16 different HA serotypes that exhibit little or no
cross-protection exist, the HA serotype identical to the field
virus needs to be included in the vaccine for efficacy.
Neuraminidase (NA), which is another viral surface antigen,
has shown immune-competence during challenges by field
viruses with the same NA but different HA types [19].
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Therefore, the HA serotype of the vaccine and field challenge
virus should be identical to provide sufficient protection against
infection in the field. However, inoculation with an OE vaccine
has the drawback of generating positive results during the
hemagglutination inhibition (HI) test and agar gel
immunoprecipitation ~ (AGP).  Therefore,  serological
discrimination must be achieved by employing NA inhibition
when the viral NA used in the vaccine and that used during the
challenge inoculation differ.

The inactivated Al pox-vectored vaccine was developed in
the past by inserting a HA gene of the Al virus into the pox virus
[3,10,27]. Inoculation of this vaccine into chickens generated
antibodies against the pox virus along with HA Al viral
proteins. Therefore, inoculation of the pox vaccine prior to Al
pox-vectored vaccine inoculation is limited by decreased
efficacy due to in vivo inhibition [27]. However, chickens
inoculated with the Al pox-vectored vaccine tested negative
during the AGP tests, which are used to detect nucleoprotein or
matrix | proteins of the Al virus. This is advantageous when
discriminating between a field infection and a vaccine reaction.
In addition, the HI antibody titer against Al in chickens
administered the Al pox-vectored vaccine was very low;
however, this titer is clinically sufficient to protect against an
HPAI viral challenge and has been successfully used in
Mexico [3].

In Korea, several outbreaks of the LPAI HON2 infection have
been reported by domestic commercial poultry farms, causing
decreased egg production, increased mortality, and severe
economic losses since 1996 [15-17,21]. To control endemic
HI9N2 LPAI infections, the Korean Veterinary Authority
permitted the use of the oil-based inactivated HON2 LPAI
vaccines in 2007 [7]. Therefore, in this study we evaluated a
killed vaccine using the LPAI HON2 virus (ADL0401) isolated
in Korea and conducted safety and efficacy evaluations in
commercial layers. This study focused on analysis of factors
that cause severe losses to farms, such as seroresistance, low
egg production, abnormal egg detection, and low feed intake, as
well as abnormal eggshell and egg yolk color, which are closely
related to the LPAI clinical symptoms.

Materials and Methods

Virus and vaccine development

The vaccine candidate strain used was the A/Chicken/
Korea/ADL0401 (H9N2) field strain isolated from the
excrement and cloaca originating from poultry layer farms in
Korea suspected of being LPAI contaminated. The Veterinary
Department of Chungbuk University isolated the viral strain,
which was used as the master seed at the Choongang Vaccine
Laboratory in Daejeon, Korea, where the vaccine was further
developed. The HIN2 vaccine candidate virus (108'3 egg
infective doseso [EIDso]/mL) was propagated in 10-day-old SPF
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eggs at 37°C for 72 h. Allantoic fluid was harvested, and the
vaccine strain was inactivated at 4°C for 24 h using 0.1%
formalin. The fluid containing the inactivated virus was
conjugated with the oil adjuvant (Montanide ISA 70; SEPPIC,
France) in a 3 : 7 ratio. The A/Chicken/Korea/MS96 (HIN2)
used as the challenge virus was obtained from the Animal and
Plant Quarantine Agency (QIA) in Anyang, Korea.

Virus isolation

Oral and cloacal swab samples were collected from layer
hens following the test and placed in 15 mL conical tubes
containing streptomycin (2 mg/mL), penicillin (2,000 IU), and
kanamycin (0.25 mg) in phosphate-buffered saline (PBS), after
which they were thoroughly mixed. The tissue samples
analyzed were first weighed, then ground in a sterilized mortar
with a small amount of silica sand. The ground samples were
also added to a mixture of the same antibiotics in PBS. Next, the
pre-treated samples and tissues were centrifuged at 2,100 x g
for 10 min, after which the supernatants were collected and
inoculated into the allantoic sac of 1-day-old SPF eggs at a dose
of 0.2 mL [12].

Serum test

Twenty-five microliters of serum were placed in a 96-well
microtiter plate. After two-fold dilutions in PBS, 25 uL of the
H9 type-specific antigen was added and mixed thoroughly.
After incubating for 20 min at room temperature, 25 ulL ofa 1%
suspension of chicken erythrocytes was added, mixed thoroughly,
and the hemagglutination-inhibition (HI) titers were determined
following 40-min of incubation at room temperature [1]. The
HO type-specific antigen and positive serum were obtained
from the QIA, and four HA units were used in each well of the
culture plate for the HI test.

Quantitative reverse transcriptase-polymerase chain reaction
(qRT-PCR)

Quantitative reverse transcriptase-polymerase chain reaction
(qRT-PCR) analysis was used to determine the LPA1 viral gene
expression levels. The correlations between the viral concentration
and measurements were determined as follows. The gene of the
LPAI virus was extracted at a titer of 10’ embryo infective dose
50% (EIDsp)/mL and diluted following the decimal scale. Each
diluted sample was quantified using the qRT-PCR method, after
which the threshold cycle value was calculated. The viral RNA
was extracted using the viral Gene-Spin Viral DNA/RNA
extraction kit (iNtRON Biotechnology, Korea) according to the
manufacturer’s protocol. qRT-PCR analysis of the extracted
viral RNA was conducted using the I-AIV (H9) detection kit
(iNtRON Biotechnology). Briefly, 2 uL of the RNA template
and 8 uL of the enzyme mix were added to the diagnosis
solution to achieve a total reaction volume of 20 uL. The PCR
procedure was as follows: RT at 45°C for 30 min, initial



denaturation at 94°C for 5 min, followed by 50 cycles of
denaturation at 94°C for 30 sec, annealing at 50°C for 30 sec,
extension at 72°C for 40 sec, and then final extension at 72°C for
5 min. The reaction product was amplified using a Thermo
Hybrid PCR express thermal cycler (UK), after which the
amplification product was separated using 1.2% agarose gel
electrophoresis (Invitrogen, USA). The size of the amplified H9
gene was confirmed using the standard 1 kb Plus DNA Ladder
(Invitrogen). The specific band of interest was observed by
visualization with a 5% loading dye.

Vaccine safety and efficacy field-test on commercial layer
farms

For the vaccine safety tests, 50 of the 47-week-old laying
hens from the once- (100-day-old, egg drop treatmentl
[EDTAT1]) and twice-vaccinated groups (45- and 100-day-old,
EDT?2), as well as 50 of the 47-week-old laying hens from the
control group that tested negative in the serological Al analysis
were selected. The chickens were evaluated after they were
transferred to an experimental farm that was designed for this
test to enable disinfection. Birds were observed for clinical
symptoms daily, and tissues were collected from the inoculated
area as well as blood samples after completion of the test to
observe the reactions in these tissues.

For the vaccine efficacy tests, the eggs were collected during
a specific period after the challenge. Water was provided ad
libitum, while a consistent amount of feed was provided daily,
and the residual feed was weighed daily. Blood samples were
also collected following the designated schedules and the egg
production, abnormal egg detection, and feed intake, as well as
changes in the eggshell and egg yolk color were investigated
and recorded periodically. The efficacy of the developed
vaccine was evaluated using the serological examinations
described under the serum test in the Materials and Methods
section. The HI titers of the sera from the EDT1 and EDT2
flocks on the target commercial farms were determined and
compared with those of the control flocks.

Statistical analysis
All data were analyzed using an independent #-test to identify
differences between groups using the statistical package for the
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social sciences (SPSS) program for Windows (ver. 20; IBM,
USA). In addition, general linear model (GLM) analysis
incorporating the one-, two-, and three-way analysis of variance
(ANOVA) models was performed. Ap < 0.05 indicated statistical
significance.

Results

Vaccine safety field test in layer hens on commercial farms

The test flocks were monitored twice a day for clinical signs
and symptoms during the test period. Mild respiratory
symptoms and diarrhea were observed in 20 and 13% of the
EDT1 and EDT?2 flocks, respectively, after challenge. There
was no significant difference between flocks (p > 0.05).
However, the EDT1 and EDT2 flocks recovered sooner than the
non-vaccinated control flocks, which exhibited severe respiratory
symptoms and diarrhea on day 3 following the challenge and
failed to recover until the end of the test (Table 1).

Vaccine efficacy field test in flocks on commercial farms

Changes in HI titers: The HI titers of the EDT1, EDT2, and
non-vaccinated control flocks were compared before and after
the challenge (Table 2, Fig. 1). The titers of the EDT1 and EDT2
flocks prior to challenge were 7.0 + 1.0 (log,) and 7.6 = 0.7
(logy), respectively, which are sufficiently protective levels.
The titer of the EDT2 flock was higher than that of EDT1, while
no antibodies were detected in the non-vaccinated control
group.

The changes in HI titer were not evident in the EDT1 flocks
by day 5 after the challenge, but had elevated to 7.9 + 0.3 (logz)
by day 14. In addition, the HI titers of the EDT1 flocks were
significantly different prior to and after challenge (p < 0.05).
The HI titer of the EDT2 flocks was already high prior to
challenge and was around 8.0 + 0.0 (log,) on day 5 and 14 after
challenge, which was not a large increase. However, these titer
values were significantly different prior to and after the
challenge. Furthermore, the HI titer of the non-vaccinated
control flocks increased to 6.3 + 1.2 (logy), which confirmed
that the challenge virus was adequately administered.

Virus shedding after challenge: In this test, birds from the
EDT1 and EDT?2 flocks were randomly selected and challenged

Table 1. Comparison of clinical signs and hemagglutination inhibition (HI) titer of commercial layers after MS96 (HIN2) challenge

Group Days at vaccination ~ Number of birds Clinical signs Mortality ™ HI titer’ before challenge
EDT1 100 50 10/50 0/50 70+ 1.0

EDT2 45, 100 50 8/50 0/50 7.6 + 0.7
Control - 50 50/50 0/50 0

EDT1, once vaccinated flock; EDT2, twice vaccinated flock; Control, non-vaccinated flock. *Number of deaths/number inoculated. tHl titer + standard

deviation (SD) expressed as log,.
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with the virus. The levels of cloacal virus shedding were
chemically analyzed using qRT-PCR. The presence of AIV was
detected on day 3 after challenge in samples from EDT1 and
EDT?2, as well as the non-vaccinated control flocks, confirming
the presence of infections (Table 3). Viral concentrations from
the mouth and cloaca of the EDT1 flocks were 2.4 +2.8 and 1.6 +
2.1 EIDsq, respectively. On day 5 after vaccination, the oral viral
concentration detected was 2.3 + 2.6 EIDso, but no virus was
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Fig. 1. Comparison of hemagglutination inhibition (HI) titer of
flocks after MS96 (HON2) challenge. EDC, non-vaccinated flock.

detected in the kidney or cloaca. However, the viral
concentration of the EDT1 flock was much lower than that of
the non-vaccinated control flock.

Viral concentrations of 1.3 £ 1.7 EIDs were detected in the
EDT?2 flock on day 5 after vaccination, but this was considered
an extremely low value. An oral viral gene concentration of 4.2 £
4.1 EIDso was detected in the non-vaccinated control flocks on
day 3 after challenge, which was very high. However, this value
consistently declined from day 5 after challenge, and was
undetectable by day 10. No viral genes were detected in the
cloaca on day 3 after challenge, but levels were extremely high
by day 5 (3.1 3.3 EIDsy). The EDT2 flocks clearly shed fewer
viruses than EDT1, and the difference between the vaccinated
and non-vaccinated flocks was extremely high (Table 3).

Egg production rate after challenge: The egg production of
the EDT1, EDT2, and non-vaccinated control flocks were
compared in this test (Fig. 2). The EDT1 flock, which showed
an egg production rate of 86% prior to challenge, experienced a
10% decline on day 7 after the challenge, but the levels had
returned to normal by the next day. Therefore, we determined
that the change in egg production was not associated with the
effects of the challenge virus. The egg production rate of the
EDT2 flock was 70% before the challenge and increased to 72
to 86% afterward (p < 0.05), while that of the non-vaccinated
control group was 83% before and declined to 67% by day 4
after the challenge. The non-vaccinated control flock

Table 2. Comparison of serological response of commercial layers after MS96 (HIN2) challenge

HI titer™
Group Days of vaccination Weeks of challenge  Number of birds
47-0 47-5" 47-10 47-14
EDT1 100 47 50 70°+10 73°+10 79%°+03 7.9%:03
EDT2 45,100 47 50 76 £0.7 78 +04 73°+08 8.0"+0.0
Control - 47 25 0 0 50°+ 1.1 63"+ 1.2

Control, non-vaccinated flock. *HI titer + SD expressed as logz and significant differences (p < 0.05) within each column are indicated by different

lowercase superscript letters. '5 days after challenge at 47-weeks-old.

Table 3. Comparison of viral gene levels in samples from flocks vaccinated once or twice after MS96 (HIN2) challenge

Day post challenge*

Group  Vaccination  Number of birds 3 5 10 14

(@) C O K C O C (@) K C
EDT1 Once 50 24" +28 1.6 +21 23+26 0 0 0 0 0 NT O
EDT2 Twice 50 0 0 1.3 + 1.7 0 0 0 0 0 NT O
Control - 25 4.2 + 4.1 0 29 +33 0 31+33 O 0 0 NT O

0, oral; K, kidney; C, cloaca; NT, not tested. *Birds were challenged with 10%° EIDso of Al virus (MS96) per bird intraocularly. 7LVirus titer (EIDso) calculated

from the Ct value obtained by qRT-PCR (mean + SD) expressed as EIDs.
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maintained an egg production rate of 67 to 74% up to the end of
the test period, and the decline was significant (p < 0.05)
compared to the vaccinated groups.

In summary, the changes induced by the challenge in the
EDT1 flock were minor, and the egg production recovered
rapidly. The egg production in the EDT2 flock increased by
about 2 to 11% after challenge, but the decline in production
was clear in the non-vaccinated control flock and was about 13
to 16% on day 4 after the challenge.

Production of abnormal eggs after challenge: This test
compared the production of abnormal eggs by the EDTI,
EDT?2, and non-vaccinated control flocks (Fig. 3). Abnormal
eggs were determined as low-quality eggs that were nutritionally
deficient, decolorized, damaged, and had abnormal eggshells.
Normal flocks also produce abnormal eggs, and the rate
considered normal in domestic flocks is below 5% [23]. The
abnormal egg production rates of the EDT1 and EDT?2 flocks
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Fig. 2. Comparison of egg production rate of flocks after MS96
(HIN2) challenge.
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Day after vaccination

Fig. 3. Comparison of rate of production of abnormal eggs
among flocks after MS96 (HIN2) challenge.
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were all below 5% prior to and after the challenge. The non-
vaccinated control flocks showed an abnormal egg production
rate of 3.3%, which was within the normal range, but this
increased to 6.7 to 18.5% after challenge (p < 0.05). The results
showed there was a clear difference in the production of
abnormal eggs by the vaccinated and non-vaccinated control
flocks.

Changes in feed intake after challenge: The feed intake of the
EDT1, EDT2, and non-vaccinated control flocks was compared
in this test (Fig. 4). The EDT1 and EDT?2 flocks showed a 6 to
10% decline in feed intake from day 4 to 11 after the challenge,
but their recovery period was considerably shorter than that of
the non-vaccinated control flock. The feed intake of the
non-vaccinated control flock started to decline on day 3 after
challenge, and was reduced significantly (p < 0.05) by 10 to
34% by day 14. Although there were differences in feed intake
between the flocks in different conditions of health, there was a
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Fig. 4. Comparison of feed consumption rate of flocks after MS96
(HI9N2) challenge.
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Fig. 6. Comparison of egg yolk color of flocks after MS96 (HIN2)
challenge. Egg yolk color fan number ranged from 1 to 15.

clear difference between the vaccinated (EDT1 and EDT2) and
non-vaccinated control flocks.

Comparison of eggshell color of flocks: The eggshell colors
of the EDT1, EDT2, and non-vaccinated control flocks were
compared using the eggshell color fan (DSM color fan; Orka
Technology, USA) in this test (Fig. 5). The EDT1 and EDT2,
which were on level 12 of the eggshell color fan before the
challenge, dropped to level 11 by day 5 after the challenge. The
non-vaccinated control flock was also on level 12 before and
had dropped to between levels 8 and 11 by day 5 after the
challenge. The eggshell color fan of the EDT1 and EDT2 flocks
dropped 1 level by day 5 after the challenge, while the
non-vaccinated control flock dropped 2 to 4 levels by day 5 after
challenge.

Comparison of egg yolk colors between flocks: The egg yolk
color of the EDT1, EDT2, and non-vaccinated control flocks
were compared in this test (Fig. 6). The EDT1 and EDT2 flocks,
which were on level 9 of the egg yolk color fan before the
challenge, dropped to level 8 by day 3 after the challenge. The
non-vaccinated control was on level 8 before and had dropped
to level 7 by day 4 after the challenge. The egg yolk color of the
EDT1, EDT2, and non-vaccinated control flocks all dropped 1
level after challenge.

Discussion

In the present study, separate EDT1 and EDT2 flocks of
common broilers were inoculated once or twice, respectively,
with the LPAT HON2 killed oil vaccine. These flocks were then
challenged with the LPAI MS96 (H9N2) virus and various
parameters, including the development of clinical signs, change
in antibody titer, virus shedding, change in egg production,
production of abnormal eggs and feed intake, as well as changes
in the eggshell and yolk color were determined. The qRT-PCR
method was used to analyze the virus shedding quantities.
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A number of studies have focused on the clinical signs that
manifest when LPAI-vaccinated flocks are challenged with a
virus or experience field infections [11,18]. In Iran, the LPAI
HON?2 killed oil vaccine was inoculated subcutaneously into
10-day-old broilers, which were then challenged with the HON2
virus at 21 days of age. Clinical signs including anorexia,
reduced water intake, depression, and tussis were observed in
the vaccinated flocks, but there were no deaths [13,22].
However, in our study, we did not observe any clinical signs in
the vaccinated EDT1 and EDT?2 flocks. There are two possible
explanations for the apparent discrepancy between these
results; specifically, there may be differences in the virulence of
the challenge virus or in the efficacy of the locally developed
LPAI HIN2 killed oil vaccine used in our study, which could
have contributed to alleviating clinical signs. However, the
manifestation of clinical signs such as diarrhea and respiratory
problems in the non-vaccinated control flock (Table 1) coupled
with evidence that the virus shedding was much lower in the
vaccinated flocks points more to the efficacy of the vaccine
playing a role.

A study conducted in Italy revealed that the HI titers
developed to a level of 9.0 (log,) 4 weeks after the LPAI H7N2
killed oil vaccine was administered [20]. In addition, a study in
the US showed that flocks administered the LPAT H7N2 killed
oil vaccine once (1-day-old) and twice (1- and 4-weeks-old)
developed HI titers of 5.0 (log,) and 7.0 (log), respectively, 4
weeks after vaccination [28]. The HI titers of the EDT1 and
EDT?2 flock observed in this study before the MS96 (HIN2)
challenge showed that the flocks were adequately protected
against the HON2 Al virus. The HI titers of the EDT1 and EDT2
flocks did not increase dramatically following challenge, while
that of the non-vaccinated control flock did. Similar to previous
reports, the changes in the HI titer were not high in the
vaccinated flocks after challenge in this study.

In a study conducted by an affiliated laboratory of the US
Department of Agriculture, the HSN1 virus was isolated from
the cloaca and mouth of a flock that was inoculated with the
LPAI H5N2 killed oil vaccine 2 days after they were subjected
to a challenge [27]. However, 6 days after the challenge, no
virus was isolated from the cloaca or mouth of the flocks
vaccinated with the LPAI vaccine [4,15], and similar results
were obtained in this study. On day 3 after challenge, the EDT1
flock showed evidence of oral and cloacal viral presence, and
by day 5 the virus was only detected orally. The EDT2 flock
showed only low oral viral detection 5 days after the challenge.
These results clearly show that virus shedding was more
dramatically reduced in the EDT2 flock that was twice-
vaccinated than in the EDT1 flock. Therefore, our results
suggest that the administration of the killed vaccines is highly
effective at decreasing the clinical signs and virus shedding of
flocks (Table 3).

Studies have reported changes in egg production induced by



LPAl infections [31]. A study using domestically isolated LPAI
MS96 in a challenge administering the virus through the nasal
cavity to 86-week-old broilers and 30-week-old layers revealed
a 30 to 40% decrease in egg production [15]. A study conducted
in another country reported that clinical symptoms such as
anorexia, depression, and a 3 to 10% drop in egg production
were observed when common broilers were infected with LPAI
HON?2 [5]. In the present study, the egg production of the EDT1
flock decreased 3 days after challenge, but was maintained at an
acceptable level until the end of the study.

The egg production of the EDT2 flock, which was at an
acceptable level of 70%, increased slightly to 73% 3 days after
challenge and further increased to a steady and higher rate of
around 72 to 86% until the study ended. No virus challenge-
related drop in egg production was observed in the vaccinated
groups. Conversely, the non-vaccinated control flock, which
had a high rate of egg production (85%) prior to the challenge,
started to show a decline 4 days after challenge. The egg
production further declined to a rate considerably lower than
observed before the challenge (67-74%) to the end of the study
and failed to recover (Fig. 2). The changes in egg production we
observed were similar to previous reports, and it is apparent that
these declines can be prevented by vaccination.

Abnormal eggs are determined as low-quality eggs that are
nutritionally deficient and decolorized. There is a high possibility
of the production of abnormal eggs by flocks infected with
infectious bronchitis and egg drop syndrome 1976 (EDS'76)
[8,9,25]. In this study, abnormal egg production in the EDT1
and EDT?2 flocks was below 5%, which is considered normal by
domestic standards [23]. In the non-vaccinated control flock,
abnormal egg production prior to challenge was 3.3%, which
was in the normal range, while this was significantly elevated to
6.7 to 18.5% after challenge. These changes were similar to the
abnormal egg production that often occurs in common broilers
infected by field Al. Therefore, we concluded that this study
adequately simulated conditions in the field.

Anorexia or reduction in feed intake is a common clinical sign
that occurs after Al infections. There were slight signs of
anorexia in the vaccinated EDT1 and EDT2 flocks after
challenge. However, the non-vaccinated control flock showed a
dramatic decrease in feed intake of 10 to 34% that started 3 days
after challenge, continued until the end of the study and failed to
recover afterward. These changes were similar to those that
occur under field conditions and therefore corroborated the
results that suggested vaccination provided adequate protection
to flocks.

Change in eggshell color is common in infections with
Newcastle disease [29,30]. The EDT1 and EDT2 flocks
exhibited a level 12 eggshell color before challenge, and this
dropped by 1 level afterward. The non-vaccinated control flock,
which was also at level 12 before challenge, dropped 4 color
levels afterwards. Therefore, these results suggest that Al
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infections also cause changes in eggshell colors.

The changes in egg yolk color were also analyzed, although
they are not common in Al infections. The EDT1 and EDT2
flocks, which were at level 9 of the egg yolk color fan before
challenge, remained in the range of levels 8 to 9 afterward. The
non-vaccinated control flock, which was at level 8 before the
challenge, maintained its eggshell color between levels 6 and 8
afterward. These changes were not significantly different.

In conclusion, the clinical signs that commonly occur in field
infections were compared to what we observed in the vaccinated
and non-vaccinated experimental flocks. There were clear
differences in egg production, feed intake, and eggshell color
between flocks. In addition, it was apparent that the vaccinated
groups with a higher HI titer were more considerably protected
against virus shedding than the non-vaccinated group.
Therefore, it can be concluded that the administration of the
newly developed LPAI HON2 vaccine to common broilers can
provide adequate protection against field infections.
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