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: ABSTRACT

@ ® @ Highly pathogenic avian influenza (HPAI) is a viral disease caused by some H5 and

: H7 subtypes of influenza virus type A in most species of birds, especially poultry.
: HPAI viruses are among the most challenging viruses that threaten both human and
: animal health. Consequently, various strategies, such as the use of vaccines have

© been proposed to control the disease. After a catastrophic pandemic and the failure
Copyright © 2023 by ( // >

: of conventional methods (elimination and extermination) in Iran, multiple vaccines
e Ve B Ee Bt S have been u§ed to_cont_rol the disease. T_his stud_y investigates the immunogenicity gf

: two recombinant inactivated commercial vaccines of HSN1 and H5N3 subtypes in
¢ laying pullet flocks in Tehran Province, Iran. From 32 halls in six breeding units of
: laying pullets, 3,200 sera, and 800 tracheal and cloacal swabs were collected. After
: collecting the samples, Serum neutralisation (SN) and hemagglutination inhibition
: (HI) tests were conducted on sera to determine the serum titers of H5 specific
: antibody obtained from vaccine inoculation in three steps: before, after the first
* vaccination, and after the second vaccination (booster). The SN and HI tests were
: carried out by the alpha and beta methods on the pooled samples by the vaccine type
: (as antigen for HI and SN), and the results were compared. The PCR was performed
: on the tracheal and cloacal swab samples to possibly detect the HA (H5)[virus in
: the studied flocks. The HI test results showed that both vaccines had a Serum
: antibody titre above 5 (logz) after two vaccination rounds, indicating a desirable
: immunogenic response. The SN test results also showed a neutralisation index
: above 10** for both vaccines, indicating more than 50% reduction in antigenicity of
: the virus. The PCR results were negative. This study was the first investigation of
: immunogenicity following two-time vaccination against H5 subtype vaccines in
¢ Iranian poultry flocks, indicating suitable antibody titer against the influenza virus
¢ in vaccinated flocks.
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1. Introduction

The avian influenza virus belongs to the
Orthomyxoviridea family and causes avian influenza (Al),
a critical respiratory and infectious disease in poultry. This
virus spreads rapidly and has been reported in various
parts of the world (1). Until now, four types as A, B, C,
and D are reported based on the antigenic indices in the
nucleoprotein (NP) and matrix protein (MP) (2, 3).
Among the various virus types, influenza virus type A is
divided based on the heamaglutinin glycoprotein, and H5
and H7 are classified as highly pathogenic avian influenza
(HPAI) viruses, which cause widespread disease and
mortality in birds (4, 5). There are many reports on
causalities and damages caused by the influenza viruses in
Iran in the last decade. Laboratory diagnoses are
conducted by isolating the virus by injecting it into
embryonated eggs. The virus is detected by PCR and the
antibody is detected by heamagglutination inhibition (HI).
Indirect and direct detection of the virus is done by HI and
PCR, respectively. There are many reports on causalities
and damages caused by the influenza viruses in Iran in the
last decade (6, 7). Laboratory diagnoses are conducted by
isolating the virus by injecting it into embryonated eggs
and detecting the presence of the virus through HI and
RT-PCR tests and viral culture (8, 9). Vaccines are the
most effective way to prevent from being infected by the
influenza virus. However, prevention by vaccination is
facing challenges due to antigenic changes in the
influenza viruses (10). Inactivated virus and live
attenuated virus (LAV) vaccines are among the
conventional influenza vaccines (11). For the first time, a
completely inactivated vaccine formulation was tested in
1940, which is still used today (12). Inactivated virus
vaccines cannot produce local IgA antibodies or stimulate
cellular immune responses. In contrast, LAV vaccines can
produce a neutralising antibody and stimulate cellular
immune responses (13, 14). However, the LAV type of
vaccine has limitations, e.g., two rounds of vaccination are
required to obtain favourable immune responses. Antigen
changes are sometimes very severe and since the
influenza virus A is capable of gene exchange between
various bird species and humans, a new virus is produced
by combining the genomes of human and avian influenza
viruses that is called Antigenic shift. In this case, antigen
shift occurs, and the new virus is usually more pathogenic
and destructive with higher pathogenicity than the
previous two viruses (15, 16). Al is one of the most
important diseases in the poultry industry. Despite all
protective measures, the current HSN1 pandemic started
in 2003 has been unprecedented in terms of geographical
extent. In addition to causing heavy economic damage to
the poultry industry in most countries (through
eradication, prevention costs, etc.), it can be transferred to

humans, causing serious deadly diseases (17). Concerns
about the occurrence of pandemics caused by the
recombination of human virus and HPAI virus genes and
the 2009 unexpected outbreak promoted research to use
recombinant inactivated vaccines or conserved proteins
against the virus (3, 18). This study investigated the
immunogenicity of killed H5 avian influenza vaccines in
commercial pullet flocks in Tehran Province, Iran.

2. Materials and Methods

2.1. Selection of laying flocks

Six laying pullet farms with 32 halls and 910000
commercial laying pullets in the west (Shahriyar and
Malard), east (Pakdasht), south (Varamin), and southwest
(Eslamshahr) of Tehran were selected for random
sampling. The chickens in the farms were mainly
prepared for same laying hen units. In addition to the
HPAI (H5) vaccine, the flocks were vaccinated against
Newcastle disease, H9 subtype influenza, Gumboro, and
infectious bronchitis several times, according to the
vaccination program.

2.2. Vaccines and vaccination

Vaccine A: The recombinant and inactivated vaccines
included the hemagglutinin (H) subunit of the H5N1
influenza virus (parent strain A/dk/China/E319-2/2003)
encoded in a Baculovirus along with the inactivated
LaSota strain of the Newcastle virus.
Vaccine B: Inactivated H5N3
(A/chicken/Vietnam/C58/2004)

The vaccinated chickens were separated from non-
vaccinated ones. The tests were conducted in a dark place
to reduce the stress in the flock. Then, vaccination was
carried out subcutaneously in the back of the neck by
individually tying the chickens and injecting 0.5 mL of the
vaccine, and the vaccinated chickens were kept in a
special place. According to the instructions, all pullet
breeding units were vaccinated two times: first in 30-day
old and second 4-6 weeks later.

2.3. Sampling

Serum sampling. To serologically study the vaccines’
effectiveness, 1 mL blood samples were taken three times
from the wing veins of 20 pullets in each breeding hall.

- Blood sampling from chickens before vaccination to
investigate the level of antibody against H5 antigen before
using the vaccine

- Blood sampling 3 to 5 weeks after the first round of
vaccination

- Blood sampling 3 to 5 weeks after the second round of
vaccination

The sentinel (control) group consisted of 20 non-
vaccinated chickens from each hall. In two rounds of
sampling after vaccination, serum samples were also
taken from the control birds.

vaccine
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Swab sampling. To investigate the possible infection of
studied farms with HPA\I, tracheal and cloacal swabs were
taken from sentinel groups simultaneously with serum
sampling.

- Sampling 20 tracheal swabs and 20 cloacal swabs before
vaccination

- Sampling 10 tracheal swabs and 10 cloacal swabs after
the first vaccine

- Sampling 10 tracheal swabs and 10 cloacal swabs after
the second vaccine

Sera and swab samples were kept at -20°C for serum tests.

2.4. Haemagglutination inhibition (HI) assay

The HI assay was performed as previously described (19).
Briefly, 25 L of phosphate-buffered saline (PBS) was
added to all wells of a round-bottomed 96-well plate.
Subsequently, 25 uL of the serum was added to the first
row and mixed well. Twofold serial dilutions were made
of 25 pL H5 virus suspension crossways the plate and
incubated for 45 min at room temperature (RT). Finally,
25 pl of 1% chicken's red blood cells in PBS was added to
each well, and HA activity was determined after 25 min
incubation at RT. HI titres are given as the reciprocal of
the highest serum dilution, producing complete inhibition
of haemagglutination.

HI (Beta). The HI assay was performed as previously
described (20). Briefly, for each tested serum, 25 uL PBS
was poured into 12 wells of the HI test microplate.
Twenty-five microliters of the as-prepared serums were
poured into the first wells of the microplate. Then, ten 25
uL consecutive dilutions of the antigen were prepared.
Thereafter, 25 uL of the antigen containing four
hemagglutinin units (HAU) was added. After 45 min of
incubation at room temperature (the time required for the
formation of the antigen-antibody complex), 25 uL of 1%
chicken red blood cells (RBC) were added to all wells.
The test result was read after 25 min of incubation at room
temperature. The last dilution in which RBCs were
precipitated completely was selected as the serum
antibody titer. The wells 11 and 12 were considered the
control without antigen and the control without antiserum,
respectively.

HI (Alpha). Unlike the beta method, a constant amount of
serum was added to various antigen dilutions in this test.
2.5. Serum neutralisation (SN) assay

To carry out the LD50 test for the virus, -3 to -8 dilutions
of the H5 virus were prepared and injected into the eggs in
the same way as the conventional method (without mixing
with the serum), and the rest of the steps were carried out
like serum samples. Before virus dilution, the HA test was
conducted to determine its titer. Then, 0.5 mL of virus
dilution was added to 18 tubes (six dilutions for each three

serum groups). The serum-virus mixture was incubated.
Thereafter, 0.2 mL of the mixture dilution was injected
into four embryonated eggs (9-11 days) through the
allantois. The injected eggs were incubated. After
incubation, the eggs were kept at 4°C overnight. After
taking samples from the allantoic liquid of eggs, 25 uL of
the allantoic liquid was poured into the wells of a 96-well
plate. The HA test was conducted on the collected
allantoic liquid samples. According to the results of the
HA test on the allantoic liquid samples to determine the
LD50 level, the relative distance (Proportionate distance;
PDso) was determined for each serum group by the Reed
& Muench method (21).

2.6. Polymerase Chain Reaction (PCR)

To detect possible viruses in the studied flocks and in the
case of disease, 800 tracheal and cloacal swabs were taken
from the sentinels birds. When no disease symptoms were
observed in the vaccinated birds, especially in non-
vaccinated (sentinel) birds, after pooling, the swabs were
randomly studied by the conventional and real-time
methods based on the World Organization for Animal
Health (WOAH) guidelines (22)

3. Results

The HI test results showed that both vaccines had a serum
titer above 5 after two rounds of vaccination, indicating
their favorable protecting effect. Regarding the mortality
reduction performance, vaccine B showed 78% titer
above 5 after the first round of vaccination, but both
vaccines showed favorable performance after two rounds
of vaccination. Regarding preventing the proliferation and
release of the virus, none of the vaccines were effective
after one round of vaccination. After two rounds of
vaccination, vaccine B showed better performance than
vaccine A in this regard.

3.1. HI assay

HI (Beta). Vaccine A. The mean serum titer in the HI test
on the samples taken from the vaccinated group in the
whole flock from the first to third farms was 3.01, 3.10,
and 3.23 after the first round of vaccination. It was 5.22,
496, and 4.88 after the second round of vaccination
(Figure 1).

Vaccine B. The mean serum titer in the HI test on the
samples taken from the vaccinated group in the whole
flock from the first to third farms was 5.18, 5.42, and 4.42
after the first round of vaccination. It was 5.92, 6.43, and
6.07 after the second round of vaccination (Figure 1).

HI (Alpha). The titer obtained from the HI test by the
alpha method on the serums collected from all sampled
farms before vaccination, after vaccination by vaccine A
(second round of vaccination), and after vaccination by
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vaccine B (second round of vaccination) was 8, 5, and 3,
respectively.

3.2.PCR

To detect possible viruses in the studied flocks and since
no disease symptoms were found in vaccinated birds,
particularly in non-vaccinated (sentinel) birds, 130 swabs
were tested by conventional PCR test. All results were
negative. To ensure the accuracy of the results, some
samples were tested by the real-time PCR method and
showed negative results.

3.3. SN assay

Hemagglutination was obtained based on
dilutions and according to tested vaccines (Table 1).

3.4. Proportionate distance (PD) and Neutralisation
index (NI)

Considering the HA test results for the allantoic liquid
samples to determine LDsp according to (Table 2) and the
formula given, PDs, for serums 1 and 2 was 10*®and 105,
respectively. The SN test results showed a neutralization
index (NI) above 10*° for both vaccines, indicating more
than 50% reduction in the antigenicity of the virus.

% positive above 50% - 50%

PD=
% positive above 50% - positive below 50%
NI = | nn nf ~antral vianie titar - Inn nf carnnim and Virus
injection 80-50 _ 30
80-50 _ 30 5
80-50 30
PD, = =1—->T,=10*%x10=10°

NI, = 10%-10° = 10°

Table 1. Hemagglutination based on injection dilutions and tested vaccines

LDso of virus Serum 2 (vaccine B) | Serum 1 (vaccine A)
Dilution | Result | Dilution Result Dilution Result
-3 +1 -1 +3 -1 +4
-4 +2 -2 +2 -2 +3
-5 +4 -3 +1 -3 +1
-6 +4 -4 -4
-7 +3 -5 -5
-8 +4 -6 0 -6 0
7 7 M Farm 1 M Farm 2 [l Farm 2
6 L
e °
©
]
S 4 -
S
P 301 549 323
= 3 1
=
2 -
1 A
0 T 1 1 1
Al vaccine B1 vaccine A2 vaccine B2 vaccine
Vaccination

Figure 1. Mean HI titer graph of samples
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Table 2. PD for each of the serum groups
Positive Positive Cumulative amount | Cumulative amount Negative Positive
Serum | response | responseto | of negative response | of positive response response response Dilution

(%) total +- ++ - +
100 8.80 0 8 0 4 -1
1 80 4.50 1 4 1 3 -2
20 1.80 4 1 3 1 -3
0 0.80 8 0 4 0 -4
86 6.70 1 6 1 3 -1
50 3.60 3 3 2 2 -2
2 14 1.70 6 1 3 1 -3
0 0.10 10 0 4 0 -4

* Hemagglutination for allantoic control serum samples was all negative.

The HI titer frequency showed the highest frequency of
34.8% in the first round of vaccination by vaccine A in
titer 4. It was 46.4% for vaccine B in titer 6. The

highest frequency in the second round of vaccination
by vaccine A and vaccine B was 37.7% in titer 5 and
39.7% in titer 7 (Table 3).

Table 3. Frequency of HlI titers

Vaccine (A) Vaccine (B)
Vaccination % Number | titer % Number | titer

35 13 0 0.8 2 0
9.3 35 1 0.0 0 1
13.8 52 2 3.1 8 2
26.6 100 3 34 9 3
First 34.8 131 4 11.5 30 4
10.4 39 5 33.3 87 5
1.6 6 6 46.4 121 6
0.0 0 7 15 4 7
0.0 0 8 0.0 0 8

100.0 376 100 261
0.0 0 0 0.0 0 0
0.0 0 1 0.0 0 1
2.4 9 2 0.0 0 2
8.3 31 3 2.3 6 3
Second 17.9 67 4 6.1 16 4
37.7 141 5 13.7 36 5
20.9 78 6 31.7 83 6
12.8 48 7 39.7 104 7
0.0 0 8 6.5 17 8

100 374 100 262
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4. Discussion

HPAI (H5N8 and H5N1) is still considered a potential
threat that can cause causalities and financial losses to the
human and poultry population (23). Among the
commonly used vaccines for dealing with diseases caused
by H5 viruses, inactivated recombinant (which contains
the H5 gene) and inactivated whole virus vaccines have
been extensively studied (24). Our study showed that
despite the fact that both vaccines (recombinant and
inactivated vaccines) could not cause a minimum mean
serum titer of 5 log 2 after the first round of vaccination
(which is acceptable for reducing disease symptoms and
mortality), the inactivated vaccine outperformed the
recombinant vaccine by at least one log. Boltz et al.
(2009) showed that after one round of vaccination by
rgH5N3, the mean HI titer was 4.5, and the serum level
increased by 20%. After two rounds of vaccination, the
mean titer increased to 6.04, and the serum level increased
by 75% (by the homologous antigen) (25). In our study,
after two rounds of vaccination by the heterologous
vaccine H5N3, the mean titer was 6.07, and the serum
level increased by 100% in the vaccinated birds.
Evaluating neutralizing antibodies in the SN test showed
that a minimum neutralizing index of 10*°> was obtained
after two rounds of vaccination by the killed vaccine
H5N3, showing a 5 times higher performance than the
recombinant vaccine. Betran et al. (2017) found that one
round of vaccination by the dual recombinant vaccine
(rHVT-H5) and inactivated vaccine (rgH5N1) increased
the serum level by 40% with a mean titer of 8. However,
the dual recombinant vaccine + RNA vaccine increased
the serum level by 30% and showed a mean titer of 4.7.
The recombinant vaccine increased the serum level by
80% and showed a mean titer of 3.3 (26). In our study, the
recombinant (A) and inactivated (B) vaccines increased
the serum level by 30 and 85% and showed a mean titer
of 3.01 and 5.1, respectively. In another research,
Astemirov et al. (2022) studied a recombinant vaccine and
an inactivated vaccine. The use of the inactivated vaccine
(H5N1) caused a higher level of HI antibodies (more than
8 log2), and the serum level increased by 88% after one
round of vaccination. In contrast, the serum level
increased by only 13% and the titer was 5 log2 in birds
who received the recombinant Baculovirus vaccine (27).
After one round of wvaccination by vaccine A
(recombinant Baculovirus) and vaccine B (inactivated
H5N3) in our study, the serum levels respectively
increased by 50 and 95%, and the highest serum titers of 6
log2 and 7 log2 were obtained, which were relatively
similar to those found by Astemirov et al. The frequency
of the HI titer in this study showed the highest frequency
of 34.8% in titer 4 for the first round of vaccination by
vaccine A. The highest frequency of 46.4% in titer 6 was

obtained after the first round of vaccination by vaccine B.
The highest frequency of 37.7% in titer 5 was obtained for
the second round of vaccination by vaccine A. The
highest frequency of 39.7% in titer 7 was obtained after
the second round of vaccination by vaccine B. Comparing
the performance of antibody production by the two
vaccines shows a significant difference between vaccines
B and A in terms of the logarithm of titer in the first and
second rounds of vaccination and the frequency of the
maximum titer. The serum level (seroconversion)
increased by 46.8 and 92.7% after the first round of
vaccination by vaccines A and B, respectively. After two
rounds of vaccination by vaccines A and B, the serum
level increased by 89.3 and 98.03%, respectively.
Therefore, vaccine B is better than vaccine A in terms of
immunogenicity and increased serum level. The mean
titer of serums tested in the first round of vaccination
showed that vaccine B had 2 logarithmic units above
vaccine A. In the second round of vaccination, vaccine B
outperformed vaccine A with a logarithmic difference of 1
unit above vaccine A. The highest titer for vaccines A and
B in the first round of vaccination was 6 and 7,
respectively. The highest titer for vaccines A and B in the
second round of vaccination was 7 and 8, respectively.
The results showed the highest titer after two rounds of
vaccination by wvaccine B. According to WOAH
guidelines, a titer above 5 in the HI test can protect birds
against mortality (8). In the first round of vaccination,
vaccines A and B showed 12% and 81.2% of this
capability. In the second round of vaccination, vaccines A
and B showed a performance of 71.4 and 91.6% in this
regard. When the titer is above 7, in addition to protecting
the birds against mortality, it can also reduce proliferation
and the release of the virus from the birds. As a result, the
titer above 7 for vaccine A was zero after the first round of
vaccination, and none of the serums had this titer. The
corresponding value was 1.5% after the first round of
vaccination by vaccine B. These values reached 12.8 and
46.2% after the second round of vaccination by vaccines
A and B, respectively. Regarding protecting against death,
vaccine B caused 81.2% of the titer above 5 after one
round of wvaccination, but both wvaccines showed a
favorable mortality protection performance after two
rounds of vaccination. None of the vaccines effectively
prevented the proliferation and release of the virus after
one round of vaccination. Vaccine B outperformed
vaccine A after two rounds of vaccination. Regarding the
neutralizing performance of antibodies produced by the
vaccines, according to the results of the serum
neutralization test by the SN (invivo) method, there is
only a 0.5 logarithmic unit difference between the two
vaccines, so vaccines A and B with an NI of 10*° (56%)
and 10° (62%) reduced virus antigenicity. The results
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showed that the SN test is a more realistic test than the HI
test in measuring the protective power of the vaccines.
The results of some studies showed that despite a lower
HI titer in some cases, the results were desirable in terms
of reduced virus release and reduced disease signs in the
challenge test. According to our results, regardless of the
limitations of the challenge test, the results may indicate
the effect of at least two rounds of vaccination by effective
vaccines in the immunization of the flock, leading to
reduced clinical symptoms, mortality rate, and reduced
virus release. Inactivated vaccines (whole virus) can
produce HI serum antibodies even after one round of
vaccination to reduce disease symptoms and mortality. In
contrast, recombinant Baculovirus vaccines show a weak
immune response after one round of vaccination.
Regardless of problems related to repeated vaccination in
laying flocks (lowering the production indices), at least
two rounds of vaccination by effective vaccines are
recommended to achieve an immune level for reducing
virus proliferation and release and protecting the birds
against the circulatory virus.
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