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ABSTRACT

In this study, the duration of immunity as well as maternally derived antibodies
(MDA) induced by the innovated tissue culture pigeon pox vaccine (TC-PPV)
were evaluated for the first time. It was found that the postvaccinal reaction was
more prominent in pigeons vaccinated with egg-adapted PPV (EG-PPV) (100%)
than in pigeons vaccinated with TC-PPV (88%). The duration of induced
immunity was higher using EG-PPV (1 year with a peak of neutralizing
antibodies index 3.25 while it was 2.75 using TC-PPV) after 1 month of
vaccination. MDA in squabs of vaccinated dams with TC-PPV maintained the
protective level of antibodies up to 3weeks post-hatching (WPH) with 100%
protection against a challenge. In contrast, in squabs of vaccinates with EG-
PPV, it remained up to 4 WPH with 90 % protection. Such antibody levels
hinder the immune response to vaccination with TC-PPV resulting in
vaccination failure with 40% protection for squabs of TC-PPV vaccinated dams
at 3" WPH and 60% protection for squabs of EG-PPV vaccinated dams at 4™
WPH reflecting the successive vaccination at the 4" WPH and 5" WPH,
respectively for hatched squabs with 80% protection in both groups while in
squabs of unvaccinated dams; the vaccination with TC-PPV appears to be
protective from 2 WPH with 100% protection. In addition, this study
recommends revaccination of pigeons with TC-PPV after 10 months and
vaccination of their squabs not before 4 WPH to avoid vaccination failure by
MDA.
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INTRODUCTION

Pigeon pox (PP) is a viral disease affecting
pigeons caused by Pigeon pox virus (PPV), a double-
stranded DNA virus of family Poxviridae and genus
Avipoxvirus (APV) along with fowlpox virus (FPV)
(Andraw, 2012 and OIE, 2019 ).

The disease has an economic impact in pigeon
rearing systems by the losses of infected pigeons,
especially in young pigeon pullets (Abdallah and
Hassanin, 2013) even when affected by cutaneous
form around the mouth and eyes with ulcerated oral
cavity making pigeons unable to eat or drink causing
starvation and dehydration leading to death
(Mehmood et al., 2021), while the diphtheria form is
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characterized by affecting the mucosal layer of the
oropharyngeal route causing fibro-necrotic lesions
(Hartati et al., 2021).

Vaccination with PPV is the cornerstone in
the protection of pigeons against pigeon pox infection
(Simon and Morten, 2011). Specific pathogen-free
embryonated chicken egg (SPF-ECE) adapted pigeon
pox virus (Hungarian strain) was used in Egypt to
vaccinate pigeons against PP infection. More recently,
Vero cell line culture adapted attenuated PPV local
strain  (Qalubia strain) was developed for the
protection of pigeons against PP virus infection
(Kaffafy et al., 2018).
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The Challenge test is considered the standard
golden test for the evaluation of the potency of ECE
adapted or tissue culture adapted PPV (Amina and
Christine, 2020). Also, the virus neutralization test
(VNT) is the main test for the evaluation of acquired
humoral immunity measurement (OIE, 2019).

This study aims to assess the presence,
duration, influence, and interference of maternal
immunity induced by the recently developed live
attenuated TC-PPV among squabs from vaccinated
pigeons compared to non-vaccinated ones and
determine the duration of acquired immune response
in the vaccinated pigeon layer.

MATERIALS AND METHODS

1. Pigeon pox vaccines:

Tissue culture live attenuated Qalubia strain
2017 of PPV (TC- PPV) (Aboul Soud et al., 2018
and Kaffafy et al., 2018) with virus titer of 10°°
TCIDso/ml and SPF-ECE adapted PPV (Hungarian
strain) (EG- PPV) with virus titer of 10°° EIDsy/ ml
were kindly supplied by Pox Vaccines Research
Department (PVRD), Veterinary Serum and Vaccine
Research Institute (VSVRI), Abbasia, Cairo and used
for vaccination of experimental birds by the feather
follicle route according to Amina and Christine
(2020).

2. Challenge virus :

Locally isolated PPV field isolate (Kaffafy et
al., 2015) kindly supplied by PVRD, VSVRI with
virus titer of 10° EIDsy/ml was used for the challenge
of vaccinated and susceptible unvaccinated control
pigeons by feather follicle route at the 3"-week post-
vaccination. All birds were subjected to the daily
observation of gross lesions and collection of serum
samples.

3. Susceptible pigeons:

Seventy-five (75) susceptible laying pigeons
of 90 days old were used in this study and divided into
3 groups (25 pigeons/group) as follow:

Group (1): vaccinated with tissue culture-adapted PPV
3 weeks before laying.

Group (2): vaccinated with egg adapted PPV 3 weeks
before laying.
Group (3):
pigeons.

included non-vaccinated

laying

Each group of offspring (40 squabs) of
vaccinated groups 1 and 2 and non-vaccinated group
(3) was divided into 8 subgroups (5 squabs/subgroup)
as presented in table (1).

Table 1: Experimental design of squab’s offspring:

Qg — | Days post-hatching
S B <3S |vaccination(PHV) | 4 &
T @ S @ o @S 3
@ = S8&3g
2 c 2= 2%
@ é 14 121 |28 |35 |§ 7 5 o
Group TC- |Al A2 A3 A4
@ PPV |Bl1 B2 B3 B4
Group EG- |C1 C2 C3 C4
@ | PPv |D1 D2 D3 Da | OS0UabS
Group Non |E1 E2 E3 E4
3 Non |F1 F2 F3 F4

NB.: Subgroups A, B, C and D are offspring from
vaccinated dams while subgroups E and F are
offspring from non-vaccinated dams.
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3. Vero cell culture:

The Vero cell line was kindly supplied by
PVRD, VSVRI, propagated and maintained using
Earle’s Minimum Essential Medium (MEM) (Sigma
Chemical Company, UK), and supplemented with 10
% newborn calf serum as a growth medium 2 % as
maintenance medium to be used in VNT.

4. Pigeon pox hyper-immune sera:

PPV hyper-immune serum was obtained from
PVRD, VSVRI and used in VNT as a positive control.

5. Serum samples:

Serum samples were collected from all
pigeons layers and squabs with weekly then monthly
intervals kept at -20 ° C till subjected for detection of
antibody levels by VNT.

6. Virus neutralization test (VNT):

Virus neutralization test (VNT) was done
according to Kaffafy et al., (2018) and Amina and
Christine (2020) for the detection of PPV antibodies
in vaccinated layer pigeons and their squabs and Virus
neutralization index (NI) was calculated according to
the method described by Reed and Muench (1938).

RESULTS

1. Post vaccinal reaction (takes) of pigeons
vaccinated with TC-PPV and EA-PPV
vaccines:

The post-vaccinal reaction (takes) was
detected at the site of follicle vaccination on the 3rd
DPV and increased to its maximum at the 7th DPV
reaching 88% for TC-PPV and 100% for EG-PPV, as
shown in table (2).
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Table 2: Postvaccinal reaction in pigeon groups
vaccinated by TC-PPV and EG- PPV:

_ No. of Postvaqcinal
Pigeon . reaction Take
group vace inated percent
pigeon +VE | -VE
Group (1) 25 22 3 88 %
Group (2) 25 25 0 100 %

Group-1: vaccinated with TC-PPV .
Group-2: vaccinated with EG- PPV.

2.Assessment of acquired immunity and its
duration in vaccinated layer pigeons:

The result of the virus neutralization test
presented in table (3) and Fig. (1) and reveal that the
level of protective PP antibodies (1.5) appeared 2
weeks post-vaccination (WPV) and the highest level
(2.75) was at the 4™ WPV (1 MPV) and remained with
a protective neutralizing index (1.5) till the 10™ month
PV in group 1 vaccinated with TC-PPV while in group
(2) vaccinated with EG- PPV the antibodies remained
protective till the end of study (12 months PV) with NI
(1.75) while unprotective NI was recorded in
unvaccinated control pigeon.

Table 3: Virus Neutralization Index in vaccinated
pigeons with TC-PPV and EG-PPV:

PP virus neutralization index
Periods post- in pigeons’ groups
vaccination | Group | Group | Group
1) (2) 3)
Pre- 050 | 0.25 0.50
vaccination
IWPV* 0.50 0.50 0.50
2 WPV 1.50 1.75 0.25
3 WPV 2.25 2.50 0.50
1 MPV** 2.75* 3.25* 0.50
2 MPV 2.75 3.25 0.25
3 MPV 2.50 3.0 0.50
4 MPV 2.25 2.75 0.25
5 MPV 2.25 2.75 0.50
6 MPV 2.00 2.75 0.25
7 MPV 1.75 2.25 0.50
8 MPV 1.75 2.25 0.25
9 MPV 15 2.00 0.50
10 MPV 15 2.00 0.50
11 MPV 1.25 1.75 0.25
12 MPV 1.25 1.75 0.50

NI> (1.5) is considered as positive protective
results.Group-1: vaccinated with TC-PPV.
Group-2: vaccinated with EG- PPV. Group-3:
unvaccinated pigeon group. * WPV= week post-
vaccination. **  MPV=  month  post-
vaccination.
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Fig. 1: Virus Neutralization Index in vaccinated
pigeons with TC-PPV and EG-PPV.

3.Assessment of maternal immunity in squabs
from vaccinated layer pigeon with PP
vaccines:

The results of serum neutralization test carried
out on serum samples obtained from squabs offspring
of vaccinated pigeons with TC-PPV and EC-PPV as
well as squabs offspring of non-vaccinated pigeons
and challenged with virulent PPV at different intervals
(14, 21, 28 and 35 days) post-hatching (PH) are
represented in table (4). These results showed that
protective levels of maternal immunity in the squabs
offspring subgroup (Al, A2, A3 and A4) of pigeons
vaccinated with TC-PPV (group-1) remained till the
3 WPV with protection percent 100% against
challenge with virulent PP. Still, it decreased to 60%
with unprotective NI at the 4™ WPH. In contrast, in
subgroups (C1, C2, C3 and C4), in offspring of pigeon
vaccinated with EG-PPV (group-2), the protective
level of NI continued up to the 4™ WPH with
protection percent reaching 90% in contrast to pigeon
offspring of non-vaccinated pigeon group (3)
subgroup (E1, E2, E3 and E4) which had no protective
antibodies with 0% protecting all over the
experimental period.

Table 4: Duration of maternal immunity in squab’s
offspring of vaccinated pigeons with TC-PPV and
EG-PPV using VNT:

% Group-1 Group-2 Group-3
|2 @ P

& & &

3 NI P% 3 NI | P% 3 NI | P%

o [ o

© © o
14 | A1 | 200 |100 |C1 |250|100 |[E1 |025]|0
21 | A2 | 150 |100 [ C2 |2.00| 100 |[E2 |050 |0
28 | A3 | 125 |60 |[C3 |150]90 E3 |025]|0
35 |A4 |125 |0 C4 | 12540 E4 | 0500
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* DPH= days post-hatching . P%: Protection Percent.

Group-1:
with EG- PPV. Group-3: unvaccinated pigeons’ group.

vaccinated with TC-PPV. Group-2: vaccinated
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4. Evaluation for vaccination program with
TC-PPV for squabs of vaccinated and non-
vaccinated dams:

Squabs offspring of vaccinated dams with TC-
PPV and EG-PPV as well as non-vaccinated dams
were vaccinated with TC-PPV at different day
intervals post-hatching (14, 21, 28 and 35 DPH) where
the results of NI recorded 21 DPV as well as the
challenge presented in table (5) showed that squabs of
vaccinated dams with TC-PPV at the 14 and 21 DPH
revealed an unprotective level of NI (1.0 and 1.2
respectively) and with protection% 20% and 40 %
against challenge with the virulent PP virus
respectively. In contrast, protection 80% and NI (1.75)
were obtained with vaccination at the 28 DPH, while
in case of squabs of vaccinated dams with EG-PPV
protection (80%) was recorded at the 35 DPH with
protective NI (2.0). On the other side, squabs of
unvaccinated dams and vaccinated at 14 DPH with
TC-PPV resulted in protection percent 100% with
protective NI reaching (2.0).

Table 5: NI and protection% in squabs of

vaccinated and non-vaccinated dams and
vaccinated with TC-PPV at different DPH:
Group-1 Group-2 Group-3
o L & »
2| & g P&
L S | NI | P% S| Nl |g | S| NI |P%
o [ =
o o o
14 |BL |10 |20 |[DI |075 |40 | FL | 175 | 100
21 |B2 | 125 |40 | D2 |125 |40 |F2 | 200 | 100
28 |B3 | 175 |80 | D3 |125 |60 |F3|1.75 | 100
35 |B4 |20 |100 | D4 |200 |80 | F4 | 2.00 | 100

Subgroup (B1, B2, B3 and B4)
vaccinated with TC-PPV.
Subgroup (D1, D2, D3 and D4)
vaccinated with EC-PPV.
Subgroup (F1, F2, F3 and F4) offspring of
unvaccinated dams.

offspring of dams

offspring of dams

DISCUSSION

The effective protection of pigeons from
pigeon poxvirus infection is through vaccination with
PPV (Tripathy and Reed, 2008) also, maternal
immunity is the cornerstone in the protection of
pigeons against infection in young squabs as it could
affect and interfere with the vaccination programs
against PPV. So, in this study, a maternally derived
antibody (MDA) was studied to avoid its conflict with
the PPV vaccination schedule.

At first, the duration of immunity induced by
the recently developed TC-PPV was estimated in
pigeons for the first time in long-term study reaching 1
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year. The protective level of antibodies appeared on
the 2" WPV with NI (1.5) reaching its highest level at
the 1 MPV with NI (2.75) and remaining protective
till the 10™ MPV reaching (1.5). On the other hand,
pigeons vaccinated with EG-PPV exhibited a longer
duration of immunity till the end of this study (12
MPV) with (1.75) NI 2 WPV and (3.25) 1 MPV with a
higher percent of postvaccinal reaction reaching 100%
than obtained by TC-PPV (88%).

Similar findings were obtained by Kaffafy et
al., (2018) when they evaluated the newly developed
TC-PPV in a short-term study for 5 months where the
highest level of antibodies reached (2.8) NI 1 month
PV. Also, other results were obtained in a short-term
study for 6 months by Amina and Christine (2020)
comparing tissue culture adapted and egg adapted
PPV and recorded a higher level of antibodies and
post vicinal takes in pigeon group vaccinated by EG-
PPV than those obtained in pigeon group vaccinated
with TC-PPV. So, depending on the previous results
the ideal time of TC-PPV revaccination should not
exceed 19 MPV.

Regarding the level of MDA of squabs from
vaccinated dams with TC-PPV, the obtained resulted
represented in table (4) showed that the protective
level of MDA with NI reached (1.5) by the 3"-week
post-hatching (WPH) with protection percent against
challenge with virulent PPV reaching 100% that
decreased to 60% with (1.25) NI on the 4™ WPH. On
the other hand, squabs obtained from vaccinated dams
with EG-PPV showed protective MDA for 4 WPH
with (1.5) NI and protection percent 90% decreased to
60% and (1.25) NI 5 WPH. In contrast, unprotective
values for NI and 0% of protection against challenge
were obtained in control squabs from unvaccinated
dams. These results reflected on the establishment of a
vaccination program against PPV as shown in table
(5) as vaccination of squabs from vaccinated dams
with TC-PPV and EG-PPV up to 3 WPH and 4 WPH
respectively with TC-PPV resulting in vaccination
failure and unprotected level of NI (1.25) and 40%
protection and (1.25) and 60% protection respectively
while vaccination for these squabs with TC-PPV 4
WPH and 5 WPH showed succeed vaccination with
(1.75) NI and (2.0) NI respectively and 80% and
100% protection against challenge.

On the other hand, vaccination of squabs
unvaccinated dams with TC-PPV showed 100%
protection by the 2™ WPH with (1.75) NI that could
be explained based on the interference and interaction
of MDA against the used PPV as previously described
by Taslema et al., (2008); Richard et al. (2016) and
Nigist and Haben (2020) they reported that eggs are
the source of passive immunity or maternal antibodies
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in poultry and remains effective for few weeks. When
vaccines, especially live ones, were used during the
first three weeks after hatching, where these MDA
reached their peak, the vaccine will be neutralized.
The level of antibodies of the new vaccine in hatched
birds will be reduced resulting in vaccination failure.
So, maternally derived antibody titers should be
considered as vaccines should be administrated after
MDA titration to ensure their disappearance.

CONCLUSION

This study estimated the long-term immunity
of the newly developed TC-PPV up to 10 months. So,
it could recommend the revaccination after this period.
In addition, to avoid the passive interfere of maternal
immunity exhibited by TC-PPV in squabs from
vaccinated dams with TC-PPV, it recommends
vaccinating them after 3 WPH to ensure the
disappearance of MDA avoiding vaccination failure.
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