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Tracking quality standard test for tissue culture pigeon pox
virus Vaccine
Abstract :

The aim of the study is construction of a standard curve for
molecular titration of the Pigeon Pox virus and uses it to quantify
the virus concentrations in vaccine samples. The standard curve
showed a linear relationship between cycle threshold values (Ct
value) and Logl0 virus titers, indicating the accuracy of this
method. The amplification reactions of the Pigeon Pox vaccines
samples and Fowl Pox virus exhibited specific amplification
products without anomalies, as confirmed by melting curve
analysis. The melting curve analysis also revealed the presence
of two distinct viral strains or variants in the Pigeon Pox vaccine
samples, each with a slightly different melting temperature,
while the Fowl Pox virus sample contained a single viral strain
or variant. The Ct values obtained from the rt-PCR analysis
provided information about the amount of viral RNA present in
the tested samples, with lower Ct values indicating higher
concentrations of viral RNA. Additionally, the study highlights
the need for further investigations about into the observed more
than 100% efficiency in the standard curve to ensure result
accuracy. Overall, these findings contribute to the understanding
of virus concentrations in the tested vaccines and the specificity
of the amplification reactions.
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INTRODUCTION
Pox disease is an infectious condition affecting both
domestic and wild birds of various ages, genders, and breeds. It
Is caused by a virus known as pox virus, which belongs to the
Avipoxvirus genus within the Poxviridae family and the
Chordopoxvirinae subfamily. The Avipoxvirus genus comprises
25 distinct members (Weli and Tryland, 2011). The disease is
characterized by the presence of proliferative and nodular lesions
on the skin's feather-free areas, or the formation of fibro-necrotic
and proliferating regions in the mouth, esophagus, and mucous
membrane of the upper respiratory tract (Rebeka et al., 2019).
Avian pox viruses (APVs) cause significant economic
losses due to increased bird mortality, reduced growth,
emaciation, decreased egg production, and the condemnation of
affected bird carcasses with multiple nodular skin lesions,
cachexia, and an unappealing appearance (WOAH, 2023).
Pigeon poxvirus is primarily transmitted through direct contact,
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such as fighting or feather picking, or indirectly through
mosquito bites. The virus can cause a localized infection at the
entry point, but it can also spread systemically through the blood
to the liver and bone marrow (Doneley, 2006). Vaccination of
commercial flocks has played a crucial role in reducing losses

caused by the disease in chicken populations (Odoya, 2006).

For over half a century, fowl pox or pigeon pox viruses
have been routinely used to prevent fowl pox in commercial
poultry in endemic areas (Siddique et al., 2011), or when
previous flocks have been diagnosed with the virus (OIE, 2019).
The virion of APVs consists of a centrally located biconcave
core or nucleoid with two lateral bodies in each concavity,
enclosed by an envelope. The viral DNA genome, approximately
260 kbp in size, encodes over 250 genes (Tadese and Reed,

2003).

Polymerase chain reaction (PCR) is a valuable tool for
detecting very low levels of viral nucleic acids. The orthologue
of the vaccinia virus A3L gene, fpv167, which encodes the 4b
core protein, has been successfully used as a diagnostic marker
for APV infections. This marker not only detects the presence of
the virus but also allows for the characterization of avian pox
viruses (Binns et al., 1989; Huw Lee and Hwa Lee, 1997,
Tadese and Reed, 2003). Phylogenetic studies based on the P4b
coding gene have distinguished APVs into five clades: A, B, C,
Al-4, and B1-2, providing further insights into the genetic
diversity of APVs (Luschow et al., 2004; Weli et al., 2005;
Jarmin et al., 2006).

In the poultry industry, vaccination with live pigeon pox
virus strains produced in chorioallantoic membrane (CAM) of

embryonated chicken eggs (ECE) or chicken embryo fibroblast
(CEF) cells is the primary prophylactic measure against pigeon
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pox virus (PPV) (Tripathy and Reed, 2003). Before production
and field vaccination, it is essential to validate the efficacy of the
vaccine batch, which involves titration. Traditional methods for
pigeon pox vaccine titration involve using tissue culture to
estimate TCID50, but this approach can be time-consuming and
laborious. Real-time quantitative PCR (rt-gPCR) has been used
to detect, characterize, and titrate different APVs, offering
increased sensitivity compared to conventional PCR methods

(Farias et al., 2010; Davidson et al., 2015).

This study aims to established a Sybr green RT-qPCR
assay to detect and quantitatively titrate pigeon pox vaccine in
addition to differentiate between PPV and FWPV.

MATERIAL AND METHODS

1- cell culture:
African green monkey kidney cell line (Vero cell line) was
propagated in Hank’s buffer-based MEM (Gibco, USA),
supplemented with 10% FBS and 100 U/ml penicillin, 100 pg/ml
streptomycin and 25 iu/ml mycostatin at 37°C provided by
DPVR, VSVRI was used for determination of Fowl and Pigeon
Pox virus infectivity by estimating the virus titer as 50% tissue
culture infective dose (TCIDso) using standard methods (Reed
and Muench, 1938).
2-Viruses:
2.1-Reference Pigeon Pox virus strain:

PPV namely PPLH, of 10° TCIDsy/ml titer previously
characterized (lbrahim et al., 2015) was kindly provided by
DPVR, VSVRI
2.2-Fowl pox virus:

A Fowl Pox virus strain, namely FPLH, characterized by
Ibrahim et al. (2015) was used as a P4b core protein positive
control Pox virus in the RT-gqPCR assay.
3-Piegon pox vaccine samples:
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Two lyophilized Pigeon Pox vaccine samples representing two
different produced patches, namely vaccines 1 and 2, of the same
seed virus, that have 10*° and 10° TCIDsy/ml approximate
infectivity titers, respectively were used to determine their virus
titer using RT-gPCR.

4-Virus titration:

This test was test used for determination of pigeon pox
virus titer on Vero tissue culture where 5 vaccine vials were
reconstituted with 1 ml of sterile MEM /vial followed by pooling
of the five reconstituted vaccine vials into one vial. The used
method was the microtiter one carried out according to (Rossiter
and Jessette (1982)) and the virus titer was expressed as 1og10
TCIDso/ml according to Reed and Muench (1938)
5-Nucleic acid extraction:

DNA extraction from the tested samples was conducted
using the QlAamp MinElute Virus Spin Kit (Qiagen, Germany,
GmbH). In brief, 200 ul of the sample suspension (rehydrated
lyophilized vaccine) was mixed with 25 pl of Qiagen protease
and 200 pl of AL lysis buffer, followed by incubation at 56°C
for 15 minutes. After incubation, 250 pl of 100% ethanol was
added to the lysate and incubated at room temperature for 5
minutes. The lysates were then applied to QIAamp MinElute
columns and centrifuged for 1 minute at 6000 x g, as per the
manufacturer's instructions. Washing steps were performed using
500 pl of AW1 and AW2 buffers, followed by centrifugation. To
ensure complete drying of the column silica membrane, high-
speed centrifugation was applied for 3 minutes. Finally, the
nucleic acid was eluted with 100 ul of AVE elution buffer..
6-Oligonucleotide Primer:

One primer pair flanking a 578 bp P4b protein-coding
gene and supplied from Metabion (Germany) is listed in Table

(D).
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7-SYBR green RT-PCR:

In a 25-ul reaction volume, primers were used along with
12.5 ul of the 2x QuantiTect SYBR Green PCR Master Mix
(Qiagen, Germany, GmbH), 0.5 pl of each primer at a
concentration of 20 pmol, 8.5 pl of water, and 3 pl of DNA
template. To establish a titration standard curve, a serial ten-fold
dilution of DNA extracted from a standard pigeon pox virus with
a titer of 10° TCID50/ml was prepared. Three dilutions
corresponding to titers of 10° 10° and 10' TCID50/ml were
used to generate the standard curve. Concurrently, DNA
templates extracted from three samples, specifically fowl pox
virus vaccines and two pigeon pox virus vaccines (vaccine 1 and
vaccine 2), were analyzed using grt-PCR reactions performed on
a Stratagene MX3005P real-time PCR machine (Stratagene,
USA). The SYBR Green quantitative real-time PCR targeting
the 4b core protein gene, as described by Prukner Radovi¢ et al.
(2006), was used for the detection and quantification of pigeon
pox virus. Amplification curves, Ct values, and virus titers were
determined using the Stratagene MX3005P software

8-Three points standard curve

Pigeon Pox virus vaccine previously titrated using Vero
tissue culture cells and having a titer of 10° TCIDgy/ml was used
to perform real-time standard curve for molecular titration of the
virus using SYBR green rt-PCR. Three ten-fold dilutions of the
standard vaccine, designated as dilutions 1, 3, and 5,
corresponding to 10°, 10% and 10" TCIDsy/ml, respectively, were
selected to perform a three points standard curve using real time
PCR.
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Table (1): Primer sequence and real-time gPCR thermal cycling
used to amplify 578 bp of avian pox P4b core protein.

Amplification protocol Dissociation
Primer ';Tplified (40 cycles) curve (1cycle)
gment - Final
Sequence length | Primary | Denatu | Ameaiing | EXte | Secondary | Annea .
denaturation ration (opticson) | nsjon | Denaturation ling denat_uratlon
(optics on)
5’-CAG
CAG GTG
AAC AR me| | sve| Dok
578 94°C 94°C 53°C 40 94°C 1 ir110re.ment
5’-CGG 5 min. 5 min. | 40 sec. sec 1 min. min (10
TAG cCT ' ' sec/step)
TAA CGC P)-
CGA ATA-
3’

Melting curve of amplified products

To analyze specificity and identity of the amplified
products, a melting curve thermal profile was implemented
following real-time qPCR. The dissociation curve was generated
by heating from 60°C to 94°C with 0.5°C increment and 10
seconds dwell time and sample read (optics on) at each
temperature.
RESULTS
1- Three points standard curve
Three Ct values were obtained: 16.36, 22.17, and 27.85, which
corresponded to viral dilutions 1, 3, and 5, respectively (Table 2
and Figure 1). A three-point linear standard curve was
generated, correlating Ct values and Log10 virus TCID50 titer of
the Pigeon pox virus, with an efficiency of over 100% (Figure
1). Virus titers can be determined using the following equation
derived from the standard curve: Y = -2.859 x Log(X) + 30.44,
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where Y represents the Ct value and X represents the
corresponding virus titer.
2. Determination of the virus concentration in Pigeon Pox
virus vaccines 1 and 2 and Fowl Pox virus using rt-PCR

Using qrt-PCR, vaccines 1 and 2 amplified with 13.64
and 13.49 Ct values, respectively, corresponding to 7.561 x 10°
and 8.533 x 10° TCIDs, titers. Fowl pox virus was amplified
with 20.83 Ct value corresponding to 2.308 x 10° TCIDx, titer
(Table 2).
3. Melting curve identity of rt-qPCR amplicons

The melting curve analysis of the rt-gPCR amplicons
displayed distinct and singular peaks for each sample, indicating
the absence of any irregularities. The melting curves for both
pigeon pox vaccines 1 and 2 exhibited two distinct peaks at
melting temperatures (Tm) of 85.75°C and 85.80°C,
respectively. In contrast, the fowl pox virus melting curve
displayed a single peak at a Tm of 87.65°C. (Table 2).

Table (2): Ct values, melting temperatures and virus titers
obtained for Pigeon pox and fowl pox viruses.

sample SYBR green . Titer
No Sample ID. Pox z(lzbtcore Tm (°C) (TCIDsy/mI)
1 Fowl pox vaccine 20.83 87.65 2.308 x 10°
2 Pigeon pox virus dil. 1 16.36 85.83 10°
3 Pigeon pox virus dil. 3 22.17 85.83 10°
4 Pigeon pox virus dil. 5 27.85 85.83 10"
5 Pigeon pox Vaccine 1 13.64 85.75 7.561 x 10°
6 Pigeon pox Vaccine 2 13.49 85.80 8.533 x 10°
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Figure (1): A three-point linear standard curve was established
using three tenfold dilutions of Pigeon Pox virus vaccine, which
corresponded to virus concentrations of 101, 103, and 105
TCID50
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Figure (2): Amplification plots of three samples, Fowl pox virus
(green squares line), pigeon pox vaccine 2 (orange triangles
line)® and pigeon pox vaccine 1 (brown circles line). While
amplicons fluorescence of Fowl pox virus sample detected at
cycle 20, amplicons of both pigeon pox vaccines 1 and 2 started
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to fluoresce at cycle 13. No fluorescence obtained for negative
control sample (dd H,O) (blue diamond’s line).

0000000
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Figure (3): Dissociation (melting) curve of fowl pox virus
(orange triangles line), pigeon pox vaccines 1 and 2 (blue
diamonds line- , and green squares line), respectively. Grey
circles line - represents negative control.
DISCUSSION

The provided results describe the determination of virus
concentrations in Pigeon Pox virus vaccines and Fowl Pox virus
using real-time polymerase chain reaction (rt-PCR) and the
construction of a standard curve for molecular titration of the
Pigeon Pox virus.

A three-point standard curve was constructed using real-
time PCR and three ten-fold dilutions of the Pigeon Pox virus
vaccine. The dilutions (10 *, 10 * and 10 ™) corresponded to

virus titers of 10', 10°, and 10° TCIDsy/ml, respectively. Ct
values of 16.36, 22.17, and 27.85 were obtained for the dilutions
10, 107 and 10, respectively.
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The standard curve showed a linear relationship between
Ct values and Log10 virus titers. Additionally, it demonstrated
more than 100% efficiency.

Using rt-PCR, Pigeon Pox vaccines 1 and 2 were
amplified with Ct values of 13.64 and 13.49, corresponding to
virus titers of 7.561 x 10° and 8.533 x 105 TCIDs, respectively.
Fowl Pox virus was amplified with a Ct value of 20.83,
indicating a virus titer of 2.308 x 10° TCIDs,. (Iskra et al.,
2023; Weli et al., 2011).

These results demonstrate the quantification of virus
concentrations in the Pigeon Pox vaccines and Fowl Pox virus
using rt-PCR. The Ct values obtained from the amplification
reactions can be correlated with the virus titers using the
standard curve equation as stated by (Gelaye et al.,2013)

Melting curve analysis was performed to assess the

specificity and identity of the rt-qPCR amplicons. Each sample
showed a defined single peak without anomalies, indicating the
presence of specific amplification products.
The melting curves of Pigeon Pox vaccines 1 and 2 displayed
two single peaks at Tm (melting temperature) values of 85.75
and 85.80°C, respectively. The Fowl Pox virus melting curve
exhibited a single peak at a Tm value at 87.65°C similar findings
were reported by fahmy et al. (2009).

Based on the results obtained from rt-PCR analysis, it can
be determined that Pigeon Pox virus vaccines 1 and 2 have virus
concentrations corresponding to 7.561 x 10° and 8.533 x 10°
TCIDx titers, respectively. Fowl Pox virus has a concentration
corresponding to a 2.308 x 10° TCIDx titer.

The Ct values obtained from qrt-PCR analysis provide an
indication of the amount of viral RNA present in the samples.
Lower Ct values indicate a higher concentration of viral RNA. In
this case, vaccine 1 had a slightly lower Ct value (13.64)
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compared to vaccine 2 (13.49), suggesting a slightly higher
concentration of Pigeon Pox virus in vaccine 1.

The melting curve analysis of the rt-gPCR amplicons
provides information about the specificity and purity of the
amplified products. Each sample produced a defined single peak
without anomalies, indicating that the amplification was specific

to the target viruses.

The melting curves of both Pigeon Pox vaccines 1 and 2
showed two single peaks at 85.75 and 85.80°C Tm. This
suggests the presence of two distinct viral strains or variants in

the vaccines, each with a slightly different melting temperature.

On the other hand, the Fowl Pox virus melting curve
revealed a single peak at 87.65°C Tm, indicating the presence of

a single viral strain or variant in the sample.

Conclusion:

Overall, these results provide information about the virus
concentrations in the Pigeon Pox vaccines and Fowl Pox virus
sample, as well as the specificity and purity of the amplification

products.

These melting curve results confirm the specificity of the
PCR amplification for the respective viruses. The distinct Tm
values observed for each virus suggest differences in the
nucleotide sequences or amplicon characteristics, allowing their

differentiation based on melting temperature.

In summary, the results presented in the current study
describe the molecular titration of Pigeon Pox virus using rt-PCR
and the construction of a standard curve. The virus
concentrations in Pigeon Pox vaccines and Fowl Pox virus were
determined using this method. The study also confirmed the
specificity of the amplification reactions through melting curve
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analysis. However,

the observation of more than 100%
efficiency

in the standard curve should be thoroughly
investigated to ensure the accuracy of the results.
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