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Abstract
Avian pox can severely impact turkey production systems. Vaccination pro-
grams in Mexico use commercially available Fowlpoxvirus vaccines, that are 
used across different bird species. Nonetheless, there are reports of sporadic 
disease outbreaks among vaccinated turkeys, which suggest that heterolo-
gous vaccines may provide limited immunity, presenting the need to develop 
homologous vaccines that can better protect turkeys.

This study compared the protection granted to turkey chicks by a com-
mercial Fowlpoxvirus vaccine and by a live attenuated Turkeypoxvirus vaccine 
after a challenge with a field isolated Turkeypoxvirus virus. 

Histopathology, polymerase chain reaction, and sequencing of DNA 
were used for viral identification. A Turkeypoxvirus strain was first isolated in 
chicken embryo lesions, and subsequently adapted through serial passes in 
chorioallantoic membrane to produce the homologous vaccine. The attenu-
ated virus was used as a vaccine when a 104.4 embryo ID50/mL titre was 
reached.

Three groups of three-week-old turkey chicks were used for challenge 
experiments. Subjects in Group 1 were immunized with the attenuated 
Turkeypoxvirus vaccine (homologous vaccine). Chicks in Group 2 were vac-
cinated with the commercially available heterologous vaccine (Fowlpoxvirus). 
Subjects in Group 3 were not vaccinated and received only saline solution 
(control group). Two weeks after vaccination, animals from Group 1 reached 
a 97.7 ND50 seroneutralization titre, while levels reached in Group 2 birds 
and in control chicks were 11.7 ND50 (Group 2) and zero, respectively. At 
this time, all groups were challenged with a suspension of a field-isolated Tur-
keypox virus. The homologous vaccine afforded 100% protection in Group 1 
(10/10 individuals), while only 10% (1/10) of individuals in Group 2 were 
protected by the commercial heterologous Fowlpoxvirus vaccine. None of the 
non-immunized birds in Group 3 were protected (0/10).
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These results show that the homologous vaccine afforded a greater pro-
tection against a Turkeypox virus infection than that observed for the heter-
ologous vaccine, and that a homologous vaccine can be efficiently produced 
by isolating and attenuating the virus from turkeypox lesions, through chorio-
allantoic membrane serial passes.
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Introduction
Domestic turkeys (Meleagris gallopavo gallopavo) are the second most import-
ant species for Mexican poultry husbandry, after the meat and egg-laying chicken 
varieties (Gallus gallus), reaching an average year production of close to 15,000 
tonnes of meat.1–4

Similar to other species of birds, such as chickens, pigeons, canaries and 
psittacids, turkeys are susceptible to avian pox infections.3 Avian pox is caused by 
a DNA virus of the genus Avipoxvirus, family Poxviridae, and has two main presen-
tations: the cutaneous or dry form is the most common and is characterized by 
proliferative lesions and scabs on the skin that can develop into secondary bacterial 
infections. The diphtheritic or wet form is characterized by proliferative lesions in 
the nasal conducts, larynx, and trachea that cause dyspnoea and death by asphyxia. 
There is a third systemic form, that is exclusive to canaries, and causes hepatic ne-
crosis, pulmonary nodules, and high mortality.5 For the cutaneous and diphtheritic 
forms mortality is low, but the disease can heavily impact meat and egg production, 
causing considerable economic losses.3

The ten extant species of Avipoxvirus (www.ictvonline.org) can be classified in 
at least three clades, A, B, and C, based on the 4b core protein gene.6–8 The spe-
cific differences among viruses in each clade are not known, as complete genomic 
sequences are available only for Fowlpoxvirus, in clade A,9 and Canarypoxvirus, 
in clade B (10), which show only a 70% sequence identity. Since Fowlpoxvirus 
(from chickens) and Turkeypoxvirus (from turkeys) belong to the same clade and 
subclade (A1), it is thought that they exhibit a high degree of homology. However, 
variations in their genetic sequences could be significant enough to elicit changes 
in their antigenicity. 

Where avian pox is endemic, the best way to prevent it is through vaccination. 
The wing web method is preferred for chickens, while the loose skin on the thigh 
and abdomen is preferred for turkey immunization.3 There are specific vaccines for 
chickens, turkeys, and pigeons, among other birds; however, commercially available 
vaccines in Mexico are derived exclusively from Fowlpoxvirus. These are applied to 
chickens and hens (homologous vaccination), as well as quails and turkeys, and 
basically any other bird species (heterologous vaccination). Nonetheless, studies 
have shown that homologous vaccines provide better protection than heterologous 
vaccines.11–13 Indeed, turkey avian pox outbreaks have been reported by farmers 
that apply the commercially available heterologous vaccine against chicken poxvirus 
(unpublished observations). 

Due to the low efficacy of heterologous vaccines, the wide distribution of the 
disease, and the importance of turkey meat production in Mexico, an effective 
vaccine is needed. The objective of this study was to assess whether attenuation 
of a Turkeypoxvirus strain can be effective in controlling infection following a chal-
lenge with a field virus, and to compare immunization titres with those achieved in 
subjects immunized with a commercial chicken poxvirus vaccine. We hypothesized 
that vaccinating turkeys with a homologous attenuated pox virus would result in 
greater protection than that obtained by the commercially available chicken poxvi-
rus vaccine.
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Materials and methods
Isolation and identification of the Turkeypoxvirus were performed following the 
Laboratory manual for the isolation, identification, and characterization of avian 
pathogens by the American Association of Avian Pathologists.14

Virus isolation
Scabs from turkeys showing early pox lesions from a naturally occurring infection 
were collected and subsequently ground, adding phosphate buffer solution (PBS), 
to obtain an 80% suspension. This suspension was then centrifuged at 600 × g 
for 10 minutes, the supernatant was decanted and filtered through 0.45 µm fil-
ters, and antibiotics were added to supress bacterial contamination (penicillin and 
streptomycin 10,000 IU and 10 mg/mL, respectively). Absence of contamination 
was later confirmed through a bacterial sterility test, inoculating 0.1 mL of the viral 
suspension in bacteriological media (blood agar and thioglycolate broth), and incu-
bated for 48 hours at 37 °C. 

Ten to twelve-day-old specific pathogen-free (SPF) chicken embryos were in-
oculated with 100 µL of the viral suspension, using the chorioallantoic membrane 
(CAM) as the route of administration through the false air cell method. Embryos 
were subsequently incubated at 37 °C for 5 days and monitored daily for mor-
tality. At day 5, embryos were euthanized through cooling (two hour freezing) to 
obtain the CAMs. Membranes showing edema were selected and ground under 
sterile conditions. The resulting suspension was centrifuged at 600 × g for 10 min-
utes, and the supernatant was collected. A second bacterial sterility test was then 
performed using the obtained supernatant, to ensure absence of contamination. 
Subsequent blind passes of the suspension on chicken embryo CAM followed, 
until typical avian pox lesions (white pustules and edema on the chorioallantoic 
membrane) were observed.14

Histopathological identification
Hematoxylin and eosin-stained histological sections of CAM membranes show-
ing early Avipoxvirus lesions were examined for intracytoplasmic inclusion bodies 
(Bollinger bodies), which are characteristic of Avipoxivirus infection.

Molecular identification
The polymerase chain reaction (PCR) technique was used to amplify a 578 bp 
fragment of the 4b protein gene of the avian pox virus, to ensure that the infection 
had been caused by an Avipoxvirus.15

DNA was extracted from 25 mg of CAM with pox lesions. Briefly, the tissue 
was homogenized with 1 mL of lysis solution and centrifuged at 10,000 × g for 
10 minutes. The supernatant was decanted to a test tube, 0.5 mL of 100% etha-
nol were added, followed by a 3-minute incubation period. The dilution was then 
centrifuged at 4,000 × g for 2 minutes and the supernatant was discarded. The re-
maining pellet was subsequently rinsed on two occasions by adding 1 mL of 75% 
ethanol, centrifuging at 4,000 × g for 2 minutes, and discarding the supernatant 
on each instance. The resulting pellet containing DNA was then heated to 65°C for 
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5 minutes and allowed to dry. Finally, the pellet was dissolved in 100 µL of water 
for injection.12 

The final reaction volume for the PCR was 25 µL containing 1 µg of DNA, 1.5 
units of Taq polymerase, 1.5 mM of MgCl2, 200 µM of dNTPs, 1X of Reg10X, and 
12.5 pmol of each of the primers described by Lee & Lee (1997) (P1:5’-CAGCAG-
GTGCTAAACAACAA-3’; P2:5’-CGGTAGCTTAACGCCGAATA-3’).15

The PCR reaction was executed with a first denaturation cycle at 94 °C for 5 
minutes, followed by 30 cycles of denaturation at 94°C for 30 seconds, annealing 
at 52 °C for 30 seconds, and extension at 72 °C for 30 seconds, finishing by a last 
extension cycle at 72 °C for 5 minutes.12 

Four µL of PCR products were run in a 1.5% agarose gel at 90 volts for 45 
minutes. The gel was stained with 0.01% ethidium bromide for 20 minutes and 
then visualized in a UV transilluminator. A reaction mix with no sample added was 
used as a negative control.

Sequencing
The purified PCR product was sent for sequencing by the Sanger method (16) to 
the Instituto de Biotecnología at the UNAM, to guarantee that the isolated viral DNA 
matched the turkey Avipoxvirus (Turkeypoxvirus).

Development of the homologous vaccine
The CAMs that presented suggestive poxvirus infection lesions after to the isolation 
step were used to prepare a viral suspension that was then inoculated into chicken 
embryos. Serial passes were performed, until the lesions were conspicuous. The 
virus was subsequently titrated by the Reed-Muench method.17 A pool of all CAMs 
that presented poxvirus lesions were used to prepare the vaccine viral suspension 
that had a titre of at least 104 embryo infectious doses 50% (embryo ID50/mL).14

Animals and vaccination procedure
Three-week old turkeys from the CEFOA farm (Centro Nacional de Innovación en 
Agricultura del Altiplano y Especies Menores) in Tlaxcala were used. After selection, 
birds were randomly divided into 3 groups of 10 individuals each, which were im-
mediately transported in ventilated boxes to either an isolated 12 m2 pen placed 
within a poultry hut in the same CEFOA farm in Tlaxcala (10 birds), or to 12 m2 
pens placed in two isolated separate rooms (10 chicks in each pen) within the 
same building, at the Immunology and Microbiology Department of the veterinary 
school, UNAM in Mexico City. All animals were housed under a 16 h light: 8 h dark 
schedule and were given water and the same commercial food ad libitum through-
out the experimental period. Chicks were allowed to adapt to their living conditions 
for 5 days prior to inoculation. 

Blood samples were taken from the radial vein of the wing from all individuals, 
with a syringe fitted with a 22-gauge needle, on the day prior and 15 days after 
vaccination, but previous to the field virus challenge. To obtain sera, samples were 
transferred to 10 ml tubes, transported at 4 °C to the laboratory and centrifuged at 
3000 rpm for 10 min. Samples were then frozen at −20°C until use.
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Animal procedures were approved by the Ethics and Animal Welfare Commit-
tee of the veterinary school, UNAM.

Experimental groups

 ] Group 1 (homologous vaccine): ten turkey chicks were immunized with a  
0.01 mL dose of the experimental homologous Turkeypoxvirus vaccine pre-
pared for this study. Vaccination was performed with a double-prong needle 
in the loose skin of the thigh. Animals from this group were housed at an iso-
lated room of the Immunology and Microbiology Department at the Veterinary 
School, UNAM in Mexico City.

 ] Group 2 (heterologous vaccine): ten turkey chicks were inoculated with a  
0.01 mL single dose of the commercial chicken poxvirus vaccine. The vaccine 
was applied with a double-prong needle in the loose skin of the thigh follow-
ing manufacturer specifications. These animals remained in the CEFOA farm in 
Tlaxcala.

 ] Control group: ten unvaccinated turkey chicks were kept in an isolated room at 
the Immunology and Microbiology Department at the Veterinary School, UNAM, 
in Mexico City until challenged with the Turkeypox field virus. A 0.01 mL saline 
solution injection was applied with a double-prong needle in the loose skin of 
the thigh.

Field virus challenge
To test the potency of both the homologous and the heterologous vaccines, the 
three experimental groups were challenged two weeks after vaccination in their 
respective locations with the isolated pox virus from naturally infected turkeys at the 
Tlaxcala CEFOA farm. Individuals were challenged by inoculation through an exco-
riation on the thigh and kept under daily observation to identify the development 
of suggestive smallpox lesions in the inoculation area through the three following 
weeks. Subjects that did not develop suggestive lesions were considered protected. 
Effectiveness of the vaccine was established at a minimum of 80% protection of 
challenged individuals. 

Viral seroneutralization
The seroneutralizing antibody titres against Avipoxvirus in the treatment groups 
were determined before and after vaccination through the β method18 with a 100 
embryo ID50/mL of Turkeypoxvirus. Two mL of blood were drawn from every indi-
vidual on the first day of confinement and one day prior to the field-virus challenge. 
Sera was separated through incubation of blood samples at 37 °C for 4 h, and then 
frozen at −20 °C until use. Sera from birds within each experimental group were 
subsequently pooled and then inactivated at 56 °C for 30 minutes. Eight serial 
double dilutions followed, beginning at a 1/5 dilution. Each dilution was incubated 
for 30 minutes at room temperature with the turkey virus. The serum-virus mix was 
finally inoculated into chicken embryo CAMs, 5 embryos per dilution, and the anti-
body titre was calculated with the Reed-Muench statistical method.17
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Results and discussion
The viral suspension obtained from ground scabs tested negative for bacterial con-
tamination. After two blind passes on chicken embryos, the presence of lesions 
such as edema, erythema, white pustules, and thickened chorioallantoic mem-
branes was suggestive of a poxvirus infection. 

Histological sections of chorioallantoic membranes showed both hyperplasia 
and hydropic degeneration of the epithelium, as well as eosinophilic intracytoplas-
mic inclusion bodies (Figure 1).

PCR from lesions on turkeypoxvirus-infected chicken embryo chorioallantoic 
membranes resulted in a 578 bp amplification fragment, consistent with what is 
expected for the known 4b protein of avian pox (Figure 2). 

Sequencing of the purified PCR product showed a 99% identity with Turkey-
poxvirus TKPV-HU1124/201, sequence ID: KP728110.2; using BLAST-NCBI (see 
supplementary Figure 1). 

To develop the homologous vaccine, 12 serial passes on chicken embryo 
chorioallantoic membranes were performed, resulting in a viral suspension with a 
104.4 embryo ID50/mL virus titre, that was used to inoculate birds in this study. 
The embryo ID50 value obtained is similar to the one reported by Sánchez et al. 
in their study (104.3 embryo ID50/mL), which proved to be successfully used for 
vaccinations.12

Response to inoculation with the homologous vaccine was verified through 
observation of local lesions such as reddening, papules, and scabs. All subjects in 
immunized groups showed this response, starting day 10 postvaccination, while 
none of the control subjects presented with this type of lesions.

When challenged with the field-virus, 100% of the unvaccinated group pre-
sented lesions on the site of inoculation (10/10), which expanded radially during 
the three weeks of observation (Figure 3A). Also, 90% of the birds (9/10) that 
received the commercial heterologous vaccine developed pox lesions after being 
challenged, similar to those seen in the unvaccinated control group (Figure 3B). 
Conversely, none (0/10) of the subjects in the homologous vaccine group showed 
pox lesions after being challenged with the field-isolated virus (Figure 3C).

Taken together these results show a 100% protection rate achieved in sub-
jects vaccinated with the homologous vaccine, compared to a 10% protection rate 
afforded with the commercial Fowlpoxvirus vaccine. Similarly, Winterfield et al.11,19 
found that heterologous vaccination of turkeys with pigeon or chicken virus granted 
only a 0.9% and 0.8% protection respectively, against a Turkeypoxvirus challenge, 
while the homologous vaccination protected 100% of the subjects. Corresponding-
ly, a more recent study on pigeons by Sánchez et al.12 showed that homologous 
vaccination affords greater protection than heterologous vaccination, as the com-
mercial Fowlpoxvirus vaccine did not protect pigeons against a challenge with pi-
geon virus, even when 55% of individuals showed post-vaccination reactions, while 
a homologous vaccine granted a 100% protection rate. Furthermore, heterologous 
vaccination has also been shown to provide only temporary protection since tur-
keys vaccinated with a chicken poxvirus that had been cultured in chicken embryos 
experienced a 40% reduction in this protection in only three months.13 Conversely, 
Sarma et al.20 found high efficacy of vaccines obtained from chicken virus and ad-
ministered to turkeys (98% protection rate). Nonetheless, it should be noted that 
subjects in that study were challenged with the chicken and not the turkey virus. 
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Figure 1. A hematoxylin and eosin-stained slide of a Chorioallantoic membrane from a chicken embryo infected 
with the Turkeypoxvirus. Yellow arrows show multiple intracytoplasmic inclusion bodies. 40×. 

Figure 2. Electrophoresis of PCR amplification products in a 1.5% agarose gel. Lanes: 1) 100 bp molecular weight 
marker. 2) DNA amplification fragment obtained from chorioallantoic membranes infected with a Turkeypoxvirus 
isolated from the scabs of diseased individuals. 3) negative control. 4) positive control, DNA amplification 
fragment obtained from Fowlpoxvirus from a commercially available vaccine.
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Figure 3. Photographs of the thigh region of eight-week-old turkey chicks from the three treatment groups after 
being challenged through an excoriation with a turkeypoxvirus isolate. A) Control. B) Heterologous vaccine.  
C) Homologous vaccine. Lesions consistent with a pox infection can be seen in A and B. No post-challenge 
lesions are observed in photograph C.

Supplementary Figure 1. Sequence analysis of the PCR product alignment obtained from chorioallantoic 
membranes infected with Turkeypoxvirus, using the NCBI BLAST program. The product showed a 99% identity 
with a Turkeypoxvirus strain.
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On the other hand, not all pox infections in turkeys are caused by Turkeypoxvirus, 
as some reports exist of turkey flocks infected with the chicken pox virus (Fowlpox-
virus), that was identified as the causal agent through PCR and sequencing.21 

 Field reports in Mexico (unpublished observations) reveal pox outbreaks in 
turkey flocks known to have been immunized with commercially available chick-
en vaccines, showing that although effective against Fowlpoxvirus infections, these 
heterologous vaccines can be inefficient against Turkeypoxvirus, as demonstrated 
in this study. 

Sera from the control group subjects lacked neutralizing antibodies against  
Turkeypoxvirus. Results from the seroneutralization test for immunized birds show 
an 11.7 neutralization dose 50% (ND50) titre for the heterologous vaccine and 
a 99.7 ND50 titre for the homologous vaccine. The antibody titre produced in 
subjects vaccinated with the heterologous chicken virus was thus noticeably lower 
than that of subjects vaccinated with the homologous vaccine. This could have 
contributed to differences in protection rates observed between groups during the 
challenge with the field-isolated virus, as neutralizing antibodies are crucial to grant 
protection.22 It also indicates that the vaccine developed in this study afforded a 
greater protection against Turkeypoxvirus.

There was a single turkey chick that had been vaccinated with the commercially 
heterologous vaccine that did not develop signs or lesions after the challenge with 
the field-virus. This individual may have developed an adequate neutralizing anti-
body titre, hence granting it sufficient protection against the heterologous field-virus 
challenge. Nonetheless, since individual antibody titres were not obtained in this 
study, it is not possible to assert if this was indeed the case.

Conclusions
The results of this study show an effective protective capacity of a homologous 
Turkeypoxvirus vaccine produced from infected animal scabs and viral attenuation 
in chicken embryos. This homologous vaccine resulted in a greater protection rate 
than that obtained with a heterologous Fowlpoxvirus commercial vaccine when 
applied in three-week-old turkey chicks that were subsequently challenged with a 
field-isolated Turkeypoxvirus.
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