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Abstract

Papillomavirus is a viral agent that induces the formation of 
benign tumors in mammals. There are different treatment 
methods for cutaneous papilloma caused by the bovine 
papillomavirus (BPV), and one of them is autogenous vacci-
nation. We aimed to investigate the immunological effects of 
autogenous vaccination in cattle. In this study, 30 cattle with 
cutaneous papillomatosis were included. The diagnosis was 
made by histopathology and polymerase chain reaction, and 
a phylogenetic tree was constructed. As a result of the phylo-
genetic analyses, the pathogen responsible for the papilloma 
was classified as BPV-2 type in the genus of Delta papilloma-
virus. The papilloma tissue specimens collected from each 
animal were used to prepare the autogenous vaccine. The au-
togenous vaccine was administered once a week for 4 weeks. 

The blood samples collected before and after the vaccination 
were immunologically analyzed. It was determined that the 
autogenous vaccination led to an increase in the leukocyte, 
lymphocyte, and interleukin-6 (IL-6) levels. Once the vaccine 
was administered, regression started in the cutaneous papil-
loma in the first month. As a result, bovine papillomatosis is 
an economically important infection for dairy farming. It has 
been concluded that autogenous vaccination is a practical 
therapeutic method that causes lesions to regress, especially 
by triggering IL-6 and lymphocyte production in the cattle in-
fected with papillomavirus.
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Introduction

Papillomaviruses are epitheliotropic, non-enveloped, dou-
ble-stranded DNA viruses. The Papillomaviridae family consists 
of 5 genera affecting cattle, including Deltapapillomavirus, 
Xipapillomavirus, Epsilonpapillomavirus, Dyoxipapillomavirus, 
and Dyokappapapillomavirus. Among these genera, 24 types 
of bovine papillomaviruses (BPVs) have been reported to date 
(Daudt et al., 2018). BPV infections are widespread around the 
world. Cutaneous papillomas are usually benign tumors that 
have a complex etiology and pathogenesis and are charac-
terized by epithelial proliferation. Papillomatosis is formed by 
the host and tissue-specific papillomaviruses of the Papillo-
maviridae family. While direct contact is a significant method 

of transmission in the formation of cutaneous papillomatosis, 
contaminated materials, such as leashes, ear tagging, milking 
equipment, castration, injections, immune suppression, genet-
ics, and mutation-like factors, also play a role (Atasever et al., 
2005; Dagalp et al., 2017; Daudt et al., 2018). Papilloma infec-
tions especially tend to spread among the immunosuppressed 
animals (Alcigir et al., 2016, Alcigir and Timurkan, 2018). Cattle 
are the main source and natural carriers of the virus. The virus 
usually enters the cracks and other defects on the skin. The 
disease is encountered in all the age groups but is seen more 
in young cattle. While cutaneous papilloma in cattle is seen in 
every part of the body, they are usually formed in the regions 
of the head and neck. There are different treatment methods of 
BPV infection, including antimony preparations, homeopathic 
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drugs, ivermectin, and autogenous vaccination (Ranjan et al., 
2013). This study aimed to investigate the immunological ef-
fects of autogenous vaccination in cattle with cutaneous pap-
illomatosis.

Materials and Methods 

Breed of animals
This study was carried out on 30 cattle with a mean age of 15 
months in the Selim district of the province of Kars in eastern 
Turkey. Papilloma samples taken in 3 pieces were subjected to 
different procedures for identification and characterization of 
the virus, histopathology of the papilloma tissue, and vaccine 
preparation. Practices on the animals have been carried out in 
accordance with ethical rules and approved by the Ethics Com-
mittee of the Atatürk University Veterinary Faculty (Protocol no: 
2018/77).

Histopathological analysis
The cutaneous tissue samples collected for the histopathologi-
cal analysis were fixed with a 10% formalin solution for 48 hours. 
As per the routine tissue follow-up procedures, they were em-
bedded in paraffin blocks, and 4-µm thick cross-sections were 
obtained from all the blocks. The preparations prepared for the 
histopathological analysis were stained by hematoxylin-eosin 
and examined by light microscopy (Leica DM 1000, Germany).

Identification and phylogenetic analysis of BPV 
A commercial kit was used for nucleic acid isolation (Vivantis Tech-
nologies, Malaysia). After the isolation, the nucleic acid suspension 
was stored at -20°C until polymerase chain reaction (PCR).

The L1 gene region, which is used frequently in the taxono-
my of papillomaviruses and is highly protected, was preferred 
as the targeted gene region in the study. The partial L1 gene 
region was amplified with the BPV specific primers; forward: 
FAP59 (5′-TAA CWG TIG GIC AYC CWT ATT-3′); reverse: FAP64 
(5′-CCW ATA TCW VHC ATI TCI CCA TC-3′). Reaction conditions 
were maintained as previously reported (Melo et al., 2014), first 
denaturation step at 95°C for 7 min and 35 cycles at 95°C for 1.5 
min, at 52°C for 2 min, and 72°C for 1.5 min; the final extension 
step was at 72°C for 5 min. The length of the 480-bp product 
was obtained by PCR. The amplicons were evaluated using 
the gel electrophoresis process. One randomly selected sam-
ple from the positive samples was subjected to sequencing. 
The raw data resulting from the sequencing were analyzed by 
the BioEdit version 7.2.5 and the MEGA 5.1 software (Hall et al., 
2011; Tamura et al., 2013). Our sequence has been entered into 
the World Gene Bank. GenBank accession number of our BPV 
Kars strain is MT178264. As a result of the analysis, the phyloge-
netic location of our BPV strain was determined by comparison 
with the reference strains obtained from GenBank.

Preparation and application of the autogenous vaccination
Approximately 25–30 g of tumor tissue was obtained from each 
animal, and 48 mL of tris buffer (pH 7.5) was added to the tumor 

tissue. The tissue samples were disintegrated in the muller at 
cold conditions (4°C) for 15–20 min by sterilized sand that was 
autoclaved. Half of the mixture (36 mL) was made up to 60–65 
mL with the tris buffer, and 10 mL vaccines were prepared by 
adding 0.5% formalin to the suspension, which was topped up 
by crystal penicillin. The vaccines were stored at 4°C until used. 
The autogenous vaccines were administered 4 times subcuta-
neously at 1-week intervals in 10 mL dosages. Hematological 
and immunological analyses were performed by collecting the 
blood samples before and after each vaccination.

Hematological analyses
For hematological analyses, the blood samples were collect-
ed in ethylenediaminetetraacetic acid (EDTA) containing test 
tubes. By using a blood count device for veterinarians (PCE-
210VET, Erma Inc., Tokyo, Japan), the leukocyte (white blood 
cell 103/mm3), lymphocyte%, neutrophil%, and monocyte% 
parameters were determined in the blood samples. The inter-
leukin-6 (IL-6) parameter in the serum samples was analyzed 
using an immunoassay kit (Cattle IL-6 ELISA Kit). The results 
were calculated based on the procedure instructed in the kit. 
The obtained data are reported as the mean value+standard 
deviation (SD) (ng/mL).

Statistical analysis
The quantitative values were analyzed using one-way analysis 
of variance and Tukey’s test in the IBM Statistical Package for 
the Social Sciences version 20.00 (IBM SPSS Corp.; Armonk, NY, 
USA) software and are reported as means±SD with a signifi-
cance level of p<0.05.

Results

After 1 month of autogenous vaccination, significant regres-
sion occurred in the papilloma tissues, and within 3 months, 
the papilloma tissues disappeared completely.

Virological findings
In our study, BPV was identified in the samples obtained from 
cattle with skin papillomatosis. Phylogenetic analyses of the 
L1 gene region showed that Brazilian, American, and Turkish 
strains were assembled in the same group with BPV-2 types in 
the Deltapapillomavirus genus (Figure 1).

Effect of autogenous vaccination on some hematological 
parameters
Blood samples were collected from the cattle before and after 
autogenous vaccination. It was observed that the leukocyte 
counts in the collected blood samples after the 3rd and 4th vacci-
nations significantly increased compared to those in the 3rd and 
earlier weeks (p<0.05, Figure 2a, n=30). Moreover, in the blood 
samples, lymphocyte, neutrophil, and monocyte parameters 
were investigated. It was found that the lymphocyte% values sig-
nificantly increased after the 3rd and 4th vaccinations (p<0.05, 
Figure 2b, n=30), while the neutrophil% and monocyte% values 
relatively increased (p>0.05, Figure 2c and d, n=30). 
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It was determined that after the 3rd and 4th vaccinations, the 
IL-6 levels significantly increased compared to those in the first 
weeks (p<0.05, Figure 3, n=30). 

Histopathological findings 
Macroscopically, cauliflower-like tumoral structures were seen 
on the head and neck regions of the animals. It was determined 
that some of these tumors had hemorrhages and sections of 
the structures were rigid, the middle part was gray white, and 
the outer part was necrotic. Microscopically, we detected hy-
perkeratosis, mild acanthosis, excess proliferation of the stra-
tum spinosum, hydropic degeneration of the epithelium, and 
intracytoplasmic inclusion body (Figure 4-7).

Discussion

It is known that the L1 gene region is highly protected in pap-
illomaviruses; therefore, it is often used to determine the taxo-
nomic location of BPVs. In the phylogenetic analysis, our study 
strain was clustered with KX924601 strain in the BPV type-2 of 
the Deltapapillomavirus genus. 
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Figure 1. Phylogenetic analysis of the L1 gene region of the 
papillomavirus (480bp). The star symbol indicates Turkish 
BPV-2 strain
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Figure 2. a-d. Immunological parameters in blood samples taken from cattle before and after autogenous vaccination. 
A: Leukocyte values (n=30, *; p<0.05, **; p<0.01). B-C-D: %Lymphocyte, %Neutrophil and %Monocyte values (n=30, *; p<0.05)

1st week

10

8

6

4

2

0

50

40

30

20

10

0

20

15

10

5

0

80

60

40

20

0

1st week

1st week 1st week

2th week2th week

2th week 2th week

4th week4th week

4th week 4th week

5th week5th week

5th week 5th week

3rd week

%
 M

on
oc

yt
e

%
 L

ym
ph

oc
yt

e

%
 N

eu
tr

op
hi

l
W

BC
 (1

03 /m
m

3 )

3rd week

3rd week 3rd week

a

c

b

d



101

BPV-2 was reported as a possible agent for malignant bladder 
tumors and cutaneous fibropapilloma (Melo et al., 2014; Timur-
kan and Alcigir, 2017). In our study, BPV-2 was determined as 
the etiological agent of the cutaneous papilloma cases. BPV-1 
and BPV-2 were also reported in equine sarcoid cases in hors-
es. Papilloma cases have also been reported in other studies 
conducted in our country and evaluated as BPV-1 and BPV-2 
(Ataseven et al., 2016; Tan et al., 2012). 

There are 24 different types of BPV known, and co-infections 
related to these types are frequently observed. Different col-
ors and sizes of papilloma may be observed in BPV co-infected 
cattle based on the type differences of the virus (Ranjan et al., 
2013). In our study, all the papillomas were macroscopically 
and microscopically uniform, and phylogenetically, they were 
included in the BPV-2 type of Deltapapillomavirus genus. 

In previous studies, the pathological analysis of the cutaneous 
papilloma revealed noticeable acanthosis, hyperkeratosis, and 
hyperplasia of keratinocytes at the level of the stratum spino-
sum and rete-ridge objects that were noticeable at the border 
of the epidermis-dermis. Additionally, degenerative changes 
characterized by wide vacuolization incidents and peripherally 
located hyperchromatic nuclei were observed in the acanthosis 
toward the dermis and the cytoplasm of cells in the epidermis. 
In cases where the tumors were contaminated with secondary 
bacterial infection, determined neutrophil leukocyte exudation 
and erosion ulceration at the dermal and epidermal layers were 
observed (Atasever et al., 2005; Kirmizigul et al., 2010). We de-
tected similar findings in our study.

Cutaneous papillomavirus causes benign tumors that are usu-
ally characterized by epithelial proliferation commonly seen in 
cattle. Genetic factors, humoral diseases, immune systems, and 
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Figure 4. Hyperkeratosis, mild acanthosis and excessive 
proliferation of stratum spinozum, H&E, Bar: 200 µm

Figure 5. Acanthosis and proliferation of stratum spinozum, 
hydropic degeneration in epithelium, H&E, Bar: 100 µm

Figure 6. Proliferation of stratum spinozum, hydropic 
degeneration in epithelium, H&E, Bar: 50 µm

Figure 3. IL-6 levels at 1, 2, 3, 4 and 5 weeks in blood samples 
taken from vaccinated cattle 
(n=30,***; p<0.01)
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sunlight play a role in the pathogenesis of papillomaviruses, 
such that these lesions may transform into cancers based on 
these negative factors (Ranjan et al., 2013). The long and cold 
winters of the region, where our study population is located, 
have negative effects on the immune system. 

There are different treatment methods in cattle with papillo-
matosis, including cauterization, excision, cryotherapy, local 
anesthesia, autologous or heterologous vaccination, autohe-
motherapy, and administration of immune-stimulating drugs 
(Archana et al., 2019; Kale et al., 2019; Rothacker, et al., 2015). 
It has been determined that autohemotherapy administration 
at certain intervals caused regression of the papilloma tissues 
(Chand et al., 2018; Kale et al., 2019; Rothacker et al., 2015). Kir-
mizigul et al. (2010) determined that ivermectin administration 
led to regression in the papilloma tissues by stimulating the 
immune system in animals, and the papilloma tissues disap-
peared completely in 3 months. Chand et al. (2018) observed 
that regression took place in almost all the animals that were 
administered autohemotherapy. The immune system plays an 
important regulating role in the papillomavirus infections. It 
was reported that cellular immunity was more effective than 
humoral immunity in the regression of lesions (Borges et al., 
2017; Nicholls and Stanley, 2000). In the case of long-term an-
ticancer treatment in dogs, cutaneous papillomas have been 
observed to increase with the suppression of the immune sys-
tem, deterioration of T cell responses, IgM deficiency, and hy-
pogammaglobulinemia (Bredal et al., 1996; Lucroy et al., 1998). 
In equine sarcoids, it was reported that usage of the immu-
no-modulatory agents stimulates a host response (Rothacker 
et al., 2015). Moreover, corticosteroid administration with the 
autogenous vaccine has been reported to cause regression of 
papillomas (Le Net et al., 1997). In our study, in compliance with 
the literature, it was determined that autogenous vaccination 
led to an increase in the leukocyte counts and especially lym-
phocyte ratios. It was concluded that autogenous vaccination 
led to regression in the tumor tissue by increasing the lympho-

cyte cells that are responsible for cellular immunity and neutro-
phil cells that are responsible for the phagocytic activity. 

IL-6 is a cytokine that has proinflammatory activity, and it plays 
an important role in the immune-system-related response. It 
is produced as a response to the tumor necrosis factor-α and 
IL-1, which have a main role in the formation of the immune 
and inflammatory responses. IL-6 is mainly secreted in vascular 
endothelial cells, mononuclear phagocytes, fibroblasts, and ac-
tivated T-lymphocytes (Flemming, 2017; Mansell and Jenkins, 
2013; Rose-John, 2012). In compliance with the literature, au-
togenous vaccination stimulated IL-6 formation in our study. 
Increasing the level of IL-6 leads to the stimulation of hema-
topoietic stem cells in the bone marrow, activation of assistive 
T-lymphocytes, and T-lymphocytes’ induction of plasma cells 
from B-lymphocytes, creating antibodies. Additionally, IL-6 
stimulates phagocytic cells in addition to T- and B-lymphocytes 
and increases the regression of the papilloma tissue by both 
cellular and humoral immunity (Streeck, 2002). It is believed 
that the therapeutic treatment that we applied in our study 
achieved papilloma regression with this mechanism.

In conclusion, we evaluated the phylogenetic classification 
of the papillomavirus in cattle with cutaneous papillomato-
sis, histopathological evaluation of the tumor tissue, and the 
effects of autogenous vaccination on the immune system in 
this study. Unfortunately, there is no vaccine that can be used 
as a therapeutic or prophylactic agent against BPV in Turkey. 
Therefore, autogenous vaccination is an appropriate method. 
This practice, which stimulates the immune system, provides 
different responses to treatment based on the type of the virus, 
the growth stage of the papilloma, preparation method of vac-
cination, and implementation protocol. It was concluded that 
autovaccination may provide a therapeutic effect by activating 
the humoral and cellular immunity in BPV-2 infections.
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Figure 7. Hypercromasia, hydropic degeneration and 
intracytoplasmic inclusion bodies in proliferating epithelium, 
H&E, Bar: 20 µm
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