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The present study was conducted during the period from July, 2023 to January, 2024. Two clinical cases of cattle were 
reported with cutaneous papillomas, one near right umbilical region and another over the right hind teat of cattle. Both 

the animals were treated with a protocol designed such that it can regulate the secondary bacterial infection, speedy recovery 
of integument system and enhance the immune response for complete regression of the warts. The innate immune responses 
of infected animals were augmented with inactivated pathogen associated molecular patterns (PAMPs) as autogenous vaccine 
candidate. The warts were surgically excised, triturated in sterile PBS, inactivated with 0.5% formaline and prepared the 
autogenous vaccine. The sterility test of vaccine revealed that the vaccine was free from bacterial and fungal contaminants. 
The chemotherapy includes the use of drugs Thuja ointment, Inj.Enrofloxacin, Inj.Avil and Inj.Anthiomaline. The dose of the 
vaccine was 1 ml 20 kg-1 b.wt. subcutaneously and given at weekly intervals for a period of 4 weeks. It was observed that the 
treatment protocol was successfully effective and regression of warts was noticed from 2nd week onwards. By end of 4th week 
a complete recovery of the wart infected area was noticed with a black scar left behind. The formalin inactivated autogenous 
vaccine was  effective, and applied for control of bovine papillomavirus infection in cattle with combination of chemotherapeutic 
drugs resulted in early regression of warts.
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1.   INTRODUCT ION

Bovine papillomatosis or warts is a common viral disease 
of cattle which is highly infectious, manifest as a 

neoplastic like growth on the integument system (Hauck, 
2008). The Warts develop as a benign exophytic proliferative 
lesions, in some instances can progress to malignant form 
that induce systemic infection (Borzacchiello and Roperto, 
2008; Bertagnolli et al., 2020). The disease is prevalent in 
cattle globally, most commonly observed in dairy cattle 
than in other domestic animal. The incidence of disease 
is highest in calves and yearlings when compared with the 
adult animals (Salib and Farghali, 2011). It can directly and 
indirectly cause economic losses due to reduction in  milk 
production, poor quality meat, animal products, medicine 
expenditure, depreciation of animal’s value and reduced hide 
quality (Freitas et al., 2011).

The bovine cutaneous warts are caused by Bovine 
papillomavirus (BPVs), which is classified under the 
family Papillomaviridae. The genome consists of a double-
stranded, circular, DNA (approximately 8kb) (Baker et al., 
1987). Based on the sequence analysis of L1 gene sequences, 
the BPVs are classified into five genera, which includes Delta 
papillomavirus, Xipapillomavirus, Epsilon papillomavirus, 
Dyoxi papillomavirs, and Dyokappa papillomavirus. Under 
each genera several BPV types have been classified and three 
BPVs (BPV 19, 21 and 29) were not assigned any genera 
(Van Doorslaer et al., 2013). 

The BPVs induce development of cutaneous warts 
on several parts of the body includes head, neck, eyes, 
nostrils, oral, tail, udder, genital organs and internal 
organs such as gastro-intestinal tract etc. (Pathania et al., 
2011). However, it is now apparent that multiple different 
papillomavirus types are present in most bovine papilloma’s 
making it difficult to determine which of these viruses 
actually caused the papilloma and which represent only a 
latent virus infection (Batista et al., 2013; Bocaneti et al., 
2013). In general, the humoral immune response against 
BPVs is very poor in the infected hosts, because the virus 
replication cycle is mainly restricted to the keratinocytes 
and lack of proper inflammatory response (Campo, 2006). 
The BPV L1 recombinant capsid protein expressed in 
bacterial expression system developed promising humoral 
immune response in calves (Módolo et al., 2017). Recently, 
bovine papillomavirus type 1-L1 protein was expressed in 
Baculovirus expression system and developed as Virus like 
proteins (VLPs), was used as vaccine candidate in mouse 
model (Vrablikova et al., 2023). The BPV-L1 VLPs are 
the major targets of research as during recent years, which 
focussed on immunogenic potential of BPV-L1VLPs (Liu 
et al., 2012; Jesus et al., 2012; Harnacker et al., 2017; Yang 
et al., 2021).

The major oncoprotein, E5, of BPV, was shown to 
negatively regulate the host antiviral innate immune 
responses (Uhlorn et al., 2020; Guey and Ablasser, 
2022). Among the innate immune responses, the cyclic 
Guanosine monophosphate-Adenosine monophosphate 
synthase-stimulator of interferon genes (cGAS STING) 
was identified as potent antiviral effector pathway that 
sense the abnormal pathological DNA (Chen et al.. 2016; 
Ablasser and Chen, 2019; Zhao et al., 2021; Fang et al., 
2021; Zhang et al., 2019). Many DNA viruses, subvert 
this pathway to establish infection and induce oncogenesis 
(Lo Cigno et al., 2020; Luo et al., 2020; Liu et al., 2021; 
Li K et al., 2019; Oliveira et al., 2020). It was proven that 
cGAS-STING pathway was impaired by E5 protein of BPV 
(De Falco et al., 2021 and 2022). Hence, in the present 
study novel approach was designed such that inactivated 
pathogen associated molecular patterns of BPV were applied 
to enhance innate immune responses in BPV infected 
animals in combination with chemotherapy for control of 
BPV infections in cattle. The autogenous vaccine developed 
with wart material and the chemotherapy were considerated 
for early recovery of BPV infected animals. 

2.   MATERIALS AND METHODS

Two cattle with bovine papilloma viral infections with 
presence of cutaneous warts at umbilical region and on 

teats were presented to the Veterinary Clinical Complex, 
College of Veterinary Science, Garividi, Vizianagaram 
district, Andhra Pradesh state, India located at latitude of 
18.2892° N, and longitude of 83.5557° E. 

2.1.  Case details

Case–I: A four year old, Cow with a history of multiple 
cutaneous nodules at umbilical regions was presented to the 
Veterinary Clinical Complex, College of Veterinary Science, 
Garividi, Vizianagaram District, Andhra Pradesh during 
the month of November, 2023. On clinical examination, 
the nodules were noticed with varying size, with irregular 
crusted margins, greyish black and brownish in colour 
(Figure 1). All other clinical parameters were observed 
within normal range. 

Case–II: Cattle in 2nd lactation was presented to the 
Veterinary Clinical Complex, College of Veterinary Science, 
Garividi, Vizianagaram District, Andhra Pradesh in the 
month of July, 2023 with a history of dark brownish black 
circular wart like nodules measured approximately 1–1.5 
cm over the right hind teat (Figure 2). Except the milk 
yield and quality of milk, remaining clinical parameters are 
reported within normal range. 

Based on the clinical picture in both cases, preliminarily 
it was diagnosed as warts due to bovine papilloma viral 
infections. 
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interval for observable turbidity and bacterial growth by 
grams staining.

2.5.  Treatment

The animal was treated with formalin inactivated BPV 
autogenous vaccine prepared in the laboratory with a dose of 
1 ml 20 kg-1 b.wt. subcutaneously. Four consecutive boosters 
were given at 7 days’ interval for a period of 4 weeks. The 
chemotherapy includes application of Thuja ointment twice 
daily until recovery, Inj. Enrofloxacin @ 5 mg kg-1 bwt IM, 
Inj.Avil @ 0.5 mg kg-1 bwt IM daily for five days and Inj. 
Anthiomalaline @ 15 ml deep IM on alternative days up 
to four doses.  

3.   RESULTS AND DISCUSSION

In bovines the papillomavirus infection causes benign 
cutaneous fibropapillomas mainly restricted to the 

superficial layers of the skin keratinocytes (Campo, 2006). 
These viruses are host specific and several types have been 
recognized. There is no association between the location 
of the warts and type of BPV. In general, the treatment 
options for the control of BPV infections are very poor and 
largely depend on the chemotherapeutic drugs to manage 
the inflammation, and secondary bacterial infections. In the 
present study a traditional approach of formalin inactivated 
autogenous vaccine of Bovine papilloma virus was applied 
in combination with regular chemotherapeutic protocols 
for the control of the infection.

The wart materials excised using sterile surgical blade 
with minimal bleeding. The excised part of the wound 
was managed with tincture iodine, followed by application 
of Thuja ointment (Thuja Occidentalis) twice daily until 
recovery. The preparation of Thuja occidentalis will helps 
in speedy recovery from warts. The supportive therapy 
includes Inj.Enrofloxacin, Inj.Avil and Inj. Anthiomaline. 
However, the results are inferior than expected under field 
conditions. The probable reason might be very low level 
of immune response was developed by the animals against 
the BPVs. The BPVs lifecycle is mainly restricted to the 
epidermis, and productive infection is seen in differentiating 
keratinocytes. The virus genome replication was confined 
to differentiating keratinocytes of spinous and granular 
layers, and the mature virion particles released through 
desquamation of keratinocytes. Because of this strict 
tropism to keratinocytes and lack of proper inflammatory 
response, there may be failure of alerting the immune 
response (Campo, 2006; Stanley, 2006, Zhou et al., 2019).  
Hence, the present study focussed on enhancing immune 
response by facilitating the exposure of inactivated bovine 
papillomavirus particles to immune cells. This was achieved 
by inactivating the bovine papilloma virus present in the 
wart material with 0.5% formalin. The homogenized wart 

Figure 1: Management of warts at umbilical region of the 
cattle (Case–I)

Figure 2: Management of warts on teats of the Cattle (Case–II)

2.2.  Sample collection

The warts were excised from both cases following the 
surgical procedures as sample for further processing. The 
site was disinfected with 95% ethanol, the wart was excised 
using a surgical blade and kept in 20 ml of PBS (pH 7.0) 
added with penicillin and streptomycin. The wart material 
weighed ~35 grams, was stored at 4°C, until proceed for 
vaccine preparation.

2.3.  Preparation of the inactivated vaccine of BPV

The autogenous vaccine preparation was standardized as 
per the protocol described by Mayil kumar et al., 2015 
with little modifications. Briefly, a twenty grams of the 
wart material was homogenized with sterile PBS (pH 7.0) 
and finely triturated using a sterile mortar and pestle until 
the entire wart turned into a suspension. The homogenized 
suspension was centrifuged at 5000 rpm for 10 min at 4°C. 
The supernatant was collected aseptically into a sterile 
beaker and inactivated by adding formalin solution to a 
final concentration of 0.5% (v/v). Then penicillin (10000 
units)–streptomycin (10 mg) was added 1ml to 100 ml of the 
vaccine. The suspension was stirred at 4°C for 4 hours on 
a magnetic stirrer. The inactivated sample was centrifuged 
at 5000 rpm for 10 minutes, supernatant was collected and 
stored at 4°C. 

2.4.  Sterility test

An aliquot of the inactivated vaccine was inoculated onto 
Brain heart infusion broth, Mac Conkey agar, Blood agar 
and Sabourad dextrose agar and incubated at 37°C for 48–96 
hrs. The inoculated culture media was checked at 12 hrs 
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material upon trituration developed a clear suspension and 
the remnants of the warts were removed by centrifugation. 
This step was prerequisite that  inactivated BPV, otherwise 
the hidden virus particles deep in the warts might not be 
properly inactivated, and results in unwanted reactions. 

The inactivated autogenous vaccine was checked for sterility 
by inoculating in BHI broth, Mac Conkey agar and SDA 
media. No signs of turbidity in BHI broth and growth of 
bacteria on MacConkey agar was noticed. The vaccine was 
free from fungi, as evident with absence of growth on SDA 
media. After passed the sterility test the vaccine was used 
for control of BPV infection in cattle in combination with 
chemotherapy.

The autogenous vaccine was injected subcutaneously at 
the rate of 1 ml 20 kg-1 body weight. A total of four doses 
were given at an interval of 7 days between each dose. The 
results are encouraging with good progress in regression 
of the cutaneous warts (Figure 1 and 2). The regression 
in size of the warts started in the 2nd week, since first 
dose was given. By end of fourth week, the warts were 
completely regressed , with mild scars left behing. The 
efficacy of the BPV autogenous vaccine was reported 
earlier (Mayilkumar et al., 2014 and Khalid et al., 2020). 
The warts on teats were progressively regressed by 4th week 
and by end of 5th week complete regression of warts was 
reported by Mayilkumar et al., 2014. It took more than 7 
weeks for complete regression of the warts around the eye, 
as reported by Kahlid et al., 2020. However, in our study 
it took 4 weeks for complete regression (Figure 1 and 2). 
The probable reason for differences in time of regression 
between different studies may be variations in individual 
immune status, level of infection, location of warts on the 
body and other management practices.

The virus like particles of BPV–L1 capsid proteins are 
highly immunogenic, and develop potential humoral 
immune response in experimental animals (Liu et al., 
2012; Jesus et al., 2012; Harnacker et al., 2017; Yang 
et al., 2021; Vrablikova et al., 2023). However, the 
development of VLPs is highly cost effective and required 
well established laboratories. Alternatively, the formaline 
inactivated autogenous vaccines are least cost effective, safe 
and easy to produced with minimal laboratory facilities. 
The practice of formalin inactivated autogenous vaccine 
was a traditional approach, and the hypothesis is that 
it provided the pathogen associated molecular patterns 
(PAMP) to the receptors of the host immune system. It 
was believed that the BPV-PAMPs are not only a good 
vaccine candidate but also a potent immune stimulatory 
component within the host (Amador-Molina et al., 2013). 
The BPV–PAMPs stimulates inflammatory cells, tumour 
necrosis factor-α, IL-1 and innate immune responses. These 
in turn stimulated the production of IL–6, which activated 

the cell mediated and humoral immune responses (Campo, 
2006; Allen et al., 2015; Zhou et al., 2019). The activated 
immune system regulate the growth and progression of the 
BPV infection to malignancy form. During skin infections, 
the central circulating memory T –cells plays significant role 
in regulation of recurrence of infection (Jiang et al., 2012). 
Further, as part of supportive therapy, the chemotherapeutic 
drugs regulated the secondary bacterial infections and 
enhanced the early recovery of the animal. It was evident 
from our study that formalin inactivated autogenous vaccine 
in combination with chemotherapeutic drugs was proven 
effective in control of the BPV infections. So far, even after 
several months of treatment, no recurrence of the warts was 
noticed in the affected animals. The recurrence of infection 
was frequently  noticed  after surgical treatment  of warts. 
Alternatively, formalin inactivated autogenous vaccine was 
reported as the best option under field conditions for control 
of BPV infections.

4.   CONCLUSION 

A combination of chemotherapy and formalin inactivated 
autogenous vaccine prepared from warts was the most 

preferred treatment for control of BPV infection. The BPV 
infected animals recovered rapidly and warts regressed 
with mild scars left behind. Our study provided insights 
in application of PAMPs of BPV as vaccine candidate for 
control of BPV infection.
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