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Abstract 
Objective  

Transmissable venereal tumour (TVT) is a tumour transplanted by physical contact between dogs. 

Lesions typically affect the genitalia. TVT is not considered enzootic in the United Kingdom (UK), with 

cases seen in imported dogs. We sought to determine the patient characteristics, temporal and spatial 

distribution, and country of origin of affected dogs in the UK. 

 

Methods 

Electronic pathology records (EPRs) from four UK veterinary diagnostic laboratories collected between 

2010 and 2019 were searched for the terms ‘venereal’ or ‘TVT’. Reports were reviewed for statements 

confirming a TVT and descriptive statistics collated.  
 

Results 

Of 182 EPRs matching the search terms, a diagnosis of TVT was confirmed in 71. Country of origin 

was noted in 36 cases (50.7%) with Romania being the most common (n=29). Cases were reported in 

each UK constituent country, with the majority being in England (64, 90.1%). The incidence of TVT 

diagnosis increased over the last decade (z=2.78, P=0.005).  

 

Conclusions/Discussion 
The incidence of TVT diagnosed in the UK is increasing. The majority of cases were known to have 

been imported. Autochthonous transmission cannot be excluded due to study design. Vets are 

encouraged to carefully examine the genitalia of dogs imported to the UK from countries with enzootic 

TVT.  

 

 

Introduction 
Canine transmissible venereal tumour (TVT) is an infectious tumour of dogs (1–4). TVT is transmitted 

between dogs by direct transplantation of living tumour cells from one dog to another, typically during 



mating when abraded mucosa is exposed to the tumour of an infected dog (4). Transmission via licking, 

sniffing and parturition have also been reported, thus TVT represents an infectious cell line that is 

transmissible as a naturally occurring allograft (4–7). 

 
TVT is the oldest and most widely disseminated cancer in the natural world, with evidence of emergence 

approximately 11,000 years ago (8,9). TVT can be transmitted only via living tumour cells – not killed 

cells or cellular filtrates. This demonstrates the transmissible nature of the cells themselves (4,6,10). 

The patterns of genetic identity found in tumours located in different continents is consistent with a 

single clonal origin (6,8). Normal canine cells have 78 chromosomes while TVT cells have a vastly 

rearranged karyotype containing 58-59 chromosomes (11,12). Though TVT is classified as a round cell 

tumour hypothesised as being of histiocytic origin (13,14), its original cell of origin is not definitively 

known. 
 

Lesions typically affect the external genitalia of dogs of either sex but can also be present in other 

locations such as cutaneous, nasal or oral lesions (15–17). The tumour can range in size from a small 

nodule to a large mass and is typically cauliflower-like, firm but friable and frequently ulcerated or 

inflamed. Local invasion is common, but distant metastasis is rare and usually only occurs in 

immunocompromised dogs or puppies (5).  

 

As an allograft, TVT should be readily cleared by an immunocompetent host, as occurs in organ 
transplant without immunosuppression. When an immunocompetent, naïve adult dog is exposed to an 

infectious transplant of TVT cells, a tumour growth phase of 2-6 months occurs. During this period, very 

low levels of major histocompatibility complex (MHC) expression likely contribute to the tumour’s ability 

to evade immune surveillance (18–21). After the growth period, whilst some TVTs stabilise in size, most 

regress. The factors that lead to the initial implantation of the tumour and the switch between the growth 

and stabilisation/regression phases are incompletely understood, but the latter phase is associated with 

increased tumour MHC expression, and a parallel increased immune response against the tumour (18–
21). These changes in MHC expression are hypothesised to be the most significant contributor to the 

tumour’s natural history, and as a consequence, TVT is rarely fatal, but is perpetuated within the 

population by tumour transmission during the period of immune evasion (6).  

 

Whilst spontaneous regression has been reported in experimental settings (22) the course of naturally 

acquired TVT is not well documented and therefore it should not be assumed that spontaneous 

regression will occur. Consequently, to ensure resolution, reduce associated welfare issues and prevent 

further transmission most cases in pet animals are treated. Weekly systemic treatments with vincristine 
are most commonly used, and typically lead to regression and clinical cure in 3-5 weeks (23–26). 

Radiotherapy has also been used in refractory cases, with good responses reported (27).  

 

Worldwide, TVT is a common disease and has been reported in all inhabited continents (28,29). It is 

typically associated with stray or free roaming dog populations in which uncontrolled mating occurs 



(28). TVT is more common in tropical and sub-tropical regions and is uncommon in North America and 

North and Central Europe, largely due to control of stray dog populations (28). In the United Kingdom 

(UK), TVT is not considered enzootic, but occasional cases have been anecdotally reported in imported 

dogs.  
 

A huge amount of epidemiological information is held within the pathology records of diagnostic 

laboratories pertaining to signalment and diagnosis of neoplasia. They are one of the possible sources 

of information for tumour registries. Tumour registries are important tools in the epidemiological 

monitoring of cancer; they have been used to assess and monitor incidence of cancer and determine 

effectiveness of public health interventions in reducing cancer rates (30,31). The Small Animal 

Veterinary Surveillance Network (SAVSNET) collects both patient clinical records from veterinary 

practices and EPRs from diagnostic laboratories, using them for a variety of purposes including 
monitoring for infectious diseases (32,33) and surveillance (34). The diagnostic laboratory data includes 

EPRs from the majority of the UK’s commercial diagnostic laboratories and therefore represents a rich 

and novel source of information for evaluating the occurrence of TVT in the UK setting.  

 

Given the lack of knowledge of TVT within the UK, and the (albeit small) potential for this condition to 

become established and endemic in the UK from dogs imported or returning from overseas, the aim of 

this study was to describe TVT cases diagnosed in the UK including the incidence, neuter status, 

geospatial distribution and country of origin of affected dogs. 

Materials and Methods 
This is a retrospective cohort study. The dataset was developed by searching datasets of cytology and 

histopathology submissions made to four comercial laboratories in the UK between the 29th September 

2010 and 30th October 2019 (inclusive). This data had been collated anonymously as part of the 

laboratories’ voluntary participation in SAVSNET, which has been ethically approved by the University 

of Liverpool research ethics committee (RETH0000964). 

 

In order to identify possible cases, a digital search term was developed using the phrases ‘venereal’ or 

‘TVT’. The EPRs identifed were manually evaluated by a single domain expert (DG). The inclusion 
criteria were dogs who had been diagnosed with TVT on the basis of a cytology and/or histology sample. 

Cases were excluded if the report was about any other species aside from dogs, the results did not 

pertain to a histology or cytology sample, a diagnosis other than TVT was reached or the pathologist 

suspected TVT, but suggested further diagnostic tests such as immunohistochemistry were required to 

confirm the diagnosis, and there was no recorded evidence from the EPR that these were performed.  

 

Patient data was collated for cases, including signalment (age, breed, sex, neuter status) when 
available, date of submission (this date was chosen over date of diagnosis as the latter was not always 

available), lesion location, whether cytology, histology or both were performed, geographic location. 

Information pertaining to travel status or country of origin (if recorded) were also included.  



 

Data was exported to a Microsoft Excel spreadsheet, cleaned by harmonising variable terms (eg dog 

and canine), duplicates removed using the laboratory sample accession number (e.g. dogs that had 

two submissions under an identical lab number typically if there was both a cytology and histology 
sample), and descriptive statistics performed. A Mann-Kendall trend test was performed using the 

‘trend’ package in R (version 4.0.3) to assess incidence of TVT cases over time per 10,000 cytology or 

histology submissions submitted for any clinical reason, over the aforementioned time period. A map 

documenting diagnoses of TVT during the study period by UK administrative area was created using 

the Microsoft Excel for Mac (Version 16.45) ‘Filled Map’ chart. A Mann-Kendall trend test was performed 

to address the possibility that increasing case numbers may be an artefact caused by an overall 

increasing number of laboratory submissions or the increasing market share of the participating 

laboratories. The yearly incidence of TVT cases per 10,000 (with 95% confidence intervals) cytology or 
histology submissions to laboratories over the same time period was assessed. 95% confidence 

intervals surrounding annual proportional incidence in TVT diagnosis compared to all histological and 

cytological submissions being submitted for that year were calculated using the exact interval method 

(also known as the Clopper-Pearson interval) available via the 'prevalence' R package(35). A p value 

of <0.05 was considered significant. 

Results 

The initial case population comprised 182 cases, comprising 81 cytology and 101 histology samples. 

Of these, 45 reports were excluded because although the pathology was consistent with a round cell 
tumour, the exact diagnosis as recorded in the EPR was not definitive. In these reports, further testing 

had often been recommended without recorded linked evidence of it being performed, or a final 

diagnosis was not reached. A further 56 reports were excluded as they were diagnosed with another 

condition (Supplementary table 1), and 10 were excluded as the samples were non-diagnostic.  

 

Seventy-one cases met the inclusion criteria, of which 13 were diagnosed by cytology (18%) and 58 

(81%) by histology. Only 5 included cases had both a cytology and histology submission and there were 
no cases where these results were contradictory. The majority of affected dogs were mixed breed 

(n=47, 66%). Other breeds represented included Border Collie (n=2), Staffordshire bull terrier (n=2), 

Labrador retreiver (n=1) golden retreiver (n=1), Chihuahua (n=1), English setter (n=1), Newfoundland 

(n=1) and old English sheepdog (n=1). The breed of 14 dogs was not recorded. Twenty-five (35%) were 

female neutered, 27 (38%) male neutered, eight (11%) were entire male, and eight (11%) were entire 

female.Sex was unknown in three dogs. Age data was not present for a lot of records which precluded 

meaningful analysis.  

 
The described lesions were predominantly assocated with the genitalia. In the 33 female dogs, 23 

(69.7%) were reported as affecting the vagina, and seven (21.2%) the vulva. In the 35 male dogs, 18 

(51.4%) were located on the penis and 14 (40.0%) on the prepuce. The majority of lesions were on the 

genitalia regardless of neuter status. Other less common locations included lip, the perineum and a 

lymph node (one case each). Lesion location was not recorded in six cases. The majority of cases 



(47/71, 66%) presented with a single lesion. Multiple lesions were reported in 8 cases (11%) including 

the case where TVT was diagnosed in the lymph node. The history from the submitting vet in that case 

described ‘multiple skin lesions’ but these were not sampled. It would be suspected that at least some 

of those lesions were TVT as a primary lymph node TVT would be extremely unusual. Number of lesions 
was not reported in 16 cases (22%). As this data was obtained from the pathology submission form 

(rather than direct examination of the animal) the possibility that some cases classified as having a 

single lesion actually had multiple lesions cannot be entirely excluded.  

 

Import status and country of origin was reported in 36 of the 71 cases (50.7%), of which the majority 

were reported to be from Romania (29 of 36, 81.0%). Other countries of origin included Serbia (2), 

Spain (1), China (1), Greece (1) and Gambia (1). One further dog was listed as imported, but a country 

of origin was not stated.  
 

Within the UK, based on the postcode of the submitting veterinary practice, the majority of cases were 

seen in England (65 of 71, 91.5%). Four cases were reported from Scotland and one each from 

Northern Ireland and Wales. The location of one submitting practice was unknown. Cases were seen 

across England (Figure 1), although the highest proportion were in the south, with 26 of 71 in the South 

East, and seven in the South West region. Twelve were located in the East Midlands and three in the 

West Midlands. Six cases were seen in the East of England and three in Yorkshire and the Humber. In 

the north of England, six cases were seen in the North West region whereas one was seen in the North 
East.  

 



 
Figure 1: Veterinary practice site distribution of TVT cases across the UK. Deeper shades of blue 

indicates more cases. Grey areas had no recorded cases. There may be some bias in this figure from 

underlying population size and laboratory demographics 
 

While the total number of cases remained low, the frequency with which TVT was diagnosed increased 

over time (Figure 2), with very few cases seen prior to 2014 and the numbers increasing steadily 

thereafter. 

 



 
Figure 2: Number of TVT diagnoses by year across the participating UK laboratories 
 

The Mann-Kendall  trend test was was performed to assess the rate of TVT cases per 10,000 (with 

95% confidence intervals) cytology or histology submissions to laboratories over the same time period 

(Figure 3). This showed a significant upward trend (z=2.78, P=0.005), which is consistent with an 

increasing incidence of TVT cases.  
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Figure 3: Yearly incidence of TVT diagnosis per 10 000 cytology and histology submissions (blue line) 

with 95% confidence intervals (blue shading) 

 

 Discussion 
TVT is an unusual infectious tumour of dogs that is transmitted by physical transplantation. TVT is 

primarily transmitted during mating activity. There are various historical reports of TVT presence within 

the UK, but it is not believed to be enzootic in the UK currently probably due to the high rates of elective 

neutering and low numbers of stray or feral dogs (4,28,36). The co-occurrence of large populations of 

free-roaming dogs, lower GDP per capita and warmer conditions in countries with higher TVT 
prevalence means that it is not possible to draw a certain conclusion on the impact of climatic conditions 

on its spread (4,28). This study showed that while TVT is still rare in the UK, the incidence of diagnosis 

has risen over the period studied. Within the UK, the majority of cases were seen in England although 

this may reflect selection bias as the included laboratories were located in England. It also likely reflects 

that England has both a higher human population, and with it a higher dog population (37). 

 

As would be expected with TVT the majority of lesions in this study were located on the genitalia. As 
this study was conducted with laboratory data rather than the associated clinical record it is impossible 

to know if these were the only lesions present or if multiple were present but only one sampled. This is 

particularly relevant with the case of TVT identified in the lymph node. Having no associated genitalia, 

facial or other lesion would be very unusual. It is suspected that this case did indeed have another 
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lesion and the lymph node represents metastasis but unfortunately we had no records of another lesion 

being sampled in this case.  

 

The majority of cases in this study affected dogs that were reported to have been imported. It is easy 
to speculate that most or all of the remaining dogs were also imported. However, in the context of 

determining origin, a limitation of this study is that it relies on information both being included on the 

submission form and then also being transposed into the EPR by the pathologist. Consequently, this 

data cannot absolutely exclude local presence and transmission. Ensuring that the import status and 

country of origin of the patient are included in the medical record and on laboratory request forms would 

facilitate epidemiological monitoring of this and other diseases considered non-enzootic and would 

allow identification of possible local spread with more confidence.  

 
In recent years it has become increasingly popular for UK residents to adopt a dog from a foreign rescue 

organisation rather than buy or adopt a dog locally in the UK (38). It has recently been reported that the 

majority of these rescue dogs are being imported incorrectly under the European Union Pet Travel 

Scheme (PETS; EU regulation 576/2013), which is for the non-commercial movement of animals 

accompanied by their owners (38). Dogs imported for commercial reasons including for a change of 

ownership (sale of puppies or rehoming rescue animals) are covered by the more stringent Balai 

directive (EU regulation 92/65/ECC) (38). The consequence of this approach is that rehomed pets may 

not necessarily have undergone the pre-export health check required by the Balai directive, and the 
opportunity to identify TVT prior to entry into the UK may have been missed. 

 

In the context of the disconnect between import legislation and the facts on the ground it is interesting 

to observe that the incidence of TVT cases has increased in the UK over the past decade. Of the dogs 

with a country of origin noted in the EPR, 80% came from Romania. TVT is known to be enzootic in 

Romania with a prevalence estimate of 5 – 10% in a recent study due to a large roaming dog population 

and low rates of neutering (29). Animal & Plant Health Agency (APHA)  figures show 39,998 dogs were 
imported into the UK from overseas under the Balai directive in 2017 (39), with 15,556 (38%) of these 

originating from Romania (40). There has been an increase in dogs imported from Romania over recent 

years; according to APHA no Romanian dogs were imported into the UK in 2013 (41) while 15,556 were 

imported in 2017 (40). This makes Romania now the most common origin for imported dogs. The high 

number of cases from Romania therefore represents a combination of high prevalence and high import 

rates. Cases imported from other locations with high prevalence likely carry a similar risk of importing 

TVT on a per imported dog basis. In 2017, 287,016 dogs were imported into the UK under PETS (39). 

As the Animal & Plant Health Agency does not record the country of origin for dogs entering under 
PETS (42) and the Balai directive is not always being used as intended, the number of puppies and 

rescue dogs imported into the UK cannot be fully known. This leaves a weakness in the UK’s capability 

to monitor and exclude non-enzootic disease.  

 



The drivers behind the increasing population of dog importation into the UK are likely a combination of 

the relaxation of the PETS travel scheme requirements in 2012 (43), and the passing of a law in 

Romania in 2013 which enables stray dogs to be euthanised if not claimed within 2 weeks (38). This 

led to the formation of several charities in the UK, mostly formed during or after 2014 in response to the 
above law. With the increasing number of dogs being imported (38,40–42), it could be expected that 

some of the risk of import of non-enzootic diseases such as TVT has increased, and this has led to 

growing concern in the veterinary community about the possibility of introduction non-enzootic diseases 

(38,44–51). This is particularly true since the PETS travel scheme was changed in recent years to make 

tick treatment non-mandatory. This step increased the risk that foreign ticks and associated vector-

borne diseases could become established in the UK. Indeed, in recent years, cases of leishmania, 

babesia, and Hepatozoon canis infection have been reported in rehomed imported dogs, and in some 

cases local transmission has been confirmed (46,50,52–55). Given the natural variation in exposure 
risk to particular infectious diseases in different countries it may be prudent to vary monitoring and entry 

requirements dependent upon local risk. 

 

The importation of non-enzootic parasites and diseases has also been seen in multiple other countries 

including (but not limited to) the importation and establishment of Dirofilaria repens (56) and more 

recently Dirofilaria immitis (56,57) into Austria, the importation of leishmaniasis into Canada (58) and 

several non-enzootic (typically northern) European countries (59). Whilst there is no current data on 

TVT being imported into other non-enzootic countries in a similar way, it is certainly possible and careful 
examination of imported dogs is encouraged.  

 

Interestingly the majority of dogs in this study were recorded as neutered. As TVT is largely transmitted 

through coitus (4) and almost all of the lesions were documented to be on the genitalia it seems 

probable that most of these dogs were entire at the time of transmission and neutered shortly before or 

after arrival into the UK. The risk of chains of local transmission in the UK is considered low both 

because most imported dogs are neutered at the time of import or very soon thereafter (38) and 
because the neutering rate in the UK is high reducing the number of local dogs that might engage in 

mating activity. However, local spread cannot be completely excluded as almost a quarter of dogs were 

recorded as entire at time of diagnosis.  

 

This study represents an innovative use of an EPR tumour registry to monitor the changing incidence 

of an unusual canine cancer over a number of years. One consideration when using such data is that 

the diagnostic criteria may change over time. In this context it is worth noting that the proportion of 

cases in which TVT was mentioned, but in which a final diagnosis of TVT was not made broadly tracked 
the total number of recorded cases each year. Consequently, a change in a pathologist’s willingness or 

ability to diagnose TVT is unlikely to explain the increase seen.  

 

The nature of laboratory data means that no information about timing of neutering relative to importation, 

interval between import and presentation to a veterinary surgeon (each of which influence the potential 



for TVT to spread locally), treatment or outcome was present. As SAVSNET does have access to a 

large amount of primary practice data, there is an opportunity to examine these questions in a future 

study.  

 
This study had several limitations. It was retrospective and EPR data has particular limitations. It is 

likely that the incidence numbers in this study are an underestimate, as a reasonable number of cases 

had to be excluded due to a lack of a definitive diagnosis and unfortunately, due to the elapsed time 

the histology blocks were not available for review. Moreover, these pathology reports do not cover all 

submissions made by UK veterinarians. Further, due to the possibility of spontaneous remission we 

cannot be sure that all tumours will have been sampled and not all of those sampled will be submitted 

for pathological assessment. 

 
As the Mann-Kendall test is aimed at identifying presence of monotonic trends, it is not well suited to 

account for seasonal variation in incidence. As we have approached analyses on an annual basis here, 

we do not anticipate this to have impacted our findings, however. We have summarised findings from 

multiple diagnostic laboratories here, though due to the low number of cases observed we have not 

attempted to account for potential clustering effects between laboratories. We therefore cannot 

completely exclude the possibility that variation in diagnostic approach between laboratories might have 

impacted on findings as a result. 

 
There may also be bias in this study as a significant number of cases needed to be excluded due to a 

lack of a definitive diagnosis of TVT (in these cases the diagnosis was most commonly ‘round cell 

tumour’). It is possible that pathologists were less likely to definitively diagnose TVT in non-genital 

lesions, particularly if no travel history was reported by the referring vet.  

 

This study shows that databases of EPRs such as those curated by SAVSNET have significant potential 

as a disease and cancer surveillance tool and therefore represent a useful addition to the veterinary 
cancer surveillance initiatives already in place or being developed (60–62). In this study we identified 

that the incidence of TVT diagnosis is increasing in the UK and it appears to be linked to dog importation 

especially from Romania. Based on these data, veterinary surgeons should carefully examine the 

genitalia of all imported dogs at initial assessment and encourage neutering of these patients either 

prior to entering the country or immediately thereafter to reduce the risk of local spread. Moreover, as 

local transmission cannot be completely excluded, TVT should be on the differential list for any canine 

genital masses identified in the UK.  

 

Bibliography 
1.  Rogers KS, Walker MA, Dillon HB. Transmissible venereal tumor: A retrospective study of 29 cases. J Am 

Anim Hosp Assoc. 1998;34(6):463–70.  

2.  vonHoldt BM, Ostrander EA. The Singular History of a Canine Transmissible Tumor. Cell. 



2006;126(3):445–7.  

3.  Wang X, Zhou BW, Yang MA, Yin TT, Chen FL, Ommeh SC, et al. Canine transmissible venereal tumor 

genome reveals ancient introgression from coyotes to pre-contact dogs in North America. Cell Res. 

2019;29(7):592–5.  

4.  Ganguly B, Das U, Das AK. Canine transmissible venereal tumour: A review. Vet Comp Oncol. 2016 Mar 

1;14(1):1–12.  

5.  Mukaratirwa S, Gruys E. Canine transmissible venereal tumour: Cytogenetic origin, immunophenotype, 

and immunobiology. A review. Vet Q. 2003;25(3):101–11.  

6.  Murgia C, Pritchard JK, Kim SY, Fassati A, Weiss RA. Clonal Origin and Evolution of a Transmissible Cancer. 

Cell. 2006;126(3):477–87.  

7.  Rebbeck CA, Thomas R, Breen M, Leroi AM, Burt A. Origins and evolution of a transmissible cancer. 

Evolution (N Y). 2009;63(9):2340–9.  

8.  Murchison EP. Transmissible dog cancer genome reveals the origin and history of an ancient cell lineage 

(Science (437)). Science (80- ). 2014;343(6172):730.  

9.  Strakova A, Murchison EP. The cancer which survived: Insights from the genome of an 11000 year-old 

cancer. Curr Opin Genet Dev. 2015;30:49–55.  

10.  Demonbreun WA, Goodpasture EW. An experimental investigation concerning the nature of contagious 

lymphosarcoma of dogs. Am J Cancer. 1934 Jun 1;21(2):295–321.  

11.  Wright DH, Peel S, Cooper EH, Hughes DT. Transmissible venereal sarcoma of dogs. A histochemical and 

chromosomal analysis of tumours in Uganda. Rev Eur Etud Clin Biol. 1970 Feb;15(2):155–60.  

12.  Adams EW, Sapp WJ, Carter LP. Cytogenetic observations on the canine venereal tumor in long-term 

culture. Cornell Vet. 1981;71(3):336–46.  

13.  Marchal T, Chabanne L, Kaplanski C, Rigal D, Magnol JP. Immunophenotype of the canine transmissible 

venereal tumour. Vet Immunol Immunopathol. 1997;57(1–2):1–11.  

14.  Mozos E, Méndez A, Gómez-Villamandos JC, De Las Mulas JM, Pérez J. Immunohistochemical 

characterization of canine transmissible venereal tumor. Vet Pathol. 1996;33(3):257–63.  

15.  Ojeda J, Mieres M, Soto F, Arnes V, Paredes E, Navarrete M. Computer tomographic imaging in 4 dogs 

with primary nasal canine transmissible venereal tumor and differing cellular phenotype. J Vet Intern 

Med. 2018 May 1;32(3):1172–7.  

16.  Park MS, Kim Y, Kang MS, Oh SY, Cho DY, Shin NS, et al. Disseminated transmissible venereal tumor in a 

dog. J Vet Diagnostic Investig. 2006;18(1):130–3.  

17.  Marcos R, Santos M, Marrinhas C, Rocha E. Cutaneous transmissible venereal tumor without genital 

involvement in a prepubertal female dog. Vet Clin Pathol. 2006;35(1):106–9.  

18.  Hsiao YW, Liao KW, Chung TF, Liu CH, Hsu C Da, Chu RM. Interactions of host IL-6 and IFN-γ and cancer-

derived TGF-β1 on MHC molecule expression during tumor spontaneous regression. Cancer Immunol 

Immunother. 2008;57(7):1091–104.  

19.  Hsiao YW, Liao KW, Hung SW, Chu RM. Effect of tumor infiltrating lymphocytes on the expression of 

MHC molecules in canine transmissible venereal tumor cells. Vet Immunol Immunopathol. 2002;87(1–



2):19–27.  

20.  Siddle H V., Kaufman J. Immunology of naturally transmissible tumours. Immunology. 2015;144(1):11–

20.  

21.  Siddle H V., Kaufman J. A tale of two tumours: Comparison of the immune escape strategies of 

contagious cancers. Mol Immunol. 2013;55(2):190–3.  

22.  Yang TJ, Chandler JP, Dunne-Anway S. Growth stage dependent expression of MHC antigens on the 

canine transmissible venereal sarcoma. Br J Cancer. 1987;55(2):131–4.  

23.  Calvert CA, Leifer CE, MacEwen EG. Vincristine for treatment of transmissible venereal tumor in the dog. 

J Am Vet Med Assoc. 1982;181(2):163–4.  

24.  Brown NO, Calvert C, MacEwen EG. Chemotherapeutic management of transmissible venereal tumors 

in 30 dogs. J Am Vet Med Assoc. 1980;176(10 I):983–6.  

25.  Hantrakul S, Klangkaew N, Kunakornsawat S, Tansatit T, Poapolathep A, Kumagai S, et al. Clinical 

pharmacokinetics and effects of vincristine sulfate in dogs with transmissible venereal tumor (TVT). J Vet 

Med Sci. 2014 Dec 1;76(12):1549–53.  

26.  Das U, Das AK. Review of canine transmissible venereal sarcoma. Vol. 24, Veterinary Research 

Communications. Vet Res Commun; 2000. p. 545–56.  

27.  Thrall DE. Orthovoltage radiotherapy of canine transmissible venereal tumors. Vet Radiol. 

1982;23(5):217–9.  

28.  Strakova A, Murchison EP. The changing global distribution and prevalence of canine transmissible 

venereal tumour. BMC Vet Res. 2014;10(1):1–10.  

29.  Baez-Ortega A, Gori K, Strakova A, Allen JL, Allum KM, Bansse-Issa L, et al. Somatic evolution and global 

expansion of an ancient transmissible cancer lineage. Science (80- ). 2019;365(6452).  

30.  Wei W, Zeng H, Zheng R, Zhang S, An L, Chen R, et al. Cancer registration in China and its role in cancer 

prevention and control. Vol. 21, The Lancet Oncology. Lancet Publishing Group; 2020. p. e342–9.  

31.  Ferlay J, Colombet M, Soerjomataram I, Dyba T, Randi G, Bettio M, et al. Cancer incidence and mortality 

patterns in Europe: Estimates for 40 countries and 25 major cancers in 2018. Vol. 103, European Journal 

of Cancer. Elsevier Ltd; 2018. p. 356–87.  

32.  Radford AD, Singleton DA, Jewell C, Appleton C, Rowlingson B, Hale AC, et al. Outbreak of severe 

vomiting in dogs associated with a canine enteric coronavirus, United Kingdom. Emerg Infect Dis. 2021 

Feb 1;27(2):517–28.  

33.  Farrell S, Noble PJM, Pinchbeck GL, Brant B, Caravaggi A, Singleton DA, et al. Seasonality and risk factors 

for myxomatosis in pet rabbits in Great Britain. Prev Vet Med. 2020 Mar 1;176.  

34.  Singleton DA, McGarry J, Torres JR, Killick D, Jewell C, Smyth S, et al. Small animal disease surveillance 

2019: Pruritus, pharmacosurveillance, skin tumours and flea infestations. Vet Rec. 2019 Oct 

1;185(15):470–5.  

35.  R Core Team. propCI: Calculate confidence intervals for prevalences and other proportions [Internet]. 

[cited 2021 Jun 22]. Available from: 

https://www.rdocumentation.org/packages/prevalence/versions/0.4.0/topics/propCI 



36.  Sánchez-Vizcaíno F, Noble PJM, Jones PH, Menacere T, Buchan I, Reynolds S, et al. Demographics of 

dogs, cats, and rabbits attending veterinary practices in Great Britain as recorded in their electronic 

health records. BMC Vet Res. 2017 Jul 11;13(1).  

37.  Aegerter J, Fouracre D, Smith GC. A first estimate of the structure and density of the populations of pet 

cats and dogs across Great Britain. PLoS One. 2017;12(4):1–21.  

38.  Norman C, Stavisky J, Westgarth C. Importing rescue dogs into the UK: Reasons, methods and welfare 

considerations. Vet Rec. 2020;186(8):248.  

39.  Animal and Plant Health Agency. Import of Dogs and Cats into the UK under Pet Travel Scheme and Balai 

directive 2014-2017 [Internet]. 2018. Available from: 

https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/6

81540/ATIC1250.pdf 

40.  Animal and Plant Health Agency. Import of dogs from Romania 2014-2018 [Internet]. 2019. Available 

from: https://www.gov.uk/government/publications/foieir-responses-published-by-apha-february-

2019 

41.  Animal and Plant Health Agency. Import of Dogs and Cats to the UK 2013-2017 [Internet]. 2018. p. 

600738. Available from: 

hhttps://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/

863179/ATIC1538.pdf 

42.  Animal and Plant Health Agency. Dog imports under Pet Travel Scheme 2011-2016 [Internet]. 2017. 

Available from: 

https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/6

16302/ATIC1085.pdf 

43.  Defra. Risk of incursion and establishment of certain exotic diseases and tick species to the UK via 

international pet travel. Toth B, Roberts H, editors. London: Veterinary Science Team and VENDU, 17 

Smith Square, London, SW1P 3JR, United Kingdom; 2011. 1–28 p.  

44.  Hansford KM, Phipps LP, Cull B, Pietzsch ME, Medlock JM. Rhipicephalus sanguineus importation into 

the UK: Surveillance, risk, public health awareness and One Health response. Vet Rec. 2017;180(5):119.  

45.  Hansford KM, Pietzsch ME, Cull B, Gillingham EL, Medlock JM. Potential risk posed by the importation of 

ticks into the UK on animals: Records from the Tick Surveillance Scheme. Vet Rec. 2018;182(4):107.  

46.  Hamel D, Silaghi C, Lescai D, Pfister K. Epidemiological aspects on vector-borne infections in stray and 

pet dogs from Romania and Hungary with focus on Babesia spp. Parasitol Res. 2012 Apr;110(4):1537–

45.  

47.  Klevar S, Høgåsen HR, Davidson RK, Hamnes IS, Treiberg Berndtsson L, Lund A. Cross-border transport 

of rescue dogs may spread rabies in Europe. Vet Rec. 2015 Jun 25;176(26):vetrec-2014-102909.  

48.  Boyden P. What is the true risk of imported dogs to the UK? Vet Rec. 2015;176(26):670–1.  

49.  Hunter A. Canine infections and parasites imported to the UK from continental Europe. Vet Rec. 

2016;178(16):401.  

50.  Attipa C, Maguire D, Solano-Gallego L, Szladovits B, Barker EN, Farr A, et al. Hepatozoon canis in three 



imported dogs: A new tickborne disease reaching the United Kingdom. Vet Rec. 2018;183(23):716.  

51.  Folly AJ, Dorey-Robinson D, Hernández-Triana LM, Phipps LP, Johnson N. Emerging Threats to Animals 

in the United Kingdom by Arthropod-Borne Diseases. Front Vet Sci. 2020;7(February):1–19.  

52.  Paul Phipps L, Mar M Del, De Marco F, Hernández-Triana LM, Johnson N, Swainsbury C, et al. Babesia 

canis detected in dogs and associated ticks from Essex. Vet Rec. 2016;178(10):243–4.  

53.  De Marco M del MF, Hernández-Triana LM, Phipps LP, Hansford K, Mitchell ES, Cull B, et al. Emergence 

of Babesia canis in southern England. Parasites and Vectors. 2017;10(1):1–9.  

54.  Shaw SE, Langton DA, Hillman TJ. Canine leishmaniosis in the United Kingdom: A zoonotic disease waiting 

for a vector? Vet Parasitol. 2009;163(4):281–5.  

55.  McKenna M, Attipa C, Tasker S, Augusto M. Leishmaniosis in a dog with no travel history outside of the 

UK. Vet Rec. 2019;184(14):21–3.  

56.  Fuehrer HP, Auer H, Leschnik M, Silbermayr K, Duscher G, Joachim A. Dirofilaria in Humans, Dogs, and 

Vectors in Austria (1978–2014)—From Imported Pathogens to the Endemicity of Dirofilaria repens. Vol. 

10, PLoS Neglected Tropical Diseases. Public Library of Science; 2016.  

57.  Sonnberger K, Füehrer HP, Sonnberger BW, Leschnik M. The incidence of Dirofilaria immitis in shelter 

dogs and mosquitoes in Austria. Pathogens. 2021;10(5).  

58.  Wagner V, Douanne N, Fernandez-Prada C. Leishmania infantum infection in a dog imported from 

Morocco. Can Vet J. 2020 Sep 1;61(9):963–5.  

59.  Maia C, Cardoso L. Spread of Leishmania infantum in Europe with dog travelling. Vet Parasitol. 2015 Sep 

30;213(1–2):2–11.  

60.  Grüntzig K, Graf R, Hässig M, Welle M, Meier D, Lott G, et al. The Swiss canine cancer registry: A 

retrospective study on the occurrence of tumours in dogs in Switzerland from 1955 to 2008. J Comp 

Pathol. 2015;152(2–3):161–71.  

61.  Brønden LB, Eriksen T, Kristensen AT. Mast cell tumours and other skin neoplasia in Danish dogs - data 

from the Danish Veterinary Cancer Registry. Acta Vet Scand. 2010 Jan 22;52(1).  

62.  Pinello KC, Queiroga FLPG, de Matos A, Santos A, Ribeiro JN, Guscetti F, et al. The Global Initiative for 

Veterinary Cancer Surveillance (GIVCS): Report of the first meeting and future perspectives. Vol. 18, 

Veterinary and Comparative Oncology. Blackwell Publishing Ltd; 2020. p. 141–2.  

 

Acknowledgements 
We are extremely grateful to the Idexx veterinary laboratories and VPG pathology group (TDDS, CTDS, 

PTDS and Bridge Pathology) who provided the data for this project through their participation in 

SAVSNET as well as Stephen Smyth and Sue Bolan from the SAVSNET team who were instrumental 

in the obtaining and use of the data.  
 

SAVSNET has received major funding from the British Small Animal Veterinary Association and 

the Biotechnology and Biological Sciences Research Council (Grant no. BB/N019547/1). 

 

 



Supplementary Table 1: common non-TVT diagnoses of excluded cases 

Diagnosis Number of cases 

mast cell tumour 6 

plasmacytoma 12 

inflammation 11 

lymphoma 4 

histiocytoma 8 

seminoma 4 

Plasmacytoma/histiocytoma 7 

 

 


