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Abstract
Background: Increased dog relocation can cause dissemination of parasite and vector populations and
this is being recognised in countries across Northern Europe, including the UK. Data regarding the
prevalence of exotic infections entering the UK would be bene�cial to vets to help assess pets entering the
UK from abroad, and to help calculate risk of establishment of novel pathogens. One such group of dogs
were seized as part of an RSPCA-led animal welfare investigation and blood tested for exotic pathogens.

Methods: As part of the RSPCA investigation, 151 dogs were removed from the site. Blood tests were
performed for Babesia. canis, Ehrlichia canis, Hepatozoon canis and Leishmania infantum by
PCR, Br.canis by antibody serology and D.immitis by blood antigen. In addition to pathogen screening, a
serology titre for Rabies was measured for each dog. A clinical examination was performed by a
veterinary surgeon and clinical signs recorded. Clinical signs data were analysed by the Fisher-Freeman-
Halton Exact Test

Results: Overall, 24% of the dogs tested positive for an infection. Two dogs were positive for Br.canis
antibodies and had no clinical signs indicative of infection. Leishmania infantum was identi�ed in 10.5%
of dogs with all but two cases being diagnosed in dogs whose microchip originated in Romania.
Hepatozoon canis was identi�ed in 9.6% of dogs, all of which had a Romanian microchip. Diro�laria
immitis was identi�ed in 4.1% of dogs, B.canis in 2.3% of dogs and E.canis was only present in 1.5% of
dogs tested. Only four dogs were found to have co-infections. No signi�cant association was found
between the pathogens detected and presenting clinical signs.

Conclusions: This study demonstrates a range of exotic pathogens entering the UK  including Br.canis
and demonstrates the importance of screening imported dogs. The emphasis for early recognition of
exotic pathogens in imported dogs has relied on screening based on relevant clinical signs and the
country of origin. While these factors are useful, this study demonstrated no signi�cant association
between presenting clinical signs and the pathogens carried. 

Background
The permanent relocation of dogs both within and between countries represents a global veterinary and
public health concern. Many different factors affect canine welfare worldwide including natural
disasters[1], persecution of street dogs[2], the canine meat trade[3], and puppy farming. The desire of the
public to adopt dogs from abroad that have had their welfare compromised is increasing and as a result,
dogs are often relocated over large geographical distances[2, 4, 5]. However, dog relocation can cause
dissemination of parasite and vector populations and this is being recognised in countries across
Northern Europe as dogs are relocated from Southern and Eastern Europe. In the UK, importation of dogs
from continental Europe and Asia are increasing (Table 1.) and with them, novel parasites. Dogs infected
with Diro�laria repens[6, 7], Hepatazoon canis[8], Leishmania infantum[9], Linguatula serrata[10], Thelazia
callipeada[11] and Mesocestoides spp [12] have all been recorded in dogs imported into the UK from
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abroad with cases of Diro�laria immitis and Ehrlichia canis in imported dogs also being reported to the
European Scienti�c Counsel for Companion Animal Parasites (ESCCAP) UK & Ireland[13].

Table 1
Number of dogs imported to the UK annually on the Pet Travel Scheme and Balai Directive 2011-2018
Year Number of dogs imported via the Pet

Travel Scheme
Number of dogs imported
via Balai

  Mixed
dog/cat

2011 85,299 4,625    

2012 139,643 5,555    

2013 152,075 3,596    

2014 155,444 26,399    

2015 164,836 28,344    

2016 275,876 34,012    

2017 287,016 39,998   336

2018 307,357 37,144    

The long incubation times associated with some infections and the wide range of possible clinical signs
make recognition of infections and subsequent diagnosis di�cult. This is especially true if multiple
infections are present. Early recognition of clinical signs and diagnosis of exotic vector-borne infections is
important however, to limit the risk of spread to local vectors or other animals. Cases of leishmaniosis
have already been identi�ed in untravelled UK dogs, possibly as a result of contact with dogs infected
abroad[14, 15]. Babesia canis has also established in a focus of Dermacentor reticulatus ticks in Essex
[16]. Early recognition and diagnosis are also important for long term management of chronic infections
and early treatment intervention where this is appropriate to improve prognostic outcomes. Data
regarding the prevalence of exotic infections entering the UK and how this differs depending on country of
origin would be bene�cial to vets to help assessment of pets entering the UK from abroad, as well as
helping to calculate risk of establishment of pathogens that have UK vectors such as D.repens and
B.canis. Currently these data do not exist beyond individual case reports and evaluation of the prevalence
of vector-borne infections in a population of dogs that were imported from Southern or Eastern Europe
would be of bene�t in assessing these risks. One such group of dogs were seized as part of an RSPCA-led
animal welfare investigation and blood tested for exotic pathogens. This investigation was referred to as
Operation Cadmium.

4Paws Rescue and Transport was established in 2015 and was engaged in importing animals from
eastern Europe into the UK for  sale or adoption   to members of the public or other rescue organisations. In
2017 over 4000 animals, the majority of which were dogs, were transported into the UK by 4Paws. In the
period from 1.1.18 to 15.3.18, nearly 600 dogs were imported into the UK by 4Paws (see Figure 1).
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All dogs imported by 4Paws were imported under the Balai Directive as commercially imported dogs. The
UK Government implements the Balai Directive under the Trade in Animals and Related Products
Regulations 2011 which requires an importer to give noti�cation to the Government regulating body
(Animal Plant and Health Agency, APHA) on any commercially imported dog, ensure all dogs are identi�ed
with a microchip, and vaccinated against rabies, treated against the tapeworm Echinococcus
multilocularis and issued with a Pet Passport certifying these (see Figure 2). Dogs imported by these
methods must be kept at an import centre for at least 48 hours to allow them to be assessed. APHA runs
a risk-based system on commercially imported dogs, setting a target to assess up to 5% of imported dogs
against a trusted trader scheme. As dogs are checked at the point of destination, there are no checks at
the ports i.e. at the point of entry into the UK.

Following the Operation Cadmium investigation several changes were made to the importation regulatory
system including changing the risk basis for assessment of dogs and the risk basis under the trusted
trader scheme. This investigation highlighted inadequacies in the underpinning European legislation
which allows commercial importers the freedom to import an unlimited number of dogs as long as certain
welfare and animal health rules are followed. The investigation asked questions about the appropriate
level of risk assigned to organisations importing dogs regularly to the UK. It highlighted the risks for the
UK and other countries on their ability to manage and control dog importation of this scale.

In Spring 2018 the RSPCA carried out an animal welfare investigation at 4Paws Rescue and Transport.
Complaints had been received from former employees of 4Paws and members of the public who had
adopted animals from the establishment. There were reports of up to 200 dogs present at the site at any
one time, that these dogs had been illegally imported and kept in �lthy conditions with little disease
control. Members of the public reported dogs were in ill health or even died post adoption. There were
concerns about offences under multiple pieces of legislation including the Animal Welfare Act 2006, the
Pet Animals Act 1951 and the Breeding and Sale of Dogs (Welfare) Act 1999. In partnership with the
Police and supported by Dogs Trust, the RSPCA executed a warrant at the premises in March 2018. The
RSPCA found animals’ accommodation was soiled with urine and faeces, overcrowded and there was
little water available. Some dogs were obviously unwell with coughing, plus nasal and ocular discharges
seen. A dog was found dead in the veterinary clinic area and was subsequently found to have had
distemper. Water had been purposely withheld from animals in the veterinary clinic to reduce urination in
the cubicles. There were no biosecurity measures in place on the site (see Figure 3).

The veterinary surgeons who attended the site as part of Operation Cadmium concluded that there were
multiple offences under the Animal Welfare Act 2006. At this point all of the animals resident on this site
were certi�ed to require removal to improve their welfare and meet their needs. This certi�cation allowed
the Police to seize (take possession of) all dogs and cats on the site. In total 151 dogs and puppies and
16 cats were removed. The attending veterinary surgeons deemed 11 dogs were in a suffering state.
Causes of this suffering included skin and ear infections, infected wounds, respiratory infections,
emaciation, a further case of distemper requiring euthanasia and severely restricted accommodation, lack
of stimulation and companionship leading to mental oppression (see Figures 4). In addition, �ve offences
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of not providing adequately for the animals’ needs were identi�ed; provision of food and water, a suitable
environment, protection from pain, injury and disease and an ability to express normal behaviours. All the
animals received a full veterinary examination and any necessary investigations and treatment. Dogs
were blood tested for imported (non-endemic) disease pathogen screening.

All dogs had observational behavioural assessment on site, with a follow-up by the same behaviourist
approximately 6 weeks later. Approximately 70% of the dogs showed marked appeasement /
displacement behaviours and a smaller proportion strong fearful / aggressive behaviour. Overcrowding,
lack of choice, lack of isolation and competing for resources all contributed to welfare stress in these
conditions and would have impacted the dogs’ susceptibility to disease. Some dogs appeared to have
come from a domestic background, whilst others were street dogs, the former being more resilient in the
kennel environment.

Following this initial assessment there were a variety of outcomes for the animals removed from the
4Paws site. These included:

The majority of the dogs were transferred to other imported dog rescues who had prior arrangements
with 4Paws to take ownership of the animals

A number of dogs were adopted by members of the public who had purchased dogs from 4Paws
prior to the closure of the site.

25 dogs were transferred to and rehomed via Dogs Trust

Two dogs which tested positive for Brucella canis were euthanased on the advice of APHA

12 dogs were retained in RSPCA care until the end of the case. Sadly, two of these dogs had to be
euthanased on welfare grounds due to severe orthopaedic issues. The rest were rehomed at the
conclusion of the case.

All of the cats were retained in RSPCA care for a minimum of 6 months and had a full health
assessment before being made available for adoption.

In September 2019 the owners of 4Paws were found guilty of causing unnecessary suffering to a number
of animals and failing in their duty to provide adequately for the welfare needs of the animals in their care
(see Figure 5).

Methods
Each animal removed during the investigation was scanned for a microchip at the time of the
investigation. Signalment data including date of birth, sex, breed and microchip number were recorded,
based on visual assessment at the time of the investigation, records held at the site of the operation
and/or via microchip database. The source country for each dog was noted, based on the country of
origin of the dog’s microchip number.
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Blood was collected from each dog via jugular venepuncture and submitted to commercial laboratories
(Animal and Plant Health Agency (APHA); IDEXX; Langford laboratories (Acarus)) to test for the following
pathogens: B.canis, Br.canis, D.immitis, E.canis, H.canis, L.infantum. In addition to pathogen screening, a
serology titre for Rabies was measured for each dog.

A clinical examination was performed by a veterinary surgeon and clinical signs recorded. Screening test
results were recorded in a purpose-built Excel sheet as ‘pass/fail’, except for Rabies for which the
numerical titre was recorded. Puppies under the age of eight weeks and accompanying their dam, were
not tested.

Results
Signalment data for 147 dogs with at least partial records were summarised as follows:

Sex (N=129)
38% (49/129) of dogs were male.

Age (N=94)
Median age was 1,088 days (Inter Quartile Range 428-1676 days).

Breed (N=145)
23 different breeds/types were recorded, as well as 72 dogs recorded as ‘cross’: see Table 2
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Table 2
Breeds and types of dogs, listed in descending

order of frequency.
Breed/type Number of dogs

Cross 72

Terrier 24

Bulldog 9

Spaniel 6

French Bulldog 4

Labrador 4

German Shepherd Dog 3

Jack Russell Terrier 3

Shi Tzu 3

Bichon Frise 2

Old English Sheepdog 2

Bearded Collie 1

Collie 1

Dachshund 1

Greyhound 1

Poodle 1

Pug 1

Romanian Shepherd Dog 1

Rottweiler 1

St Bernard 1

Schnauzer 1

Spinone 1

West Highland White Terrier 1

Yorkshire Terrier 1

Countries Of Origin
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Four speci�c countries of origin, based on the source of the microchip, were identi�ed as shown in Table
3:

Table 3
Country of origin of microchip, listed in descending

order of frequency (n=147)
Country of origin of microchip Number of dogs

Romania 94

Unknown 36

Hungary 8

United Kingdom 5

Republic of Ireland 4

Summary test results for each organism were as shown in Table 4:

Table 4
Summary results for each pathogen (n varies by individual pathogen)

Organism

species

Organism genus Test Number tested* Positive tests Prevalence

%

Babesia canis PCR 129 3 2.3

Brucella canis SAT 113 2 1.7

Diro�laria immitis Antigen 121 5 4.1

Ehrlichia canis PCR 131 2 1.5

Hepatozoon canis PCR 104 10 9.6

Leishmania infantum PCR 133 14 10.5

*NB Some missing data, complete test results were not recorded for all dogs. Prevalence estimate
re�ects only those that were tested.

The two dogs which recorded positive Br.canis results had SAT measures:

Dog 1 2+/100

Dog 2 2+/25 A total of 32 dogs tested positive with an infection, with 36 positive tests recorded, see Table
4. Of these 28 dogs tested positive for one infection, and 4 dogs tested positive for co-infection of 2
diseases. One dog recorded positive for Br.canis and E.canis, one for Babesia canis and Leishmania
canis, two dogs recorded positive for both H.canis and L.canis. All dogs that had co-infections had a
Romanian microchip.
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One positive test result for L.canis was recorded in a dog from the UK (registered on Petlog through UK
Kennel Club in 2016) and one for a dog of unknown origin. All other positive tests were recorded in
imported dogs with a Romanian chip. For the 32 dogs recording at least one positive test, 12 were male
(41%), 17 were female, for 3 sex was not recorded. Median age for dogs with at least one positive test was
744 days (n=28, for 4 positive dogs age was not recorded). Age ranges for dogs with positive results by
pathogen are shown in Table 5:

Table 5
Age ranges for dogs with positive tests by pathogen:

Pathogen Minimum age for positive test
(days)

Maximum age for positive test
(days)

Babesia canis (n=3) 343 1169

Brucella canis (n=2) 435 744

Diro�laria immitis (n=5) 717 3132

Ehrlichia canis (n=2) 435 5908

Hepatozoon canis
(n=10)

82 1453

Leishmania canis
(n=14)

385 6170

Summary results for rabies serology by country of origin of microchip are shown in Table 6.

Table 6
Summary rabies serology results by country of origin of microchip (n=129)

Country of Origin

of microchip

Number
tested

Number of Rabies AB
fail (<0.5) (%)

Of these fails, Number of Rabies AB
<0.1 (% of all fails)

UK 5 4 (80%) 3 (75%)

Hungary 7 4 (57%) 2 (50%)

Republic of
Ireland

4 4 (100%) 0 (0%)

Romania 79 50 (70%) 9 (18%)

Unknown/missing 34 32 (94%) 10 (31%)

*NB Some missing data, test results were not recorded for all dogs. Prevalence estimate re�ects only
those that were tested.

Note that the UK origin dog which did not fail Rabies AB test had a UK issued passport, so may have been
vaccinated as part of international travel arrangements.
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Summary results for presenting clinical signs are shown in Table 7

Table 7
Most common presenting clinical signs recorded overall and for dogs with positive infectious disease test

results
Clinical
sign

Number
of dogs
affected

(n=132)

Babesia
canis
(n=3)

Brucella
canis
(n=2)

Diro�laria
immitis

(n=5)

Ehrlichia
canis
(n=2)

Hepatazoon
canis
(n=10)

Leishmania
infantum
(n=14)

Poor body
condition

11

(8.3%)

0 0 0 0 1

(10%)

2

(14.3%)

Pyrexia 9

(6.8%)

0 0 0 0 1

(10%)

1

(7.1%)

Skin
disease

26

(19.7%)

1

(33.3%)

1

(50%)

0 0 0 5

(35.7%)

Ocular
signs

30

(22.7%)

0 0 2

(40%)

1

(50%)

1

(10%)

4

(28.6%)

Otitis
externa

7

(5.4%)

0 0 0 0 0 0

Respiratory 9

(6.8%)

0 1

(50%)

1

(20%)

0 1

(10%)

2

(14.3%)

Gingivitis 3

(2.3%)

0 0 0 0 0 0

Enlarged
lymph
nodes

3

(2.3%)

0 0 0 0 0 0

*NB Some missing data, clinical signs were not recorded for all dogs. Prevalence estimate re�ects
only those for which records were available.

Poor body condition – Classi�ed as dogs with a body condition score of 2/9 or less or with a body
condition score of 1/5 or less.

Pyrexia – Classi�ed as a body temperature of 39.7 degrees Celsius or above

Skin disease – Pyoderma, erythema, alopecia, scurf, skin nodules or any combination of these signs.

Ocular – Keratitis, conjunctivitis, lens opacities, corneal opacities, chemosis or any combination of these
signs.
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Respiratory – coughing, nasal discharge or wheezing.

There was no apparent relationship in this group of dogs between the pathogens detected and presenting
clinical signs. A selected number of dogs were tested for canine distemper virus based on their clinical
signs. Two dogs tested positive.

Discussion
This study represents the �rst reported dataset of exotic parasites in a group of dogs imported into the UK
rather than individual or small groups of case reports. Such datasets are vital in establishing the
prevalence of exotic parasites entering the UK in imported dogs, their geographic origin distribution and to
facilitate investigation of risk factors for their presence.

Overall, 24% of the dogs tested positive for an infection listed in Table 4. Five of the six infections
detected are currently not thought to be endemic in the UK and all of the detected infections are
potentially pathogenic in dogs.

Importation of Br.canis is of particular concern, given its zoonotic potential, economic impact and risk of
establishment in the UK. As a result, the RSPCA sought guidance from APHA on Brucella screening.
BR.canis (canine brucellosis) is an important cause of abortions and infertility in dogs and has been
recognised as the cause of signi�cant economic loss in infected kennels. Canine brucellosis is mainly
caused by Br.canis, and sporadically by Brucella melitensis, Brucella suis, and Brucella abortus. Brucella
canis infected dogs can transmit the disease even after the bacteremia has ceased and without
presenting clinical symptoms of the disease and it is also considered to be a zoonosis. The UK is currently
considered to be free of Br.canis though two clinical cases were reported in 2017 [17].

APHA advised that Br.canis screening would be highly prudent before considering rehoming imported
dogs to members of the public. An alert was issued to the veterinary profession by the UK Chief Veterinary
O�cer following the APHA's involvement in an investigation of cases in 2020[18]. The risk of infection
with other Brucella species was also discussed. Concerns were raised over the possibility that Brucella
canis could become endemic in the UK.

It was felt that dogs may be at high risk of acquiring infection with B. abortus, B. melitensis or B. suis if
they live on farms where these pathogens are present, particularly if they come in to contact with abortion
material or if they are used for hunting feral pigs and wild boar. In the vast majority of cases, antibodies to
B. abortus, B. melitensis or B. suis will not be detected by the Br.canis serological assay (and vice versa).
In the absence of history of this nature, it was felt that screening for species of Brucella, other than
Br.canis, was not necessary in imported dogs. Therefore, dogs in this cohort were screened for Br.canis
only.

Any dogs that had a positive antibody tire on initial screening had a repeat sample sent to the APHA lab at
Weybridge approximately 5 weeks after the �rst sample was analysed. From the 4 samples submitted,
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two of these dogs tested negative while two tested positive on APHA’s SAT for Br.canis antibody.APHA
informed the RSPCA that these dogs should be euthanased on infection control grounds. The RSPCA had
been unable to identify an owner of one of the dogs while informed consent for euthanasia was gained
for the other. If there had been issues with gaining consent for euthanasia, APHA would have issued a
destruction order. Both dogs were sedated and examined prior to euthanasia and were found to be
clinically normal other than minor dental trauma in one, one with a mild cough and one mildly
underweight with a puncture wound on the pinna (registered as skin disease in the table). Hence it is
important to note that clinical signs attributable to Brucella canis infection may not be apparent on
physical examination of imported dogs.

Leishmania infantum was identi�ed in 14 positive dogs (10.5%), the most diagnosed parasite with all but
two cases being diagnosed in dogs whose microchip originated in Romania. While this does not mean
that these infections all originated in Romania, L.infantum is now considered to be at least seasonally
endemic in the country [19]. It is important therefore that UK vets consider the possibility of L.infantum
infection in imported dogs. Dogs on presentation may be subclinical as clinical signs take months and
sometimes years after infection to manifest. Early recognition of infection by diagnostic screening of
imported dogs would allow monitoring of kidney function and antibody titres so treatment can be initiated
at an early clinical stage. This has been demonstrated to improve prognostic outcomes, particularly if
signi�cant proteinuria and renal failure can be avoided [20]. Identi�cation of infected dogs is also
important to prevent transmission to other UK dogs. Although the sand �y vector is currently not currently
thought to be present in the UK, non-vectoral transmission via venereal and transplacental transmission,
blood transfusion and possibly dog bites can also occur. Two cases of unexplained horizontal
transmission have already occurred in untraveled UK dogs [14, 15]. Early identi�cation of positive dogs
means that measures to limit spread can be implemented such as excluding infected dogs from breeding
and from being blood donors.

Hepatazoon canis was identi�ed in 10 dogs (9.6%), all of which had a Romanian microchip. This parasite
is not considered endemic in Romania, so this �nding supports the suggestion that Romania may be
acting as a hub for dogs being relocated from other countries. It is important that UK vets, however, are
aware of its possible presence in dogs imported from Romania and consider it as a differential if these
dogs present with fever or lymphadenopathy. Imported dogs can be screened for the parasite through
blood smears with 0.5-5% of neutrophils commonly infected, although this �gure can be as high as 100%
[21].

Ehrlichia canis, which is endemic in Romania was only present in 2 (1.5%) of dogs tested. Nonetheless
this pathogen is highly pathogenic and often fatal if chronic ehrlichiosis develops. This can occur months
or years after initial infection and can be avoided if acute infections are treated adequately. Screening of
imported dogs is therefore important, both to treat dogs suffering from acute ehrlichiosis and to monitor
chronically infected dogs so that chronic disease can be treated early to maximise positive outcomes.
Both H.canis and E.canis have been recorded in imported dogs [22, 23] but are not thought to be currently
endemic. The tick Rhipicephalus sanguineus which is required for transmission is not endemic in the UK
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outside of individual household infestations. It is however, important that imported dogs are checked and
treated for ticks as R.sanguineus can establish in UK homes and then go on to transmit these
pathogens[24].

Diro�laria immitis was identi�ed in 5 (4.1%) of dogs. Increasing numbers of imported dogs infected with
D.immitis are being reported to the European Scienti�c Counsel for Companion Animal Parasites
(ESCCAP) UK & Ireland, with many of them coming from Eastern Europe[23]. Diro�laria immitis has
spread through Eastern Europe with Romania now having been con�rmed as endemic for the parasite
[25]. The mosquito vectors required for transmission are present throughout Europe but it is currently not
warm enough for D.immitis to complete its life cycle in the UK [26]. It is vital to screen imported pets for
the parasite however, as adult worms can cause heart and respiratory disease as well as sudden death
through thromboembolism. Identi�cation of the parasite allows effective treatment protocols to be put in
place while minimising the risk of thromboembolism through strict rest of the patient. Dogs with
undiagnosed heartworm infection can also suffer anaphylaxis as a result of routine use of macrocyclic
lactones for other parasite prevention [27].

Three (2.3%) of the dogs tested were positive for B.canis. Babesia.canis is transmitted by the tick
Dermacentor reticulatus and is endemic throughout mainland Europe. Pockets of D.reticulatus have been
long established in West Wales, Devon, and the South East of England and while B.canis had been absent
from the UK, these ticks present an opportunity for it to become endemic if introduced through dogs
entering the UK from abroad. An endemic focus of Babesia canis infection established in Harlow, Essex in
2015, with B.canis con�rmed in local Dermacentor ticks and in untravelled dogs [16]. Further untravelled
cases were con�rmed in Romford in 2016 and Ware in 2017 [28]. This demonstrates the importance of
vigilance for B.canis in imported dogs to prevent exposure of local populations of D.reticulatus ticks, but
also so infected dogs can be monitored for the development of immune mediated haemolytic anaemia
and thrombocytopenia [29]. Treatment initiated early for clinical babesiosis improves prognostic
outcomes [30].

Only four dogs were found to have co-infections. Other studies have found E.canis infection to be a risk
factor for L.infantum infection[31]. This is not supported by this study. It is possible that those dogs
infected with L.infantum and those infected with H.canis were exposed in different regions/countries and
opportunity for exposure to both pathogens did not occur. This is not possible to con�rm however, without
an accurate travel history for the tested dogs.

There was no association found between the pathogens detected and presenting clinical signs in this
group for dogs. This is concerning as veterinary professionals rely in part on recognition of relevant
clinical signs to alert them to potential exotic infections in imported pets. The lack of a relationship in this
study emphasises the importance of screening for exotic pathogens if these are to be detected. The
exception was L.infantum where A high proportion of L.infantum positive dogs had ocular and
dermatological signs. If dogs with dermatological and/or ocular signs had both been used collectively as
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criteria for testing alongside poor body condition score and pyrexia, then all but one of the Leishmania
positive dogs would have been identi�ed.

Large numbers of dogs in the group had ocular (22.8%) and dermatological (19.7%) signs. This is of
concern as D.repens and T.callipaeda may have been responsible for some of these cases and gone
undetected. Dogs having spent time in countries endemic for these parasites with ocular and/or
dermatological signs should be thoroughly examined for these parasites and in the case of D.repens, a
modi�ed knotts test performed.

Of the 129 dogs tested for rabies serology 94 (72.8%) had a titre less than 0.5 IU/ml, with 24 (18.6%)
having a titre less than 0.1IU/ml. Whilst it cannot be assumed that a low titre equates to no protection
against rabies, the proportion of dogs with low titres is of concern. Previous studies have shown that there
are differences between vaccines [33] with an overall failure rate of 4.12% (14,035 samples). With this
sample showing that 72.8% of the imported dogs did not have a protective titre raised the question
whether the dogs had been vaccinated at all. Titres less than 0.1 IU/ml are considered negative for the
�uorescent antibody virus neutralisation assay. With the prevalence of disease identi�ed it is also
important to question whether the poor response could be associated with underlying disease.

Regarding the 2 dogs diagnosed with canine distemper virus (CDV) the most common route of
transmission of CDV is direct contact via the oronasal secretions of infected animals [32]. Indirect
transmission plays only a minor role as the virus is quickly inactivated. The concern with this is the
similarity in some of the symptoms to those of other neurological conditions in imported dogs particularly
rabies. Recent studies [34] emphasise the risk of introducing vector borne disease and diseases not
considered endemic into naïve countries by non-vaccinated rescue dog importations.

The microchips of the majority of dogs (94 of 140) originated in Romania and these dogs accounted for
all but two cases of infection recorded. Romania is recognised as a common source of imported rescue
dogs, driven in part by the large number of street dogs present there and Government policy of
euthanising street dogs that cannot be rapidly rehomed. The large numbers of rescued imported
Romanian dogs entering the UK and being presented in veterinary practices means that UK veterinary
professionals need to be aware of parasites likely to be present in these dogs, possible presenting clinical
signs, the need for diagnostic tests and medical management where appropriate. Although microchips
can be traced to an individual country, it does not guarantee the microchipped dogs originated there and
may have been imported into a country prior to microchipping. This means pathogens not thought to be
endemic in the country where the microchip originated may still be present.

Conclusion
This study demonstrated a range of parasites exotic to the UK in dogs rescued from abroad with
L.infantum and H.canis having the greatest prevalence in the group. A high proportion of the dogs tested
positive for one of more pathogens not con�rmed to be currently endemic in the UK. The six exotic
pathogens diagnosed carry health risks to the infected dogs, signi�cant risk of establishment in the UK
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and in the case of B.canis, direct zoonotic risk. The group of dogs tested represent a very small proportion
of the total number of dogs being rescued and imported into the UK each year with no mandatory testing
for exotic parasites they may be carrying and no national reporting when these tests are performed.
Studies such as this one are therefore essential to establish which pathogens may be entering the UK and
in what numbers. Increasing both veterinary and public awareness of the likelihood of exotic pathogens
being present in imported dogs is also vital so they can be considered as differentials of disease and
relevant screening tests can be performed. It would be useful to correlate clinical signs with speci�c
infections. Although this was not possible in this study, patterns useful to practitioners may emerge in
larger studies, making these of bene�t in the future.
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Figure 1

Dogs imported to the UK to be sold or rehomed to members of the public.  

Figure 2

Some of the many Pet Passports found at the 4Paws site
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Figure 3

One of the buildings used to house dogs at 4Paws. Note the inadequate and temporary nature of the
dogs’ accommodation at the site.
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Figure 4

A dog within its permanent accommodation on the 4Paws site. Note the small size, limits on the dog’s
ability to express normal behaviours and very poor body condition of the dog.
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Figure 5

One of the 151 dogs removed from the 4Paws site being identi�ed by the Police and RSPCA before being
moved to a safe location.
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