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Can captive red squirrels housed in woodland with sympatric wild grey squirrels 
illuminate potential inter-specific Squirrelpox virus and adenovirus infection 
pathways? 
 
 
Summary 
 
Squirrelpox virus (SQPV) produces pathological disease in UK and Irish red squirrel 
populations. The virus is a significant factor in regional population declines and is 
prevalent in the introduced grey squirrel population as an asymptomatic infection. 
Despite the role of the grey squirrel as a virus reservoir, inter-specific infection 
pathways remain largely opaque. There is a paucity of field study data with known 
relative inter-specific infection rates and quantified frequency of interactions. At the 
Welsh Mountain Zoo, North Wales, we recorded grey squirrel activity patterns on 
timber frame and mesh walled forest enclosures containing captive red squirrels in the 
summer of 2011 in order to assess potential infection pathways. A parallel review of 
unpublished historical material revealed that; deliberately released red squirrels had 
developed infection at the site; an escaped female was found to have high antibody 
response to SQPV but no evidence of pathological disease when recaptured; and 
animals remaining in captivity had neither developed disease or exhibited an antibody 
response indicative of exposure to the virus. Subsequent 2011 observations revealed 
that a grey squirrel was active on the red squirrel enclosure for a cumulative total of 
47.5 minutes within 24 hours of observation. Culled grey squirrels were found with 
33% seroprevalence (antibody response) but no evidence of current infection; findings 
that we interpret in the context of long-term risk of inter-specific transmission. 
Additional Post Mortem studies investigating the possibility of associated adenovirus 
presence indicated that whilst 0% of grey blood samples were PCR positive, 3/18 
(17%) grey squirrels were PCR faeces positive and 10/18 (56%) spleen positive This 
variation in detection rates suggests that previous long-term surveillance of 
adenovirus in wild greys focussed on blood may have significantly underestimated 
infection rates. These findings along with data collected from sympatric wood mice 
are examined to provide a useful contribution to wider research into inter-specific 
infection pathways in wild red squirrel populations.    
 
Introduction 
 
Grey squirrels (Sciurus carolinensis) carry Squirrelpox virus (SQPV) as a 
asymptomatic infection. Inter-specific infection of sympatric red squirrels (Sciurus 
vulgaris) leads to epizootic disease in this species and is a significant factor in 
regional population declines in the UK (Rushton et al. 2006; Sainsbury et al. 2008; 
Carroll et al. 2009; Bruemmer et al. 2010). Grey squirrels have also recently been 
identified as a sub-clinical carrier of the adenovirus (Everest et al. 2009; Romeo et al. 
2013, in press) infection that is found as both an asymptomatic and pathological 
infection in wild red squirrels. In this particular instance, it is unclear whether grey 
squirrels are a viral reservoir and if inter-specific infection involves other rodents such 
as the wood mouse (Apodemus sylvaticus) (Everest et al. 2013).  
 



PROJECT REPORT TO THE NINEVEH CHARITABLE TRUST 

Our understanding of these pathogenic diseases in red squirrels has been advanced 
through reintroduction and translocation studies (Venning et al. 1997, Shuttleworth et 
al. 2008, Martínez-Jiménez et al. 2011, Everest et al. 2012). The unpublished release 
of red squirrels at the Welsh Mountain Zoo in North Wales is notable here because 
captive red squirrels were housed on site before and after the experimental study with 
a continual presence of grey squirrels throughout.  
 
The background to this research began in 1996, when the Joint Nature Conservation 
Committee published a UK Strategy for Red Squirrel Conservation (JNCC 1996) with 
the recommendation that “studies to investigate the relative efficacy of captive-bred 
and translocated animal releases should continue". Consequently the National 
Zoological Society of Wales embarked on a trial release of captive-bred red squirrels 
to investigate the efficacy of breeding captive red squirrels for local release and to 
assess whether wild populations could be established in habitats where grey squirrels 
were being controlled. At that time, there was little understanding of the 
seroprevalence in sciurids, whether all infected red squirrels would die, or to what 
extent inter-specific infection was a factor (Sainsbury et al. 1997). Thus, whilst 
rigorous health screening and monitoring protocols recognised the possible 
significance of disease in the red squirrel release, the inter-specific threat posed by 
Squirrelpox only became apparent as the project progressed.  
 
Two trial releases of captive bred, radio collared red squirrels were carried out. In 
1996, during the first release, one adult male (Micro-chip number BDD0). was 
recaptured with lesions typical of squirrelpox virus (SQPV) and this was confirmed 
by both TEM and ELISA test. The animal was hospitalised and treated for secondary 
infection. After 38 days it was judged to have made a full recovery and was returned 
to an outdoor enclosure from which it was subsequently re-released in 1997 with three 
other red squirrels. 
 
Interestingly, although Squirrelpox virus was conformed in these releases programs, 
and an escaped female red squirrel in 2004 was recaptured and found to have viral 
antibodies, to date captive red squirrels have all been negative even though grey 
squirrels can access the mesh frame of the enclosure. These observations led to a 
review of both Veterinary records and archived test results held at Moredun Research 
Institute. Data on both red and grey squirrels were analysed and these formed the 
basis for a short field study which sought to help quantify potential inter-specific 
infection pathways in terms of activity budgets and infection rates in greys sympatric 
with woodland red squirrel enclosures. 
 
Methods 
 
The Welsh Mountain Zoo is set in 37 acres of woodland and gardens in Colwyn Bay, 
Conwy County, North Wales, UK. Red squirrels are housed in a series of inter-
connecting enclosures covering approximately 250m2. The frame is constructed of 
4x2" or 4x4" tantalised softwood timber with 1x1" square mesh wire sheeting forming 
wall or roof panels. The 1996/97 release doors can still be seen, and the current 
construction is only slightly modified in design. 
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Plate 1. The red squirrel release and captive breeding enclosures at Welsh Mountain 
Zoo. 
 

 
 
The enclosure typically houses 4-8 adult red squirrels and young are born annually. 
Grey squirrels are abundant in the Colwyn Bay area, and benefit from exploiting 
foods on garden bird tables. Ad hoc culling takes place within the Zoo grounds but 
wider landscape control is limited which means that reinvasion in rapid and a resident 
population is always present at the site. The red squirrel enclosure is built within a 
mixed deciduous and coniferous woodland with ash (Fraxinus excelsior) oak 
(Quercus petraea), Scots Pine (Pinus sylvestris) notable. 
 
We reviewed archive databases on historical ELISA SQPV antibody tests carried out 
on red and grey squirrels at the Welsh Mountain Zoo. Records were cross referenced 
with squirrel stud book PiT records and sample codes from submitting Veterinarians 
and where appropriate unifying identification codes used where data was found to be 
from a common individual. These data provided an invaluable long term context for 
subsequent observational studies. 
 
In the period 20th to 27th June 2011 (inclusive) grey squirrel activity was recorded on 
and around the red squirrel exhibit enclosures. One hour observation periods were 
conducted in periods (8am-11am & 3pm-7pm) that avoided midday when squirrels 
are generally inactive in the summer months (Gurnell, 1991). A cumulative 
observation total of 24hrs was recorded. 
 
Grey squirrel activity was recorded using a basic scan sampling method. An animal’s 
activity on the enclosure was recorded every 15 seconds using broad behavioural 
categories: 
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Travelling (moving rapidly across the construction), Resting (sitting relatively 
motionless), Grooming, Feeding (on both natural and supplemental foods), Searching 
(moving slowly across the construction deliberately searching the surface) and when 
the animal was on the enclosure but a clear view was hampered by wooden posts. 
 
On two occasions when two grey squirrels were present together (15s and 3min 45s 
respectively), data were collected for both animals separately.   
 
All grey squirrel activity on or around the enclosure corresponded with at least one to 
three of the four captive red squirrels being active outside of a nest box. No obvious 
inter-specific interactions were observed and the two sciurids ignored each other. 
 
Additional noteworthy observations were made including exploitation of spilt feed 
outside enclosures by grey squirrels and grey squirrel activity in the tree canopy 
overhanging the enclosures. 
 
Following the cessation of observations and between 29/06/2011 and 05/07/2011, 
seven female and eleven male grey squirrels were trapped in wire treadle live capture 
'Mink' traps positioned in woodland between 5 m and 150 m from the red squirrel 
enclosures. Animals were euthanized following the cranial dispatch method (Mayle et 
al. 2007). The mean body weight was 502.5 g (s.d. 85.78, n=18) and blood (2 ml), 
spleen and faecal samples were collected from each individual carcass.  
 
We applied both polymerase chain reaction (PCR) and negative contrast stain 
transmission electron microscopy (TEM) to determine the presence of adenoviral 
DNA and viral particles respectively. The TEM methodology is previously described 
in Everest et al., (2010) and was applied to grey squirrel faecal samples only. The 
PCR assay methodology is extensively reported in Everest et al., (2012) and was 
applied to all grey squirrel material examined: faecal samples, spleen and blood. 
Separately, blood samples were analysed using an enzyme linked immunosorbent 
assay (ELISA) for detection of antibodies against SQPV (Sainsbury et al., 2000), and 
skin samples used for detection of SQPV DNA by PCR (Fiegna, 2012).  
 
Zoo staff were asked to trap wood mice inside the red squirrel enclosures between 
29/6/2011 and 06/07/2011 using standard little nipper™ snap traps. Spleen samples 
were collected from twenty four adult mice for detecting  adenovirus DNA using PCR 
(as above)..  
 
Results 
 
A review of unpublished literature and archived pathological and histological data  
 
Archived data revealed that 82% (9/11) of grey squirrels blood sampled at the Zoo in 
1996 were ELISA positive for SQPV antibodies. Following the first release of red 
squirrels into the woodland,  a total of nine greys were sampled between January to 
April 1997 and all were found to be sero-positive. These animals were from a 
cumulative total of 54 greys that were shot in the Zoo during the period 2/9/96 to 
18/7/96.  One of three greys killed and sampled the following April 1998 was sero-
positive; a finding that demonstrated that grey squirrels with anti-bodies were 
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consistently present within woodland throughout the period during which red squirrels 
were released.  
 
The first trial red squirrel release from Zoo enclosures was on 07/12/96, and consisted 
of three animals. One male was last seen on 16/12/96, whilst a female was found dead 
with SQPV infection (confirmed by TEM) in late January 1997. The remaining male 
(Micro-chip BDDO), was found with symptoms of SQPV infection at that time; viral 
particles were observed under TEM in scabs taken from this sick animal. An ELISA 
test for antibodies against SQPV on blood collected 03/02/97 revealed an OD450 
reading of 1.81 (cut-off for a positive result = OD450 >0.2). The animal was treated 
with antibiotics and subsequently recovered sufficiently to be quarantined. Serum 
from this animal was retested by ELISA on 02/09/97 and the OD450 was found to have 
declined to 0.51. In July of that year, screening of four captive red squirrels revealed 
no antibody response, and these animals were subsequently housed with BDDO. 
Repeat testing by ELISA in February and August 1998 revealed a continued pattern 
of declining antibody detection in BDDO (Figure 1) and negative results for the other 
animals.   
 
Figure 1 Adult Male Red Squirrel Chip DBBO - ELISA Results (Feb 1997 to August 
1998) 
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Interestingly an adult female red squirrel which escaped from an enclosure on 21st 
August 2004 was found to be ELISA sero-positive (0.61) when recaptured on 22 
September 2004 but showed no outward sign of pathological infection and no 
subsequent associated disease was ever recorded. Thus, only red squirrels which were 
able to venture out into the woodland surrounding the enclosures were found with 
antibodies or disease. Animals held within the mesh enclosure did not show evidence 
of exposure to the virus. 
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Grey squirrel activity 2011 
 
Grey squirrels were observed active on the red squirrel enclosure for a cumulative 
47.5 minutes within the 24 hours of observation. Animals were observed grooming 
and feeding (Figure 2) but it was not possible to see if any ecto-parasites or discarded 
food actually fell into the red squirrel enclosure during these observcations.  
 
No inter-specific aggression was observed even though red squirrels were active 
inside the enclosure throughout the periods when greys were active on it. 
 
 
Figure 2 - Grey squirrel activity and behaviour whilst on red squirrel enclosures.  
 

0

10

20

30

40

50

60

70

Tr
av
el

R
es
t

Se
ar
ch

O
th
er

Fe
ed

G
ro
o
m

O
u
t 
o
f 
vi
ew

Cumulative Scan Events

Cumulative Time (min)

 
 
It proved difficult to monitor grey squirrel arboreal activity in the dense canopy above 
the enclosures but two notable observations were made. The first was on 23/06/2011 
10:14:15 am and the second on 24/06/2011 from 10:36:00 am, two occasions when an 
adult grey squirrel was seen to feed on pine seed above the enclosures for 2min 45s 
and 5min 15s respectively. During this period, debris including cone scales and cores 
fell into the enclosure containing red squirrels. This provided clear evidence of a 
potential saliva based infection pathway between wild greys and captive reds.  
 
Squirrel pox virus 2011 
 
SQPV DNA was not detected by PCR from any of the eighteen grey squirrels 
examined. In contrast, ELISA test results revealed six (33%) of 18 of the sampled 
individuals had been infected with the virus. Just prior to the 2011 study, a female 
(PiT tag 11-1589) red squirrel was found dead in the enclosure, but no evidence 
(either gross pathology or PCR amplification of SQPV DNA) was found that 
squirrelpox was the cause of death.  
 
Adenovirus 2011 
 
None of the TEM examined grey squirrels were found to have viral particles in faecal 
material. Adenovirus was amplified from faeces and spleen material but not from 
blood taken from the same animals (Table 1).  
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Table 1. Results of Adenovirus TEM & PCR tests on 18 grey squirrels. PCR 
results for 24 wood mice are presented for comparative purposes. 
 
 Faeces Blood Spleen Mouse spleen 
PCR 3 (17%) 0 (0%) 10 (56%) 2/24 (8%) 
TEM 0 (0%) - - - 
 
Of twenty four mice examined adenovirus DNA was successfully amplified from 8%. 
These data demonstrated that adenovirus was present in grey squirrels active on and 
around the red squirrel enclosure and in mice that were active in and around the 
enclosure. Unfortunately the scope of the study did not allow for population estimates 
to be made for either species. 
 
Discussion 
 
The historical ELISA data revealed exposure to SQPV within resident grey squirrel 
populations in the Zoological Gardens. It was therefore unsurprising that in the 2011 
study, 33% of animals were found with antibodies against the virus. We were, 
however, unable to detect the SQPV DNA by PCR; possibly because we had not 
examined an exhaustive range of tissues or because the amount of virus present was 
below that detectable by the assay. Nevertheless, despite none of the eighteen grey 
squirrels examined for this work being infected at the time of study, the presence of 
seropositive grey squirrels is evidence of earlier infection.  
 
Although grooming, feeding and other behaviours observed on red squirrel enclosures 
were in the absence of the virus, the existence of antibodies means that at some point 
in time it was highly likely that infected greys have been, and will be, active on the 
single skin wire mesh and exhibit these behaviours. When combined with our time 
budget data  (a cumulative 47.5 minutes of grey squirrel activity) these findings help 
answer the question as to why captive red squirrels held over two decades have 
neither shown an antibody response indicative of exposure to the virus or indeed 
developed disease. Exposure to the virus is limited because greys are on the 
enclosures infrequently and amongst those animals active infection is low. The 
observation of eight minutes during which stripped pine cone debris fell into 
enclosures as a result of greys feeding in the overhanging pine canopy now also has a 
context, and again the lack of viral DNA detection provides a quantified context for 
the absence of disease in the captive reds.  
 
The observed exposure to virus (both pathological and antibody data) from released 
and escaped red squirrels indicated that SQPV was present amongst the wild grey 
squirrel population, and sufficient for inter-specific infection to occur. Intuitively, it is 
likely that ranging over a wider area, released reds are more likely to encounter a grey 
with active infection. However, infected greys must at some point venture onto the 
enclosures where animals groom and feed. In those scenarios, we can infer then that a 
single layer of mesh present on the enclosure structures is sufficient to prevent 
transmission of SQPV to the captive red squirrels. The obvious inter-specific 
pathways would therefore include nest ecto-parasites and bites rather than via routes 
such as saliva on discarded foods or through scent marking behaviour. A up study of 
the local grey squirrel population encompassing these areas would be beneficial, and 
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the adenovirus data would suggest widening screening to encompass a range of 
potential red squirrel pathogenic infections would be prudent.  
 
Greenwood and Sanchez, (2002) used an ELISA to detect a high sero-prevalence 
(60%, n=15) of adenovirus in wild grey squirrels at the Zoo. In subsequently surveys, 
although adenovirus surveillance of wild grey squirrels has utilised spleen tissue 
(Everest et al. 2009) more frequently it has focussed on blood samples (Everest et al. 
2012), often collected as part of annual SQPV monitoring. In this current study we 
examined three different sources of material collected from each of the eighteen grey 
squirrels caught and killed at the Zoo (blood, faecal samples and spleen tissue) and 
found whilst blood was negative, DNA was amplified from 56% of spleen samples. 
Future monitoring schemes should therefore focus upon analysis of spleen tissue. 
 
The 56% infection in greys caught within the Zoological Gardens parallels the high 
infection frequency observed in captive reds. Everest et al. (2012) found that 
adenovirus DNA could be amplified from 88% of captive red squirrels found dead at 
Welsh Mountain Zoo. The authors stated it was difficult to retrospectively 
differentiate between asymptotic and pathological infections because of a lack of 
archived tissue and faecal samples, and despite persuasive pathology available, no 
mortality case could be confirmed as more than an association. There remains a 
possibility that immunocompromised/stressed individuals may succumb more readily 
to what would normally be a relatively benign infection in adult animals, but this 
requires further investigation. It is intriguing that wood mice were also found to be 
harbouring adenovirus and of course this species is able to move readily in and out of 
the red squirrel enclosures in a way that sympatric grey squirrels cannot. Whether or 
not the adenoviruses infecting the woodmice are able to infect squirrels also remains 
to be determined.  
 
In conclusion, there is an historical paucity of data on adenovirus cases in red 
squirrels (see Duff et al. 1997) but subsequent surveillance (Everest et al. 2009; 2010; 
2012) research, in collaboration with the Zoological Society of Wales, has suggested 
it as an emerging threat to red squirrel conservation programmes. It is anticipated that 
increased surveillance for the adenovirus will help to clarify its role in squirrel 
pathologies and whether there is any interaction between this infection and 
susceptibility to SQPV in grey squirrels. 
 
Intriguingly, just prior to  this  study, a red squirrel from one of the Zoo enclosures 
was detected with a pathological viral infection not associated with either adenovirus 
or SQPV, but which is believed to have caused mortality. The virus is believed to be a 
novel detection in the species (Everest and others, unpublished observations), and  
with nucleic acid samples from the already performed PCR analyses archived, 
molecular analyses will be undertaken to determine the identity of this virus. It will 
then be possible to extend screening to examine both the grey squirrel spleen and 
wood mice samples to determine if these species might be acting as a reservoir for it. 
 
In the absence of other data quantifying infection frequency and direct/indirect inter-
specific infection pathways the research at the Welsh Mountain Zoo has provided a 
useful foundation for future research. The discovery of declining antibody levels in a 
pox survivor over such a protected period f repeat sampling is unique and again is a 
useful contribution to scientific understanding of disease in red squirrels. 
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