
Final technical report MO3024 01/04/2003 – 31/03/2010 
Susceptibility of UK red deer (Cervus elaphus elaphus) to oral BSE transmission. 
Stuart Martin - VLA Lasswade Pentlands Science Park Bush Loan Penicuik EH26 0PZ 
 

Page 1 of 21 

 
Background: The cause of the bovine spongiform encephalopathy (BSE) epidemic in the 
United Kingdom (UK) was the inclusion of contaminated meat and bone meal in the protein 
rations fed to cattle.  Those rations were not restricted to cattle but were also fed to other 
livestock including farmed and free living deer.  Although there are no reported cases to 
date of natural BSE in European deer, BSE has been shown to be naturally or 
experimentally transmissible to a wide range of different ungulate species.  Moreover, 
several species of North America’s cervids are highly susceptible to chronic wasting 
disease (CWD), a transmissible spongiform encephalopathy (TSE) that has become 
endemic.  Should BSE infection have been introduced into the UK deer population, the 
CWD precedent suggested a danger for spread and maintenance of the disease in both 
free living and captive UK deer populations.  This study examined the immunohistochemical 
and biochemical characteristics of BSE experimentally-infected European red deer (Cervus 
elpahus elaphus). 
 
Annex A (BMC Veterinary Research 2008, 4:17) and annex B (BMC Veterinary Research 2009, 5:26) on 
page 4 contain the technical details of this report up to July 2009 and were published in 
BMC veterinary Research a peer reviewed electronic open access journal.  Pages 2-3 detail 
additional work undertaken between July 2009 and March 2010.   
 
 
Methodology 
18 red deer were orally dosed with 25g of cattle BSE homogenate and 6 deer were intra-
cerebrally (i.c.) inoculated with 0.5 ml of a 10% homogenate of a brain pool of five BSE-
positive bovine brains.  Negative control animals underwent identical procedures to the i.c 
and orally dosed deer, respectively, with sterile normal saline instead of brain homogenate.  
A sensitive IHC method employing monoclonal antibodies able to differentiate between BSE 
in cattle and CWD in deer was optimised prior to the first deer culls at 6 and 12 months post 
inoculation (mpi).  The full range of CNS, LRS, PNS and other tissues taken at PM were 
then examined by IHC and brainstems by Western blot.  
 
Results     
No pre-clinically diseased orally infected animals were identified at the 6 months and 12 
months post infection cull points.  Intra-cerebrally infected animals were maintained until all 
6 developed clinical disease.  Only one out of six orally dosed deer developed clinical 
disease before termination of the project.  
We confirmed that U.K red deer are susceptible to both oral and intra-cerebral inoculation 
with the cattle BSE agent.  Six clinically positive (from 26-42mpi) i.c inoculated and one 
(56mpi) orally dosed deer that tested positive for TSE by IHC and WB using several primary 
antibodies demonstrated widespread accumulation of disease specific PrP in CNS, PNS 
and ENS but none in LRS.  All showed several brain sites positive for disease specific PrP 
and presented IHC and WB phenotypes with similarities to BSE in sheep, goats and cattle 
but unlike those seen in CWD in elk or scrapie in sheep.  The vacuolar pathology and 
distribution of PrPd BSE in red deer resembled that of CWD in most major respects however 
we have shown that BSE can be clearly differentiated from CWD by existing 
immunohistochemical and biochemical methods that are in routine use.  
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Further work undertaken August 2009 – March 2010. 
 
Genetic analysis - Wilfred Goldmann; Roslin NPD. 
 
Negative controls and the remaining 5 orally dosed deer culled at 72mpi tested negative by 
IHC and Western blot however analysis of the PrP ORF of these deer (kindly carried out by 
Wilfred Goldmann of the Roslin NPD) identified a Q to E polymorphism at codon 226 that 
may influence the efficiency of oral transmission (not published). 
In the experimental BSE challenge of red deer six out of six deer succumbed to BSE when 
challenged by intracerebral routes but only one of six deer challenged by the oral route 
succumbed to infection. Deer killed at 190 days or 365 days post oral challenge showed no 
evidence of abnormal PrP accumulation when tested by immunocytochemistry. The PrP 
gene of red deer includes a Q to E polymorphism at codon 226. The table shows the 
distribution of these codon 226 polymorphisms within experimental challenge groups.  
 

Deer ID R No. Challenge Death 
codon   
226 IHC Deer ID R No. Challenge Death 

codon   
226 IHC

020 1791   
int. death 

210 QE N 323 2160 oral seq. kill 365 QE N 
322 1820   seq. kill 190 QQ N 337 2161 oral seq. kill 365 EE N 
319 2137   seq. kill 365 QE N 314 2162 oral seq. kill 365 QQ N 
334 2138   seq. kill 365 EE N 318 2163 oral seq. kill 365 QE N 

022 4173 ic saline 
seq. kill 
1017 EE N 310 2164 oral seq. kill 365 QE N 

029 4644 ic saline 
seq. kill 
1290 QE N 028 2165 oral seq. kill 365 QQ N 

032 5863   cull 2320 QQ N       
034 5861   cull 2320 QE N 312 3991 ic TSE 794 EE P 
039 5864   cull 2320 EE N 332 4140 ic TSE 929 QE P 
014 5862   cull 2320 EE N 329 4174 ic TSE 996 QE P 

      331 4175 ic TSE 996 QE P 
327 1813 oral seq. kill 190 QE N 025 4279 ic TSE 1059 QQ P 
309 1821 oral seq. kill 190 EE N 315 4643 ic TSE 1289 QE P 
031 1822 oral seq. kill 190 QQ N       
320 1823 oral seq. kill 190 QE N 009 4987 oral TSE 1727 QQ P 
324 1824 oral seq. kill 190 QQ N 015 5866 oral cull 2320 QE N 
326 1825 oral seq. kill 190 QQ N 033 5867 oral cull 2320 EE N 

 016 5868 oral cull 2320 EE N 
Death: numbers indicate age (oral controls) or time 023 5869 oral cull 2320 QE N 
post-inoculation in days 037 5870 oral cull 2320 EE N 
 
 
Within the intracerebral challenge experiment  QQ (n=1), QE (n=4)  and EE (n=1) deer all 
succumbed to  clinical BSE infection which was confirmed by histology and 
immunocytochemistry. These data show that the codon 226 polymorphism does not provide 
absolute resistance to infection. Although the first deer to succumb to infection was the only 
EE genotype it had to be killed early because of intercurrent health problems and had 
substantially less abnormal PrP in brain than the remainder of the group. Overall, the small 
number of deer within each genotype group does not permit any meaningful analysis of 
attack rates or incubation periods.  
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Of the oral challenged deer only one QQ deer succumbed to infection at 58 months post 
challenge while QE (n=2) and EE (n=3) deer did not show clinical signs of disease when the 
experiment was terminated at 72 months post challenge. The five deer that lived to the end 
of the experiment did not show histological or immunocytochemical evidence of disease. 
 
These data are summarised in the table. There is insufficient information on which to draw 
unambiguous conclusions regarding the impact of the 226 polymorphism on susceptibility of 
red deer to BSE challenge, but the possibility that this codon may influence the efficiency of 
oral transmission cannot be dismissed. It would be prudent to take the frequency 
distribution of this polymorphism into consideration when performing critical analysis of deer 
surveys and possible interpretations of the incidence of deer TSEs within Europe.  
   

 

 
Transgenic mouse bioassay - Marion Simmons/John Spiropoulos; VLA Weybridge. 

2 BSE infected red deer plus the BSE source that was used to inoculate the deer were 
inoculated into a panel of 20 Tg(CervinePrP)1536+/- mice – not published.  The deer 
passaged BSE bioassays have been completed and the bovine BSE source passage is 
ongoing.     For deer 1 the attack rate was 18/20=90%.   The incubation period varied from 
202-274 days post inoculation (dpi) or 240+22 mean+standard deviation (M+SD).  For deer 
2 the attack rate was 19/20=95%. Incubation periods varied from 207-298 (dpi) or 254+28 
(M+SD).  A T-test analysis between the 2 groups showed no significance (p=0.096).  The 
panel that was inoculated with the bovine BSE has surviving mice (n=12) 590 dpi.  Seven of 
the mice died due to intercurrent deaths.  Data analysis will be completed when the 
bioassays finish.  It is however interesting that the deer succumbed to bovine BSE while the 
cervid mice show such prolonged incubation period.    
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