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Prion in Saliva of 
Bovine Spongiform 
Encephalopathy–
Infected Cattle
To the Editor: A defi nitive diag-

nosis of bovine spongiform encepha-
lopathy (BSE) in cattle usually relies 
on Western blot and immunohisto-
chemical testing of samples from the 
obex region of the brainstem. These 
conventional diagnostic tests can 
detect the presence of the abnormal 
(disease-associated) form of the prion 
protein (PrPSc) in brain samples sever-
al months before the onset of clinical 
signs; however, there is no appropri-
ate, universal tool for early preclinical 
and antemortem diagnosis of BSE. 
Furthermore, confi rmation of the 
disease is currently only possible by 
postmortem examination of brain tis-
sues. In this study, we used the serial 
protein misfolding cyclic amplifi ca-
tion (sPMCA) technique to determine 
the presence of PrPSc in saliva samples 
collected from BSE-infected cows be-
fore and after the onset of disease (1).

In a previous study (2), we ana-
lyzed the tissue distribution of PrPSc in 
cattle up to 66 months after they were 
orally inoculated with a relatively low 

dose (5 g) of homogenized brainstem 
from animals with naturally occurring 
BSE in England. In 2011, after publica-
tion of that study and 83.3 months after 
the cows were inoculated, clinical signs 
of BSE developed in 1 cow (no. 5444); 
necropsy was performed 84.7 months 
after inoculation. In addition, we used 
saliva samples from 2 BSE-affected 
cows (nos. 5413 and 5437) (2) to deter-
mine the presence of PrPSc.

We collected saliva samples from 
animals at 4 monthly intervals, begin-
ning in 2009, 56 months after inocu-
lation. Samples were stored at -80°C 
until analysis. Using the sodium phos-
photungstic acid precipitation method, 
we concentrated (100-fold) individual 
1-mL saliva samples from each time 
point. We then diluted the concen-
trated samples 1:10 with the normal 
isoform of prion protein substrate 
containing 0.5% potassium dextran 
sulfate. Using the sPMCA technique 
as described (1), we amplifi ed the 
samples in 3–8 tubes, and we used 
Western blot to analyze the proteinase 
K–treated sPMCA products (2).

Using Western blot and immuno-
histochemical tests, we detected the 
accumulation of PrPSc in brains col-
lected at necropsy from the 3 cows ex-
amined. In addition, using the sPMCA 

technique, we detected PrPSc signal in 
1) saliva samples that were concen-
trated from samples collected from 
the same 3 cows at necropsy and in 2) 
concentrated saliva samples that were 
collected from 2 of the cows (nos. 
5413 and 5444) at the early clinical 
stages of disease. 

After saliva samples underwent 
3 rounds of amplifi cation, we de-
tected PrPSc in a saliva sample that 
was collected from cow number 5437 
two months before the clinical onset 
of clinical symptoms (Figure). For 
2 of the cows (nos. 5413 and 5437), 
the positive ratio of salivary PrPSc at 
round 4 of amplifi cation increased as 
the disease progressed (Figure). Be-
cause PrPSc signal could be detected 
in BSE-infected brain homogenates 
diluted up to 10−10 after 2 rounds of 
amplifi cation (1), we estimated PrPSc 
levels in the nonconcentrated original 
saliva samples to be lower than those 
in BSE-infected brain homogenate 
diluted to 10−12. No PrPSc signal was 
detected in samples collected from the 
3 cows 3–5 months before the onset 
of clinical symptoms or from age-
matched noninfected controls, even 
after 4 rounds of amplifi cation.

We demonstrated the presence of 
PrPSc in saliva of BSE-affected cows 
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Figure. Western blot detection, using the serial protein misfolding cyclic amplifi cation technique, of the abnormal (disease-associated) 
form of the prion protein (PrPSc) in concentrated saliva samples from 3 cows experimentally infected by inoculation with the agent of 
bovine spongiform encephalopathy: cows 5413 (A), 5444 (B), and 5437 (C). PrPSc was detected in saliva samples at the initial clinical 
and terminal stages of the disease (A, B). PrPSc was also detected in a saliva sample, after 3 rounds of amplifi cation, obtained 2 months 
before the onset of clinical symptoms in 1 of the 3 cows (C). All saliva samples were concentrated by using the sodium phosphotungstic 
acid precipitation method. After protein misfolding cyclic amplifi cation, extra bands with a molecular weight higher than that for PrPSc were 
occasionally observed, likely corresponding to prion protein aggregates or to residue of the normal isoform of prion protein resulting from 
incomplete proteinase K digestion. Molecular mass markers (in kDa) are shown on the right. R1–R4, rounds 1–4 of amplifi cation; Ns, no 
seed control; mpi, months postinoculation.
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during the clinical stage of the disease, 
and in 1 case, at the preclinical or as-
ymptomatic stage. Our fi ndings sug-
gest that PrPSc is likely to be detected 
in the saliva of BSE-affected cattle 
during the clinical stage of disease, af-
ter accumulation of PrPSc in the brain. 
PrPSc was found in the salivary glands 
of BSE-affected cattle at the terminal 
stage of infection (1). Therefore, once 
the infectious agent reaches the central 
nervous system, it may spread centrif-
ugally from the brain to the salivary 
glands through the autonomic nervous 
system.

Infectivity of saliva and the pres-
ence of PrPSc in saliva have been re-
ported in other ruminants affected 
with transmissible spongiform en-
cephalopathy. Infectivity of saliva was 
demonstrated in deer with chronic 
wasting disease (3) and in scrapie-
affected sheep (4); the immunolabeled 
PrPSc accumulated in the salivary 
glands of scrapie-affected sheep (5). 
A low level of PrPSc was detected in 
concentrated buccal swab samples of 
preclinical scrapie-infected sheep by 
using sPMCA (6,7). These results sug-
gest that small amounts of PrPSc may 
accumulate in the salivary glands and 
are then secreted into saliva.

The presence of infectious pri-
ons in saliva may explain the facile 
horizontal transmission of scrapie in 
sheep (4–6) and chronic wasting dis-
ease in deer (4,8). There has been no 
epidemiologic evidence, however, that 
saliva, milk, blood, and cerebrospinal 
fl uid from BSE-infected cattle are in-
fectious (9). Nonetheless, the potential 
risk for BSE transmission by body fl u-
ids or excretions from BSE-infected 
cattle is cannot be ruled out by the 
current data.
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Reptile- and 
Amphibian-
associated 

Salmonellosis in 
Childcare Centers, 

United States
To the Editor: Salmonella spp. 

infection represents a major public 
health problem in the United States; 
nearly 1.4 million human cases and 
600 associated deaths are reported 
each year (1). Reptile and amphibian 
exposures might cause >70,000 of 
these cases annually (2). Furthermore, 
children are at increased risk of acquir-
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