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e COBEFEOVCIDRELEE ITRIVVERBBZALTLNSAEE
NHY ., CORITKFEREEA M E - (FEEFERIDOEREEICFERS
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The ancestor(s) of apparently Japan-indigenous strains of Hepatitis £ virus (HEV) was probably of
foreign origin, but it remains unclear when and from where it made inroads. In this study, 24
genoiype 3 and 24 genotype 4 HEV strains recovered in Japan each showed a significant cluster,
clearly distinct from thase of foreign strains, in the phylogenetic tree constructed from an 821 nt
RNA polymerase gene fragment. The evolutionary rate, approximately 0-8 x 10™7 nucleofide
substitutions per site per year, enabled fracing of the demographic history of HEV and suggested
that the ancesiors of Japan-indigenous HEV had made inroads around 1800, when several kinds
of Yorkshire pig were imported from the UK 1o Japan, Interestingly, the avolutionary growth of
genotype 3 in Japan has been slow since the 1920s, whereas genotype 4 has spread rapidly since
the 1980s. In conclusion, these data suggest that the indigenization and spread of HEV in
Japan were associated with the popularization of eating pork.

Transmission of Hepatitis E virus (HEV) occurs primarily by
the faecal-oral route through contaminated water supplies
in developing couniries (Purcell & Emerson, 2001). Addi-
tionally, increasing evidence has indicated that hepatitis E
is a zoonosis (Harrison, 1999; Kabrane-Lazizi et al, 1999;
Meng er al, 1997, 1998, 2002; Nishizawa ef al, 2003;

The GenBank/EMBL/DDBJ accession numbers for the HEV nuclea-
fide sequences reported in this paper are shown in Fig, 1.

Supplementary tables are available in JGY Online.

Olkamoto et al,, 2001; Tei et al., 2003; Yazaki et al, 2003). It
has recently been suggested that zoonotic, food-borne
transmission of HEV from domestic pigs, wild boars or wild
deer to humans plays an important role in the occurrence of
domestic infections of hepatitis E in Japan, where people
have unique habits of ingesting raw fish (sushi or sashimi)
and uncooked or undercooked meat (also organ meats, such
as raw liver) (Matsuda et al, 2003; Tamada et al,, 2004),
Thus, it seems that HEV infection is now autochthonous in
Japan. It remains unclear, however, when and from where
the ancestral HEV strains made inroads and have spread in
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Fig. 1. Phylogenetic tree of the partial RNA polymerase region of the HEV genome. Twenty-four genctype 3 and 24 genotype
4 strains in Japan showed each significant cluster to have a high bootstrap vafue and to be disiinct from other reference
sequences (USA, Canada and Japanese minor strains in genotype 3; Chinese strains in genotype 4). Genetic distances have

been transformed into a time scale of years by using estimates of the molecular clock (0-84 x 107

2 nucleotide substitutions

per site per year). Ten strains in bold are used for linear regression in Fig. 2. Strain names are folowed by prefecture or city
names in Japan: Hyo, Hyogo; Tok, Tokyo; Sai, Saitama; Sap, Sapporo; Iwa, Iwate; Kan, Kanagawa; Oki, Okinawa; Aom,
Aomori; Nar, Nara; Tot, Tottori; Nii, Niigata; Toc, Tochigi; Toy, Toyama. Asterisks indicate strains that were newly sequenced in

this study,

Japan. In this study, we first estimated the evolutionary rate
of HEV by using Japan-indigenous genotype 3 and genotype
4 strains, which were phylogenetically distinct from the
other strains in foreign countries. Then, based on this evolu-
tionary rate, we traced the demographic history of HEV in
Japan.

For linear-regression analyses within significant clusters,
two independent datasets were applied: one was a Hyogo
cluster (genotype 3) with J]MO-Hyo03L, JTH-Hyo03L, ]SO-
Hyo03L, JYO-Hyo03L, JDEER-Hyo03L (these five isolates
were obtained in April 2003) and JBOARI-Hyo04 (April
2004) (Takahashi et al., 2004a), and another was a Sapporo
cluster (genotype 4) with JSM-Sap95 (March 1995), JKK-
Sap00 (November 2000), JYWSap02 (Angust 2002) and

JTS-Sap02 (September 2002) (Takahashi et al, 2004b).
GenBank accession numbers for these stralns are given in
Fig. 1. To elucidate the epidemiological history of the HEV
population in Japan, 48 known and newly sequenced HEV
strains (n=24 for each of genotype 3 and 4) were used for
molecular-evolutionary analyses. The nucleotide sequences
of 28 strains for the molecular-clock analyses were deter-
mined in this study (the other 20 sequences dealt with in this
paper were available from GenBank).

Nucleic acids were extracted from serum samples (50 pl) by
using a commercial Smitest EX-R & D kit (Genome Science)
and precipitated in a 2 ml tube. The pellet was air-dried for
15 min and then suspended in 10 pl antoclaved distilled
water containing 10 U RNase inhibitor mi™' (TaKaRa

950
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Shuzo). A sequence spanning 821 nt in the RNA-dependent
RNA polymerase region (corresponding to nt 39614781 of
the prototype Burmese HEV strain; GenBank accession no.
M?73218), including the GDD motif, was amplified by PCR
in three overlapping regions with 20-mer primers deduced
from known HEV sequences. Reverse transcription was
performed at 50 °C for 60 min with the Thermo-Script RT
system (Invitrogen), and the first- and second-round PCRs
were carried out in the presence of Platinum Tag DNA
Polymerase High Fidelity (Invitrogen). The final products
were sequenced in an ABI 377 DNA sequencer (PE Bio-
systems} with an ABI Prism BigDye kit (Applied Biosystems}.
The sequences determined were utilized to confirm HEV
genotypes and to construct phylogenetic trees. The reli-
ability of the phylogenetic tree was assessed by bootstrap-
resampling tests,

A reconstructed tree was built on the RNA polymerase
region by using a heuristic maximum-likelihood (ML)
topology search with stepwise addition and nearest
neighbour-interchange algorithms. Tree likelihood scores
were calculated by using the HKY85 model (Hasegawa et al,
1985) with the molecular clock enforced, using PAUP version
4.0b8. Using the estimated topology, all possible reot posi-
tions were evaluated under a single-rate dated-tips (SRDT)
model with the computer software TipDate v1.2 and the
rootthat yielded the highest likelihood was adopted (Rambaut,
2000). The program provided an ML estimate of the rate and
also the associated date of the most recent common ancestor
of the sequences, using a model that assumed a constant rate
of nucleotide substitution. The molecular clock was tested
by a likelihood-ratio test between the SRDT model and a
general unconstrained branch-length model [different-rate
(DR) model].

For estimates of demographic history, a non-parametric
function N(#), also known as a skyline plot, was obtained by
transforming the coalescent intervals of an observed genea-
logy into a piecewise plot that represented an effective
population size through time (Pybus et al, 2001; Pybus &
Rambaut, 2002}. A parametric ML was estimated by several
models with the computer software GENIE v3.5 to build a
statistical framework for inferring the demographic history
of a population on phylogenies reconstructed from sampled
DNA. sequences (Pybus & Rambaut, 2002). This model
assumes a continuous epidemic process in which the viral
transmission parameters remain constant through time.
Model fitting was evaluated by likelthood-ratio tests of the
parametric ML estimates (Lemey et al., 2003; Pybus ez al,
2003; Tanaka et al, 2005). Approximate 95% confidence
intervals for the parameters were estimated by using the
likelihood-ratio test statistics.

A phylogenetic tree in the partial RNA polymerase region of
the HEV genome is represented in Fig. 1. A functional gene,
such as the RNA polymerase gene, is suitable for molecular-
evolutionary analyses based on the neutral theory, because
the substitution of functional genes is based on the neutral

showed a significant cluster with 2 high bootstrap value,
which was the major Japanese cluster distinct from other
strains found in foreign countries by molecular-evolutionary
analyses. Such a significant cluster is suitable for the
following coalescent analysis. Additionally, the tree topology
based on the RNA polymerase region, including functional
genes, was guite similar to that based on complete genomes
{data not shown).

To determine the evolutionary rate of HEV, the 48 Japan-
indigenous HEV strains (Fig. 1) were subjected to further
molecular-evolutionary analyses, The molecular-evolutionary
rate was estimated by two independent methods. In brief,
linear-regression analyses using highly similar strains, i.e. six
genotype 3 strains in Hyogo and four genotype 4 strains i
Sapporo, indicated that a molecular-evolutionary rate was
(0-81-0-88) x 10”2 nudeotide substitutions per site per year
(Fig. 2). Second, TipDate (v1.2) was used to compare the
DR model with the single-rate (SR) and SRDT models. The
SRDT model provided an adequate fit to the data (P> 0-05;
see Supplementary Table S1, avajlablein JGV Online). Based
on the SRDT model, the mean rate of nucleotide substitu-
tions was estimated to be (0-81-0-94) x 10”2 nucleotide

{a)
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y = 0-00088x — 1-66561
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0-330 v = 0-00081x — 1-28937 .
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0-322 . . . . .
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Fig. 2. Linear-regression analyses within the pariial RNA poly-
merase region for evolutionary rate of HEV. (a) The evolutionary
rate of genotype 3 in the Hyogo cluster is estimated to be
0-88 x 10™ nuciectide substilutions per site per year; (b) the
evolutionary rate of genotype 4 in the Sapporo cluster is
estimated to be 0-B1x 107 nucleotide subsiitutions per site
per year.
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substitutions per site per year, which was similar fo the rate

for Hepatitis C virus (Ina et al., 1994; Tanaka et al,, 2002).
When we used 0-84 x 10~ nuclectide substitutions per site
peryear, which was based on all 43 sequences (24 genotype 3
and 24 genotype 4}, the time of the most recent common
ancestot of Japan-indigenous genotype 3 was estimated to
be in the 1900s (95 % confidence interval, 1902-1917) and
that of genotype 4 was approximately in the 1880s (1881
1898) (Fig. 1).

Based on the phylogenetic tree, the effective number of HEV
infections through time, N{#), was analysed by using a
skyline plot for the Japan-indigenous HEV strains. The
parameters for several models in GENIE v3.5 were examined
{see Supplementary Table S2, available in JGV Online).
Titne twas then transformed to year by using the constant
rate (0-84 x 1072 nudleotide substitutions per site per year),
assuming the collecting time to be the present. Fig. 3 shows
the skyline plots and population growth for the HEV strains,
according to a specific demographic model in GENIE v3.5
-with three parameters and a piecewise-expansion growth
model, which was evaluated by likelihood-ratio testing {Ina
et al, 1994; Lemey et al., 2003; Pybus et al., 2003; Tanaka
et al, 2005). Qur estimates of the effective numbers of
HEV infections showed a transition from constant size to
exponential growth in the 1920s (95 % confidence interval,
1916-1930) among the genotype 3 population (Fig. 3a),
whereas the rapid exponential growth among the genotype 4
population was dated in the 1980s (1978-1990} (Fig. 3b).

Because the natural course of HEV infection in human
beings and animals is usually transient, not persistent as in
the cases of hepatitis B and C viruses, it is almost impossible
to estimate the molecular-evolutionary rate of HEV by using
serial samples from an individual host. However, even
though HEV does not persist in individual hosts, it could
persist in the community by hopping from host to host
successively, The first study attempting to estimate the
number of synonymous mutations per synonymous site (k;)
of Hepatitis A virus (HAV) was reported by Sinchez ef al
(2003). The estimated k, values from HAV strains isolated
from a clam-associated outbreak varied from 0-038 for VPO
to 0-29 for VP1. Similarly, we estimated the evolutionary
rate of HEV by using Japan-indigenous genotype 3 and
genotype 4 strains isolated over time. The rate was esti-
mated to be approximately 08 x 10~ nucleotide substitu-
tions per site per year by two independent methods, which
was around half of our previously estimated rate (Takahashi
et al, 2004b). One of the reasons is that the molecular-
evolutionary rate would depend on estimated genes; the
previous report (Takahashi et al, 2004b} used complete
sequences, whereas this study used only RNA polymerase
sequences. Another reason is that the previous extrapolation
of substitution rate on pairwise (direct) comparisons can
give overestimates of the molecular clock and hence diver-
gent times of HEV species, as reported previously (Ina et al,,
1994). Based on the molecular clock, we traced the demo-
graphic history of HEV in Japan and the indigenization time

was suggested to be similar (approx. 1900), but the spread
time was quite different, between HEV genotypes 3 and 4
(1920s versus 1980s). Interestingly, in addition, the evolu-
tionary growth of genotype 3 has been quite slow since the
1920s, whereas genotype 4 strains have spread rapidly in
Sapporo since the 1980s.

Zoonosis has been implicated in HEV transmission. The
first animal strain of HEV to be isolated and characterized
was a swine HEV from a pig in the USA in 1997 (Meng et al,
1997). Since then, many swine HEV strains, which exhibit
extensive genetic heterogeneity, have been identified world-
wide and shown to be genetically related closely to strains
of human HEV (Chandler et al., 1999; Hsieh et al., 1999;
Huang et al, 2002; Okamoto et al, 2001; Wang et al., 2002).
Recent findings suggested an interspecies HEV transmission
between boar and deer in their wild life (Takahashi et al,,
2004a) and that both animals might serve as an infection
source for human beings, More recently, wild mongoose was
newly added to the list of HEV-reservoir animals in Japan
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Fig. 3. ML estimates of N(f) on the effective number of (a)
HEV genotype 3 and (b} HEV genotype 4 infections in Japan.
The parametric model is indicated by the black line and step-
wise plots by the grey line, which represenis corresponding
non-parametric eslimates of N(#) (number as a function of fime).
Genetic distances have been transformed into a time scale of
years by using estimates of the molecular clock in the partial
RNA polymerase region of HEV.
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(Nakamura et al, 2006). Notwithstanding the importance of
these wild animals, pigs for food must be the major reser-
voirs of HEV: a recent Japanese study indicated that anti-
HEYV antibodies were detected in 1448 (58 %) of 2500 pigs
from 2 to 6 months of age at 25 commercial swine farms in
Japan (Takahashi et al,, 2003). The importance of transmis-
ston of HEV from pigs to humans was further supported by
a recent field study in Indonesia: Muslim people, for whom
it is a taboo to eat or contact pigs, were significantly less
frequently positive for anti-HEV than Hindu people (2:0 vs
20 %) (Surya et al., 2005).

Our molecular-evolutionary analyses suggested that HEV
entered Japan around 1900. If we have traced the origin of
Japan-indigenous HEV correcily back to about 100 years
ago, what happened at that time in relevance to HEV's
indigenization? Several kinds of Yorkshire pig were

imported for the first time in the history of Japan from

the UK in 1900, by the Japanese government’s policy to
introduce excellent domestic animals for food in Western
countries to Japan, as a measure to nutritionally strengthen
the people (especially soldiers) of this formerly vegetarian
country. Since then, the Yorkshire pigs have been pro-
pagated in Japan and, in the 1930s, thousands of pigs were
reported all over Japan (http://okayama.lin.go.jp/history/
2-3-1-2.htm), suggesting that the domestic spread of HEV
might have been associated with the popularization of pigs
for food in Japan, Indeed, a previous phylogenetic analysis
of a 304 bp nucleotide sequence (ORF2} obtained from the
two UK swine strains showed a close relationship with
Japanese swine strains in genotype 3 {Banks ef al,, 2004),
indicating that Japanese genotype 3 may have been imported
from the UK. On the other hand, Japanese genotype 4 strains
were related phylogenetically to Asian strains in Taiwan and
China. As the HEV found in wild boars living in the Iriomote
Island, near Taiwan, was of genotype 4 (unpublished results),
the source of Japanese genotype 4 might be from Taiwan or
the mainland of China. Note that a phylogenetic analysis
showed that the Japanese swine and human HEV strains
segregated into four clusters [three genotype 3 clusters (one
major Japanese and two minor clusters} and one genotype 4
cluster], with the highest nucleotide identity being 94-4—
100% between swine and human strains in each cluster
{Takahashi ef al., 2003), suggesting that swine have served as
one of the most important reservoirs for HEV to be trans-
mitted to humans. The possible risk factor for transmission
of HEV was to have eaten uncooked or undercooked pig
liver andfor intestine 1-2 months before the onset of
hepatitis E in Hokkaide, Japan (Mizuo ef al, 2005), Such
eating habits, which are particularly unique to those living in
Hokkaido (Sapporo is one of the big cities there) in recent
decades, might be one of the reasons that HEV has been
widespread in this area since 1990, as supported by our
molecular-evelutionary analyses in this study.

In conclusion, based on our present data, the indigenization
and domestic spread of HEV in Japan are proposed to have
been associated with the importation and popularization of

pigs for food in Japan. However, there still remains a possi-
bility of different scenarios. Another animal(s) might have
carried the virus to japan: for example, mongoose was.
imported from India to Japan in 1910 (Nekamura et al,
2006).
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ABSTRACTS

coral trout and trevally (5 outbreaks each). There were 6 oulbreaks of oily
stools (kerigrrhoes) from eating Escolar fish.

Conclusions; Seafood is responsible for approximately | in § identified
foodboine outbreaks in Australia, although the median number of peaple
affected is low. To prevent these outbreaks peaple should avoid eating
certain fish or shellfish harvested from contaminated waters.
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Emergence of Novel Human T-lymphetropic Virases
Among Central African Hunters

W. M. Switzer!, N. D. Wolfe?, I K. Care®, A, D. Gareia', V. Shanmugam',
U, Tamoutfe?, J. Tosimire®, A, T. Prosser’, M. LeBreton?, B Mpoudi-Ngole?,
F. E. McCutchan?, D. L. Bind, T. M. Folks', D. 8. Burke?, W, Heneine';
'Centers for Disease Conwrol and Prevention, Atlanta, GA, *Johns Hopking
University, Baltimore, MD, *Henry M. Jackson Foundation, Rockville,
M3, ‘{Army Health Research Center, Yaounde, CAMEROON.
Background: HTLV-1 diversity appears to have resulted from multiple
cross-species transmissions of STLV-1. However, litile is known whether
coniact between umans and infected nonhumnin primates (NHPs) continues
10 contribute to the emergence of novel HTLVSs.

Methods: We investigated HTLV diversity among 930 central Africans
eeporting contast with NHP blood through hunting, butchering, and keeping
primate pets, Plasma samples were tested serologically using EIA and WB
assays. Sequenves [from several viral regions were PCR amplified from PEL
DNA of WB reactive persons followed by phylogenstic analysis with known
PTLVs.

Results: Proviral sequences were PCR-umplified from 13 WEB reactive
persons. Phylogenetic analysis revealed infection of two hunters with novel
vimses we designated HTLV-3 and HTLV-4. HTEV-3 falls within the genelic
diversity of' STLV-3,  virus not seen before in humans. HTLV-4 is distinct
and penetically equidistant from all known HTLVS/STLYs and formed of 2
new phylogenetic linzage, Eleven persons were also infected with a broad
diversity of HTLV-1, including STLV-1 from mandrills (n=3) and other
STLN-} variants (n=2] not previously seen in humans.

Conclusions: We identily inthis population two newHTLVs and demonstrile
greater HTLV diversity than previously recognized. These findings also
suggest that NHP exposure contributes to HTLY emergence.

{charncters wf spaces =1381; 199 words)

t Cats to Horseshoe Bats: Tracing the Origi

of SARS
L. Wang', Z. Shi?, 5. Bhgng?, H. Field!, P. Daszak?, B. T,
'CSIRO Australian Animal Mealth Laboratory, Geglafig, AUSTRALIA,

e Acadepwy of Sciences, Wuhan,
demy of Sciences, Beijing,
nd Fiskertes, Brisbane,

2Wuhan Tnstitute of Virology, Cl
CHINA, *Institute of Zoology, Chine:
CHINA, *Department of Primary

navims (SARS-CoV), remained elusive. Prevention of future

utbreak will be difficult, if not impossible, 10 achieve without kmowing thy
nytural reservoir and the mechanism of spill over.
Meghods: During March to December of 2004, 408 bats representing/ 9
species, 6 geners and 3 families, from four locations in China (Guangdgng,
Guangxi, Hubei and Tianjin) were sampled by trapping in their ngtive

Rhinoluphud, (horseshoe bats) demonstrated a high SARS-CoV antibody
prevalence, Khe serological findings were corroborzted by POR analyses
using primer airs derived from the SARS-CoV. Three diffgrent SARS-
like viruses {SIXCoV), were detected. (Genome analysis dempnstrated that
5L-CoVs have oy identical genome organization with that pf SARS-CoV,
SL-CoVs display greater penetic variation than SARS-CoVs isolated from
humans or civets, SARS-CoVs nestle phylogenetically within the spectrum
of SL-CoVs, indicatipy thet the virus responsible for the SARS outbreak
was & member of this\gew coronavirus group, tentatively named the SARS
cluster of coranavirused (SCCoVs).

Resulis: Among six genera of bat species, three species from \i e genus

Conclusions: Serologic\and molecular surveys revghled the presence of
SCCoVs in different specles of horseshoe bats coverfng 1 wide geographic
area in China. Bats are fourd in live animal marketgfacross China, are eaten
by people, and their feces any other body parts used in traditienal medicine,
We hypothesize that SCCoVY, spilled over frony this natural reservoir to
civels and other immunologically naive species ji the wild animal markets,
leading to a cycle of infection in\raded wildlifef and thence to humans.
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Echinococcosis in Tibetan
Sichuan Province, China
T.Li;

Sichuan Centers For Disease Contol agfdPrevention, Chengdu, Sichuan
Provinee, CHINA.

Background: Humun cystic echinocpeeosis\CE), caused by infection with
the larval stage of Echinneoccus panulosis)and alveolar echinococcasis
(AE), caused by infection with the farval stape'of £, smdtitocularis, are two
of the most pathogenic zoonotic p3
the Northern Hemisphere, Humafi CE aceurs woridwide in association with
livestock herding, within whichthe main dog-sheek cycle for E. granulosis
is transmitled. Human AE is a giuch rarer parasitic infection and is primarily
trangmitted between foxes angf small mammals in wilglife cycle.

Metbods: We screened 3,199 people from Shigu Colynty, Gunze Tibetan
Autonomous  Prefecture, fSichvan Provioes, Chind, for abdominal
echinoceccosis (hydatid disease) by portable ultrasouny combined with
speeific serodiagnostic tefis,

Resulis: Both CE and AE were co-endemic in (hese populytions with the
highest village co-endfmic prevalence values recorded anypwhere in the
world: 12.8% were iffected with one or the other form (638% CE and
6.1% AE). The prevdlence of both CE and AE was significantly higher in
females than in mafes and increased with the age of the person\sereenad.
Pastaral Tibetan Iérdsmen were at highest risk for infection (prevalence
19.0%4). Prevalenge of CE varied in 3 townships from 0% to 12.1%), while
AE prevalence rahged from 0% to 14.3%4. Risk factors associnted witk both
infections included the number of owned dops, frequency of contact\with
dogs, and seurges of drinking water.

Conelusionsy Both CE and AE disease should be considered as a publig
health priori)y in the pastoral communities of the eastern Tibetan Platesu,

pulitions of Western
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Porcine Noroviruses Related to
Human Noroviruses

Qiu- Hong Wang,* Myung Guk Han,* Sonia Cheetham,* Menira Souza,*
Julie A, Funk,t and Linda J. Saif*

Detection of genogroup I} (Gll) norovirus (NoV) RNA
from adult pigs it Japan and Europe and Gl NoV antibod-
ies in US swine raises public health concerns about
zoonotic transmission of porcine NoVs {o humans,
although no NoVs have beeh detected in US swine. To
detect porcine NoVs and to investigate their genetic diver-
sity and relatedness to human NoVs, 275 fecal samples
from normal US adult swine were screened by reverse
transcription—polymerase chain reaction with calicivirus
universal primers. Six samples were positive for NoV.
Based on sequence analysis of 3 kb on the 3" end of 5
porcine NoVs, 3 genotypes in Gll and a potential recombi-
nant were identified. One genotype of porcine NoVs was
genetically ‘and antigenically related to human NoVs and
replicated in gnotobiotic pigs. These resulis raise concerns
of whether subclinically infected adult swine may be reser-
voirs of new human NoVs or if porcine/human Gll recombi-
nants could emerge.

oroviruses (NoVs) (family Caliciviridae, genus

Norovirus) cause diarrhea in humeans and animals
(1-3). The NoV genome is 7.3~7.7 kb long with 3 open
reading ﬁ‘ames (ORFs) encoding a polyprotein that under-
goes protease processing to produce several nonstructural
proteins, including an RNA-dependent RNA polymerase
(RdRp), a iajor capsid protein (VP1, capsid), and a minor
capsid protein (VP2) (1,4,5). The capsid protein contains
a conserved shell (8) and hypervariable protruding (P)
domains (6). Noroviruses are genetically diverse and
make up 27 genotypes within 5 genogroups, GI/1-8,
GIV1-11, GII/1-2, GIV, and GV, based on the capsid
genes of 164 strains (7). Human NoVs cause an estimated
23 million cases of illness annually in the United States
(8) and >90% of nonbacterial epidemic gastroenteritis
worldwide (1). The low infectious dose, environmental
resistance, strain diversity, shedding from asymptomatic

*The Ohio State University. Wooster, Chio, USA; and 1The Ohio
State University, Columbus, Ohio, USA

1874

persons, and varied transmission vehicles render human
NoVs highty contagious.

Norovirus RNA was detected by reverse franscrip-
tion—polymerase chain reaction (RT-PCR) in 4 of 1,017
normal slaughtered pigs in Japan (9) and in 2 of 100
pooled pig fecal samples in the Netherlands (10). These
porcine NoVs (Sw43/97/JF, Sw918/97/]P, and 34/98/NET)
are genetically similar and are classified into GII (9,10),
like most epidemic Inunan NoVs (11-13). Also, the virus-
like particles (VLPs) of Sw918 strain cross-react with anti-
bodies against human GII but not GI NoVs (14). The close
genetic and antigenic relationships between human and
porcine NoVs raise public health concerns regardinc their
potential for zoonotic transmission and as reservoirs for
emergence of new epidemic human strains.

Farkas et al, (14) reported that US swine sera react with
Po/MNoV/GIL/Sw918 strain, but no direct detection of NoV
from US swine has been reported. To detect porcine NoVs
and assess their genetic diversity and relatedness to human
NoVs, we screened 275 pig fecal samples from US swine
by RT-PCR with a calicivirus universal primer pair
p290/110 targeting the RdRp region (15,16), followed by
sequencing the 3 kb on the 3” end of the genome for 5 NoV
strains. Gnotobiotic pigs were inoculated with porcine
NoVs to examine their infectivity and to produce convales-
cent~phase antiserum for antigenic analysis.

Materials and Methods

Fecal samples (N = 275) were collected from December
2002 to June 2003 from finisher (10-24 weeks of age) pigs
and gestating sows (=1 year of age) from 3 Ohie swine
farms (10, 60, and 32 samples), 1 Ohio siaughterhouse (83
samples), 1 Michigan swine farm (61 samples), and 2
North Carolina swine farms (8 and 21 samples). Fresh
fecal samples were collected from individual pigs, placed
into sterile containers, and stored frozen.

Sample RNA was extracted from 10% to 20% of fecal
suspensions in sterile Eagle minimal essential medium
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(EMEM, Invitrogen, Carlsbad, CA, USA) by using Trizol
LS (Invitrogen}. For some samples, RNA was concentrat-
ed and purified by using QlAamp Viral RNA Mini kit
 (Qiagen, Valencia, CA, USA).

RT-PCR was perfonimed separately by using primer pair
p290 (5-GATTACTCCAAGTGGGACTCCAC-3") (15)
and pl10 (5-ACDATYTCATCATCACCATA-3") (16) as
previously described (15) but at 48°C for annealing (317
bp for NoV or 329 bp for sapavirus). To amplify the 3-kb
3’ end fragment, cDNA was synthesized by SuperScript IT1
First-Strand ¢cDNA synthesis kit (Invitrogen) with primer
VN,T,y (5-GAGTGACCGCGGCCGCT,-3"). PCR was
then performed with TaKaRa Ex Taq polymerase {TaKaRa
Mirus Bio, Madison, W1, USA) with primers p290 and
VN;Toq. Quantitative (endpoint titration) RT-PCR (1 7) was
perforraed with primer pair PNV7 (5-AGGTGGTGGCC-
GAGGAYCTCCT-3) and PNVS8 (5-TCACCATAGAAG-
GARAAGCA-3") targeting the RdRp (211 bp) of QW101
strain.

RT-PCR. products were purified with the QTAquick Gel
Extraction kit (Qiagen) before cloning into pCR2.1-TOPO
(T/A) or PCR XL cloning kit (Invitrogen). Five clones of
each sample were sequenced. DNA sequencing was per-
formed with BigDye Terminator Cycle and 3730 DNA
Analyzer (Applied Biosystems, Foster City, CA, USA).

Sequence editing was performed by Lasergene software
package (v3, DNASTAR Inc., Madison, WI, USA). The
Basic Local Alignment Search Tool (BLAST,
http:/Awww.ncbinlm.nih.gov/BLAST) was used to find
homologous hits. Multiple sequence alignment was per-
formed with ClustalW (v1.83) at DNA Data Bank of Japan
(http:/fwww.ddbj.nig.acjp). Phylogenetic and bootstrap
(1.000 replicates) analyses were conducted by using
MEGA. (v2.1) (18). Identification of recombinants was per-
formed by uosing the Recombinant Identification Program
(RIP, http://hivweb lanl.gov/RIP/RIPsubmit.html) (i9).
The classification and GenBank accession numbers of
NoVs are listed in Table 1.

Four gnotobiotic pigs were maintained and euthanized
as previously described (25,26). The inoculate was a 20%
fecal filtrate (0.2 pm) in EMEM of the QW126 or QW144
(QW101-like, GII-18) strains or EMEM ounly (2 negative
control pigs). One pig was inoculated with QW26 orally
and intranasally at 9 days of age, and convalescent-phase
antiserum LL616 was collected at postinoculation day
(PID) 26. A second pig was inoculated with QW 144 oral-
Iy at 35 days of age and euthanized at PID 5.

hnmune eleciron microscopy (TEM) was performed as
described previously (27). For enzyme-linked immunosor-
bent assay (ELISA), the recombinant baculovirus-
expressed human NoV VLPs and rotavirus VP2 and VP6
{2/6)-VLPs (negative conwol) (28) were CsCl-gradients
purified. We coated 96-well microplates with YLPs (200
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ng/well) in carbonate buffer (pH 9.6) and blocked with 5%
nonfat dry milk in phosphate-buffered saline (PBS)-Tween
20 (D0.05%). Serially diluted serum samples that included
positive and negative controls were added to duplicate pos-
itive- and negative-coated wells, and the plates were incu-
bated. After washing, horseradish peroxidase (HRP)-
Iabeled goat anti-pig immunoglobulin G (1gG) (H + L) for
pig sera or goat anti-human IgG + IgA + IgM (H + L)
(KPL, Gaithersburg, MD, USA) for human serum was
added. After incubation and washing, the substrate
3.3",5,5 -tetramethylbenzidine was added. The cutoff value
was the mean sbsorbance of the negative coatings muiti-
plied by 2,

Western blot was performed as described previously
(29). Nitrocellulose membranes were incubated with pig
convalescent-phase antiserum LL616 against porcine GII-
18 NoV or negative control serum in PBS containing 4%
nonfat dry milk followed by goat anti-pig [gG (H + L)-
HRP conjugate.

Results

Porcine NoVs were classified into 3 genotypes within
GII based on the complete capsid sequences: 1 genotype
with prototype Japanese strains Sw43 and Sw218 and 2
new genotypes. A total of 19 of 275 samples showed a
potential positive band after agarose gel electrophoresis of
the RT-PCR products of primer pair p290/110. Fourteen
samples representative of each potentially positive farm or
the slanghterhouse were sequenced. After performing
BLAST search, we identified 6 NoVs (QW48, Michigan
farm A; QW101, QW123, and QW126, Ohio farm B; and
QW170 and QW218, Ohio slaughterhouse), 3 sapoviruses,
and 5 sequences that had ne significant hit in the database.
Because the QW126 shared 99% nucleotide (nt) identity
with the QW101 and QW25 strains in the 274-nt RdRp
region, it was not sequenced further.

We sequenced the 3-kb 3’ end of the genome contain-
ing the partial RdRp, VPI and VP2 genes, and the 3’
untranslated region of the 5 strains. The porcine NoVs rep-
resented 3 distinet clusters: 1) Sw43, 8w918, and QW43
2) QW101 and QW123; and 3) QW170 and QW218, on
the basis of the size of each gene and the ORF1-ORF2
overlap region (Table 2). Across the 3 kb, the QWI10! and
QWI125 strains and the QW170 and QW218 strains shared
99% nt identity.

The amino acid identity of the predicted complete and
S and P domains of the capsid protein of the 5 porcine
NoVs, the previcusly reperted porcine NoVs (Sw43 and
Sw918), and representative human, bovine, and murine
NoV strains is summarized in Table 3. Tn the complete cap-
sid, the QW48 strain was most closely related to the
porcine NoV prototype Sw43 sirain (98% amine acid iden-
tity); the QW170 and QW21§ sirains shared the highest
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amino acid identities (81%) to porcine Sw43 and Sw918
strains; the QW101 and QW25 strains showed the high-
est amino acid identity to human GII-3/Mexico (71.4%),
then to human Gil-6/Baltimoare (71.0%), porcine QW218
(71.0%), and porcine Sw43 (70.6%) strains. The S and P

domains of these NoVs showed similar relationships. A
neighbor-joining plylogenetic tree based on the amino
acid sequences of the complete capsids (Figure 1) showed
that QW48 grouped with Sw43 and Sw918 strains into
GII-11 and that QWI170 and QW218 formed a new

Table 1. Classification and GenBank accession numbers of norovirus (NoV) strains, used for sequence analysis*

Strain Genusigenogroup-genotype Abbreviation GenBank accession no.
Hu/Norwalk/68/US NoV/GI-1 Norwalk : MB76861
Hu/Hawail/71/uUs NoV/GH-1 Hawaii uo7611
Hu/Melksham/88/UK ' Nov/Gll-2 Melksham X&1879
Hu/Snow Mountain/76/US Nov/Gili-2t Snow Mountain AY134748
Hu/Mexico/B9/MX NoV/IGIE-3 Mexico U22488
Hu/Toronte/81/CA © NoWGI-3 Toronto 02030
Hu/Saitamall18/97-99/JP NoV/GII-3 Saitamalis AB039781
Hu/Saitamall201/98/JP NoViGI-3 SaitamalJ201 AB039782
Hu/Arg320/ARG NoW/GII-3f Arg3z0 AF180817
Hu/Camberwell/101922/04/AUS NoV/IGH-4 Camberwell AF145806
Hu/Lordsdale/93/UK NoV/GI-4 Lordsdale X86557
Hu/Bristol/23/UK NoV/GlI-4 Bristol X76716
Hu/MD1 45-12/87/US NoV/GlI-4 MD145 AY032605
Hu/Farmington Hills/02/US NoViGII-4 Farmington Hills AYS502023
HuAangen1061/02/DE NeV/Gll-4 Langen AY485642
HusHillingden/83/UK NoV/Gli-5 Hillingdon AJ277607
Hu/New Orleans 306/94/US NoV/GII-5 New Orleans AF414422
Hu/Baltimore/274/1993/US NoV/GII-6 Baltimore AF414408
Hu/Saitamal3/87/JP NoV/GII-6 Saitamal)3 ABO39776
Hu/Saitamal4/87/JP NoV/IGII-6 Saitamal4 ABO3ZRTYT
* Hu/SaitamalU16/97/JP . NoVIGIH-6 Saltamal16 ABO3S778
Hu/Saitamal17/S7/IP NoV/GH-5 Saitamal17 ABO38779
Hu/Seacroft/90/UK NoV/GIl-6F Seacroft AJ277620
Hu/Leeds/O0MUK NoV/iGII-7 Leeds AJ277608
Hu/Gwynedd/273/94/US NoV/GII-7 Gwynedd AF414409
Hu/Amsterdam/98-18/98/NET NoV/Gil-8 Amsterdam AF195848
Hu/Sattamal25/27-98/JP Nov/iGIl-3 Saitamal25 ABO39780
HufVAS7207/87/US NoWGI-8§ VA97207 AY038598
Hu/NLWErfurt/546/00/DE ) NoV/GH-10 Erfurt AF427118
Hu/Me37/00-01/THA NoV/GlI-10t Me37 AY237415
Po/Sw43ISTIIP NoV/GI-11 Sw43 i ABO74892
Po/Swa18/87/JP NoVIGI-11 Swo18 AB074893
Po/MI-GW48/02/US NoV/GII-11 Qw48 AY823303
HWGHWIBIJP NoVIiGII-12% Gifu ABC45603
HUAWortley/o0/UK NoV/GII-12¢ Wortley AJ277618
Hu/Saitamall1/97-99/JP NoV/Gil-12f Satamal ABO3977S
Hu/Fayelteville/88/US NoVIGI-13 Fayetteville AY 113106
Hu/M7/99/US NoViGl-14 W7 AY130761
Hu/J23/20/Us NoV/iGI-15 J23 AY130762
Hu/Tifin/99/US NoV/GlI-16 Tiffin AYS502010
Hu/Neustrelitz260/00/DE NoV/GII-16 Neustrelitz AYT72730
Hu/C8-E1/02/US NoV/GH-17 CS-E1 AY502009
Po/OH-QW101/03/US NoV/GII-18 QW181 AY823304
Po/OH-QW125/03/U8 NoV/GII-18 Qwizs AYE23305
Po/OH-QW170/03/US NoViGH-15% Qw170 AY8233086
Po/OH-QW218/03/US NoV/iGH-19% Qw218 AY8232307
Bo/Newbury-276/UK NoV/GHI-2 Newbury-2 AFQ97S17
HwAlphatron/©8-2/98/NET NoV/GLV Alphatron AF195847
Mu/MNV-1/03/US NoV/IGV MNV-1 AY 228235

*Classiication is based on 1he capsid gene sequences. The 5 porcine NoV sirains sequaenced in this study ate in boldface.

1Previously reporied recombinants (20-24).
1Patential recombinants found in this siudy.
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Table 2. Sizes of the putative capsid protein VP1 and the mincr capsid protein VP2, the overlap regions, and the 3' UTR of GIl Nov*

Species/genogroup-genotype/sirain ORF1-ORFZoveriap {nf) VP1(aa) ORF2-ORF3overlap (nf) VP2({aa) 3% UTR (ni}
Po/Gll-11/8w43 ’ 17 547 NA NA NA
PofGIl-11/8w818 17 547 NA NA N&,
Po/Gil-11/Q\W48 ' 17 547 1 253 57
Po/GH-18/QW101 20 557 1 275 48
Po/Gll-18/QW125 20 557 1 275 48
Po/GlI-19/QW170 17 548 1 254 51
Po/GlI-19/QW218 17 548 1 254 51
Hu/Gll-1/Hawait 20 535 1 259 42
HWGIH-2/Snow Mountain 20 542 1 259 45
HwGll-3/Saltamatl18 20 548 1 254 37
Hu/GIl-4/MD145 20 539 1 268 45
Hu/GI-5/New Orleans 20 540 1 258 35
HWGlI-6/Saitamal3 20 550 1 259 54
HWGH-7/Gwynedd 20 540 1 257 68
Hu/Gll-8/Saitamali2s 20 537 1 257 53
HWGI-9/VAS7 207 20 537 1 257 51
Hu/GlI-10/Mc37 20 548 1 258 34
HufGll-12/SatamalA 20 535 1 250 . 50
Hu/GI-1/Norwalk 17 530 1 212 66

*UTR, untranslaied region; NeV, norovires; ORF, open reading-frame; nt, nuclectide; aa, amino acid; NA, not available,

genotype (GII-19), which was closer to porcine than to
human strains. However, QW101 and 125 formed a new
genotype (GII-18) between human and porcine GII NoVs.

Further analysis of the predicted C-terminal =260
amino acids of the RdRp region (Figure 2) showed similar
grouping results for QW48, QW101, and QW125 strains
but different for QW 170 and QW2 18 strains, which were
in the same cluster (GII-11) as Sw43, Sw918, and QW48
in the RdRp region. This finding suggested that a recombi-
nation event occurred between QW170/218-like and
Sw43-like NoVs.  The complete VP2 sequences of repre-
sentative strains were also analyzed (data not shown).
Results were similar to those of the capsid sequence clas-
sification.

A potential recombination event occurred between
QW170/218-like and Sw43-like strains. To examine where
the recombination occuired, we performed RIP analysis by
placing the 3"-end RdRp and the capsid sequence of
QW170 or QW218 as a query sequence and the correspon-
ding sequences of Sw43 and QWI0! as background
sequences, The resulting diagram (Figure 3A) showed that
QW170 had high similarity to Sw43 in the RdRp but not in
the capsid region. This abrupt change happened in the
RdRp-capsid junction region. Therefore, we performed

sequence alignments of the RdRp-capsid junction of
NoVs, including the calicivirus genomic-subgenomic con-
served 18-nt motif (20) (Figure 3B). Between Swd3,
QW170, and QW218, all 18 nt were identical, but identi-
ties decreased downstream of this motif. QWI170 and
QW218 grouped with Sw43 with a high bootstrap value of
95 in the RdRp tree (Figure 2), whereas they segregated
from Sw43 with the highest bootstrap valee of 100 in the
capsid tree (Figure 1). We could not clarify which was the
parent or progeny strain.

The porcine NoVs replicated in gnotobiotic pigs. Two
pigs were inoculated with QWI10t-like GII-18 porcine
NoVs (QW 126 and QW 144 strains) to verify their replica-
tion in pigs as confirmed by quantitative RT-PCR and I[EM
and to produce convalescent-phase serum to examine anti-
genic reactivity with human NoVs. These 2 strains were
confirmed as QW 101-like porcine NoVs in both the RdRp
(169-nt) and the capsid 8 domain (363-ut) regions by
sequence analysis of the RT-PCR produocts (Q.H. Wang
and L.J, Saif, unpub. data). They shared 99% and 100%
amino acid identities to the QW101 strain in the 2 regions,
respectively. Porcine NoV shedding, assessed by quantita-
tive RT-PCR with primer pair PNV7/8, was detected at
PID 3-5 (euthanized) after QW144 exposure, coincident

Table 3. Percentage amino acid identities of noroviruses within the capsid region

Complete capsid (S domain, P domain)

HWG/ Bo/anif HWGIV/
Strain PolGIl* Hu/GlIf Norwalk Newbury-2 Alphatron MU/GV/MNV-1
QW48 96-98 (100, 94-97)  63-71 (77-85, 53-63)  43(59,38) 45(62,36) _53(71,42) 39 (58, 29)
QWI01, QW125 70-70.6 (83, 63)  61-71.4 (77-86,51—64) 42(59,35) 45(62,38)  54(71,44) 39 (58, 28)
QW170, QW218 81 (20, 74) 62-68 (77-82, 52-62)  43(59,36) 45(61,37) 53 (72, 40) 39 (80, 27)

*Includes Sw43 and Swo18 strains,

fincludes Hawszit, Snow Mountain, Mexico, ME145, New Orleans, Baltimore, Gwynadd, Amsterdam, VA97207, Erfurl, Gifu, Fayettevitle, M7, 423, and

MNeustreiitz strains.
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Figure 1. Neighbor-joining phylogenetic tree of genogroup Il
noroviruses (NoVs) based on the complete capsid region. The 5
newly identified porcine NoV strains are in boldface. Genogroups
{G) and genotypes (numbers after G) are indicated, The human
NoV Gi-1/Norwalk and GiV/Alphatron strains were used as out-
group controls.

with mild diarrhea. The RT-PCR—detectable units of the
rectal swab RNA increased from negative at PID <2, 109 at
PID 3-4, and 10¢ at PID 5 (large intestinal contents).
Norovirus shedding was detected only at PID 5 without
diarrhea after QW126 exposure, Examination of the intes-
tinal contents of the pig inoculated with QW144 by IEM
with pig convalescent-phase antiserum LL616 showed
clumps of =32-nm NoV particles (Figure 4). The 2 control
pigs had no virus shedding or diarrhea. Detailed studies of
the pathogenesis of porcine NoVs in gnotobiotic pigs are
in progress (S. Cheetham and L.I. Saif, unpub. data).
Antisera to QW101-like (QW126) porcine NoVs cross-
reacted with VLPs of human GII NoVs in ELISA and
Western blot. ITn ELISA (Table 4), the pig convalescent-
phase antiseram (LL616) to QW10I-like porcine NoV
QWI126 strain showed higher titers (1:400-1:800) to GII-

1878

3/Toronto, GII-4/MD145, GII-4/HS66, and GII-6/Florida
strains; a lower ftiter (1:100) to GII-I/Hawaii strain; and
lowest titer (1:10) to GI-3/Desert Shield strain. In Western
blot (Figure 5), the capsid proteins (5960 kDa) of
Toronto, MD 145, HS66, and Florida strains, but net the
Hawaii and Desert Shield strains, were detected by pig
antiserum LL616 but not the negative control serum (data
not shown). Thus, 1-way antigenic cross-reactivity exists
between human NoV antigens and porcine NoV (GTI-18)
antiserutn, with moderate cross-reactivity to human NoVs
GII-3, 4, and 6; low cross-reactivity to GII-1; and very low
cross-reactivity to GI-3.

Discussion

All porcine NoVs were detected from pigs without clin-
ical signs (9,10). Subclinically infected pigs may be natu-
ral reservoirs for NoVs, and because porcine GIT NoVs are
genetically and antigenically related to human NoVs, con-
cerns exist about their zoonotic potential. Whether human
NoV strains similar to the QW101-like porcine NoVs cir-
culate among people with occupational exposure to pigs is
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Figure 2. Neighbor-ioining phylogenetic iree of genogroup |l
noroviruses {NoVs) based on the pariial RNA-dependent RNA
polymerase region (C-terminal 260-266 amino acids). The 5
newly identified porcine NoV strains are in boldface. Gehogroups
{G) and genotypes {numbers after G) are indicaled. The human
NoV Gl-1/Norwalk and strain was used as outgroup control.
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unknown, but such studies could provide information on
the zoonotic potential of these porcine NoVs.

The RdRp-capsid junction region of NoVs contains a
highly conserved 18-nt motif in genomic and subgenomic
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Figure 3. Identification of & potential recombination event between
QW170 and Sw43 strains. A) Recombination Identification
Program analysis of QW170 strain. At each position of the window,
the query sequence (QW170) was compared to each of the back-
ground genotype representatives (GlI-11/Sw43 and Gli-
183/QW101). When the query sequence is similar to the
background sequences, the homologous regions are indicated &s
thick lines on the plot. Analysis parameters were window size of
100 and significance of 90%. The nucleotide positions of the 3'-
end RNA-dependent RNA polymerase (RdRp) and the shell (S)
and protruding (P} domains of the capsid protein are indicated. B)
Sequence slignments of the RdRp-capsid junction region of
noroviruses {(NoVs). The genomic and subgenemic conserved 18-
nucleotide {nf) motif is indicated by a horizontal line with 2 vertical
bars. Asterisks indicate the identical residues to the sequence of
the first line. Dashes represent gaps. The letter N indicates miss-
ing data on the residus. The start codon of open reading frame
ORF 2 is underlined. Five NoV genogroups are indicated.

Porcine and Human Noroviruses

Figure 4. Immune efectron micrograph of porcine noroviruses
(NoVs). The diluted intestinal contents of a2 gnotobiotic pig eutha-
nized on postinoculation day 5 to QW101-like porcine NoVs
(QW144) were incubated with convalescent-phase serum LLE16
from another gnotobiotic pig inoculated with QW+101-like porcine
NoVs (QW126) and visualized by negative staining with 3% phos-
photungstic acid. The arrow indicates a small clump of NoV-like
particles.

RNA that is believed to be a transcription start signal
(1,20). All 18 nt were identical within each genogroup
except for the Hu/GIVI23, Po/GII/QWI10l, and
Po/GII/QW125 strains (Figure 3B, sequence alignments
on gther GI and GIII strains are not shown). This finding
suggests that homologous recombination may oceur with-
in this motif between NoVs of different genotypes within
the same genogroup. Recombinant human GII NoVs have
been reported previously (20-24). To our knowledge, this
study is the first identification of a potential recombinant
between pig NoVs, At present, NoV recombinants have
been detected exclusively between viruses within the same
genogroup and within the same host species, but few ani-
mal NoVs have been sequenced (RdRp and capsid) for
comparative analysis, especially those from animals in
developing couniries, where humans and animals may be
in close contact,

The QW101-like porcine NoVs replicated in gnotobiot-
ic pigs with fecal shedding, documented by quantitative
RT-PCR and TEM. No celi culture systern or animal dis-
ease models are available for human NoVs, which impedes
the study of their pathogenesis, replication strategies, host
immune responses, and preventive approaches. The infec-
tion of pigs with porcine NoVs may provide a new infec-
tion or disease model to sady NoV infections.
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Table 4. Antigenic cross-reactivity between human GIl NoV antigens (VLPs) and a pig convalescent-phase antiserum against porcine

Gl NoVs, as determined by ELISA*

ELISA antibody {iter with each VLP antigen (genogroup-genotype)

Hawait Toronto MD145 HS68 Florida Deseri Shield
Antiserum {Gil-1) {GII-3) {Gll-4) (Gli-4) {GII-6) (G1-3)
HSS66CS (positive control); human convalescent- 1:26.600 1:6,400 1.25,600 1:25,600 1:6,400 1:6,400
phase antiserum fo human H566 (GlI-4)
LL&18: plg convalescent-phase anfiserum to porcine 1:100 1:800 1:400 1:400 1:400 1:10
QW128 (QW101-like, GlI-18)t
11368 (negative control): preineculation serumi <1:10 <1:10 <1:10 <t:10 <1:10 <1:10
MMB82 {negafive control): prefnoculation serumi <110 <1:10 <110 <1:10 <$:10 <1:10

*NoV, norovirus; VLP, viruslike particle; ELISA, enzyme-linked immunosorbent assay.
‘fThe QW126 shared 59% and 100% amino acid identities to the QW101 strain (GII-18) for a 168-bp segment in the RNA-dependant RNA polymerase

region and a 363-bp segment in the capsid region, respectively.

FL1 368 and MMBSB2 were sera from 2 gnolobiotic pigs before inoculation with porcine Novs.

In this study, I-way antigenic cross-reactivity occwred
between antiserum to QW101-like porcine NoVs and the
capsid proteins of human NoVs, with highest cross-reac-
tivity to G1I-3, 4, and 6 NoVs. This finding coincides with
the finding that the QW101 strain shares high amino acid
identity with GII-3 (71%), GII-6 (71%), and GII-4 (63%)
NoVs.

In summary, 3 genotypes of porcine NoVs were detect-
ed in US swine. One genotype (QW101-like, GI1-18) was
genetically and antigemically most clesely related to
human GII NoVs. Potential recombinant porcine NoV
strains were identified. The QWI101-like NoVs infected
gnotobiotic pigs, and NoV particles were evident in intes-
tinal contents. These results raise questions of whether
pigs may be reservoirs for emergence of new human NoVs
or if porcine/human GIT recombinants could emerge.
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Imported cases of chikungunya in metropolitan France, April 2005 - February 2006 T N

H Cordel! (h.cordel@invs.sante.fr), I Quatresous?, C Paquet!, E Couturier?

1pépartement International et Tropical , Institut de Veille Sanitaire, France
2pépartement des Maladies Infectieuses, Institut de Vellle Sanitalre, France

Introduction

By 9 April 2006, 241 000 cases of chikungunya had been reported on the island of Reunion, and 5339 cases on
the island of Mayotte. The islands of Mauritius, Seychelles, Madagascar, and Comoros are also affected.
Imported cases have been reported from a number of European countries [11.

Each year, about 300 000 people travel to Reunion from metropolitan France (mainland France and Corsica),
and therefore the risk of an outbreak in metropolitan France must be considered, especially since the vector,
the Aedes albopictus mosquito, has been detected in metropolitan France and in northwest Italy, near the
borders with France, Spain and Switzerland. Its role in transmission of the virus depends on vectorial
competence (intrinsic to the mosquito) and vectorial capacity (dependent on the environment).

In addition to mosquito surveillance, the number of imported human cases must be reported as accurately as
possible, in order to assess the risk of transmission within mainland Europe.

Methods
Recent infection is likely if chikungunya IgM antibodies are detected in the five days after symptom onset, but

the presence of antibodies does not necessarily mean that the patient is viraemic. In metropolitan France,
serology is carried out by two private laboratories and the two national reference laboratories, which also
perform PCR and viral culture. Data from laboratories from April 2005 to the end of February 2006 have now
been analysed. Variables used were patient and laboratory postcodes, patient age, patient sex, and date of the
blood sample. Data on the patients’ dates of travel and illness onset were not available from the laboratory

database.

An imported case was defined as: _
» detection of IgM antibodies against chikungunya virus and/or positive PCR, and/or positive viral culture,
» sampled in metropolitan France, whether or not the patient lives in metropolitan France.

Results’
From 1 April 2005 to 28 February 2006, 307 imported cases of chikungunya were identified in France. The

mean patient age was 47 years (range: 7-81 years), and the male-female sex ratio was 0.8:1.

Between April and July 2005, an average of 20 imported cases was cbserved each month. These cases
correspond to the outbreak in Comoros {over 5000 cases), and to the first peak of the Reunion outbreak (during
week 19 of 2005). Incidence then decreased between August and November. The number of cases greatly
increased In December 2005, particularly in the final week of that month, and 131 imported cases were
identified in February 2006. This trend is similar to the epidemic curve of the Reunion outbreak where weekly
incidence greatly Increased at the end of December 2005 (Figures 1 and 2). Most of the cases imported to
France have been in patients living in southeast France and the Paris region (Figure 3).

Figure 1. Temporal evolution of imported chikungunya infections into metropolitan France, by date of blood
sample, April 2005 - February 2006
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B Provence-Alpes-Cote d"Azur

Altack rate per L 000 000 population

An autochthonous case was reported in metropolitan France in March 2006. A nurse developed chikungunyz
fever (laboratory confirmed) three days after caring for a patient with an imported infection. The nurse hac
never travelled to the Indian Ocean, and investigation of this case has concluded that there was a probable
blood exposure incident. Previous incidents involving transmission of chikungunya virus during laboratory
procedures have been described [2,3,4].

Discussion

Most of the imported cases are in patients living in the Provence-Alpes-Cdte d’Azur region in southeast France,
which is home to a large Comorian community, particularly in the city of Marseille. Members of the community
frequently travel to Comoros. .

The imported cases reported here have been collated from laboratory data. Because chikungunya infection:
may be asymptomatic or have only mild clinical symptoms, it is likely that many or most of the people wht
have been ill with chikungunya in metropolitan France have not visited a doctor, and have not had thel
infections laboratory confirmed. Information-on date of iliness onset in relation to date of return to France wouic
be a better indication of whether any of these patients had been viraemic when in metropolitan France, anc
thus present a risk for autochthonous transmission.

While none of the imported cases have been reported to be serious, some residents of Reunion who have
become seriously Ill with chikungunya on the isiand have been transferred to hospitals in metropolitan France
for care. These patients include, for exampie, those who needed liver transplants to treat fulminant hepatiti:
(acute liver failure)
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e island state of Singapore. Additionally, in 2003-2004, w
sareened 140 whole blood sumples from newly quarantine
M\ pemestrina from Indonesia. Of the 37 Singapore:
M Nascicularis, an overall seroprevalence of 86.5% (32/37) was
found in five ‘different troops and 70% {(26/37) were {oundfto
cortiin detectable levels of SRY DNA. Among the 140 Indonefian
M. néestring, the seroprevalence was [2% (17/140) and 8%/(11/
140) were PCR positive. Nine of the Indenesian M. nemeftris
identified as PCR positive when using primers targefing a

region of the envelope transmembrane region {gp?20) but
only two, animals were positive when using primers to fi more
variable fegion of the envelope outer membrane (gpfG). All
Singaporé PCR positive animals reacted to both gp20 ynd gp70
printers. Uppn amplification and sequencing of the SRV/envelope
gene from the positive Indonesian M. nemestrina, all contained a
new SRV isolate that is only 70-78% reluted to the pther SRV
serotypes one'through six. The new SRY can be pr ﬁagated on
Raji cells but does not produce severe.CPE. SRV-2 Western blots
of the antibody ‘positive Indonesian M. nemestring appear weaker
and less specific Yor the gp70 outer membrane glyepprotein than
antibody positive\ M. fascicularis from Singaporef Phylogenetic
analysis indicates that the Singaporean M. faseiculafis SRV isolates
are very closely related to other reported SRV-2 isplates (95-98%
identity) while the Ywew M. nemestring Indonesfan isolates are
unique (70-80% idenNty) and may represent a ney serotype. As we
and others have not\ been able to isolate SKV-2 from other
mucaque species in wild, settings, and SRV-2 is glearly prevalent in
wild M. fascienlaris and\s considerably differend than SRV in wild
M. nemestring, it is posgible that M. fasciciffaris is the natural
reservoir for SRV-2 dnd cross-species fransmissions from
M. fascicularis to other spegies may be responsible for the isolation
of SRV-2 during outbreaks\at primate centefs.

ABSTRACT #56

OF SIMIAN FOAMY
AQUES TO HUMANS

CROSS-SPECIES TRANSMISSI
VIRUS FROM FERAL ASIAN M

ory A. Engel*, Michael A.

Brenda Wilson', Lisa Jones-Engc[:
omang Gde Suaryana®,

Schillaci®, Aida Rompis®, Artha

Southwest National Primate Hesearch Cehter at the Southwest
Foundation for Biomedica)
*University of Washington,
*Swedish/Providence Fzmg} . WA, USA;
‘Department of Social. Fcience, _Universith of Toronto at
Scarborough, Toronto, €anada; *Udayama \Primate Centre,
Udayana University, Denpasar. Bali, Indonesia\*Department of
Anthropology, Universify of Notre Duame. Sowth Bend, IN;
"Southern Research Insjitute, Frederick, MD, US

Feral populations of Asian maciques come in reguent contact
with humans in settipgs ideal for transmission of simian: retro-
viruses, Simiun foundy viruses (S1°V) are considered \non-patho-
genic infections of ndon-hwman primates {NHP) and redent studies
have shown infrequent transmission to humans a} primate
research facilities, zoos, and in bushmeat hunters in A¥rica. No
data have been published concerning cross-species inféclion of
humans by Asiay macaques. The significance of SFV infegtion in
humans is unkngwn, however, studies 1o date have not identified
any disease assgeiated with long-term infection. In this stjdy of
81 humans with [requent contact with macaques at Buddhist
Temples in PBali, Indonesia, we identified one person \with
antibodies to SFV. Nested PCR assessment of whole blood ffom
this individul confirmed infection. PCR products were cloked
and sequenged and compared with SFVs [rom monkeys in
same geogtaphic region as well as other Macaca specigs.
Alignmentfand phylogenetic analysis of SFVhu-BHE6 with Asia

monkey $FVs indicated that SFVhu-BHG66 was most closel
related t¢ an SFV-infected monkey from the area. The human
origin off the BH66 blood sample was confirmed by PCR cloning,

BENE2006-010

Abstracts

}qm:n ing of the 128 RNA subunit of mitorzhw
phylogenetic s. These data [urther j ate the potential

umans in enzeotic areas
t of a4 new emerging

for simian retroviral Sio
and point to the risk
infectious disea

ABSTRACT #57

g{gglgs OF SIMIAN FOAMY VIRUS TRANSMISS[ON BY

Arifa S. Khan, Dhanya Kumar. Laboratory of Retrovirus
Research, Division of Viral Products, CBER, FDA, Bethesda,
MD, USA,

Simian foamy viruses (SFVs) are widespread in various non-
human primate species. Although the mode of transmission has
not been well studied, the high prevalence is thought to be due Lo
transmission via saliva. Cross-species infection in humans has
been found in Central African hunters, and can occur due tlo
accidental, occupational exposure to infected animals. The infec-
tion results in long-term virus persistence, In contrast to the
infection in its natural host, there has been no evidence of SFV
human-ta-human transmission. However, due to the” AIDS
epidemic, it is cautionary to prevent retroviral zoonosis, even in
the absence of disease in its natural host. Additionally, it is
imperative to avoid further virus adaptation by human passage,
Recently, due to reports of SFVY infections in humans, there has
been a concern regarding potential SFV transmission by blood
donors. To investigate whether SFV can be transmitted by blood,
we transfused SFV-negative rhesus macagues with blpod from two
adult macaque donors that were naturally infected with biologic-
ally and genetically distinct SFVs. The recipient animals were
manitored lor virus infection and persistence, humoral antibody
response and clinical changes. The results at F-yenr post-inocula-

"ion indicate that SFV can be transmitted by whole blood, in some

cases, These findings could have implications for blood donor
screening.

ABSTRACT #58

James Potter,
Department of
Primate Research

ital tool for accurately
primates (NHP). Deter-
presents unique  challenges
Tacteristics of eachi virus. We
to screen Asian and African
ajor exogenous retroviruses
and specificity correlated
. For SRV testing.
tting with TaqMan
ry to conclusively

Retroviral diagnostic testi
assessing infection status o
mining simian retrovird infglio
associated with the individual ¢
developed quantitative qTagMa
NHPs for SRV, SIV, and ST

comparison of antibo
PCR suggesis that
identify positive anj
required to elimjdate false positives due to end
macaques. SRY1, -3, and SRV-2 assays have been
sensitivities gf < 10 DNA copies/10° lymphocytes. Vit
examined for 54 SRV-2+ cynomoigus macaques by\TaqMan

. Copy pumbers varied from <10 copies to as
© copies/[10° cells with a median of 22 DNA copies.
tivities were found for to screen blood samples for retro

ampling commonly seen with nested PCR.

al
ctions with the added advantage in minimizing false posi:ige\
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Outbreak of Chikungunya Virus: South West
Indian Ocean and India

g Updated: May 26, 2006

The Public Health Agency of Canada (PHAC) continues to monitor
outbreaks of chikungunya virus - a mosquito-borne disease - on
islands in the south westemn region of the Indian Ocean and in
india.

PHAC was recently notified of illness caused by chikungunya
infection in four Canadian tourists. The four Canadians traveled to
Reunion Island, Mauritius, Seychelles, and/or the Indian coast.
Symptom onset occurred between February to early March. Several
European countries have also reported imported cases in people
returning from these islands: France (160 imported cases),
Germany, Italy, Norway and Switzerland.

Islands in the South West indian Ocean

Between March 2005 and April 22, 2006 a total of 3877 confirmed
cases of chikungunya infection have been officially reported through
Réunion's surveiilance network. Health officials estimate that a
significant number of infections remain undetected and that the

actual number of cases during this period may number close to 255 *

000.

Chikungunya virus activity has also been reported on other islands
in the south west Indian Ocean, including Mayotte, Mauritius, and
the Seychelles.

Several European countries have reported imported cases in
people returning from these islands: France (160 imported cases),
Germany, ltaly, Norway and Switzerland.

India

Since December 2005, outbreaks of chikungunya virus have been
reported in the states of Karnataka, Maharastra, and Andra
Pradesh. As of April 20, 2006 153 324 confirmed - and probable
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cases have been reported.

Measures are being undertaken to control these outbreaks.
Intensive measures to interrupt fransmission, including increased
surveillance and mosgquito-control measures, continue to be
implemented by locai authorities.

Source: Eurosurveillance, Instrtut de veille samta;re {France), World
Health Organization

Chikungunya virus is most commonly transmitted to humans
through the bite of an infected mosaquito, specifically mosquitoes of
the Aedes genus, which usually bite during daylight hours.

- Symptoms of infection, which generally last three to seven days,
include the sudden onset of fever, chills, headache, nausea,
vomiting, severe joint pain (arthralgias), and rash. Although rare,
the infection can result in meningoencephailitis (swelling of the
brain), especially in newborns and those with pre-existing medical
conditions. Pregnant women can pass the virus to their fetus .
Residual arthritis, with morning stiffness, swelling, and pain on
movement, may persist for weeks or months after recovery. Severe
cases of chikungunya can occur in the elderly, in the very young
(newborns), and in those who are immunocompromised. C
hikungunya outbreaks typically resuit in several hundreds or
thousands of cases but deaths are rarely encountered.

Chikungunya virus is most likely of African origin. Recent outbreaks
have occurred in Sub-Saharan Africa, India, South east Asia, and

the Philippines.

There is no vaccine that protects against chikungunya virus.
Treatment for chikungunya typically involves treating the symptoms
and includes bed-rest and the use of non-aspirin analgesics during
the phase of illness where the symptoms are most severe. Using
protective measures to prevent being bitten by an infected mosquito
remains the only means to reduce the risk of exposure.

Recommendations

The Public Health Agency of Canada reminds travellers o tropical
and subtropical areas of the world that they may be at risk for
contracting mosquito-borne diseases, such as malaria, dengue,
Japanese encephalitis, yellow fever, and other less common
diseases like chikungunya. Travellers are strongly encouraged to
consult their personal physician or a travel medicine practitioner to
discuss their individual risk of exposure to such diseases.

‘Personal Measures to Avoid Mosquitoes

The Public Health Agency of Canada strongly recommends that
travellers take the following personal precautions to reduce the risk
of exposure to mosquitoes:

¢ remain in well-screened or completely enclosed; air-
conditioned areas;

mhtmlfile:/ /¥¥Datasrv I¥NT-DATAGESR Fi¥ & BSEE MM EVIRA —ERYA.. 2006/07/25 g



Outbreak of Chikungunya Virus: Scuth West Indian Ocean and India — Travel Healt.. 3/4 R—%

o wear light-coloured clothing with full-fength pant legs and
sleeves; and
o use insect repellent on exposed skin.

The use of insect repellent on exposed skin is strongly
recommended. Of the insect repellents registered in Canada, those
containing ‘N, N diethyl-m-toluamide’ (DEET) are the most effective.
There are specific things you should know about DEET,
especially regarding its use on young children.

¢ Use DEET-based products as repellents on exposed skin.
The higher the concentration of DEET in the repellent
formulation, the longer the duration of protection. However,
this relation reaches a plateau at about 30% to 35%. DEET
formulations that are "extended duration” (ED), such as
polymers, are generally considered to provide longer
protection times, and may be associated with less DEET
absorption. Formulations over 30% are not currently available
in Canada, although they are available internationally, _
including in the United States. It should be noted, however,
that products sold outside Canada have not been evaluated
by Health Canada. Most repellents containing "natural”
products are effective for shorter durations than DEET and for
this reason are not considered the preferred products for
protecting against mosquito bites.

¢ Regulatory agencies in western nations may differ regarding
the recommended maximum concentration and application
rates of DEET, especially for children. The Committee to
Advise on Tropical Medicine and Travel (CATMAT) is
satisfied that, for travel outside of Canada where the risk of
malaria outweighs the risk of any important adverse reaction
to DEET, the threshold for use of DEET should be low.

o CATMAT recommends that concentrations of DEET up fo
35% can be used by any age group.

¢ For children, alternative personal protective measures, such
as mosquito nets treated with insecticide, should be the first
line of defense, especially for infants less than 6 months of
age. Portable mosquito nets, including self-standing nets,
placed over a car seat, a crib, playpen, or stroller help protect
against mosquitoes. However, as a complement to the other
methods of protection, the judicious use of DEET should be

" considered for children of any age. Recent medical literature

from Canada suggests that DEET does not pose a significant
or substantial extra risk to infants and children.

¢ DEET/sunscreen combination products are not generally
recommended, hecause DEET can decrease the efficacy of
sunscreens. As well, sunscreens should be used liberally and
often-while DEET should be used sparingly and only as often
as required. If application of both is necessary, the Canadian
Dermatology Assaociation recommends that the sunscreen be
app!:ed first and allowed to penetrate the skin for 20 minutes,
prior to applying DEET

The Public Health Agency of Canada's Committee to Advise on
Tropical Medicine and Travel (CATMAT) produces evidence based
statements and guidelines. For additional information on
Arthropod Bite Prevention visit CATMAT's Statement on

_4‘|..
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Personal Protective Measures fo Prevent Arthropod Bites.

As a reminder.., .

The Public Health Agency of Canada routinely recommends that
Canadian international travellers consult their personal physician or
a travel clinic four to six weeks prior to'international travel,
regardiess of destination, for an individual risk assessment to
determine their individual health risks and their need for
vaccination, preventative medication, and personal protective
measures.

The Public Health Agency of.Canada recommends, as well, that
travellers who become sick or feel unwell on their return to Canada
should seek a medical assessment with their personal physician.
Travellers should inform their physician, without being asked, that
they have been travelling or living outside of Canada, and where
they have been.

Additional information from the Public Health Agency of
Canada:

" e More information about arthropod bhite prevention;

» More information about Canadian recommendations for the
prevention and treatment of malaria among international
fravellers, .

o More information about dengue;

o Forinformation about yellow fever.

Last Updated: 2006-05-26 - Important Notices
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H5N1 Influenza A
Virus and Infected
Human Plasma

To the Editor: Since Jamuary
2004, a total of 22 persons have been
confirmed infected with avian
influenza A virus (H5N1) in Thailand;
14 of these patients died. Three waves
of outbreaks occurred during the past
2 years. The last patient of the third
wave was a S-year-old boy whose
symptoms developed on November
28, 2005; he was hospitalized on
December 5 and died 2 days later. The
child resided in the Ongkharak
District, Nakhon Nayok Province, 70
km northeast of Bangkok. Villagers
informed the Department of
Livestock after the patient’s illness
was diagnosed. Five dead chickens
had been reporied in this area from
November 28 to December 1, 2005,
Samples from these chickens could
not be obtained, thus, no H5SN1 test-
ing was performed. The boy had
fever, headache, and productive
cough for 7 days before he was admit-
ted to the Her Royal Highness
Princess Maha Chakri Sirindhom
Medical Center. Clinical examination
and chest radiograph showed evi-
dence of lobar pneumonia. He was
treated with antimicrobial drugs
(midecamyein and penicillin G) and
supportive care, including oxygen
therapy. On December 7, the patient’s
condition worsened, and severe pneu-
monia with adult respiratory distress
syndrome developed. Laboratory tests
showed leukopenia (2,300
cells/mm?3), acidosis, and low blood
oxygen saturation by cutaneons pulse
oximetry (81.6%). Oseltamivir was
administered after his parents
informed hospital staff about the
boy’s contact with the dead chicken.
However, the boy died the same day;
no autopsy was performed. On
December 9, the cause of death was
declared by the Ministty of Public
Health to be H5N1 influenza virus.

LETTERS

Ablood sample was collected from
the patient on December 7; anticoagu-
lation was accomplished with ethyl-

‘gnediaminetetraacetic acid (EDTA)

for repeated biochemistry analysis and
complete blood count. The plasma
from the EDTA Dlood sample was sep-
arated 2 days later and stored at —20°C
for 12 days. The sample was subse-
guently given to the Center of
Excellence in Viral Hepatitis, Faculty
of Medicine, Chulslongkorn
University, for molecular diagnosis
and then stored at —70°C, where spe-
cific precaiitions implemented for han-
diing highly infectious disease speci-
mens such ag H5N1 influenza virus
were observed. Plasma was examined
by muoltiplex Ieverse
transcription—polymerase chain reac-
tion (RT-PCR) (/) and multiplex real-
time RT-PCR (2), both of which
showed positive resulis for HSNI
virug. The virus titer obtained from the
plasma was 3.08 X 103 copies/mL. The
plasma specimen wag processed for
virus isolation by embryonated egg
injection, according to the standard
protocol described by Harmon (3).
Briefly, 100 pL 1:2 diluted plasma was
injected into the allantoic cavity of a
9-day-old embryonated egg and incu-
bated at 37°C. The infected embryo
died within 48 hours, and the allantoic
fluid was shown to contain 2,048
hemagglutinin (HA) units; also, sub-
type H5N1 was confirmed (I,2).
Whole genome sequencing was per-
formed and submitted to the GenBank
database under  the strain
ASThailand/NK.165/05 accession no.
DQ 372591-8, The phylogenétic irces
of the HA and neuraminidase (NA)
genes were constructed by using
MEGA 3 (4) for comparison with
H5N] viruges isolated from humans,
tigers, and chickens from previous

" outbreaks in 2004 and 2005 (Figure).

The sequence analyses of the viruses
showed that the HA cleavage site con-
tained SPQRERRKKR, which dif-
fered from the 2004 H5N1 virus by an
arginine-to-lysine substitution at posi-
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tion 341. That finding had alsc been
observed in wild bird species during
earlier outhreaks in Thailand in 2004
{3). Similar to the 20042005 H5N1
isolates from Thailand, a 20-amino
acid deletion at the NA stalk region
was observed. Moreover, the amino
acid residues (E119, H274, R292, and
N294) of the NA active site were con-
served, which suggests that the virus
was sensitive to oseltamivir. Jn addi-
tion, a single amino acid substitation
from glutamic acid to lysine at posi-
tton 627 of PB2 showed increased
virus replication efficiency in mam-
mals (6),

Observing live influenza virus in
human serum or plasmma is unusual.
However, in 1963, low guantities of
virus were isolated from blood of a
patient on day 4 of illpess (7), and in
1970, the virus wag’ cultivated from
blocod specimens from 2 patients (&)
Recently, a fatal case of avian influen-
za A (H5N1) in a Vietnamese child
was reported. The diagnosis was
determined by isolating the virus from
cerebrospinal fluid, fecal, throat, and

serumn specimens (9); viral RNA was
found in 6 of 7 serum specimens 4-9
days after the onset of illness (10). In
this case, the HSN] virus could be
isolated from plasma on day 10 after
symptoms developed. This case
showed the virus in the patient’s

- blood, which raises concern about

transmission among humans. Because
probable H5N1 avian influenza trans-
mission among humans has been
reported (I1), this case should be a
reminder of the necessity to carefully
handle and transport sexum or plasma
samples suspected to be infected. with
HS5N1 avian influenza. Because viable
virus has been detected in blood sam-
ples, handling, transportation, and
testing of blood samples should be
performed in a biosafety (category
JH) containment laboratory to prevent
the spread of the virus to healthcare
and laboratory workers.
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Variant Creutzfeldt-Jakob disease: prion protein genotype analysis of
positive appendix tissue samples from a retrospective prevalence

study

James W Ironside, Matthew T Bishop, Kelly Connolly, Doha Hegazy, Suzanne Lowrie, Margaret Le Grice, Diane L

Ritchie, Linda McCardle, David A Hilton

Abstract

Objective To perform prion protein gene (PRNP) codon 129
analysis in DNA. extracted from appendix tissue samples that
had tested positive for disease associated prion protein.

Design Reanalysis of positive cases identified in a retrospective
anonymised unlinked prevalence study of variant
Creutzfeldt-Jakob disease (vGJD) in the United Kingdom.
Study samples 3 positive appendix tissue samples out of

12 674 sarnples of appendix and tonsil tested for disease
associated prion protein. The patents from whom these
samples were obtained were aged 20-29 years at the time of
surgery, which took place in 1996-9.

Setting Pathology departments in two tertiary centres in
England and Scotland.

Results Adequate DNA was available for analysis in two of the
three specimens, both of which were homozygous for valine at
codon 129 in the PRNP.

Conclusions This is the first indication that the valine
homozygous subgroup at codon 129 in the PRNP is susceptible
to vCJD infection. All tested clinical cases of vGJD have so far
occurred in the methionine homezygous subgroup, and a
single case of probable jatrogenic vGJI infection has been
identified in one patient who was a methionine/valine
heterozygote at this genetic locus, People infected with vCJD
with a valine homozygous codon 129 PRNP genotype may have
a prolonged incubation period, during which horizontal spread
of the infection could occur either from blood donations or
from contaminated surgical instruments used on these
individuals during the asymptomatic phase of the illness.

Introduction

In a prevalence study for variant Creutzfeldi-Jakob disease
(vGJD), we identified three appendixes that stained positively for
disease associated prion protein (PrP). We looked at 12 674
specimens (11 109 appendixes, 1565 tonsils} removed between
1995 and 2000. Most of the patients (83%) were aged 10-30 years
at the time of operation.'* This number of positive resulis is
greater than would be predicted from the number of patients
diagnosed with vCJD in United Kingdom: (161 to date). Further-
more, the annuat incidence of new cases of vGJD) has declined
from a peak in 1999. As all patients with vCJD belong 1o the
methionine homozygous subgroup, determined by the codon
129 polymorphism in the prion protein gene (PRNF),’ one pos-
sible explanation for this apparent discrepancy could be a differ-

BMJ Online First binj.com

ent PRNP genotype in the three positive cases (the prevalences
of PRNP codon 129 genotypes in the general UK population are
about 40% methionine homozygous, 10% valine homozygous,
and 50% heterozygous). This possibility was supported by a
slightly different pattern of immunoreactivity in the second and
third positive appendix cases in comparison with clinical cases of
vGID.* We recently identified a case of asymptomatic vCJID infec-
tion that seemed to have been transmitted by red cell ransfusion
in a PRNP codon 129 heterozygote, demonstrating that the
methionine homozygous genotype is not uniquely susceptible to
vCJD infection.”

Methods

We analysed the PRNP codon 129 polymorphism in the three
samples of appendix tissue embedded in paraffin that stained
positively for disease associated prion protein in the prevalence
study. In the first case, a transmission study is currently under way

- using material from the remaining unstained sections. This

meant that only immunostained sections were available for
genotype studies and the extracted DNA was not good enough
for further analysis. In the two remaining cases, as there was not
sufficdent material available for both transmission studies and
genotype swdies, and in view of possible PRNP influences on the
staining pattern of disease associated prion protein in these
cases, we used the remaining material for DNA, analysis. A single
6 um unstained paraffin section was available from each case,
and these were de-paraffinised and scraped into individual
microcentrifuge tabes for DNA extraction with the Puregene
DNA Purification Kit (Gentra Systems, USA). Pelleted DNA was
rehydrated for one hour at 65°C and then used as a template for
amplification by the polymerase chain reaction (PCR), along
with positive and negative control samples. PCR primers used
were specific for a 506 bp region of PRNP containing the poly-
morphic sequence for the codon 129 residue. PCR products
were digested at 37°C with the restriction enzyme Nspl (New
England Biolabs, UK}, which specifically recognises changes at
the PRNF codon 129 polymorphic DNA sequence, Digest prod-
ucts were analysed on 1.5% agarose gels with positive controls
for the codon 129 variants (MM, MV, VV),

Results

For both cases the genotype was confirmed as homoezygous for
the valine allele (VV} {figure). This method has been previously
validated® * and was controlled in our laboratory by studying the
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PRNP codon 126 genotype in both paraffin embedded sections
and frozen tissues from 25 other cases.

Discussion

These results give the first indication that PRNP codon 129
valine homozygotes may be susceptible to vC]D infection.
Though the immunohistochemical technique used in our earlier
study seems to be specific for disease associated prion protein,” it
is uniikely to be 100% sensitive, suggesting that the true
prevalence of vGJD infection in the UK population may be even
higher than ecarlier esimated (3/12 674) Genetic studies of
kuru, ancther orally ansmitted human prion disease, found
that PRNP codon 128 MV and VV genotypes were associated
with longer incubation periods than the MM genotype.” As the
ethical approvai for our study placed restraints on the identifica-
ton of individual cases, we are not able to state with certainty the
age of the patients in the positive cases at the time of surgery. We
can, however, state that they were aged 20-29 years at the time of
surgery, which took place in 1996-9. No clinical cases of vCJD at
any age have yet been identified in PRNP codon 129 valine
homozygotes, indicating the need for continued surveillance of
all cases of vCJD in the UK.

Though it is inadvisable to overinterpret the data from only
three positive cases in this study, it is perhaps surprising (given
the relative prevalences of PRNP codon 129 genotypes in the
general population) that both the positive cases analysed here
were valine homozygotes. Though this may represent a chance
finding, we should consider the possibility of differences in the
peripheral pathogenesis of vGJD that depend on the PRNP
codon 129 genotype. The patient who developed asymptomatic
vCJD infection after red blood cell transfusion was a codon 129
heterozygote in whom both tonsil and appendix tissues were
negative on staining for disease associated prion protein with

methods identical to those used in this study, though the spleen

and lymph nodes gave positive results.' PRNP polymorphisms in
sheep infected with scrapie also have a major influence on the
incubation period and tirning and distribution of disease associ-
ated prion protein in lymphoid tissues during the incubation
period? )

A prolonged incubation period afier infection with vCJD is
likely to result in an asymptomatic carrier state (which cannot yet
be idendfied), which represents a potential risk for horizontal
transmission of vCJD infection by blood transfusion, blood
products, or contaminated surgical instruments. These uncer-
tainties further underline the need for continued surveillance of
vCJD in the UK (incduding surveillance for subclinical or asymp-
tomatic infection®), a requirement to continue to reduce the pos-
sibility of secondary iatrogenic transmission, and the inclusion of
carrier states and susceptibility to vGJD infection in all PRNP
codon 129 penotypes in fiture disease modelling,
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Restriction digest pattern for PRAP codon 129 genstype analysis in two paraffin section tissue samples {shown combined), Thg. test sample res_ults clearly show
banding patterns equivalent 1o the YV genotype control (Mol=molesular welght ladder, N=PCR negative conirol, Ap1=gppendix tssus from posilive case Z,
Ap2=appendix tissue from positive case 3, positive control samples from PRNFP codon 129 MM, MV, and YV genotypes)
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A recent prevalence study of accurnulation of prion protein
(as a marker for variant Creutzfeldt-Jakob disease) in
appendix and tonsil specimens in the UK found three cases
inl2 674 sa.mpies, which is moré than expected from the
current number of clinical cases of vGJD

Analysis of DNA from two of the three positive samples
formd they were valine homozygotes at codon 129 in the
prion protein gene, indicating that this genetic subgroup
(which is a different subgroup to that in which all cases of
vCJD so far have occurred) is susceptible to vCJD infection

Individuals with this genotype may have a prolonged
incubation period with subclinical infection and could canse
secondary spread of vCJD by blood transfiision or surgery
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The first Japanese case of variant Creutzfeldt-Jakob disease
showing periodic electroencephalogram

Maschite Yomada on bebalf of the Variant CfD Warking Group, Creutzfeldt-Jakeb Disease Surveillance Comymittee, Japan

In February, 2004, a 50-year-old Japanese man was
referred to our CreutzfeldtJakob disease (CJD)
surveillance committee. In the first half of 1990, the
patient had spent about 24 days in the UK, 3 days in
France, and 2 weeks in other European counties where
variant CJD (vCJD) has not been reported. He had no
history of surgery or blood transfusion, or a family history
of prion disease. In June, 2001, aged 48 years, he had
diffcalty in writing Chinese characters. In Ockober, 2001,
he showed mental symptoms, such as imitability,
personality changes, and memory impairment, followed
by painful dysaesthesia in the legs, ataxia, dementia, and
abnormal behaviour. Retrospective review of an MRI
taken in August, 2002, showed slight hyperintensity in the
thalamus, In January, 2003, he showed dementia, ataxia,
and hyperreflexia. Brain MRI at that time showed
symmetrical hyperintensity of the thalamus. Flectro-
encephalogram (EEG) showed diffuse slowing, but no
periodic synchroncus discharges (PSD). The cerebro-
spinal fluid was positive for 14-3-3 protein. Analysis of the
prion protein (PrF) gene showed no mutation,
methionine/methionine at codon 129, and glutamic
acid/glutamic acid at codon 219. He showed rapid
deterioration of both moter and cognitive function.

In DPecember, 2003, he developed akinetic mutism,
myoclonus, and pyramidal signs, Brain MRI showed
hyperintensity in the caudate, putamen, thalamus, and
cerebral cortex, with higher intensity in the caudate and
putamen than the thalamus. EEG suggested the presence
of PSD {figure, A). The diagnosis of probable sporadic
CJD was supported by EEG and MRI findings.' He died of
preumonia in Decemnber, 2004, Autopsy showed findings
characteristic of ¥C) D, induding florid plagues (figure, B)
and the Parchi type 2B or Collinge type 4 pattern of
protease-resistant PrP (not shown).

This is the first Japanese case of definite vCJD. The
progressive neuropsychatric disorder was consistent with

Figure: (A) }%EG in August, 2004, 39 months after onset, showing PSD typical of sporadic CJD. (B) The frontal
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cortex showing florid plaques, severe spongifanm chahges, and neuronal loss (HE, bar=100 pr).
PrP immunohistochem sty showed many PrP-positive plaques and PrP deposits with a pericellular pattern
(not shown).
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compared with mest vC]D cases reporied to date (redian
14 months)? The findings 19 months afler onset of
symptoms, showing the pulvinar sign on MRI and the
absence of PSD on EEG, together with the clinical
features, fulfilied the criteria of probable vC]D.* However,
30 months alter onset, PSD appeared on EEG, and the
pulvinar sign on MRI disappeared following an increase
in intensity of other grey matter nuclei, fulfilling the
criteria of prabable sCJD.} There have been no previous
reports of PSD on EEG in vC]D, although conversion of a
positive o negative pulvinar sipn on MRI has been
describad in a few vCJD patients.* Our case shows that
PSD does not excliude the possibility of vCJD. We suggest
revision of the WHO vCJD case definition® to prevent
missing cases of vC]D. It is unclear when our patient was
exposed to the infective agent. The BSE outbreak in the
UK was still increasing when he visited the UK, and it was
confirmed that he ate food containing mechanically
recovered meat that may be associated with contarnination
with BSE agent from nervous tissue;’ however, exposure
in France, other Buropean countries, and [apan cannot be
excluded. If he was exposed to the BSE agent in the UK
(exposure just once would be sufficient to cause vCJD), we
caleulste the incubation period hetween such pinpoint
exposure and onset of vCJD to be 11-5 years.

Contributors

Following the identification of this first [apaness case of vC]D by the CjD
Surveillance Commitice, [apun, we constituted the vCJD Working Group
in the Commitice. To protect the patient’s privacy, we have decided to
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Surveillance Committee, Jzpan. The corresponding author is the chair of
both the vCfD Working Group and the CJD Surveiliance Committes.
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Predicting susceptibility and incubation time of £
human-to-human transmission of v(JD

T UR425 |

14 T Bashop. P Hart. L Aftchison H N Baybuee, CPlinston, V Thomson, N L Tuzi. i W Head, ) W Iranside, R G Will, } C Manson

Summary

Background ldentification of possible transmission of variant Creutzfeldt-Jakob disease (vC]Dj via blood transfusion

- has caused concern over spread of the disease within the human population. We aimed to model iatrogenic spread to
enable a comparison of transmission efficiencies of vCJD and bovine spongiform encephalopathy (BSE) and an
assessment of the effect of the codon-129 polymorphism on hitman susceptibility.

Methods Mice were produced to express human or bovine prion protein (PrP) by direct replacement of the mouse Prp
gene. Since the human PrP gene has variation at codon 129, with MM, VV, 2nd MV genotypes, three inbred lines with
an identical genetic background were produced to express human PrP with the codon-129 MM, MV, and VV genotypes.
Mice were inoculated with BSE or vC]D and assessed for clinical and pathological signs of disease.

Findings BSE was transmitted to the bovine line but did not transmit to the human lines. By contrast, vC]D was
transmitted to all three human lines with different pathological characteristics for each genotype and a gradation of

transmission efficiency from MM to MV ta VV.

Interpretation Transmission of BSE to human beings is probably restricted by the presence of a significant species
barrier. However, there seems to be a substantially reduced barrier for human-o-human transmission of vCfD.
Moreover, all individuals, irrespective of codon-129 genotype, could be susceptible to secondary transmission of vCJD
through routes such as blood transfusion. A lengthy preclinical disease is predicted by these models, which may
represent a risk for further disease transmission and thus z significant public-health issue.

Introduction

After the identification of variant Creutzfeldt-Jakeb
disease {vC]D) in 1996, there have been many attempts
to estimate the exient of the UK epidemic. Many
individuals are likely to have been exposed to bovine
spongiform encephalopathy (BSE) material through
their diet; however, there have been only 161 cases of
the disezse in the UK. The predicted total number of
future cases has ranged from the low hundreds® to

hundreds of thousands.' However, findings from a’

retrospective immunocytochemical study that aimed to
detect prion protein (PrP) in appendix and tonsil
specimens suggested a prevalence of BSE infection of
237 per million people in the UK® DNA sequence
analysis of the PrP gene {PRNP) in vC]D has shown
thal 100% of tested cases are homozygous for
methionine at the codon-129 polymorphism compared
with about 40% of the general white population and
about 70% of sporadic CJD cases. The methionine
homozygous genotype {MM) has been included as a
Hmiting variable in most mathematical predictions of
the size of the epidemic.** Identification at autopsy of
preclinical vC]D infection in 2 methioninefvaline (MV)
heterozygous individual who had received a transfusion
of red cells from a donor who later died of vC]D, was
the first indication that MM might not be the only
susceptible genotype.?

Polvmorphisms and mutations in PRNP in various
species can affect disease susceptibility, although the
precise mechanisms by which these effects are mediated

hrepzsenewology.thelancetcom Vol 5 May 2006

have not been established."” Codon 129 of the human
PRNP gene has been shown to affect the clinico-
pathological phenotype” of disease in CJD and fatal
farnilizl insomnia.** Heterozygosity at PRNP codon 129,
when compared with homozygous individuals, has been
reported to lengthen incubation times in fatrogenic CJD
cases associated with growth hormone treatment, and in
kuru,™ whereas valine homozygosity (VV) has been
proposed to be protective for both BSE and vCjD
transimission in studies that used murine models
overexpressing human PrP.* At a molecular level, the
biophysical properties of Pr¥ refolding into the disease
associated form (PrP*) have been shown to be affected by
the codon-129 genotype, with the methionine variant
having an increased propensity to fonm PrP*-like
structures.”

We sought i analyse the transmission characteristics
of BSE and vCJD to four inbred lines of transgenic mice
after intracerebral inoculation with brain homogenate
from cases of vC]D and BSE. We then aimed to use these
models to address the apparent low level of vCID in the
human population resulting from exposure to BSE and
to predict the potential for human-to-human spread of
vCID and the susceptibility of different genotypes in the
human population.

Methods

Transgenic mice

Details of how the gene-targeted transgenic lines were
created are supplied as supplementary information

3> @
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Figure 1: Western blot of brain extract from uninocutated mice showing that
PrP* is detected with equivalent electrophoretic mobifity and glycoform
ratio in all three human transgenic lines

D=diglycosylated PrP* band; M=monoglycosylated PrP* band; Ui=unglycosylated
PrP* band. Inthe BovTy line, 1 deglycosylated band is detected of increased
maletular weight due to the additional N-rerminal octapeptide repeat motif.
Pratein levels are similar to the wildtype line used in generating the wansgenics
(129012}, Glycosylation is confitmed by the reduction to 3 single band after
deglycosylation with the enzyme PNGaseF. The anti-PrP antibody 7A72 was used
for the HumTg blot as it will react with both murine and human PrP, and §H4
was used for the BovTg blot.

See Online forwebappendix  (webappendix). Transgenic mice were anaesthetised with
' halothane and then injected with 0-02 mL of brain
hormogenate into the right cerebral hemisphere. The

vC[D tissue homogenate (at 107 ditlution) was supplied

by the UK National Institute for Biological Standards

and Contral {Code NHBY(/0003). BSE-nfected cattle

brain (Veterinary Laboratories Agency, reference BBP

12/92) was prepared by maceration of the tissue in sterile

saline to a dilution of 107 From 100 days they were

scored each week for signs of disease.” Mice were killed

by cervical dislocation whether they had clinical signs of

Figure 2: Immunacytochemistey of histolegical sections with anti-PrP antibody 6H4 showing the cortex,
hippecampal, and thalamic regions of the mowse brain with PrP datection (broweny

A-D: Human transgenic mice with vCfD inoculum, A: HuMiM mouse 6§93 days post Inaculation. 8: HuMY mouse
707 days post inaculation. C: HUVV mouse 693 days post inaculation. D; Florid plaques found in the hippocampus
of the HufAM mouse in panel A, Each plaque has an eosinaphilic core with a paler hale and is surrounded by a ring
of vacuolation (haematoxylin and eosin stain). E; Hippocampal region of 2 BovTg mouse inoculated with BSE, PrP
is deposited in a more diffusefgranular form with cteasiona) plaques.

354

transmissible spongiform encephalopathy (TSE) or
anether non-specific disorder. The brain was recovered
at post mortemn. Half the brain was snap-frozen in liquid
nitrogen for bicchemical analysis and the remaining half
was fixed for histology.

Procedures

Immunocytochemical detection of disease-associated
PrP (PrP¥) deposits in the brain is a key pathological
marker of TSE transmission, and variation in location
and morphology of PrP* deposits can be affected by
both the strain of TSE agent and by the host PrP.™*
After fixation in 10% forrnal saline, brains were treated
for 1.5 k in 98% formic acid (to reduce the titre of
infectivity for safety veasons), cut transversely into four

" sections, and embedded in paraffin. We used the

Vectastain Elite ABC Kit {Vectoy Labs, UK} with
overnight primary antibody incubation (6H4 at 1:2000;
Prionics, Switzerland) for PrP detection. Identification
of antibody binding was through deposition of 3,3°-
diaminobenzidine chromogen via a horseradish
peroxidase reaction. The BSE-inoculated human
ansgernics were also studied using the Catalysed Signal
Amplification kit {DAKO K1500}). This kit uses the same
principles as the Vector Labs kit, but has an additional
step, which amplifies the final detected signal and
therefore improves sensitivity.

Scoring of the abundance and location of TSE-
associated vacuolatien in grey and white matter of the
brain is routinely used for diagnosis and strain
classification in non-iransgenic mice™ and was used w©
assess zll the mice in this study. TSE-related vacuolation
was assessed at nine grey-matter regions and three white-
matter regions to produce z lesion profile, as previously
described. ™

Analysis
Frozeq brain samples from the hurnan transgenic mice
were homogenised in 0-99% saline to give a 10%
suspension. This material was cleared by centrifugation
and the supernatant treated with 0-05 g/L proteinase K
for 1 h at 37°C, as previously described in detail.® The
digested product was denatured then loaded onto a 10%
Big/Tris NuPAGE Novex gel {Invitrogen, UK). After
electrophoresis the gel was blotted onto polyvinylidine
difluoride (PVDF} membrane. We used the ECL+
technique (Amersham Biosciences, UK) with primary
antibody 6H4 {Prionics, Switzerland) at 1:40000 and an
anti-mouse lgG peroxidase-linked secondary (Amersham
Biosciences, UK} at 1:40000 for the detection of PrP.
Chemiluminescence was captared on radiographic film.
Samples prepared for figure 1 were digested overnight at
37°C with 500 units of PNGaseF (New Fngland Biolabs,
UK) and not with protemase K; the primary antibody was
A1

Frozen brain samples from the bovine transgenic mice

were homogenised in an NP4D buffer (0-5% v/v NP40,

htipf/neviology.thefancet.com Val§ May 2006
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(5% wjv sodium deoxvcholate, 0-9% wfv sodium
chloride. 50mM Tris-HCl pH 7-5) to give a 0%
suspension. This material was cleared by centrifugation
and the supernatant digested with PNGaseF. The
products were denatured then loaded onto a 12% Novex
Tris/Glvcine gel (Invitrogen, UK). Afier electrophoresis
the gel was blotted onto PVDF membrane. PrP was
identified  with  the  SuperSignal West Dura
chemiluminescence detection kit (Pierce, UK] with
primary antibody 8H4" at 1:20000 and an anti-mouse
1gG peroxidase-linked secondary (Jackson Immuno

Research laboratories. UK) at 1:10000. Images were’

captured on radiographic film and with a Kodak 440CF
digital imager {hgure 1}.

Role of the funding source

The sponsors of this study had no role in study design,
data collection, data analysis, data interpretation, or
writing of the report. The corresponding author had full
access to all the data in the study and had final
responsibilitcy for the decision to submit for
publication.

Results

We first investigated the potentiat effects of the species
barrier between BSE and human beings and any
alteration in that barrier once BSE had passed through
people in the form of vC]D. We then investigated the
effect of the codon-129 polymorphism on human-to-
human transmission of vC]D using gene-targeted inbred
mice developed by direct replacement of the murine PrP
gene for the human gene. These mice produce PrP under
the conirol of the normal regulatory elements for PrP
and thug express physiological concentrations of PrP
with the correci tissue distribution (figure 1). Three
inbred lines with an identical genetic background were
produced to express human PrP with the codon-129 MM,
MYV, and VV genotypes (designated HuMM, HuMYV, and
HuVV. respectively). Each line differs by only a single
codon in PRNP and in all other respects the mice were
genetically identical. Additionally, in 2n identical manner,
we produced mice that express bovine PrP to enable
direct comparisons to be made not only between
transgenic and wild-type mice, but alse between each of
the transgenic lines.

Typical clinical signs of TSE disease were seen in more
than half {15/22} the BovIg mice inoculated with BSE
material with a mean incubation period of 551 days (SD
47). These clinical cases were confirmed by a positive
test for the presence of TSE vacuolation or PrP*
deposition by immunocytochemistry. The lesion profiles
generated for targeting and degree of vacuolation
showed similar patterns for all positive mice.
Immunocytochemical data showed PrP* deposition
mainly in a diffuse and synaptic form, and alse as
plaque-like structures, frequently associated with areas
of spongiform change (figure 2). Deposition was most

hitp  asuiclegy.thelancet.com Vol 5 May 2006

; Clinically positive ~ Vacuolation pasitive PrP positive” Negativet
| BovTg [n=22)
{ 0-g00 ' G 3 d ]
i 4031500 1 1 0 o
; 501-600 10 11 5 0
! >600 4 4 2 o
: HubM (n=18)
i 0-200 4] a s} 4
401500 Q o o 5
c0-600 1] 0 D 2
>600 Q o] 0 7
HUMV (n=23)
0-400 o 0 0 3
401-500 0 0 [\ 6
501-600 [ 1] [} 4
>600 0 0 o 10
HuVV (n=22}
0-40D 0 0 0 8§
401-500 ] ) 0 4
501-600 Li] ] 0 7
>600 a a 0 2
“Betause most mice were positive by both clinical and vacuolation scoring not all mice were tested by immunocytochemistry for
PrP deposition. tNegative by clinical or pathological analysis, or pasitive by clinical scoring but not confirmed by pathelogy.
Teble 1: Clinical and pathelogical scoring of BovTy and human transgenic mice, by number of days after
BSE inoculation

abundant in the thalamus and hippocampus, but was
recorded throughout other regions of the brain. The
cerebral cortex showed only occasional plaque-like’
siructures and the cerebellum had only a few areas of
PrP* deposition limited to the granule celt layer. Further
pathological analysis was undertaken on mice that were
culled for reasons other than clinical TSE {intercurrent
deaths). This znalysis showed that all the brains had
pathological signs of TSE disease in terms of vacuolation
or PrP deposition. Thus, all the bovine transgenic mice
(22/22) seemed to be susceptible to BSE infection,
although not all developed clinical signs of infection
{tables 1 and 2).

HuMM, HuMV, and HuVV mice were inoculated with
BSE material and afier extensive pathologicai analysis all
were confirmed as negative for TSE transmission
{table 1). Mice of each genotype line were inoculated with
vC]D material. Two pathologically confinmed clinically
positive mice were seen in the HuMM line {at 497 and
630 days post inoculation), one in the HuMV line (at

*Positives confirmed by immunocytochemistry or lasion profila.

BSE S]]
BovTg Huhib HumV Huwv Huhiht HupV Huvv
Susceptibility” 22722 0118 0/23 o0f22 11117 11118 116

BSE or vCJD

Table 2: Susceptibility to TSE disease comparisen of BovTg and human transgenic mice inoculated with |
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Clinically positive  Vacuolation positive  PrP positive Negative®

: LY =

HuMM (n=17) o L] & 3

o LIPS &

=400, 9 0 2 2 30 kba

401-506 1 1 1 2 - oy o &

561500 o 1 3 2 okpe L

>606 1 4 5 0 o - u’ e

HUMV (n=16)
{0400 s] a 0
! 4 o Figure 3: Western biots of brain extract from three transgenic lines

401-500 0 o a 0 inoculated with vCID
. 501-600 0 o 4 3 Ddiglycosylated PiP* band; M=monoglycosylated PrP* band; U=unglycosylated
il 2500 1 1 7 3 PrP* band.T-2B corresponds to human v{)D brain hemogenate showing the
W (et typical PrP* type 2B and T-1 correspands to human sCJD brain homaganate
: l showing the typical PrP* type 1 signature. Type 2B and 1 differ in mobility of the
i 0-400 o 0 g o unglycosylated band (~19 kDa and ~20 %Da respectively) and the degree of
i 401-500 0 0 0 1 glycosylation (diglycosylated dominant and monofunglycosylated dominant

502-600 o a o 5 . respectively). All samples were treated with prateinase K, The anti-PrP detection

200 o ) ) 5 antibodywas 6H4. The HuMV and T2-B controt blot hae to be overexposed as

*Negative by cfinical or pathological analysis, or positive by clinical scoring but not confirmed by pathalogy.

{ Table3: Clintcal and pathological scoring of human transgenic mice, by number of days after vCj0
L inoculation

665 days post inoculation), and none in the HuVV line
{table-3). HuMM mice were more likely to show disease-
associated vacuolation, beginning at around 500 days
post inoculation. Six were scored positive and showed
similar distribution of vacuolation in the brain, with the
highest levels found in the dorsal medulla, thalamus, and
cerebellar white rmatter. By cantrast, only a single mouse
in each of the HuMV and HuVV groups scored positive
for vacuoletion at approximately 700 days post
inoculation.

Most of the HuMM mice (11/15) showed PrP*
deposition in most areas of the brain at a relatively early
stage (from around 370 days post inoculation), before the
vacuolar pathology became evident. From 500 days post
inoculation the appearance of vacuolation was
accompanied by a significant increase in PrP* deposition.
By contrast, although PrP* deposition was identified in
many HuMV mice (11/13), they had litle deposition
restricted ‘o only a few areas {incuding the venirolateral
and ventromedial thalamic nuclei and the red nucleus of
the mid-brain), even after 700 days post inoculation

the signal from the HuMV was weak, due to the low levels of PrP* seen by
immunotytochemistry,

(figure 2, table 4). Although PrP* deposifion was clearly
present a2t 581 days, the timing of initial onset of
deposition in this line was not established.

Significant levels of PrP* deposition were noted in the
brain of the subchinical HuVV case. Indeed, these were
sirnilar in intensity to those observed in the clinical
HuMM cases. Patterns of PrP deposition and plaque
formation show differences among the three genotypes,
including the presence of florid plaques only in the
HuMM mice {tabie 4). ‘

PrP* found in vC]D brain is characterised by a 19 kDa
non-glycosylated fragment and the predominance of the
diglycosylated form (type 2B).2 Both biochemical
properties of PrP* are maintained when vCJD is
transmitted to the human transgenic mice, irrespective
of their codon-129 genotype (figure 3). Preliminary

-densitometric analysis suggested that there was an

increase in the diglycosylated form in the HuVV mouse
cormpared with the HuMM mouse. Additionally,
comparison of PrP* from the BSE inoculum and brain
material frorn BovTg mice also confirmed propagation of
the predominantly diglycosylated glycoform signature of
PrP* agsociated with the BSE/vC]D agent strain (data not
showm).

HuMM HuMv

Huwv

Vagiolation™® Thalamus {severe); terebral cortex and

hippocampus {mild); cerabelfar cortex {minimal)
Fibrillary aryloid plaques; fiond and non-florid
plagues in cerebral cortex 2nd kippacampus; na
evidence of plaques in cerebellum

Flague formation®

Intanse staining of plagues in hippocampus and
carebral corex; plague-tike, pesicellular, and
amaorphous deposits in the hippocampus;
synaptit, pesi-nevronal, and diffuse perivascuiar
depasits in the thalamus

PP depositioni

Thalamus, cerebral cortex, hippotampus,
and cerebellar cartex (minimal)

No evidence of amyloid plagues

Oceasional small plaque-like deposits and
pericellular deposits in the thalamus

* Anatysed with haematovilin and eosin staining, {Analysed with immunocytochemical technigues,

Thalamus and cerebral cortex (severe);
hippocampus {mild; cerebellar cortex (minimal)

Amorphous non-fbrifary structures often
forming into clusters in cerebral cortex and
thalamus

Strongly positive large amorphous deposits and
clusters of plaques, small plaque-like stasctures,

perivascular aggregates, and sub-piat deposits in
the cetebral cortex and thatamus

Table 4: Comparisen of TSE-associated neuropatholegy in human transgenic mice inoculated with vCJb
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Discussion

Although the cattle BSE epidemic in the UK has
amounted to more than 180 000 cases since the 1980s,
the extent of the human vC]D epidemic has so far

remained limited with the total number of cases

worldwide currently at 190. One explanation for this
apparent discrepancy is that there exists a significant
species barrier between cattle and human beings. which
limits the susceptibility of the human population to
BSE. The datze shown here suggest that this could
indeed be the case since BSE was readily transmissible
io the bovine transgenic mice but not to the human

‘transgenic mice. However, once BSE has passed
through human beings in the form of vCjD, the
transmissibility of this TSE strain is altered for the
human population.

All the human fransgenic lines inoculated with BSE
were negative for TSE wansmission, which suggests that
either the human transgenic lines are relatively resistant
to transrnission of BSE or the incubation time is longer
than the length of the experiment (approximately
700 days). BSE transmission previously observed by
others, in human transgenic lines overexpressing the
human prion protein, could be due to overexpression of
the PrP gene and may not therefore give a truze reflection
of the species barrier between BSE and human
beings."** This apparent resistance of human transgenic
riice to BSE could be explained by a large species barrier
and this in turn could explain the low number of vCJD
cases in the human population.

vC]D was transmitted to all three human lines with
different pathological characteristics for each genotype,
and a gradation of transmission efficiency from MM to
MYV to VV. The greater transmission efficiency in HuMM
mice suggests that homozyposity for methionine at
codon 129 leads to earlier onset of TSE-related
pathological features and clinical disease than for the
other two genotypes. The differences in PrP* deposition
in the HuMM and HuMV lines suggest that the codon-
129 polymorphism in human beings is likely to affect
the distribution of PrP¥ deposition in the brain.
Mozeover, the similar numbers that scored positive for
PrP deposition in each of the MM and MV groups (11/15
and 13/13 respectively) suggest that the two genofypes
might be equally susceptible to vC]D, but with different
incubation periods. Titration experiments are needed to
fully comnpare the susceptibility of each line. The single
HuV¥ mouse positive for PrP* shows that VV
individuals may be susceptible to vC]D with very long
incubation times, including a lengthy subclinical phase.
Transmission studies from all three genotype mice are
now underway to examine the infectious nature of the
discase and determine any alterations in the strain
characteristics on passage through human transgenic
mice. By contrast with published data suggesting that
VvV individuals cannot propagate the vC]D biochemical
phenotype” the data presented here suggest that the

hripsfineuclogy.thelancetcom Vol 5 May 2006

PrP* type will vemain a useful diagnostic feature of
secondary vC]D infection irrespective of codon-129
genotype, as has been observed for the two extant cases
of transfusion-associated vC] D infection.*”

Transmission of vC]D 1o the three lines of human
transgenic mice indicates that the hwnan population
could be at significantly heightened risk of developing
disease afler iatrogenic exposure to vC[D. Secondary
transmission of vC]D has partly removed the cattle-to-
human species barrier and has resulted in an agent that
can be transmitted from human to human with relative
efficiency. Transmission studies in cynomolgus macaques
provide further evidence for this agent adaptation as they
show reduction in incubation times after serial passage
of BSE® Our BSE inoculation at 107 dilution was
compared with vC]D ineculation at 10 because the latter
inoculium was found to be toxic to the mice at 107, Use of
a higher dose of vC]D inoculum would have maintained
or increased the transmission efficieney of +vCJD and
enhanced the current findings.

Our findings raise concerns relevant to the possibility
of secandary transmission of vC[D through blood
transfusion, fractionated blood products, or contaminated
surgical instruments. For this study mice were injected
intracerebrally, whereas the probable human exposure to
these agents is by peripheral routes {eg, oral or
intravenous), and thus human-to-human exposures
might be sighificantly less efficient. However, itis difficult
0 know for sure what the practical implications might be
in human beings. Peripheral route challenge is in
progress; however, BSE transmission studies in primates
have shown the intravenous route to be as efficient as the
intracerebral route, with an extension of the incubation
time.*

Although all cases of vC[D up to now have been
observed in the MM genotype, this model of human-to-
human vCjD transmission suggests that other genotypes
are also susceptible. In our experimental setting, all
PRNP codon-129 genotypes are susceptible to vCJD
infection; however, progressive development of
pathological TSE features (vacuolation and PrP
deposition) is more rapid in the MM-genotype mice. An
explanation for this finding might be provided by in-vitro
conversion of recombinant human PrP by BSE and vC]D
agents, which has shown that PrP with methionine at
position 129 is more efficiently converted than PrP with
valine, and that conversion by vC]D is significantly more
efficient than by BSE.” Long incubation periods during
which PrP¥ is deposited predicts that, in human beings,
infection could be present in all genotypes for a significant
period before clinical onset. Incubation periods of more
than 30 years have been reported in the lnunan TSE
dizease kuru.”

The possibility that 2u MV or VV genotype could result
in a phenotype distinct from that recognrised in vC]D
draws attention to the importance of systematic
assessment of the clinical, genetic, pathelogical, and
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biochemical features of all human prion diseases. Qur
findings indicate that for human-te-human vCJD
infection it should be assumed that al] codon-129
genotype individuals (not just MM) can be infected, that
long incubation times can occur, and thal a significant
level of subclinical disease might be present in the
population.
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Prions Adhere to Soil Minerals
and Remain Infectious
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An unidentified environmental reserveoir of infectivity contributes to the natural transmission of prion diseases
(transmissible spongiform encephalopathies [TSEs]) in sheep, deer, and elk. Prion infectivity may enter soil
environments via shedding from diseased animals and decomposition of infected carcasses. Burial of TSE-infected
cattle, sheep, and deer as a means of disposal has resuited in unintentional introduction of prions into subsurface
environments. We examined the potential for soil to serve as a TSE reservoir by studying the interaction of the disease-
associated prion protein (PrP%) with common soil minerals. In this study, we demonstrated substantial Prp*c
adsorption to two clay minerals, quartz, and four whole soil samples. We quantified the PrP*-binding capacities of
each mineral. Furthermore, we observed that PrP*¢ desorbed from montmorillonite clay was cleaved at an N-terminal
site and the interaction between PrP*° and Mte was strong, making desorption of the protein difficult. Despite
cleavage and avid binding, PrP** bound to Mte remained infectious. Results from our study suggest that PrP*° released
into soil environments may be preserved in a bioavailable form, perpetuating prion disease epizootics and exposing
other species to the infectious agent.

Ciration: Johnson CJ, Phillips KE, Schramm PT, McKenzie D, Aiken JM, et al. (2006} Prions adhere te soil minerals and remain infectious. PLoS Pathog 2{4): e32, DOL 10,1371/

Joumal.ppat.D020032

Introduction

Transmissible spongiform encephalopathies (T'SEs, prion
diseases) are a group of fatal neurodegenerative diseases that
affect.a variety of mammalian species and include bovine
spongiform encephalopathy (BSE, “mad cow” disease),
chronic wasting disease (CWD) of deer and elk, sheep scrapie,
and Creutzfeldt-Jakob disease in humans [1}], The agricultural,
economic, and social impacts of prion diseases have been
intensified by evidence suggesting transmissibility of BSE to
humans [2]. The putative infectious agent in these diseases,
designated PrP%, is a misfolded isoform of the normal
cellular prion protein (PrP%). The amino acid sequences of
PrP® and PrP® are identical [3]; normal and abnormal forms
of the protein differ only in conformation. No differences in
postiranslational covalent modification have been demon-
strated [3]. Circular dichroism and infrared spectroscopy
indicate that the disease-specific isoform has a higher B-sheet
and lower o-helix content than PrP® [4]. The normal isoform
is soluble and primarily monomeric in solution, whereas
PrP5 forms insoluble aggregates.

Sheep scrapie and cervid CWD are unique among TSEs,
because epizootics can be sustained by horizontal (animal-to-
animal) transmission [5,6]. Routes of natural transmission
remain to be clarified, but available evidence indicates that an
environmental reservoir of infectivity comtributes to the
maintenance of these diseases in affected populations [6-8].
The expanding range of CWD (several regions of North
America and Korea) increasingly brings domestic livestock,
companion animals, and wildlife species into contact with
infected animals and carcasses, and shedded TSE agent,

. raising the possibility of cross-species transmission. This was

@ PLoS Pathogens | www.plospathogens.org

demonstrated by the recent detection in Colorado, USA, of a
free-ranging, CWD-infected moose, a species not previously
known to be affected by the disease in the wild [9].

Although other modes of environmental transmission of
scrapie and CWD have been proposed (e.g., flesh flies [10], hay
mites [11]), several lines of evidence point to soil as a reservoir
for TSE infectivity. TSE infectivity exhibits remarkable
resistance to inactivation by most chemical agents, radiation,
and heat [12] and has been shown to persist after burial in soil
for at least 3 y [13]. Anecdotal observations of healthy sheep
contracting scrapie after occupying fields previously contain-
ing diseased animals have been reported {7,8]. Although these
older studies did not account for the genetic susceptibility of
the sheep under study, they suggest that scrapie agent can
persist in the environment for years. Recent controlled field
experiments provide more compelling evidence of the
environmental persistence of prions. Miller et al. [14]
demonstrated that maive mule deer could contract CWD
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when housed in paddocks previously inhabited by infected
animals or containing decomposed infected carcasses.

TSE agents directly enter the environment when carcasses
of infected animals decompose [13], through alimentary
shedding of the agent from gut-associated lymphoid tissue
[15,16), or from urinary excretion from infected, nephritic
animals [17]. Furthermore, bovine, sheep, and deer TSE
agents have been introduced to soil environments through the
burial of diseased carcasses and other infected material [18).
Animals ingest soil both deliberately and incidentally [19).
Cattle, deer, sheep, and other animals can consume hundreds
of grams of soil daily [20,2]]. Taken together, these data
support the notion that PrP*-contaminated soil may allow
intraspecies TSE transmission and enhance the likelithood of
spread to other species. As a first step toward understanding
the role of soil as a reservoir of TSE infectivity, we investigated
the binding of PrP*® to common soil minerals and whole soils
and examined the infectivity of mineral-bound prions.

Results

Binding of PrP>¢ to Soil Minerals

We examined the sorption of purified PrP*¢ to three
common $oil rminerals (Table Sl):'quartz, montmorillonite
(Mte, an expandable layered silicate clay mineral), and
kaolinite (Kte, a nonexpandable phyllosilicate mineral).
Quariz of two particle sizes was employed in sorption
experiments: fine sand (hydrodynamic diameter [d;] = 125~
250 pm), representing quartz concentrated in the sand and
silt fractions of soils, and microparticles d, = 1-5 pm),
representing quartz present in the coarse clay fraction [22].
Purified PrP* (~0.2 pg) was introduced into aqueous
suspensions (pH 7.0) of each soil mineral and subjected to
2-h mixing. Unbound PrP*° was separated from bound
protein by centrifugation through a 750-mM sucrose cushion.
Bound and unbound fractions were analyzed by SDS-PAGE
and immunoblotting.

The extent of PrP™ sorption differed among the mineral
particles examined. All detectable PrP% adsorbed to the
expandable clay mineral Mte (Figure 1A}, X-ray diffraction
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analysis provided no evidence that PrP* entered Mte
interlayer spaces (Mte dgp spacings were 1.22 nm and 1.47
nm before and after PrP% adsorption, respectively); prion
protein appeared to adsorb to only external clay surfaces.
PrP° did not associate with an equal mass of fine quartz sand
at levels detectable by immuncbletting (Figure 1A). A large
degree of Prp’* binding to the nonexpandable clay mineral
Kte was observed when the surface area was matched to that of
external Mte surfaces (Figure 1A). The limited association of
PrP5 with fine quartz sand was at least in part attributable to
the much smaller specific surface area of these particles as
compared to kaolinite and external Mte surfaces (Table 51).
When quarlz surface area was matched to that of external Mte
surfaces, all detectable PrP%® adsorbed to quartz (Figure 1A).

Adsorption Capacities of Soil Minerals for PrP5

The amount of PrP% adsorbed to Mte was semiquantita-
tively assessed by serial dilution of samples to the limit of
immunoblotting detection. The dilution at which no detect-
able immunoreactivity remained provided a basis for
comparison with samples lacking immunoreactivity before
dilution. PrP*¢ desorbed from Mte still exhibited immunor-
eactivity after 100-fold dilution, indicating that the amount of
prion protein adsorbed to Mte exceeded that in samples
without immunoreactivity (e.g., unbound PrP* in experi-
ments with Mte) by at least two orders of magnitude (Figure
1B). Furthermore, this result suggests that fine quartz sand
was saturated by at least 100-fold less PrP* (< 0,002 pg) than
used for sorption experiments (Figure 1A},

To assess the PrP%-binding capacity of the other soil
minerals, increasing quantities of PrP% were added to each
mineral. Protein desorbed from mineral particles was serially

Quartz
Kie  Microparticles
i |

A Fine

B Mie + PIP*
KD f £ L ] Ditution
4 200 100 80 70 50Factor
40.1— '
31.9—

Figure 1. PrP> Adsorption to Clay Minerals and Quartz Microparticles
Substantially Exceeded That to Fine Quartz Sand

{A) Detectable amounts of PrP®® adsorbed to Mte and Kte but not to fine
quartz sand {d}, = 125-250 pm)}, PrP5° desorbed from Mte was of lower
molecular mass than the starting material. Adsorption 1o quartz was
observed when quartz microparticles (dj, = 1-5 pm) were employed and
surface area was matched to Mte,

(8) Immunoblotting sensitivity was determined by dilution of Mte-
adsorbed PrP> to the limit of detection. Protein was desorbed from Mie
in 50 pl of SDS-PAGE sample buffer at 100 °C and serlally diluted.
Immunoblots.used monoclonal antibody (mAb) 3F4, Pel, Prp5t associated
with pelleted mineral panticles; Sup, unbound PePS¢ In supernatant.
DOL 10.1371/journal.ppat.0020032.g001
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diluted and subjected to SDS-PAGE and immunoblotting to
semiquantitate the amount of sorbed protein. The binding
capacity of a mineral was attained when subsequent PrP*
additions did not further increase the dilution factor
- required to reach the limit of immunoblotting detection
(Table 1). Of the minerals examined, Mte exhibited the
highest prpse adsorption capacity (~100 pgpruecin mgM,;t).
The adsorption capacity of the quartz micropartlc!es was
nearly 10-fold less (~15.6 Ngoraicin MBenieropartivle ) and that
of Kte was nearly 100-fold less than Mte (~2 ug,,.qucin Mg ).
When expressed on a surface-area basis (Table 1), the
adsorption capacities of Mte and quartz microparticles were
indistinguishable by our measurement method; that of Kte
was 25 times less. These data demonstrate that mineral
surface properties contribute to differences in the amount of
P+P* bound.

PrP*° Desorbed from Mte Surfaces Is Cleaved

Unexpectedly, PrP%° desorbed from Mte surfaces exhibited
a lower molecular mass (~27-31 kDa} than the starting
material (~33-35 kDa) (Figure 1A). Neither contaminant
proteases nor metal oxide coatings on Mte particles appeared
responsible for PrP* cleavage, as treatments to counteract
each did not prevent cleavage (unpublished data), Prior to
sorption experimenté, Mte was boiled in a solution of 10 mM
NaCl for 10 min to denature contaminant proteases, or
binding experiments were performed in the presence of a
cocktail of protease inhibitors to inactivate them. Neither
treatment prevented PrP* cleavage. Amorphous metal oxide
coatings on clay mineral particles can alter their surface
reactivities and could potentially be responsible for PrP*c
cleavage. The size-fractionated Mte used in this study has
been reported to not contain such impurities at levels
detectable by X-ray diffraction analysis [23], and precau-
tionary pretreatment of the clay with a buffered neutral
citrate-bicarbonate-dithionate sclution to remove metal
oxide coatings [24] failed to prevent cleavage.

Prion protein desorbed from Kte and gquartz did not
exhibit a change in molecular mass (Figure 1A), suggesting
that surface properties specific to Mte were responsible for
the cleavage. Previous studies on protein interaction with Mte
have not noted reductions in molecular mass upon desorp-
tion [25,26] We incubated PrP with Mte for short time
periods (1-15 min) to qualitatively investigate initial adsorp-
tion and cleavage kinetics. Adsorption of PrP* to Mte was
apparent within 1 min, and reduction in protein molecular

Table 1. PrP** Adsorption Capacities for the Minerals Examined®

Mineral Binding Capacity Binding Capacity
(Sorbent Mass Basis}  (Sorbent Surface Area Basis}
(pgpmteln m9ml’neral"1] (mgprmein mmlneralmz)

Mte 87-174 28-57

Kte 1.7-2.6 0.15-0.22

Quartz 13.6-27.1 27-54

microparticlés

*protein concentration determined by Bradford assay; PrP™ concentration was taken as
87% of total protein [45], Reported adsorption capacities represent upper estimates, as
the fraction of PP In clarified preparations may have been lower.

DOl 16137 1 fournal.ppat0d20832.6061
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mass was discernable (Figure 2A). Prion protein cleavage
consistently occurred early within the first 15 min of contact
with Mte and appeared maximal by 60 min. Cleavage of Prp%
caused by serption to or desorption from Mte seemed to be a
phenomenon specific to this protein. We examined sorption
and desorption of scrapie-infected hamster brain homoge-
nate (BH) to Mie. Desorption of brain proteins from Mte
produced no changes in the overall molecular mass distribu-
tion as visualized by Coomassie blue staining (unpublished
data). Subunit C2 of the 205 proteasome (~29 kDa), an
unrelated protein similar in size to PrP likewise did not
appear cleaved upon desorption from Mte (Figure 2B). In
contrast, PrP*° in BH was cleaved (Figure 2C).

Cleavage of PrP*° involved loss of the N-terminal portion
of the protein, which is not necessary for infectivity [3). Prion
protein desorbed from Mte lost immunoreactivity with an
antibody directed against amino acids 23-37 on the protein N
terminus, indicating that all or part of the epitope of this
antibody was missing from the desorbed protein (Figure 2D).

A Pip™ Mie + PrE™
kba 1 5 45 60 min

BH + Mie

-
=
o 10ut 30ul
3

IB: Nterm 1B Full
Figure 2. PrP*® Desorbed from Mte is Cleaved
{A) PrP> cleavage occurs after short contact times with Mte surfaces.
{B) The molecular mass protein C2 of the 205 proteasome subunit from
BH was unaltered following desorptmn from Mte,
{€) Cleavage of PrP*® present in infected BH was apparent after
desorptlon from Mte.
(D) PrP> desorbed from Mte lost immunoreactivity against an antibody
recognizing the N-terminal portion of the mature protein.
{B) Prp%c pretreated with PK bound to Mte and did not exhibit further
reduction in molecular mass when desorbed.
Immuncblots (A, B, and E) used mAb 3F4. Immunobiots (C and D)
employed anti-C2 and R20 polyclonal antibodies, respectively. Pel, PrP Se
associated with pelleted mineral particles; Sup, unbound Prp®e
supernatant.
DOk 10,137 1/journal.ppat.0020032.002
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Figure 3. PrP*° Adsorbed to Mte Avidly and Remained Stable
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{A) PrP>° was stable when adsorbed to Mte for at least 7 d. (B} Extremes in pH (100 mM phosphate at pH 2.5 or 11.5), (C} sodium chloride (100 mM or 1
M), and (D} chaotropic agents (8 M urea or 8 M guanidine [Gdn)) did not desorb datectable amounts of PrP™ from Mte. Primary extractions {1°%) were
followed by secondary extractions {2°) extractions with a 10% SDS selution at 160°C. Immunoblots {A-D}) employed mAb 3F4. Pel, PrP>* associated with

pelleted mineral particles; Sup, unbound PrP* in supernatant.
DO 16.1371/journal ppat.0026032.9003

In contrast, probing identical samples with a polyclonal
antibody against full-length PrP demonstrated. that PrP5 was
desorbed from the Mte. Although the precise cleavage site
was not determined, these data suggest that the N terminus of
PrP5 was removed; the fate of the cleaved amino acid
residues is not known, as they may have remained bound to
the clay or may have been extracted but not detected. When
the N-terminal ~70 amino acids were removed from PrP® by
pretreatment with proteinase K (PK) prior to adsorption to
Mte, we observed sorption to the Mte, but no further
reduction in molecular mass upon desorption, evidence that
other regions of the protein remain intact when associated
with Mte (Figure 2K). These results also indicate that the N
terminus of PrP° is not necessary for adsorption to Mte.

Strength of PrP*® Binding to Mte

PrP% attachment to Mte was avid, and sorbed PrP%® was
stable. Washing Mte-PrP*® with the background schition used
in sorption experiments did not induce detachment of
detectable amounts of PrP5 from Mte (unpublished data).
Contact of PrPS¢ with Mte for up to 1 wk did not result in
additional degradation, indicating that the protein was not
rendered more susceptible io cleavage by further structural
rearrangements on the clay surface (Figure 3A). The strength
o of PrP® attachment to Mte was surprising, even in light of
reports of protein sorption-desorption hysteresis on mineral
surfaces [26]. Conditions previously employed to desorb
other proteins from soil minerals were largely ineifective in
detaching PrP5° from Mte surfaces {26,27). In our experi-
ments, described above, a solution containing 10% SDS at
100 °C- was used to remove the PrP* from mineral surfaces.
Changes in pH often alter interactions between clay surfaces
and sorbed proteins [27,28]. Incubation of Mte-bound prpie
in 100 mM phosphate buffer at pH 2.5 or 11.5, proton
activities substantially higher and lower than the reported
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isoelectric points for PrP®® [29], failed to release the protein
{Figure 3B). Likewise, increases in ionic strength (0.1 Mor1 M
Na€l) failed to remove detectable PrP* from Mte (Figure 3C).
Strong chaotropic agents can be effective in desorbing
proteins from soil minerals by disrupting hydrogen bonds
[26]; however, neither 8 M urea nor 8 M guanidine released
detectable amounts of PrP>® from Mte (Figure 3D). Our data
indicate the interaction between PrP% and Mie is strong and
of high affinity.

PrP>* Bound to Mte Remains Infectious

Sorption of proieins to soil particles often results in
structural rearrangements that cause loss or diminution of
function [25,27,30) If binding to Mte surfaces results in
(partial) unfolding of PrP>, a reduction or loss of infectivity
would be expected, as denaturation renders the protein non-
infectious [31]. We therefore tested whether PrP% adsorbed
to Mte remained infectious by intracerebrally inoculating
hamsters with Mte-PrP% complexes (Table 2). The time to
onset of clinical symptoms after inoculation provides a
measure of infectivity [32]. Hamsters inoculated with Mte-
PrP®™ exhibited clinical symptoms of scrapie 93 dpi To
control for any unbound prion protein that may have
cosedimented with Mte particles, mineral-free PrP®° suspen-
sions were processed in the same manner as in sorption
experiments. The sedimented fraction of these control
samples (mock pellets} showed substantially less infectivity
than Mte-PrP*® pellets with a mean incubation period of 178
d, 105 d longer than Mte-PrP* pellets. Hamsters inoculated
with supernatants from these control samples (mock super-
natants) showed clinical symptoms 103 dpi. Animals intra-
cerebrally inoculated with Mie alone and vninoculated
animals did not exhibit TSE symptoms during the course of
the experiment {200 4}
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Table 2, Prions Adsorbed to Montmorillonite Clay Retain
Infectivity

Inoculum Positive Animals/ Onset of Clinical
Total Animals Symptoms [dpi)®

None o/g >200°

Mtz (no PrP™) o/8 =>200"

Mte-PrP> complex 10/10° 93 x4

Mock supernatant® (no Mte) 8/8 103 = o9

Mock pefiet® [no Mte) 8/g 178 = 219

*Mean dpi * 5D to the onset of clinical symptoms of TSE Infection,

Biane of the animals showed linica! symptoms of TSE infection or had protease-resistant
Pr? accumulation at the termination of the experiment ar 200 dpl.

CAlthough 12 animals were inoculated, two non-TSE intercurrent deaths occurred at 8 dpi.
9Brains of infected animals were paositive for protease-fesistant PrP.

"Mock supernatant and mock pellet samples were genersted by adding clarified PrpSe
{~0.2 pg) to buifer in the absence of soil minerats and processing identically to samples
containing Mte.

DOI: 10.1371/journal. ppat.0020032.1002

Whole Soils Bind PrP*

To examine the extent of prion protein binding by whole
soils, we conducted PrP%® sorption experiments with four
soils differing in texture and mineralogy (Table $2). When
equal masses of soil (0.5 ug) were used, all soils bound PrP>* to
a similar extent (Figure 4); no detectable PrP* remained in
the supernatant at the level of protein used in this experi-
ment. Prion protein desorbed from the soils did not appear
cleaved. Several nonmutually exclusive factors may have
contributed to this finding, including (1) relatively small
amounts of Mte in some samples, (2) occlusion of Mte
cleavage sites by metal oxide and/or natural organic matter
coatings, and (3) competition among the various sorption
domains {both inorganic and organic) for PrP®, limiting
interaction with Mte. The amount of immunoreactive PrP*®
recovered from each soil differed slightly; for example, the
immunoreactive protein desorbed from the Elliot soil was less
than that from the Boardman soil. This may have been due to
stronger interaction of PrP® with the Elliot seil than with the
Boardman soil, leading to incomplete extraction, consistent
with the larger fraction of clay-sized particles in the Elliot soil
{Table 52).

Pellets

Supernatants

£ & s 8
o &8 E o £ E
kDa 2 858 & & 8 5 8
Ll 0 Q. L D M
40.1 1 S
31.9

Figure 4. Whole Soils Bind PrP®

Elliot, Dodge, Bluestern, and Bozrdman solls bound PrP* (pelleted soils).
No Immunoreactivity (i.e, no unbound PrP™) was detected in the
supematants. Immunoblot employed mAb 3F4,

DOI: 10.1371/journal.ppat.0020032.9004
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Discussion

Environmental transmission of prion diseases has been
noted for decades [7,8,14). In this study, we provide evidence
indicating that soil and soil minerals serve as a reservoir of
TSE infectivity. While extrapolation of in vitro studies to the
environment must be made with caution, our findings supgest’
that PrP° released from diseased animals may be sequestered
near the soil surface, maintaining the TSE agent in an
environmental medium with which livestock and wildlife
come in contact. Qur experiments demonstrate that Mte-
bound PrP% remains infectious and suggest that soil may
harbor more TSE agent than previously assumed on the basis
of water extraction of prions from garden soil [13].

Our results demonstrate that all soil mineral surfaces
examined bound PrP*® and that Mte and quartz have larger
specific binding capacities for PrP%° than does Kte (Figure 1),
Although not relevant to TSE transmission, nonglycosylated,

‘recombinant PrP® has been shown to bind to Mte [33).

Interestingly, the N terminus of PrP% desorbed from Mte was
truncated (Figures 1A and 2). While Mte-is known to catalyze
several reactions, including the deamination of free gluta-
mine and aspartic acid [34] and the polymerization of RNA
into oligomers {35), protease activity has not been noted
previously. The interaction between Mte and PrP5° is
remarkably avid, as the only extractant used in this stady
that effected desorption was a solution containing 10% SD3
at 100 °C (Figure 3B-3D). Prion protein appears unlikely to
readily desorb from Mte in the environment. The propensity
for PrP% to tenaciously bind to Mte could be exploited in
landfills to isolate prion-infected materials and prevent
migration of the.infectious agent.

The observation that prions remained infectious when
bound to Mte is intriguing in light of the resuits of the
desorption experiments; PrP*° adsorbed to Mte was ex-
tremely difficult to remove. Current mechanistic models for
conversion of PrP® to the pathological form require direct
PrPC-PrP* interaction [36]. The brain is unlikely to possess
microenvironments capable of extracting significant amounts
of PrP% from clay surfaces. The 10-d increase in incubation
period for Mte-adsorbed PrP5¢ relative to clay-free controls
(mock supernatant) was statistically significant (p < 0.05) and

-would correspond to approximately a 1-log increase in

St

infectivity [32). This result suggests that PrP™"-Mte complexes
are inherently more infectious than the unbound protein
andlor adsorption to Mte reduces clearance from the brain.
We consider it likely that PrP5® adsorbed to Mte surfaces was
available to comvert PrP® in the brain to the pathological
isoform. Our findings are reminiscent of reports in which
metal wires exposed to scrapie agent harbored significant
infectious agent despite attempts to remove attached Prp®
(37,381

The infectivity of soil- and soil mineral-sorbed PrP%
following oral exposure warrants investigation. The binding
of PrP* (o soil particles could reduce oral bioavailability such
that soil serves as a sink rather than a reservoir for infectivity,
Conversely, association with mineral particles may protect
the agent from degradation in the gastrointestinal tract,
possibly enhancing transmission [39]. For example, bovine
rotaviruses and coronaviruses retain infectivity via the oral
route when bound to clay minerals [40]. While desorption of
the protein from soil particles is more likely to occur in the
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gut than in the brain, removal of PrP* from mineral particies
may not be necessary to initiate infection. '

" In conclusion, soil and soil minerals have the potential to
bind PrP*° and maintain infectivity. These findings will serve
as the basis for further study on the interaction of PrP® with
other soil components (humic substances, quartz, and other
minerals),“the stability of soil-bound PrP™ under typical
environmental conditions (UV light, freeze-thaw cycles) and
the effect of soil microorganisms and extracellular enzymes
on protein integrity. Our current resulis suggest that sorption
of PrP* to clay minerals may limit its migration through the
soil column. Maintenance of prion infectivity at the soil
surface may contribute to the propagation of CWD and
scrapie epizootics and enhance the likelihood of interspecies
transmission of these diseases.

Materials and Methods

Preparation of soil minerals and soils. Montmorillonite (§Wy-2)
and kaolinite (KGa-1b) clays, obtained from the Clay Minerals Society
Source Clays Repository (West Lafayette, Indiana, United States),
were size-fractionated by wet sedimentation to obtain particles with
dy, = 0.5-2 pm and saturated with sodium. These reference clay
samples were extensively characterized previounsly [23,41]. Fine quartz
sand (dy, = 125-250 pwm) and $i0, microparticles (d), = 1-5 pm; 92%
purity) were obtained from Sigma (St. Louis, Missouri, United States).
The- fine quartz sand was soaked for 24 h in 12 N HC! to remove
impurities. X-ray diffraction analysis and infrared photoacoustic
spectroscopy indicated that the 5iQy microparticles were composed
of quarntz.

We examined PrP% sorption to four soils (Table 52). The Elliot soil
was a silty clay loam purchased from the International Humic
Substances Society (St. Paul, Minnesota, United States), Organically
amended Dodge soil (sandy clay loam) was obtained from a glaciated
upland area in Madison, Wisconsin, The Bluestem soil was a sandy
clay Joam collected from a fluvial deposit in Cedar Rapids, Iowa. The
Boardman soil was & silt loam taken from an eolian deposit in
Boardman, Oregon. Characteristics of these soils are presented in
Table 52.

Source of PrP¥. Syrian hamsters (cared for according to all
institutional animal care and handling protocols of the University of
Wisconsin, Madison) were experimentally infected with the Hyper
strain of hamster-adapted transmissible mink encephalopathy agent.
PrP% was purified to a P, pellet from brains of infected hamsters by a
modification of the procedure described by Bolton et al. [42,43}. The
P, pellet prepared from four brains was resuspended in 1 ml of 10
mM Tris (pH 7.4} with 130 mM NaCl. For experiments employing PK-
treated PrP‘?°, 20% brain homogenate was treated with 50 pg mI ' of
proteinase K for 30 min at 37 °C. After blpcking PK activity with 5
mM phenylmethylsulfony] fluoride, purification was performed as
above,

Batch sorption experiments. Larger prion aggregates were
removed from purified PrP*® by collecting supernatants from two
sequential 5-min centrifugations at 800 g {clarification step). Clarified
PrP3 (~0.2 pg) was added to 500 pg of Mte or fine quartz sand, 1,500
g of Kte, or 3.2 mg of quartz microparticles in 10 mM NaCl buffered
to pH 7.0 with 10 mM 3-N-morpholinopropanesnlfonic acid (MOPS)
(500 pl final volume). In some cases, Mte experiments were conducted
in unbuffered 10 mM NaCl. Sorption experiments with Mte
performed in buffered and unbuffered 10 mM NaCl yielded
comparable results. Experiments with Mte, Kte, and gnartz micro-
particles each employed equivalent (external} mineral surface areas.
In sorption experiments with whole soil samples, ~2 pg of clarified
PrP%® was added to 5-ml suspensions of each soil (5 mg) in 5 mM
CaCl,. Samples were rotated at ambient temperature for 2 h or an
indicated time period, Sorption appeared complete within 2 h, as
Ionger incubation times did not result in changes in levels of bound
protein.

Each PrP*-mineral suspension and a 500-p1 aliquot of each Prp®.
soil suspension was placed over a 750 mM sucrose cushion prepared
in a solution of the same composition as the background solution in
the sorption experiment, and centrifuged at 800 g for 7 min to
sediment mineral or soil particles and adsorbed PIP*. A sucrose
cushion was found necessary to prevent a fraction of unbound PrE®
from sedimenting during cemtrifugation. Clarified PrP* did net
sediment through the sucrose cushion (Figure 51).
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Unbound PrP™ remaining in the supernatant was precipitated
with four volumes of cold methanol and resuspended in SDS-PAGE
sample buffer (100 mM Tris [pH 8.0], 10% SDS, 7.5 mM EDTA, 100
mM dithiothreitol, and 30% glycerol). PP was extracted from
pelleted mineral particles with SDS-PAGE sample buffer at 100 °C for
10 min. The same procedure was followed for PrP>*-soil suspensions.
To determine mineral adsorption capacities for prion protein,
varying volumes of clarified PrP* preparation were added to a
1:100 dilution of each mineral suspension. All adsorption experi-
ments were repeated at least three times.

For BH sorption experiments, 10% BH was clarified by collecting
supernatants {rom two sequential 5-min centrifugations at 800 g
Aliquots (10 or 30 pl) of clarified BH were rotated with Mte in 10 mM
NaCl at ambient temperature for 2 h; complexes of Mie and BH
constituents were then sedimented through a sucrose cushion and
processed as described in the preceding paragraphs.

All samples prepared for SDS-PAGE were separated on 4%~20%
precast gels (BioRad, Hercules, California, United States) under
reducing conditions. Proteins were transferred to polyvinyl difluor-
ide membranes and immunoblotted with mAb 3F4 (1:40,000 dilution),
R20 N-terminal pAb (1:10,600 dilution), Rab 9 pocl 2 full-length PrP
pAb {1:10,000 dilution), or anti-20S proteosome subunit C2 pAb (1 pg
mi™}; A.G. Scientific, San Diego, California, United States). Detection
was zchieved with an HRP-conjugated goat anti-mouse immunoglo-
bulin G (IgG) (BioRad) for mAb 3F4 and an HRP-conjugated goat
anti-rabbit IgG (BioRad) for all pAbs,

X-vay diffraction analysis. PrP% preparation (10 pg) was added to
50 pg of Mte in 10 mM NaCl (final volume of 0.5 ml). Samples were
rotated at ambient temperature for 2 h and centrifuged at 16,100 g
for 7 min. After centrifugation, the bulk of the supernatant was
removed, leaving a small amount of solution above the clay pellet.
The clay was resuspended in the remaining supernatant, and the
slurry was placed on silica wafer slides and stored in a desiccator for
over 12 h. The basal doo spacings of near homoionic Na*-SWy—2
before and after adsorption of PrP™ were determined by X-ray
diffraction on a Scintag PAD V diffractometer (Cupertino, Califor-
nia, United States) using CuKe radiation and continuous scanning
from 3° to 15° 20 with a step size of 0,02° and a dwell time of 2 5.

Extraction experiments. PrP> adsorbed to Mte was incubated for
30 min at room temperature in 8 M urea or 8 M guanidine HCl (50 pl
per pellet), 0.1 or 1 M NaCl (25 pl per pellet), or 100 mM sodium
phosphate (pH 2.5 or 11.5; 25 put per pellet). Primary extractions with
these solutions were followed by secondary extractions with SDS3-
PAGE sample buffer at 100 °C to assess the efficacy of the primary
extraction. Urea and guanidine primary extracts were dialyzed
against double distilled water for 2 h (nominal molecular weight
cutoff, 12-14 kDa; Fisher Scientific, Pittsburgh, Pennsylvania, United
States} prior to SDS-PAGE analysis. :

Infectivity bioassay. PrP°-Mte pellets prepared as above were
resuspended in pH 7.4 PBS (50 pl per pellet) and intracerebrally
inocutated into male, weanling Syrian hamsters (Harlan, Indianapolis,
Indiana, United States). Equivalent amounts of PrP™ starting
material or Mte without PrP™ were inocofated into control animals.
Hamsters were monitored every 3 d for the onset of clinical
symptoms [32,44} Brains from clinically positive hamsters and
uninfected controls were analyzed for protease-tesistant PrP by
immunoblotting.

Supporting Information

Figure §1. Sucrose Gushion Prevented Sedimentation of Unbound
PrP*¢ under Conditions Necessary to Pellet Soil Minerals

A substantial amount of unbound PrP* pelleted when centrifuged
under conditions required to remove Na*-Mte from suspension, but
was prevented from sedimenting by a sucrose cushion. Sucrose
cushions were therefore employed in batch sorption experiments to
prevent sedimentation of unbound PrP®, Results from representative
mock adsorption experiments are shown. PrP% was rotated in a
solution of 10 mM NaCl in the absence of soil minerals for 2 h and
was either placed above a 750 mM sucrose cushion and centrifuged
(two Tight lanes), or centrifuged without a sucrose cushion (two left
lanes). Supernatants (Sup) and pelles {Pel) were analyzed by
immunoblotting with mAb 3F4

Found at DO 10.1371fjournal ppat.0020032.5g001 (17 KB PDF).

Table S1. Characteristics of Minerals Used in PrP* Serption
Experiments

Found at DOL 10.1371fjournal.ppat.0020032.51001 (25 KB DOC).
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Table $2. Characteristics of Soils Used in PrP* Sorption Experiments
Found at DOL 10.1371journal ppat.0020032.5:002 (26 KB DOC).

Accession Numbers

The GenBank (httpfiwww.ncbinim.nih.govl) accession number for
PrP* is M14054,
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Prions in Skeletal Muscles of Deer
with Chronic Wasting Disease

Rachel C. Angers,l* Shawn R, Browmng.i*f Tanya S. Seward Christina J. Sigurdson,*t
Michael W. Miller,® Edward A. Hoover,* Glenn C. Telling®*&

agenls of mammals that cause faial neurg-

degenerative diseases of the central ner-
vous system (CNS). The presence of infectivity
in skefetal muscle of experimentally infected
mice raised the possibility that dietary exposure
to prions might occur through meal consump-
tion {Z). Chronic wasting disease (CWD), an
enigmatic and contagiows prion disease of
North American cervids, is of particular con-
cerm. The emergence of CWD in an increas-
ingly wide geographic area and the interspecies
transmission of bovine spongiform encepha-
lopathy (BSE) to lmxmans as variant Creutzfeldt
Jakob disease {(vCID) have raised concerns
about zoonotic transmission of CWD.

To test whether skeletal muscle of dis-
cased cervids contained prion infectivity,
Ta(CerPrP) mice (2) expressing cervid prion
protein (CerPrP) were inoculated intra-
cerebrally with extracts prepared from the
semitendinosus/semimembranosus muscle
group of CWD-affected mule deer or from
CWD-negative deer. The availability of CNS
materials also allowed for direct comparisons
of prion infectivity in skeletal muscle and
brain. All skeletal muscle extracts from CWD-
affected deer induced progressive neurologi-
cal dysfunction in Tg(CerPrP) mice, with
mean incubation times ranging between 360

Prions are transmissible proteinaceous

and ~490 days, whereas the incubation times
of prions from the CNS ranged from ~230 to
380 days (Table 1). For each inoculation
group, the diagnosis of prion disease was con-
firmed by the presence of disease-associated,
protease-resistant PrP (PrP5*) in the brains of
multiple infected Tg(CerPrP) mice [see (3) for
examples]. In conwast, skeletal muscle and
brain material from CWD-negative deer failed
to induce disease in Tg(CerPrP) mice (Table 1),
and PrP% was not detected in the brains of
asymptomatic mice as late as 523 days after
inoculation (3).

Our results show that skeletal muscle as well
ag CNS tissne of deer with CWD contains
infectious prions. Similar analyses of skeletal
muscle from BSE-affected caitle did not reveal
high levels of prion infectivity (4). It will be
important to assess the cellular location of
PePSe in muscle. Although PrP5¢ has been
detected in muscles of scrapie-affected sheep
(3), previous studies failed to detect PeP5c by
inmunohistochemical analysis of skeletal rus-
cle from deer with natural or experimental
CWD (6, 7). Because the time of discase onset
is inversely proportonal to prion dose (3), the
longer incubation times of prions from skeletal
muscle exfracts compared with thosc from
matched brain samples indicated that prion
titers were lower in muscle than in the CNS,

Table 1. Incubation times after inoculation of Tg(CerPrP) mice with prions from skeletal muscle and
brain samples of CWD-affected deer. PBS, phosphate buffered saline,

Incubation tirme, mean days = SEM {n/ny)*

Inscula

Skeletal muscle Brain
CWD-affected deer
H92 360+ 2 (6/6) 283 = 7 {6/6)
33968 367 = 9 (8/8) 278 % 11 (6/6)
5941 427 £ 18 (217} )
p1o ' 483 = 8 (8/8) 231+ 17 (7
pos 492 + 4 (717}
Averages 426 264
Nondiseased deer
FP$ 6.98 >523 (0/6)
FPs 2.98 =454 (077} >454 (0/6)
Mone =490 (0/6)
PBS »589 (0/5)

*The rumber of mice developing prion dissase (s} divided by the original number of mocu!ated mice {ny) 5 shown in

pareatheses. Mice dying of intercurrent illnesses were excluded.

where infectivity titers are known to reach
high Tevels. Although possible effects of CWD
strains or strajn mixtures on these incubation
times cannot be excluded, he variable 360- 1o
~490-day incubation times suggesied a range
of prion titers in skeletal muscles of CWD-
affected deer. Muscle prion titers at the high end
of the range produced the fastest incubation
times, which were ~30% longer than the incu-
bation times of prions from the CNS of the same
animal, Becausc all mice in cach fnoculation
group developed disease, prion fiters in muscle
samples producing the longest imcubation times
were higher than the end point of the bicassay,
defined as the infectious dose ‘at which half the
inoculated mice develop disease. Although the
risk of exposure 1o CWD infectivity after con-
surnption of prions in muscle is mitigated by rel-
atively inefficient prion ransmission via the oral
rouie (9), our results show that senitendinosus/
senimembranosus musele, which is likely to be
consumed by humans, is 2 major source of prion
infectivity, Humans consuming or handiing meat
from CWD-infected deer are therefors at risk to
prion exposure.
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CJD expert warns of ‘BSE in sheep’

Scientist who told of threat to humans from cattle calls for urgent study to find out how many animals have new
disease , .
By Judith Duffy, Health Correpondent

‘A leading vCJD expert who sounded the alarm on BSE has called for the government to “take action right now” over fears that a recently
discovered brain disease in sheep and goats could pose a risk to human health.

The disease, known as atypical scrapie, is similar to BSE in cattle and first emerged in 2003. it is now estimated that as many as 82,000
sheep could be infected in the UK and cases have been reported in other European countries.

The Food Standards Agency (FSA), has admitted there is a “theoretical risk” but it is not recommending that consumers stop eating sheep
or goat meat. ’

However, vCJD expert Dr Stephen Dealler has demanded an immediate investigation to determine the extent of the disease. Lancaster-
based microbiologist Dealler and his colleague Professor Richard Lacey wamed the government about the dangers of BSE in cattle six year
before ministers conceded there was a risk to humans.

“The worry is, of course, that atypical scrapie will be infectious to humans, but we don’ t know,” Dealler said.

“All | can say at the moment is that with atypical scrapie, let’s wait and see - but should we, in this wait-and-see period, be taking more
aggressive action? ’

“Lots of people are saying we shouldn’ t just stand here and wait, lots of people are saying take action' right now.”

Under current regulations, 20,000 sheep in the UK over 18 months old are tested annually for brain diseases known as transmissible
spongiform encephalopathies (TSE). These include atypical scrapie as well as the more common form of scrapie and BSE.

To date, a total of 108 cases of atypical scrapie have been detected via this testing programme. But Dealler called for further testing to
be urgently carried out, particularly in younger animals, to determine exactly how widespread it is.

“At the moment, without the data on how much disease is out there, it is difficult to know what to do and how fast to act,” he said.
“That is why | say we need a survey right now, '

“What they could certainly do is to do surveys and take so many sheep, test them when they are being slaughtered, and then see what
proportion of those is atypical form.

“You can find BSE in the brains of cows long, long before they showed any symptoms at all and this will almost certainly be true with
scrapie as well."

He suggested that concems about the impact on farming were likely to be hindering an expansion in testing,

Current controls to protect consumers mean that parts of animals most likely to carry BSE infectivity - such as brains - are removed from
sheep and cattle before entering the food chain. But it is uncertain if atypical scrapie could be carried in other tissue,

Dealler's calls for an investigation have been backed by consurner groups.

Sue Davies, Which? chief policy adviser, said: “We need urgent answers as to the many uncertainties surrounding this finding as quickly as
possible so that there is a better understanding of whether there are any human health implications and, if so, whether existing control

measures are adequate.”

An independent scientific committee that advises the government said last week there is “insufficient data, as yet, to make reliable risk
assessments for human health or animal health and welfare”. In a statement, the Spongiform Encephalopathy Advisory Committee (Seac)
also concluded that rigorous studies are “critical and urgent” to provide more information.

The FSA is due to initially examine the issue at a board-meeting on Thursday . Possible options for precautionary risk reduction measures.
will be then discussed next month. An FSA spokeswoman said she could not pre-empt discussions by suggesting what - if any - measures

might be taken.

“We can't rule out any theoretical risk, but we won' t be changing our advice at this stage ,” she said. “Based on the information we
have, we are not recommending people change their eating habits on sheep or goats.” )
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professor Hugh Pennington, president of the Society for General Microbiology and an expert on food standards, said current evidence did
not suggest atypical scrapie was a threat to humans.

He added: “The big question is: what implications does it have for human health? As far as we know, there are none basically, but of
course we have to keep on doing research on this.

“One certain thing is that we have been eating scrapied sheep for 200 years and nobody has come to any harm.”

Copyright © 2006 smg sunday newspapers ltd. no.176088
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guardian British blood products may
pose vCJD risk in 14 countries

- UK issues warning on 'mad cow disease'
- Documents show Brazil and Turkey are high on
list

James Meikle and Rob Evans
Tuesday May 2, 2006
The Guardian

The government has been forced to warn 14 countries that
patients are in danger of developing the human form of
mad cow disease as a result of contaminated British blood
products sold abroad.

Documents released under the Freedom of Information
Act show that patients in Brazil and Turkey are most at risk
from the products, although it is too early to know how "
many, if any, foreign patients may develop the incurable
variant CJD, as it takes many years to appear. The Turkish
authorities said they had fraced patients at risk and were
closely monitoring them, while Brazil would not comment.

Article confinues +

_78_



Suardian Unlimited | The Guardian | British blood pro...  http://www. guardian.co.uk/frontpage/story/0,,17655.

off

lian
tion

The contaminated blood products were exported in the
1990s by the British government to treat conditions such
as haemophilia, severe burns and immune deficiency. At
the time the government considered there was no risk.

~ Twenty-eight peopie abroad have already developed vCJD

by eating cattle meat from Britain infected with BSE.
However, the dangers of another route of transmission are
now becoming more evident. Scientists are worried about
a "second wave" of casualties caused by blood donated by
people infected but not yet displaying symptoms of the
disease.

The risk of passing on the disease in this way was
considered only theoretical until December 2003, when it
emerged that a patient in Britain had been infected
through a blood transfusion, leading to new safety
measures. Another two cases have since been identified.
Health authorities then had to re-examine blood products
sent abroad by the state-owned company Bio Products
Laboratory (BPL).

The documents show that, following the rethink, the Health
Protection Agency was concerned "about the potential
infectivity of blood". Believing the potential risk of vCJD to
be "very uncertain”, the agency advised the Brazilian and
Turkish health ministries to take precautions o reduce the
possibility of spreading vCJD as "sufficient quantities" of
the "at-risk" products had been exported.

These measures included tracking down patients and
telling them not to donate biood, organs or tissues.
Patients are also told to inform doctors and dentists if they
need any treatment.

In Britain, up to 6,000 people were considered to be at

risk. The problems stem from the way blood products are
made, from processing thousands of separate donations.
The concerns arise from just 23 donations made by nine
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people who went on to develop vCJD, showing how minute
amounts may be infectious.

The NHS Blood and Transplant Authority, which is
responsible for BPL, said: "So far no vCJD cases have
been linked to plasma products ... The use of products
-derived from British blood plasma was ended in 1999 as a
precautionary safety measure because of what were then
regarded as only theoretical risks. But cases where
patients might have been put at risk before that date have
since come to light as further cases of vCJD have been
diaghosed in peopie who were blood donors. Since 2004,
no one who received a blood transfusion after 1980 has
been allowed to donate blood themselves."

The Heaith Protection Agency decided that patients in six
countries - Brunei, UAE , India, Jordan, Oman and
Singapore - had been put in less jeopardy than those in
Brazil and Turkey, but might need to take precautions.
Less dangerous batches were imported by Belgium,
Morocco and Egypt. France, Holland and israel were
advised to carry out their own assessments, as
manufacture of the blood products was completed in their
countries. The French government concluded that there
was no danger from the products, which were re-exporied
to 10 unnamed countries.

The Guardian has previously reported that patients
worldwide may have been exposed to vCJD, but the
documents detail for the first time the countries, the
amounts and the risk assessments. British authorities
cannot say how many patients abroad may now be in
danger.

There have been 161 cases of vCJD in Britain. There are
15 cases in France, four in Ireiand, two in the US, and one
each in Canada, ltaly, Japan, the Netherlands, Portugal,
Saudi Arabia and Spain.

Some of these victims are known to have caught vCJD by
eating infected beef in Britain. Most others live in countries
that have also had outbreaks of BSE that may well have
originated from Britain.

Graham Steel, whose brother Richard died from vCJD,
drew parallels to the spread of BSE. "[lt is] eerily
reminiscent of the 1980s when 'theoretically' infectious
meat and bonemeal was exported by the UK around
Europe and beyond despite the fact that the risks of
spreading diseases were known about in 1972-73. A fotal
recall was deemed too expensive.”

Special reports

http ./ /www.guardian.co.uk/frontpage/story/0,,17655.
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Identification of a Novel Single-Stranded DNA
Fragment Associated with Human Hepatitis

Chau-Ting Yek, Mei-Lin Tsao, Ying-Chun Lin, and I-Cho Tseng

Liver Research Unit, Chang Gung Medical Cener, Taipei, Taiwan

By performing nonspecific polymerase chain reaction followed by elimination of chromosome-derived se-
quences, foreign DNA fragments were obtained from the serum of a patient with non—~A-E hepatitis. One of
the sequences, named NV-F, contained a partial open reading frame and was detected in 17 (24.6%) of 69
paticnts with non-A-E hepatitis, including 1 with fulminant hepatitis (vs. in 5 [2.8%)] of 180 healthy indi-
viduals). A peptide was synthesized accordingly, to detect serum anti-NV-F antibody, which was found in 49

(75.49%) of 65 patients positive for NV-E This DNA fragment was sensitive to 51 nuclease digestion. Cesium

chloride gradient analysis revealed that the NV-F-associated particles had buoyant densities of 1.33-1.39 and
1.22-1.25 g/mL, Immunofluorescence analysis revealed that the novel antigen was present in the hepatocytes

of patients infected with NV-E. In conclusion, we have identified a novel single-stranded DNA fragment derived

from a virus-like agent associated with human hepatitis.

Previously, when diagnostic tests for the detection of
hepatitis A and B viruses (HAV and HBV) were globally
available, it had been recognized that a significant pro-
portion of patients with acute and chronic hepatitis
were not infected with either virus, and the diseases
were referred to as “non-A, non-B hepatitis” [1]. Owing
to technelogical advances in molecular biology, hepa-
titis C and hepatitis E viruses (HCV and HEV) were
subsequently discovered to be the major canses of par-
enteral and enteric non-A, non-B hepatitis, respectively
[2]. Despite this significant progress, the etiology of
acute and chronic hepatitis in a substantial number of
patients remains unknown. In our previous studies, we
found that 15.9% of hospital inpatients with acute hep-
atitis had non—A-E hepatitis [3]. Additionally, 9.7% of
patients with fulminant hepatitis had non—A-E hepa-
titis [4]. Another study indicated that no definite eti-
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ology could be found in 4.9% of patients with chronic
hepatitis or cirrhosis; these cases were termed “cryp-
togenic” [5]. Approximately half of these patients had
received transfusions, which supported a virological eti-
ology. Furthermore, enhanced HLA expression in liver
samples from patients with chronic non-A—C hepatitis
has been reported, which also supports a virological eti-
ology [6]. Therapeutic trials using interferon-c to treat
chronic non-A—C hepatitis have consistently resulted in
an ~50% response rate, indicating a viral pathogen [7].

Inspired by these observations, scientists struggled to’

unearth the theoretically existing hepatitis viruses. As a

result, several new viruses, including GB virus type C

(GBV-C) [8]), TTV [9], and SEN virus [10], were dis-
covered. However, epidemiological data failed to con-
firm a causative role for these viruses in hepatitis. In
addition, a high percentage of individuals infected by
these viruses were found to be healthy carxiers. Fur-
thermore, in some studies, it was argued that GBV-C
was not, in fact, a hepatotropic virus [8].

In the present article, we describe a novel agent as-
sotiated with hutman hepatitis. Epidemiological data sug-
gest that it is highly associated with non-A—E hepatitis.
Biochemical evidence indicates that it is hepatotrapic.
Additionally, it was detected in a patient with fulminant
fon—A-E hepatitis.

A Novel Hepatitis-Associated Agent » JED '2006:193 (15 April) = 1089
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Figure 1. [dentification of a foreign sequence in patients with non-A-E hepatitis. 4, Nucleotide sequenee of the NV-F DNA fragment and congeptual
translation of the putative partial reading frame. The positions of 4 primers (NV-F1 to NV-F4) used for polymerase chain reaction {PCR) detection of NV-
F are marked with arrows. B, Serum samples from patients with non-A-E hepatitis {lanes 7~8), petients infected with hepatitis C virus flanes 10~79)
patients infected with hepatitis B virus flanes 20-29), and healthy individuals flanes 30-36) subjected to an NV-F detection assay. Only part of the results
is shown here..M, molecular weight marker; N1, negative control (NV-F-negative serum sample); N2, negative control {pure water). The armow indicates

the PCR product of NV-E

PATIENTS, MATERIALS, AND METHODS

Patients and samples.  After informed consent was obtained,
the remaining aliquots of serum samples submitted for bio-
chemical tests in patients visiting Chang Gung Medical Center
were collected for this study. Samples from 4 groups of patients
were included for NV-F sequence detection: (1} 180 healthy sub-
jects (from Health Examination Service, Chang Gung Medical
Center) with normal alanine aminotansferase (ALT) levels who
were negative for HBV surface antigen (HBsAg), anti-HCV an-
tibody, and HEV RNA; (2) 150 patients with hepatitis B who
‘were positive for HBsAg and negative for IgM dass anii-HAV
antibody, anti-HDV antibody, anti-HCV antibody, and HEV
RNA; (3) 150 patients with hepatitis, C who were negative for
HBsAg and IgM anti-HAV antibody, positive for anti-HCV an-
tibody, and negative for HEV RNA; and (4) 69 patients with
non—A-E hepatitis with serum ALT levels elevated >2.5-fold who
were negative for HBsAg, IgM ant-HAV antibody, IgM class
antibody against HBV core antigen (HBc), anti-HCV antibody,
HEV RNA, and HCV ENA. None of these patients were alco-
holics, and no known hepatotoxic medicine had been taken.
Patients with fatty liver were not excluded from this study. All
patients were negative for autoimmune markers, including anti-
nuclear antigen, anti-smooth muscle antigen, and anti-mito-

chondrial antigen. In addition, patients were all negative for other
virological markers, including antibody for HIV, IgM class an-
tibody for Epstein-Barr virus, and IgM class antibody for cyto-
megalovirus. After the polymerase chain reaction (PCR) assays
for the NV-F sequence, adequate amounts of samples were still
available for the detection of anti-NV-F antibody in 155 patients.
After informed consent was obfained, liver biopsy samples from
2 patients (patients F and B) whose sertum was positive for the
NV-F sequence were subjected to immunoflnorescence amalysis.

Serological studies. HBsAg, IgM auti-HAV antibody, IgM
anti-HBc antibody, and anti-HDV antibody were assayed using
radioimmunoassay kits (Ausria-1I, HAVAB-M, and anti-delts;
Abbott Laboratories). Anti-HCV antibody was detected using an
enzyme immunoassay kit (HCV-1I; Abbott Laboratories), HCV
RNA was detected by reverse transeription (RT) PCR assay (Am-
plicor HCV test; Roche Diagnostic Systems), HBV DNA was
detected by Amplicor HBV Monitor Test (Roche Molecular Sys-
tems). The method of HEV RNA detection has been described

, elsewhere [3, 4].

Extraction of DNA or RNA, RT-PCR, and PCR. Total se-
rum DNA was extracted using proteinase K digestion followed
by phenol/chloroform extraction, as described in our previous
publication [11]. Total serum RNA was extracted using TRI

1090 « JED 2006:193 (15 April) * Yeh et al.
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Figure 2. Clinical course in a patient with fulminant non-A—E hepatitis. Squares danote alanine aminotansferase (ALT) levels (UAL), and circles dencte
bilirubin levels {mp/dL). The periads of clinical symptoms are marked with'solid bars, and “Bx” indicates the tima of the liver biopsy, The NV-F sequence
was detected by.palymerase chain eaction in serial serum samples, and the results are indicated by a plus or a minus symbel.

reagent (Molecular Research Center), in accordance with the
protocol provided by the manufacturer. RT was performed us-
ing random primess. The procedure for RT and PCR has been
described elsewhere [12]. Three primers were engineered: P1,
5-CCGCGG(N),-3; P2, 5-GAATTC(N),-3'; and P3, 5-GCTT-
GCTICTGTCIC(T),,-3. Each of the 4 Ns in P1 and P2 was a
mixture of A, T, C, and G in equal ratios. After extraction of
the total serum DNA, or RNA. from patient L, PCR or RT-PCR
was performed, using random hexamers for 25 cycles; the prod-
uct was then amplified using any 2 of the P1-3 primers. The
resulting products were cloned into a vector, pCR2.1-TOPO (In-
vitrogen). For PCR detection of Escherichia coli 165 ribosomal
DNA, the following primers were used: 165L, 5-GTCTGGGAA-
ACTGCCTGATG-3" (nt 121-140) and 168R, 5-GCTTCTTCTG-
CGGGTAACGT-3 (nt 500-481).

Elimination of clones derived from the human genome. To
eliminate clones derived from the human genomie, the clones
were first lifted onto a hitrocellulose filter and hybridized with
a mixture of probes generated from total liver RNA, as de-
scribed in our previous publication [13]. Briefly, single-stranded
probe was generated from cytoplasmic RNA extracted from nor-
mal human liver tissue. The tissue was minced into small pieces
and lysed in a buffer containing 10 mmol/L Tiis tCl (pH 7.2),
150 mmol/L NaCl, and 0.5% Nonidet P-40 (Sigma). After cen-
trifugation at 1500 g for 5 min, the supernatant was used for
RNA extraction. RT was performed using SuperScript II RNase
H minus Reverse Transcriptase (Invitrogen), and oligo(dT) was

used as.the RT privner. One-third of the dTTP in the ANTP
mixture was replaced by digoxigenin-11-dUTP (Boehringer
Mannheim) to generate digoxigenin-labeled probes. The probes
were mixed (molar ratio, 1:2) with oligo(dA) at 40°C for 1 h
before hybridization. The hybridization signal was detected by
use of a DIG Luminescent Detection Kit (Boehringer Mann-
heim). For each batch of hybridization, 1 ng of pCR2.1-TOPO
without a cDNA insert was used as a negative control, and 1 pg
of pCR2.1-TOPO containing a fragment of human alburnin gene
(Hs.184411) was used as a positive control. The negatively hy-
bridized clones were considered to be of nenhuman origin,
Automatic sequencing. The nonhuman-origin clones were
subjected to automatic DNA sequencing (CEQ 2000; Beckman
Instruments). The sequence data were further searched against
the National Center for Biotechnology Information (NCBI} hu-
man genome data bank (http://www.ncbinim.nih.gov/igenome/
seq/HsBlast. html), to eliminate hurnan sequence.
Development of anti-NV-F antibody. The putative partial
coding sequence of NV-F, flanked by NV-F1 and NV-F4 prim-
ers, was inserted into a vector, pYES2/NT {Invitrogen Corpo-
ration), and was arranged in-frame with the upstrearn polyhis-
tidine region and the Xpress epitope sequence, The coding region
of the whole fusion protein was subsequenily isolated by restric-
tion-enzyme digestion (HindIIl to Xbal), blunt-ended, and in-
serted into the'Smal site of pBacPAKS (Clontech Lab_oratories).
The fusion protein was expressed using the BacPak Baculovirus
Expression System (Clontech). It was purified by a N¥*-charged
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Figure 3. Generation of NV-F peptide and development of antibody against NV-F antigen, A, A fusion protein containing polyhistiding, Xpress epitope,
and a peptide encoded by NV-F was expressed in insect cells. The protein extract was purified by affinity column and was analyzed by electrophoresis.
The molecutar weight marker {M and M), purified protein {/anes 7 and 7, and nonpurified cell lysate fanes 2and 2] were visualized by either coomassie
blue staining (M, fanes 7 and 2} or Western blot analysis using anti-Xpress antibody (M, ldnes 1 and 2}, The purified protein was then used to develop
a mouse palycional antibody against NV-F. B, The NV-F peptide alone ino fusion parts), subsequently expressad in insect celis, The cell, lysate containing
NV-F peptide {fane 1) and a mack control ffane 2} were analyzed by Western blot using the mouse anti-NV-F antibody. The cell lysate containing NV-F
peptide was also analyzed, using a patient’s serum that was positive for this NV-F sequence ffane 3|

affinity column and was injected into a mouse for development

of a polyclonal antibody. Alternatively, an initiation codon (ATG)

was engineered in-frame with the putative coding sequence, and

the resulting sequence was inserted into pBacPAKS, to express

an NV-F peptide that did not contain any fusion parts. The

primer used to generate the initiation codon (underlined) was
" ATGTGTTGGTGGCACAAAGCCC-3'.

Immunofluorescenice analysis.  Fragments of Liver specimens
were spap frozen in isopentane cooled with liquid nitrogen and
were stored at —70°C until use. Cryostat sections (5 pm) were
dried at room temperature overnight and fixed in acetone at 0°C
for 5 min. The immunofluorescence staining was performed
using mouse polyclonal antibody against NV-F followed by
fluorescein isothiocyanate—conjugated rabbit anti-mouse anti-
body (Jackson Immuno Research Laboratories). Double staining
was performed by simultaneously staining the nudlei with DAPI
(200 ngfmL}. Confocal microscopy was performed using a Leica
TCS SP2 Laser Scanning Spectral Confocal System.

RESULTS

Strategy to identify foreign sequences in the serum sample of
a patient with non-A~E hepatitis, A 66-year-old man (pa-
tient L) received a diagnosis of colon cancer (adenocarcinoma
in transverse colon) in Deceraber 1999 at Chang Gung Medical
Center. He received a colectermy, which was later complicated

‘by anastomosis leakage, sepsis, and gastric ulcer bleeding. After

intensive medical treatment, including blood transfusion, the
patient’s condition was gradually stabilized. Unfortunately, an

episode of acute hepatitis (peak ALT level, 284 U/L) with deep
jaundice (bilirubin level, 19 mg/dL) occurred in July 2000. The
patient was found to be negative for HBsAg, IgM anti-HAV
antibody, IgM anti-HBc antibody, anti-HDV antibody, and anti-
HCV antibody. The patient also tested negative for HEV RNA
and HCV RNA. The serum sample obtained at this point was
used for molecular cloning of foreign sequences.

To identify foreign sequences in the serum sample, total serum

DNA or RNA was extracted. The nucleic acid was then amplified

{by PCR or RT-PCR) using random primers. The amplified prod-
uct was subsequently subjected to a second-step PCR using de-
signed primers {see Patients, Materials, and Methods). To elim-
inate sequence detived from human chromosomes, the resulting
clones were hybridized with the probes generated from cyto-
plasmic RNA of normal fiver tissue. All positively hybridized
clones were discarded. The remaining 195 clones were sequenced
using an automatic DNA sequencer. The sequencing data were
compared with the human genome sequence, as well as with
sequences in GenBank, by use of NCBI BLAST. Only 3 clones
were found to be of nonhuman origin. One of the sequences,
derived from the DNA extract, contained an open reading frame
with incomplete 5' and 3’ ends and was temporarily named NV-
E {figure 14). The sequence potentially encoded a peptide with
incomplete amino- and carboxy-termini. Four primers, NV-F1
to NV-F4, were designed for the nested PCR assay. By use of
this assay, this sequence was found to be absent in the chro-
mosomal DNA extracted from HepG2 eells, Daudi cells, and 3
different sources of human peripheral blood mononuclear cells.

1092 » JID 2006:393 {15 April) » Yeh et al
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Figure 4. Characterization of the NV-F agent. A, Extraction of nucleic acid from the serum sample by either the RNA extraction fiane 1) or the DNA
extraction methed flanes 2-4] After ANA extraction, reverse transcription {RT) polymerase chain reaction (PCR) for detection of the NV-F sequence was

performed, without any intermediate step. flane 7). After DNA extraction, the extracted sample was treated with fNAse A {lang Z) DNAse |

flana 3} or 51 nuclease (lane 4) before subsequent PCR assay for NVF sequence. M, molecular weight marker. The arrow indicates the PCR product of
NV-F 8 Size assessment of the NV-F agent. Serum containing the NV-F agent was mixed with Escherichia colf and passed through a fitter with a pore
size of 0.2 pm. PCR was performed to detect 165 ribosamal DNA of E cofi fanes 1—4) or NV-F {lanes 5-8)in filtered {/anes Z. 4, 6, and B) or nonfilterable
{fanes 1, 3 5, and 7) fractions. An afiquot of serum negative for the NV-F sequence {C1 and C2) was assayed in parallel as a mock control. The arowhead
indicates the PCR product of 168 ribusomal DNA, and the amow indicates the PCR product of NV-E &, Cesium chloride gradient analysis for the NV-F
egent. A serum sample positive for both hepatitis B virus (HBV) DNA and the NV-F sequence was used for cesium chioride gradient analysis. Twenty
fractions were collected. All were sent for both HBV DNA quantitation {upper panef) and 1-step PCR ifor the NV-F sequence) followed by Seuthem blot
analysis {lower panel). Circles denote densities, and squares denote HBY DNA levels. The amow indicates the PCR product of the NV-F sequence. N,
negative hybridization control (1 ng of pCR2.1-TOPOY; R, positive hybridization contrel {1 ng of the NV-F sequence),

Detection of the NV-F sequence in patients with non-A-E
hepatitis, Serum samples from 4 groups of patients were in-
cluded for the detection of the NV-F sequence (figure 1B). The
sequence was detected in 5 (2.8%) of 180 healthy individuals.
In contrast, NV-F was present in 17 (24.6%) of 69, 21 (14.0%)
of 150, and 42 (28%) of 150 patients with non-A—E hepatitis,

chronic hepatitis B, and chronic hepatitis C, respectively. One
of the 17 patients whose serum was positive for NV-F had
fulminant hepatitis. This was a 47-year-old male (patient F)
who had non—A~E hepatitis accompanied by intermittent high
fever and chills in May 2003. He was admitted for liver biopsy
and further clinical investigation. Liver decompensation with

A Novel Hepatitis-Associated Agent « JID 2006:193 (15 April) + 1093

_86_



A

C

B

Fiqure 5. Detection of NV-F antigen in the liver biopsy sample from a patient with fulminant non-A—E hepatitis {patient F). Two different sections (4
and B} from the same biopsy are shown. Positive cells in panel B are shown at higher magnification in panel C. Immunofluorescence analysis was
performed uging anti—NV-F antibody {left upper panef}and DAP| {right upper panei}for double staining, The picturas were overlapped using confocal microscopy
{left fower panel). A negative contral {right Jower panef] using preimmune serum for staining was included. Scale bar, 20 pm. -

massive ascites, bilateral pleural effusion, and consciousness
disturbance developed 10 days after onset. Thereafter, the pa-
tient’s condition improved progressively without the need for
any specific treatment, and he finally recovered completely. No
known infectious agent was found throughout the course of
the illness. Serial serum samples were obtained from this pa-
tient; his serum was found to be positive for the NV-F sequence
during the early stage of the hepatitis flare, but it became neg-
ative thereafter (figure 2).

Expression of NV-F peptide and detection of anti-NV-F
antibody. The putative coding sequence flanked by NV-F1
and NV-F4 was used to express 2 fusion protein containing the
putative NV-F antigen, polyhistidine, and an Xpress epitope,
using insect cells, After purification, a doublet was found in
the protein gel, which could also be seen by Western blot using
anti-Xpress antibody (figure 3A). A mouse polyclorial antibody
was then raised against the fusion protein. This antibody rec-
ognized a single protein species when only the NV-E peptide
{no other fusion parts) was expressed in the insect cells (figure
3B, lane 1). By use of this peptide as an antigen, anti-NV-F
antibody in serum from patient L was assayed. Western blot
. analysis revealed only 1 protein species (figure 38, lane 3). The
doublet derived from the fusion protein was, therefore, likely a
result of partial degradation. Serum samples were subsequently

examined for the presence of anti-NV-F antibody, using the
insect cell lysate containing NV-F peptide {no other fusion parts)
as well as the purified NV-F fusion protein as an antigen, The
results obtained by use of the 2 methods were consistent. It was
found that anti-NV-F antibody was present in 49 (75.4%) of the
65 patients whose serum was found to be positive for the NV-
F sequence, including patient L and patient E Of the 49 positive
samples, 15 were from patients with non-A—E hepatitis, 16 were
from those with chronic hepatitis B, and 18 were from those
with chronic hepatitis C. In contrast, anti—NV-F antibody was
undetectable in 90 patients whose sesum was negative for the
NV-F sequence (49 healthy individuals, 10 patients with non—
A-E hepatitis, 11 patients with chroni¢c hepatitis B, and 20 pa-
tients with chronic hepatitis C).

Characterization of the NV-F-associated agent. The nucleic
acid was extracted from the serum sample from patient L, using
either a DNA or an RNA extraction methed. The nucleic acid
was then digested by DNAse I, RNAse A, or 51 nuclease before
the PCR assay. The results showed that the NV-F sequence was
Present only in the nucleic acid fraction that was extracted using
the DNA extraction method. The NV-F sequence was resistant
to RINAse A digestion but was sensitive to DiNAse I and S1
nuclease digestion (figure 44). To estimate the size of the NV-
F-associated agent, the serum sample was mixed with 10° E. coli
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Figure 6. Detection of NV-F antigen in the liver biopsy sample from & patient with NV-F and hepatitis B virus cainfection (patient B), See the legend

to figure 5 for further details.

organisms and‘passed through a filter with a pore size of 0.2
pm. The nonfilterable material was resuspended in PBS and
analyzed in parallel with the filtered portion. The result indicated -
that the putative particles containing the NV-F sequence were
smaller than 0.2 ym (figure 4B). .

It was found that, in some patients with chronic hepatitis B,
coinfection with the NV-F agent and HBV occurred. A 36-year- -
old male (patient B from the chronic hepatitis B group) who
had chronic hepatitis B with mild activity for >2 years came to
our clinic to undergo a liver-biopsy for fibrosis staging. A PCR
assay revealed that his serum was also positive for NV-E The
serum sample from patient B was subjected to cesium chloride
gradient analysis. The gradients were fractionated and assayed
for the presence of HBV DNA. (using a quantitative test) and
the NV-F sequence (using -round PCR followed by Southern
blot analysis). Two peaks of NV-F sequence were present, one
in the fractions of 1.33-1.39 g/mL. and the other in the fractions
of 1.22-1.25 g/mL (figure 4C). The peak HHBV DNA concentra-

" tion was found in the fraction of 1.19-1.21 g/mL, indicating that
- the HBV particles were slightly lighter than the NV-F-associated
particles, This experiment was repeated using serim samples
frorn 3 other patients with NV-F-associated hepatitis, and the
results were consistent

Inmuncfluorescence analysis. By use of the NV-F fusion
protein expressed in insect cells, mouse anti-NV-F antibody
was developed for immunofluorescence analysis. This antibody

specifically detected the putative NV-F antigen (figure 3B). Im-
munofluorescence analysis was performed on the liver biopsy
tissue obtained from patient F (figure 5) and patient B (figure
6). It was found that the antigen was distributed either in a
speckle pattern or homogeneously in the cytoplasm of he-
patocytes. Furthermore, positive staining was also observed in
the perinucléar area (or on the nuclear 'membrane) in most
positively stained cells.

DISCUSSION

Owing to technological advances in molecular biology, 5 ma-
jor hepatitis viruses (HAV to HEV) have been discovered, The
etiology of chronic hepatitis can thus be determined in a great
majority of patients. Despite this achievement, the cause of
chronic_hepatitis remains elusive in ~5% of patients [5, 14].
Furthermore, in acute hepatitis; the proportion of patients with
undetermined etiology is even higher [3, 15]. In Taiwan, the
HBV carrier rate is ~15%, and more than half of the inpatients
in Taiwan with acute hepatitis are seropositive for HBsAg [3].
It is believed that acute exacerbation of hepatitis B in chronic
HBV carriers is yesponsible for the majority of acute hepatitis
flares [16]. Even though the proportion of patients with non-
B hepatitis is small, the etiology of acute hepatitis rerains un-
determined in 15.9% of our inpatients, suggesting the existence
of other, unidentified hepatitis viruses [3}. In this study, we have
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identified a fragment of DNA sequence (NV-F) in the serum of
a patient with non-A-E hepatitis. Only 2.8% of healthy indi-
viduals carried this sequence in their serum, whereas 24.6% of
patients with non—A-E hepatitis were positive for NV-E. In this
study, we did not exclude patients with nonalcoholic steatohep-
atitis from the non—-A-E hepatitis group, nor did we exclude
patients with fatty liver [17, 18). It is possible that the prevalence
of NV-F would be even higher if such patients were excluded.
Interestingly, a high prevalence of NV-F is also observed in pa-

tients with chronic hepatitis B or C, indicating that coinfection,

with NV-F and either HBV or HCV frequently occurs. Similazly,
when HCV was initially discovered, many smdies on the sero-
prevalence of HCV indicated that HCV was found in >10% of
HBV-infected patients worldwide [19). The prevalence might be
underestimated, since HCV superinfection exerts a suppressive
effect on HBV and enhanced seroclearance of HBV [20]. Coin-
fection with HBV or HCV was also commonly found in patients
with GBV-C, TTV, and SEN virus infection. Supposedly, such a
high percentage of coinfection is attributed to a common trans-
mission route. The effect of NV-F superinfection on chronic
hepatitis B or C is not clear at this time. A detailed clinical analysis
is needed to answer this question. Despite a high prevalence of
the NV-F agent in non—A-E hepatitis, it is still questionable
whether NV-F is the direct cause of hepatitis. Since NV-F fre-
quently coinfects with HBV or HCV, it remains possible that
NV-F coinfects with a yet-unidentified virus in patients with
non-A-E hepatitis and that it is the unidentified virus that
serves as the direct cause of hepatitis. In this study, we have
provided 2 pieces of evidence suggesting that NV-F might con-
tribute, at least in part, to the hepatitis activity. First, in patient
F, NV-F viremia occurred concurrently with the hepatitis flare,
and the NV-F agent was cleared from the serum after recovery
from the disease, This temporal relationship argues for a caus-
ative role of NV-F in non—A—E hepatitis. Second, the NV-F
antigen was found in the cytoplasm of hepatocytes, suggesting

that this agent is hepatotropic. The presence of a foreign antigen”

in the Liver cells frequently results in an inflammatory reaction—
namely, hepatitis—unless other unknown mechanisms are in-
volved to deter the host immune response. Purther immuno-
logical study is needed to understand the mechanism of NV-F-
associated non-A-E hepatitis. .

At this time, the biological nature of the NV-F agent has not
been completely defined. Qur data indicate that it is smaller
than 0.2 um, forms 2 buoyant densities in a cesium chloride
gradient, and possesses single-stranded DNA. These features
suggest that the NV-F agent is possibly a virus. The presence
of 2 densities in cesium chloride gradient analysis is sometimes
observed in an enveloped virus, A possible explanation is that
some particles containing only the nucleocapsid (but not the
envelope) form the band with the higher density. However,
owing to an extremely low serum concentration of NV-F, the

attempt to visualize the particles by electron microscopy failed.
Southern and Western blot analysis using the remaining liver
biopsy samples submitted for this study from patients L and
B (only 3 mm in length} failed to defnonstrate theviral genome
and protein. A larger piece of tissue, such as surgically removed
liver tissue, may be required to achieve this goal. A BLAST
search showed that none of the known sequences shared se-
quence homology with NV-E Further extension of the 5’ and
3 ends of the NV-F sequence is, thus, progressing very slowly.
The best-known single-stranded DNA viruses are parvoviruses
and circoviruses. It is possible that NV-F belongs to a class of
virus distantly related to one of these 2 families. Alternatively,
it may represent a new class of agents that has no known close
relatives.”

In summary, we have discovered a novel single-stranded DNA
sequence that is associated with human hepatitis, including in a
patient with fulminant non-A-E hepatitis. The NV-F agent is
hepatotropic and likely belongs to a novel class of viruses. Finally,
this virus frequently coinfects with HBV or HCV in patients with
chronic hepatitis.
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TRANSFUSION COMPLICATIONS

Effects of skin disinfection method, deviation bag, and bacterial
screening on clinical safety of platelet transfusions in
the Netherlands

Dirk de Korte, Joyce Curvers, Wim L.A.M. de Kort, Tiny Hoekstra, Cees L. van der Poel,
Erik AM. Beckers, and Jan H. Marcelis

BACKGROUND: Bacterial contamination of blood
producis is a great hazard for development of fatal
transfusion reactions, Bacterial screening of platelet
concentrates (PC) by aerabic and anaerobic culturing
(BacT/ALERT, bioMérisux) was introduced in the
Netherlands in October 2001.

STUDY DESIGN AND METHODS: In November 2002,
a nationwide, uniform skin cleansing method was
introduced with a double-swab disinfeclion with 70
percent isopropyl alcohol. One location routinely used an
integrated diversion bag to callect the first 20 to 30 mL.

fotal 113,083 PCs derived from pooled buffy coats were
screened. After introduction of the new disinfection
method, 0.85 percent were initially positive. This was a
small reduction compared to the previous disinfection
methods under which 0.85 percent were initially positive.
The location with use of the diversion bag showed a
significantly lower frequency of bacteridl contamination,
with 0.50 percent before and 0.37 percent after
iniroduction of 70 percent isopropyl alcohal. In addition
8000 apheresis PCs were also screened, showing 24
initially positive samples (0.30%).

CONCLUSION: The use of the diversion bag and, lo a
lesser extent, the use of double swabs with 70 percent
isopropyl aleohol, led to a reduction of contamination. As
expected, predominant contamination with resident skin
bacteria was raduced. The combination of diversion bag
and new disinfection led to a frequency of initial positive
resuits for pooled five-donor PCs, which is similar to that
of single-donor apheresis PCs. Furthermore, the bactertal
detection system and associated product recall
procedures have been shown to be effective in preventing
transfusion of contaminated PCs andfor related red cells,
especially for rapidly growing bacteria.

RESULTS: Over the calendar years 2002 and 2003, in -
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ince the dramatic reduction of transfusion-irans-
mitied viral infections though screening for vari-
ous blood-borne viruses, transfusion-related
bacterial infections have become one of the major
risks of transfusion. Bacterial contamination is considered
to be, after clerical errors, the second most commeon cause
of death from transfusion, with mortality rates for platelet
(PLT)-related sepsis ranging from 1 in 20,000 10 1 in
100,000 donor exposures."® Tn contrast, the current fre-
quencies of virus transtnission via blood components
are estimated as 1 in 1,800,000 for hepatitis C virus, 1 in
220,000 for hepatitis B virus, and 1 in 2,300,000 for human

_ immunodeficiency virus.*® Therefore, additional screen-

ing of blood products for bacterial contamination Is under
consideration or has already been implemented in many
countries, both in Europe and in North America,®
Recause of their storage at room temperature, PLT
products are most sensitive for bacterial contamination
and thus a logical choice to start screening, In the Neth-

ABBREVIATIONS: CNS = coagulase-negative staphylococci; [PA
= isopropy! alcohol; PCls) = platelet concentrate(s); T3 =PCs pre-
pared from pools of five buify coats; TTBI = transfusion-
transmitted bacterial Infection.
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erlands, nationwide screening for bacterial contamina-
tion in 100 percent of PLT products was iniroduced at the
end of 2001. All Dutch blood banks use the BacT/ALERT
culturing system  (bioMérieux |formerly Organon
Teknika], Boxtel, the Netherlands), with a standa:dlzed
protocol.

It has previously been shown that in the majority of
positive cultures, bacterial contamination is a result of
resident skin flora’ most likely originating from the veni-
puncture plug.*® Although hygienic precautions are taken
to prevent contamination during collection, a further
reduction of the number of products with bacterial con-
tamination is desirable, To reduce the risk of contamina-
tion by skin flora two strategies can be used: 1) diversion
of the first afiquot of the donation and 2) improvement of
skin disinfection.

Regarding the first method we, as well as others, have
previously shown thai diversion of the first 10mL of a
whole-blood donation reduces the incidence of bacteria
in the remaining whole-blood unit.*!*!* The effect of this
diversion, however, on bacterial contamination of the
final product, PLT concentrates (PCs) prepared from
pooled bufly coats, has not yet been reported.

Considering skin disinfection, iodine iz the most
effective diginfectant. Because it is considered to be a
donor-unfriendly agent, however, isopropyl alcohol (IPA)
is the next best choice. McDonald and coworkers' have
shown that improved skin disinfection methods drasti-
cally reduced the number of remaining bacteria on the
phlebotomy puncture site—especially those methods
with a double-swab method, with the best results for the
combination of IPA and iodine. For this approach too, the
final effect on bacterial contaminatien of buffy coat—
derived PCs has not yet been reported,

From January 2002, at collection centers of the San-
quin Blood Bank Region Southeast {Nijmegen, the Neth-
erlands}, a collection system with an integrated diversion
bag was used to divert the first 20 to 30 mL of the whole-
blood donation. This volume was subsequenily used for
infection disease and immunohermatology testing. All
other collection centers of the Sanquin Blood Banks used
standard whole-blood collection systems without a diver-
sion bag. In October 2002, a standardized skin disinfection
method, with 70 percent IPA in a double-swab method,
was introduced in all the collection centers of the Sanquin
Blood Banks (including Nijmegen). During the whole
period all apheresis PCs were collected with a diversion
pouch included in the systen.

In this report we evaluate data on bacterial contami-
nation in the Netherlands for all apheresis PCs and PCs
prepélred from pools of five buffy coats (T5), collected in
2002 and 2003. The large numbers enable us to make
a reliable judgment of the effect of diversion and/or
changed disinfection method on the final degree of bac-

terial contamination of PC.

MONITORING BACTERIAL CONTAMINATION OF PCs

MATERIALS AND METHODS

Blood collection with or withaut diversion

Whole bleod was collected under standard blood banking
conditions with either a four-bag top and bottom citrate
phosphate dextrose {CPD)-saline adenine glucose manni-
tol (SAGM) red cell (RBC) inline filter system (Compofiex,
Fresenius Hemocare, NPBI International, Emmer-Com-
pascuum, the Netherlands) or a comparable system (Bax-
ter PL146-CPD-70 mL 3-Optipure, Baxter, Utrecht, the
Netherlands),

Sanquin Blood Bank Region Southeast (Nijmegen, the
Netherlands) used a five-bag top and bottom CPD-SAGM
RBC inline filter system (Compoflex, Fresenius Hemocare,
NFPEBI International} including an integrated sample bag
(T3941, Fresenius Hemocare}, in which diversion of the
first 20 to 30 mL of the donation was performed. After
collection of the first volume, a clamp was set and the
sample bag was sealed. Donatien proceeded normally in
the collection bag with CPD. All other collection centers
collected blood for infecticus diseases and immunochema-
tology testing after donation was completed via a sam-
pling site attached to the collection system.

Processing to PCs

Whole blood is processed similarly at all collection centers
after collection, with rapid cooling to 20°C and overnight
storage at this temperature.’® Briefly, after a hard centrif-
ugation of the whole blood, the buffy coats are collected.
Five buffy coats (same blood group) are pooled and mixed
with either 300 mi. of plasma or additive solution (AS;
PASI, Baxter), The pooled buffy coats are centrifuged
again (soft centrifugation) to produce TS products. Prep-
aration procedures for T5 varied slightly between regions,
but these differences (type of leukodepletion filter and
storage container) are not likely to cause variations in the
degree of bacterial contamination.

The blood bauk locations of Rotterdam (Region
Southwest), Utrecht (Region Northiwest), and Nijmegen
(Region Southeast) used PASII as AS in the TS products;
all other blood bank locations used plasma for pooling,

Skin disinfection

Before October 2002 skin disinfection was performed with
various methods in the Sanquin collection centers,
referred 1o as the “old skin disinfection method.” Most
centers (>95% of total collections) used a single swab
method with 70 percent alcohol-0.5 percent chlozhexi-
dine or 70 percent IPA, but some small centers used single
swabs with iodine tincture, whereas one small center used
a double-swab method with 70percent alcohol-
0.5 percent chlorhezidine, Because no differences were
found between the various centers for the old methods,
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the data for the old methods have been pooled {with and
without exclusion of the center with the diversion bag),
Starting from October 2002, a uniform disinfection
method was introduced nationwide with a 30-second
spaced double-swab method with 70 percent IPA. San-
guin Blood Bank Region Southwest introduced this new
disinfection method in October 2002, the Regions North-
east and Southeast did so in November 2002, and Region
Northwest introduced it in January 2003,

Screening on bacterial contamination

Por the screening on bacterial contamination, within
2 hours after preparation of a TS (this is 16-22 hr after col-
lection} or within 12 hours after collection of the apheresis
product, both aerobic and anaerobic culture bottles were
inoculated {approx. 7.5mL per bottle; range, 5-10 mL),
Inoculation was performed under aseptic conditions with
a laminar airflow cabinet, as reported previously.

Culture bottles were incubated at 35°C in the BacT/
ALERT systern until flagged positive or up to 7 days if neg-
ative (also in those cases were the correspending boitle
became positive). Positively flagged bottles were sent to
regional reference laboratories for determination by plat-
ing the sample. PCs and RBCs related to an initizlly posi-
tive bottle were taken out of inventory or recalled.
Corresponding RBCs, if available from stock or recall, were
cultured in the BacT/ALERT (for 7 days; both aerobic and
anaerobic botile), and positively flapged bottles were also
sent to the reference laboratories for determination.

Study design and statistical analysis

Both initial culture test results and data on the microbio-
logic determiination have been included in analyses of the

* results over the complete calendar years 2002 and 2003,

The results were used to test the effects of the new disin-
fection method and/or the diversion on the degree of con-
tamminaton. The results of the center with the diversion
bag were compared to the pooled results of all other cen-
ters not with the diversion bag.

Data showing a positive initial test, but without deter-
miftnation results, have been labeled as missing. If the
determination test could not detect microorganisms, the
initial test result has been labeled as negative determina-
tion culture.

Because the hypothesis was that the contamination
degree would be decreased after introduction of diversion
and/or new disinfection, differences in frequency of
bacterial contaminaiion between the (sub)groups were
tested with a one-sided chi-square test unless indicated
otherwise. Logistic regression was used to calculate the
odds ratios {OR) for risk of bacterial contamination with

the different methods (diversion and disinfection). Mult- .

variate logistic regression was performed to correct for
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possible confounding effects, such as seasonal effects and
AS.

All statistical analyses were performed with computer
software (SPSS, version 11,0, SPSS Inc., Chicago, 11).

RESULTS

Number of contaminated products

11 2002 and 2003, a total of 122,907 PCs were tested in the .

BacT/ALERT systern, with an aerobic and an anaerobic
botile per product, each inoculated with 7.5 mL of PC. The
majority of these PCs were T5, but 1814 products were
made by pooling three buffy coats, with an initially posi-
tive signal rate of 0.39 percent (n =7). A total of 8000 aph-
eresis PCs were tested, with 0.30 percent {n=24) initially
positive in the BacT/ALERT system. Because of their small
numbers, the producis made by pooling three buffy coats
are left out of further analysis, and the apheresis products
are presented as separate group, with limited data analy-
ses, leaving 113,093 T5 products.

In approximately 10 percent of initially positive
results, with some variation per region, no microorganism
could be cultured from the positive botde. Infrequently,
however, a microorganism could be isolated from one of
the associated RBCs (9 of 106}. For a limited number of
initiaily pesitive samples no information was reported
regarding determination culture (these are labeled as
missing), but for the large majority (98%) data on deter-
mination were available.

Effects of diversion and disinfeciion methods

Inn Table 1 the frequency of bacterial contamination for the
different collection methods is shown. Diversion was
associated with a significant reduction of bacterial con-
tamination from 095 to 0.50 percent (chi-square test,
p = 0.002) with the old skin disinfection method and from
0.85 to 0.37 percent (chi-square test, p=0.001) when the
new disinfection method was applied. For collections
without diversion, the new skin disinfection metheod com-
pared 1o the old methods resulted in a mild reduction in
initially positive samples from 0.95 tg 0.85 percent (chi-
square test, p= 0.048). For collections with diversion, the
new skin disinfection method compared to the old
method also resulted in a reducton in initially positive
samples from 0.50 to 0.37 percent (chi-square test,
p=90.18).

Calculated on initially positive samples, diversion
resulted in an OR of 0.47 (95% CI, 0.35-0.63; p < 0.001) with
univariate logistic regression. Mudtivariate logistic regres-
sion, with correction for disinfection method, time of
screening (season), and AS resulted in an OR of 0.49 (95%
CI, 0.36-0.67; p=0.003). .

For the new disinfection, the OR was 0.88 (5% (I,
0.77-1.00; p = 0.05) in univariate analysis and 0.87 (95% CJ,
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TABLE 1, Degree of contamination In subsets of T5 products™

Collection methad No diversion Divarsion Tatal

Old skin disinfections
Total tested 42,582 4,382 46,944
Initialty positive (%) 405 (0.95) 22 (0.50) 427 (0.91)
Positive determination culture (%) 373 (0.88) 18 (0.41) 391 (0.84)
Negative determination cutture (%) 26 (0.06) 4 (0.09) 30 (0.06}
Missing subculture data 6 0 5

70 pereent IPA skin disinfection
Tolal tested 59,400 6,749 : 66,149
initially posttive (%) 505 {0.85) 25 (0.37) 530 (0.80)
Positive determination culture (%) 427 (0.72) 17 (0.25) 444 (0.67)
Negative determination culture (%) 68 (0.11) 8 (0.12) 76 {0.11)
Missing subculture data 10 0 10

Total test period
Total tested 101,982 11,111 113,083
Initially positive (%) 910 (0.89) 47 (0.43) 857 (0.85)
Positive determination cuffure (%) 800 (0.78) 35 (0.32) 835 (0.74)
Negative determination culture (%) 94 (0.09) 12 (0.11) 106 {0.08)
Missing subculiure data 16 0 16

* Absolute numbers, within parentheses: percentages of total tested,

0.76-0.99; p = 0.03) with multivariate analysis corrected for
time of screening (season), AS, and diversion. Because of
the study design, correciion for the region was not possi-
ble, but no significant differences between the regions
were found. Removing individual centers from the analy-
sis did not alter any of the conclusions and only margin-
ally affected estimated effect sizes and Cls.

The effects of the various interventions have been
evaluated, either with the percentages of initially positive
samples or with the percentage of positive samples result-
ing in a positive determination culture. The percentage
of initially positive samples determines the effect of the
interventions on the numbers of PCs and related RBCs
blocked by the screening and thus the consequences for
blood banking logistics. The positive determination cul-
tures reflect the effect of the interventions on the final
degree of bacterially contaminated PCs. The ORs were
slightly lower (with lower p values) when calculated on the
rnumber of positive determination cultures, owing to the
increase in negative determination cultures after intro-
duction of diversion and/or the new disinfection method.

Plasma compared to AS

At three collection centers (Rotterdam in Region South-
west, Utrecht in Region Northwest, and Nijmegen in
Region Southeast), T5 products were prepared in a mix-
ture of PLT AS (PAS I1, Baxter) and plasma (65:35 ratio, vol/
vol; 1= 35 812). We have compared the contamination in
PAS II products without diversion with plasma products
without diversion to evaluate the effect of AS on the
degree of contamination.

The frequency of bacterial conlamination was slightly
reduced in PASII PLT products (0.86%) compared to

‘plasma products (0.91%; chi-square test, p = 0.44, not sig-

nificant). This difference did not change after the intro-
duction of the 70 percent IPA. '

Determination results

Table 2 summarizes the different species found in the con-
taminated T5 products, with classification in some origin-
relaied groups, The majority of detected microorganisms
were skin bacteria, mainly diphtheroids or coagulase-neg-
ative staphylacocci (CNS; and other Gram-positive cocci).
The other bacteria belong either to the transient skin bac-
teria or to the gastrointestinal tract,

After diversion, contamination with skin flora
(Table 2; both diphtlieroids [chi-square test, p < 0.001] and
the CNS plus group [chi-square test, p = 0.001]) was signif-
icantly reduced, whereas the other groups were not signif-
icantly reduced. The fact that no bacteria belonging to the
gastrointestinal tract were found after diversion Is proba-
bly due to their low frequency in combination with the
relatively small numbers tested. The fraction of initally
positive bottles with a negative determination culture was
higher with diversion, although not significantly so (chi-
square test, p = 0.36).

When comparing"l‘he old disinfection method with
the new disinfection method (without diversion), a signif-
icant reduction of the CNS plus group was found (Table 2;
chi-square test, p < 0.001}, but ne reduction of diphthe-
roids. Contaminaton with other bacteria was slightly
reduced; however, this difference was significant only for
Staphylococcus aureus (chi-square test, p=0.02). As for
diversion, an increase in the fraction with a negative
determination culture was observed (chi-square test,
p=0.002).

Some significant differences in the tvpe of microor-
ganisms were detected between plasma and PAS Il PLT
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TABLE 2. Determination of initlally positive samples*

Qid disinfection,

New disinfection, Diversion {both

Variable no diversion no diversion disinfections) Totals
Number of PCs tested 42,582 58,400 11,111 113,093
initially positive botlles 405 505 47 857
Missing determination [ 10 0 16
Skin tlora

Diphtheroidst 160 (0.38) 230 (0.39) 18 (0.16) 408

CNS plust 153 (0.28) 119 {0.20) 12 (0.11) 284

8. aureus§ 9 (0.02) 3 {0.005} 1(0.01) 13
Transient skin flora

Bachlius spp.ll 25 (D.06) 35 (0.06) 4 {0.04) 64
Gastrointestinal tract flora

Gram-negative rods§ 8 {0.02) 9 (0.02) 0 17

Streptococei 5 (0.01) 1 (0.002) 0 6

Peptostreplococtt 9 (0.02) 15 {0.03) 0 24
Residual group

Othets 4 (001 15 (0.03) 0 19

No microorganism 26 (0.08) 68 (0.11) 12 {0.1%) 106

{not spore forming).

total; aerccocci: [2]; micrococci [5], and unspecified [186]).

some unspecified (6 aeroble, 1 anaerobic).

* Valugs given as absolule numbers (percentage of fotal tested samples), with an additional column adding up absolute numbers.
t Diphtheroids include: Propionibacterium spp. {(mainly acnes), Corynebacterium spp., and unspecified diphtheroid rods or Gram-positive rods

} CNS plus include all coagulase-negative Staphylococcus subspecies (mainly epidermidis) and Gram-posifive cocci (less than 10% of the
§ Although there are limited reports on S. aureus contamination originating from endogencus bacteramia in the donor.

- |l Bagithus spp. (roughly 50% B. cersus), including some unspecified spore formers (12}
1| Various species, i.e., pseudomonas (1), brevundimonas (1), ftavomonas (2), bactericides spp. (4}, salmonella (1), proteus vulgans (1), and

products. Both . gureus and Gram-negative rods had a
significantly lower frequency in PASTI products (chi-
square test, p=0.01, two-sided). Moreover, the frequency
of initially positive bottles with a negative determination
culture was lower in PASTI (chi-square test, p=0.01, two-
sided). These differences might be explained by a lower
initial load with bacteria, because less potentially contam-
inated whole blood-derived material is used.

Aerchic and anaerobic botiles

Table 3 shows the mean time until the aerobic and anaer-
obic bottles became positive, in relation to the detérmina-
tion result. In general, acrobic bottles became positive
sooner than anaerobic bottles. From the positive aerobic
bottles only 35 (11%) turned positive after 5 days, whereas
from the positive anaerobic bottles 221 (35%) turned pos-
itive after 5 days. Except for diphtheroid (imore particu-
laxly the Propionibacterium spp.) and peptostreptococei
species, most bacteria did not show a preference for either
the aerobic or the anaerocbic bottles (Table 3). This is in
agreement with the results of spiking studies by Brecher
and colieagues'* showing for most bacteria growth in both
the aerobic and the anaerobic bottle. During the test
period, only 46 positively flagged umits were reported to
become positive in both the aerobic and the anaerobic
bottle. It must be kept in mind that every negative bottle
(also in case the corresponding bottle became positive)
was cultured for 7 days.
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Apheresis products
Table 4 shows some details for the B00O apheresis PCs,
all collected with an apheresis set including a diversion
pouch. Owing to small numbers, the 95 percent Cls over-
lap, and no significant differences were found berween
the old and new disinfection methods. As for the T5, the
percentage of positively flagged bottles without micro-
organism in the determination culture was higher after
introduction of the new disinfection method (chi-square
test, p =0.26). In the apheresis PCs in two cases a Gram-
negative rod was detected (0.03%; an Eschericliia coli and
a Bacteroides spp.), in one case a Bacillus spp. (0.01%), and
in two cases a Streptococcus (0.03%). In eight cases the
bacteria belonged to the CNS plus group (0.1%), in three
cases the bacteria belonged to the diphtheroids group
- (0.04%), and in seven cases a negative determination cul-
ture was obtained (0.058%). These frequencies were com-
parable to those found in the T5 products after diversion
{Table 2), except for diphthercids (0.04% vs. 0.16% in T5).

Follow-up procedures after positive flagging

PCs. For 730 (83% of total) positively flagged T5, data
on recall procedures were available (Table 5). From these
units, 386 (49%) units had to be recalled and 404 units
were still at the blood bank. The majority (88%) of the
recalled products had already been transfused and only 45
of the recalled products could be prevented from being
transfused (Table 5), Positively flagged units, which were
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TABLE 3. Growth characteristics for different bacteria specles

Totat No data on Both Aerobic baitle Anaerobic bottie
number time untit botlies Time until Time until

Variable of botlles positive positive positive* Number positive* Number
Total 857 . 38 48 1.8 330 4.0 635
Skin flora

Diphthercidst 408 5 4 3.7 45 5.0 362

CNS plust 284 2 26 1.1 185 286 143

8. aureus§ 13 0 0 0.8 6 1.3 7
Transient skin flora

Baciflus spp.H! &4 1 7 1.7 41 24 29
Gastrointestinal tract flora B .

Gram-negative rodsy 17 0 1] 1.9 10 29 7

Streptococcl [ 0 3 2.8 4 3.0 5

Peplostreptococei 24 1 0 0 3.9 23
Residual group

Others 18 3 1.3 9 4.0 13

No microorganism 106 13 3 2.3 50 24 46

Missing determination 16 16

* Mean time in days until positive signa) with BacT/ALERT.
(not spore forming).

total; aerococd [23; micrococci 5], and unspecified [16)).

some unspecified (6 aerobic, 1 anaerobic).

1 Diphtheralds include: Propionibacterium spp. {mainly acnes), Gorynebactenum spp., and unspecified diphtheroid rods or Gram-positive rads
$ CNS plus include all coagulase-negative Staphylococcus subspecies (malnly epidermidis) and Gram-positive coccl (Jess than 10% of the
§ Although there are limited reports on 8, aureus contamination criginating from endogenous bacteremia in the donor.

Il Batilivs spp. (roughly 50% B. cersus), including some unspecified spore formers (12).
v Various specles, Le., pseudomonas (1), brevundimonas (1), flavomonas (2), bactericides spp. (4), salmonalla (1), proteus vulgans (1}, and

TABLE 4. Degree of contamination in subsets of apheresis products*

report was asked, but only in 40% a
response was recefved) of transfused

Variab d_‘-?ltfi zﬁin y TS_%I IfHZt . Total teet erlod products corresponding to cultures -
ariable isinfections  skin disinfection  Total test pero -,

Total number tested 3037 4963 BOOO flagged p DSIU\:’G‘ after release. In two
initialiy positive (%) 7 (0.23) 17 (6.84) 24 (0.50) cases mild clinical symptoms (fever)
Positive determination culture (3%) 6 (0.20) 12 (0.24) 18 (0.23) were reported, but no direct relation
Negative determination culture (%) 1 (0.03) 5 (0.10) 6 (0.08) with the PIT transfusion was estab-
Missing subculture 1] 1 1

lished. During the same period, two

products were collected with a set with diversion pouch.

* Absolute numbers, within parentheses: percentages of tofal tested. All apheresis

cases of sepsis were reported after trans-
fusion of PCs with a negative signal in

already transfused at the moment of detection, had a
mean time until detection of 4.7 days, whereas for the
units still in the btood bank the mean time until detection
was 2.2 days. Of 345 units with a positive signal in the
first 48 hours of culture, only 27 units had already been
transfused.

Table 5 also shows the recall information in relation
to the various microorganisms. For the rapidly growing
bacteria, most of the PCs were still in the bicod bank
inventory or could successfully be recalled. The majority
of already transfused PCs were contaminated with diph-
theroids, mainly flagging positive between Day4 and
Day 7 of cultwre.

During this surveillance period, no severe clinical
effects of units flagged positive afier transfusion were
reported to Sanquin ar the Dutch hemovigilance system

{Transfusion Reactions in Patients; TRIP). Qver the entlre

period, there were 165 follow-up reports (for every case a

the screening'® (also after 7 days of cul-
turing). In both cases Bacillus cereus was identified as the
causative microorganism, but it remains unclear whether
this microorganism could have entered the PC during
preparation or storage, due to pinholes in the bag, or
whether it was definitely a false-negative result of the
screening system (present in the sample, but not resulting
in a positive flagging of the culture).

Related RBCs. Ini case of a positive signal in the bac-
terial screening of a pooled PLT product, corresponding
RBCs were cultured. Data on RBC recall and cultures were
available for 94 percent (901/957) of the initially positive
flagged T5 units. In 40 percent of these cases there was a
positive signal from the BacT/ALERT for one of the RBC
wits, In 85 percent of positive RBC units, the same micro-
organism as in the corresponding PC was found {majority
diphtheroids). In the majority of cases where the microor-
ganism was of different species, it belonged to the same

group. Only in 27 cases was the microorganism found in
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TABLE 5. Recall and transiusion details with respect to corresponding PGs and RBC units
Corresponding PG units Related RBC units
Total number Totat number
Variable of PCs Unknown®  Recallt  Transfusedt of RBC units  Unknown® Recallt  Transfusédi
Total 957 167 386 341 4785 375 741 138
Skin flora
Diphtheroids§ 408 57 256 234 2040 76 553 113
CNS plusll 284 54 57 42 1420 85 82 12
8. aureusy 13 0 4] 0 65 2 0 0
Transient skin flora i . o
Bacillus spp.™* 64 10 16 12 320 15 28 2
Gastrointestinal tract flora
Gram-negative rodstf 17 0 3 es 25 2 1
Strepiosocci 6 i -1 1 30 0 1 0
Peptostreptococei 24 3 14 12 120 2 16 3
Residual group
Others 19 3 11 9 95 0 5 . 1
Ng microarganism 106 23 28 28 530 90 43 6
Missing determination 16 i6 80 80
*  No data on recall available.
1 BRecall of products already refeased 1o hospitals.
f Already fransfused at time of recall.
§ Diphtheroids include: Propionibactenium spp. (mainly acnes), Corynebacterium spp., and unspecified diphtheroid reds or Gram-pasitive rods
{not spore forming).
Il CNS plus include all coagulase-negative Staphylocoecus subspecies (mainly epidermidis) and Gram-positive cocel (less than 10% of the
total; aeracocci [2]; microcoedi [5), and unspecified [16)). )
1 Although there are limited raporis on 8. aureus contamination originating from endogenous bacteremia in the donor.
** Bacillus spp. {roughly 50% B. cereuvs), including some unspecifisd spore formers (12).
T Various speciss, i.8., pseudomonas {1}, brevundimonas (1), flavomonas (2), bacterioides spp. (4), salmonelia (1), proteus vulgaris (1}, and
some unspecified (6 aerobic, 1 anaeraoble).

the RBCs totally unrelated to the organism as found in the
PCs. This number included the 2 cases with no determi-
nation culture for the PC, whereas a microorganism could
be isolated from one of the associated RBC units. The bac-
terial species in these cases were CNS plus (4), diphthe-
roids (4), and Bacillus spp. (1). '

Of a total of 4505 RBC units (901 PCs each with 5
related RBC units), 741 RBC units had already been
released and had to be recalled for cultvring, The recall
was successful in 68 percent of the cases. A total of 234
units were not available for culture, including 138 RBC
units (relating to 99 PC units) that had already been trans-
fused. For 69 of these 138 cases, one of the other related
RBC units contained the same bacterium as found in the
culture from the PC. From this it might be concluded that
only in the remaining 69 cases possibly cortaminated
RBCs were transfused. These were mainly related to posi-
tive PLT cultures in which diphtheroids found (66/69).
Because RBCs are stored at 4°C, however, it is not likely
that these transfused RBCs contained harmful quantities
of bacteria. This is supported by the fact that no transiu-
sion reactions werte reported for these units,

DISCUSSION

Based on the results of two calendar years (2002 and 2003)
of bacterial screening of all PCs in the Netherlands, it can
be concluded that interventions to reduce bacterial con-
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tamination were very effective, resulting in a reduction
of initially positive cultures for pooled T5 products from
0.95 percent (no interventons) to 0.37 percent (two inter-
ventions: diversion and new skin disinfecdon). The
50 percent reduction in frequency upon diversion is very
similar to that found in our previous whole-blood diver-
sion study™® and also corresponds with the reduction in
contamination reported by McDonald and coworkers.’®
The double-swab 70 percent IPA disinfection method
slightly enhanced the reducing effect on bacterial con-
tammination of diversion, although this is of marginal sig-
nificance and without synergy. The final frequency of
0.37 percemt (95% CI, 0.24-0.55) positive cultures found
for pooled T5 products after introduction of both diver-
sion and new disinfection method is not significantly dif-
ferent from the 0.30 percent contamination rate for single
donor apheresis PC (95% CI, 0.19-0.45), whereas the dif-
ferentiation profile is also similar. This suggests that the
relation between number of donor units and degree of
bacterial contamination of the final PC, as described by
Ness and colleagues,' no longer exists if special care is
taken to avoid introduction of bacteria during collection.
The finding that contamination is reduced to such a large
extent by diversion has led to the introduction of the
diversion pouch throughout the Netherlands, starting
from July 2004.

Our current screening system for bacterial contami-
nation of PC is highly sensitive by use of two bottles, The
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fact that in less than 5 percent of positively flagged units
both botdes were positive suggests that positve units
have an initial bacterial contamination arcund the lower
detection limit of the culture system. Owing to the high
sensitivity, the percentage of initfally positive units is rel-
atively high in our screening systemn compared to other
reported rates of bacterial contamination. Most likely, this
is due to the fact that other studies use only one culture
bottle, with lower inoculation volumes and shorter culture
times. Wagner and Robinette’ showed that higher inocu-
lation volumes lead to shorter detection times. Our results
are very similar to those in Belgium, where a similar
screening appreach is used.'®® When reanalyzing our
resulis according to the syster used in Denmark, that is,
only the aerobic bottle and 5 days of culture, our result of
0.4 percent inftially positive for T5 (with double-swab dis-
infections and without diversion) is very comparable to
the Danish resulis.”® Also for apheresis units, the recalcu-
lated initially positive rate of 0.1 percent {only aerobic bot-
fle, 5days culturing) resembles the values reported by
other groups’ taken into account that our inoculated vol-
ume is larger. '

The selectivity of a screening systern should be as
high as possible, because false-positive samples result in
unnecessary recalls and false-negative samples result in
possible transfusion of positive units. For some as vet
unknown reason, the rate of negative determination cul-
tures is increased after the introduction of interventions
for disinfection and diversion. The fraction of negative
determination cultores is 0.047 percent of total testad bot-
tles (two per unit), which is in agreement with data from
Belgium and Denmark,'®® This would result in a false-
positive rate by system failure of about 1 of 2000 cultures.
Given. that in 9 percent of cases with a negative determi-

nation culture for PCs, one of the RBC units contained a -

microorganism, it remnains questionable whether a nega-
tive determination culture reatly should be flagged false-
positive. Another possibility would be that in some cases

the microorganism still has growth capacity (positive sig-

nal in BacT/ALERT), but no colony-forming properties
(negative determination culture), This possibility is not
hypothetical, because experiments from our group
showed that after UV-C illumination the survival of bacte-
ria is much higher (about 1.5 log) when measured in liquid
culture, compared to measurement of colony formation
on solid media (unpublished results). Based on these
resuilts, we intend to implement a foliow-up procedure for
negative determination culiures, with additional attempts
o obtain a subculture.

The effect of introducing a standardized double-swab
70 percent IPA disinfection method showed borderline
significance in both univariate and muldvariate statistical
testing with respect to reduction of bacterial contamina-
tion. This is in contrast to literature results. McDonald and
colleagues’® reported a possible reduction of approxi-

MONITORING EACTERIAL CONTAMINATION OF PCs

mately 50 percent by the introduction of double-swab dis-
infection. These results, however, were obiained with a
first swab with IPA and a second swab with iodine tincture,
which might explain differences in the results. Lee and
coworkers® recently also reported a significant reduction
of the degree of bacterial contamination of PCs prepared
from whole blood by the PLT-rich plasma method, as a
result of a changed disinfection method. With respect to
skin flora, however, as expected, our new disinfection
methoed has a highly significant reducing effect on the
CNS plus group, but no effect on diphtheroids. This can
be explained by the fact that diphtheroids especially col-
onize the interior of the sebaceous glands® whereas
Gram-positive cocci, including CNS, are more on the skin
surface. Swface disinfection will therefore be less ade-
guate to remove diphtheroids, whereas diversion will
reduce all kind of skin flgra, as found in gur study.

The various bacteria species detected in 2 years of
bacterial screening of PCs in the Netherlands are classified
as skin flora, transient skin flora, or gastrointestinal tract
flora, with some very rough subclassification. Within the
skin flora, the relatively slowly growing diphtheroids
{either anaerobic Propionibacterium or aerobic Coryne-
bacterium) represent the largest group. These bacteria are
usually not considered being a clinical hazard"*® but there
are some reports describing transfusion-transmitted bac-
terial infection (TTBI) with Propionibacterium 2 Digh-
theroids also are among the Gram-positive bacteria that
can colonize prosthetic valves and intravascular implants,
causing infections that are difficult to treat.”® Upon pro-
longation of storage time to 7 days or longer, and without
a screening system able to detect these bacteria, one
should be aware of transmission of slow-growing bacteria,
such as Propionibacterium spp. This problem is currently
not encountered, because PCs containing these bacteria
are generally transfused before reaching the threshold for
inducing TTBI in the recipient.

" The second largest group are the Gram-positive cocci
not being §. aureus (CNS plus). These commensal skin
flora are not considered very pathogenic either. Gram-

~ positive coccl, however, are a regular cause of TTBI**# but

seldom responsible for septic fatalities.”® The smmall sub-
group of S. aureus is the type of skin flora with a high
clinical hazard profile! but all 13 cases found in our sur-
veillance had a positive culture before the products were
released.

The Bacillus spp. belongs to the transient skin flora
and this group includes some not further determined
spore formers. Owing to the edology of infection (we are
only considering transmission via transfusion), no further
distinction was made between B. cereus (known from food
poisoning) and other Bacilius spp. The new disinfection
method has no effect on the frequency of this group, as
expected, because spores are mnot inactivated by
70 percent 1PA, Diversion is expected to result in a reduc-
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ton for spore formers, but the observed reduction is not
significant, likely because of the low numbers. Because
spore formers remain a risk to cause TTBI even with
bacterial culturing in place, further research should be
focused on improved disinfection also effective in inacti-
vating spores,

Approximately 5 percent of all initial positive samples
were determined as normally belonging to the gas-
trointestinal tract flora, although these bacteria can also
be encountered as transient skin flora. The largest sub-
group are the anaerobic Pepiostreptococci spp. (associated
with abdominal wound infections) and some Streprococ-
cus spp., which are often reported in transfusion-associ-
ated sepsis.®®

The group of Gram-negative rods is very heteroge-
neous, with Bacteroides spp. and Salmonella spp. highly
likely to have come from the donor's blood circulation.
The aerobic Gram-negative rods, although we did not fully
determine the species in all cases, are most probably non-
fermentative bacilli and are highly likely to have been
introduced as transient skin flora. The Gram-negative
rods are well known as causalive agents for TTBI, espe-
cially those cases related to septic fatalities.'****5% In gur
study most products positive for the presence of Gram-
negative rods were prevented from entering the transfu-
ston chain. In the single case with a transfused RBC unit,
the culture turned positive after 5 days.

Among the remaining group, one remarkable micro-
organism is found, a Nocordia spp., well known as tran-
sient skin flora present in secil and cansing pneumonia,
especially in immunccompromised patients or in chronic
Iung disease.

Despite the absence of a quarantine period, in the
Dutch practice more than 80 percent of the units that
flagged positive within 2 days could be prevented from
being transfused, including the majority of those contam-
inated with the more dangerous bacteria like Grami-nega-
tive bacteria, B.cereus and S. aureus. Ninety percent of
units flagged posidve after being released had a positive
signal after more than 2 days of culturing. These units
were mainly found to be contaminated with diphtheroids,
especially Propionibacterium spp. and the majority of
these units had already been transfused. During the
period of the study, two mild transfusion reactions were
reported due to transfusion of such units. In general, how-
ever, underreporting is noticed in hemovigilance systems,
emphasizing the need for improvement. Extension of the
storage period of PCs {rom 5 to 7 days allows for an initial
quarantine period as proposed by Munksgaard and
colleagues™ but this will have a very limited impact on the
number of PCs already transfused at the time of a positive
culture.

In conclusion, it is shown that introduction of diver-
sion and improvement of skin disinfection are effective in
reducing the frequency of contaminated blood products.
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Still, the remaining risk is high enough to warrant screen-
ing for bacterial contamination. The screening system in
place in the Netherlands proves to be successful in pre-
venting the seriously contaminated PCs from entering the
transfusion chain, a similar conclusion to that reporied for
Belgium™ with a similar screening system.
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