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(b) Imported case(s).

(c) Canada - Data as of 26 February 2008,

Ireland - Data as of 31 March 2008. Cases detected by the passive surveillance programme = 1. Cases
‘ detected by the active surveillance programme = 5. :

(d) France year 2000 - Clinical cases = 101, Cases detected within the framework of the research
programme launched on 8 June 2000.= 60.

Ireland year 2000 - Clinical cases = 138. Cases identified by active surveillance of at risk cattle
populations = 7, Cases identified by examination of depopulated BSE positive herds, birth cohorts and
progeny animals = 4. ' '

Switzerland year 2000 - Clinical cases = 17. Cases detected within the framework of the investigation
programme = 16, '

(e) France year 2001 - Clinical cases = 91. Cases detected at rendering (bovines at risk) = 100 (oﬁt of
139,500 bovines tested). Cases detected as result of routine screening at the abattoir = 83 {out of
2,373,000 bovines tested).

. Ireland year 2001 - Clinical cases = 123. Cases identified by systematic active surveillance of all adult
bovines = 119, Cases identified by examination of depoputated BSE positive herds, birth cohorts and
progeny animals = 4.

Japan year 2001 - Clinical cases = 1. Cases detected as result of screening at the abattoir = 2.

() France year 2002 - Clinical cases = 41. Cases detected at rendering (bovines at risk) = 124 (out of
274,143 bovines tested). Cases detected as result of systematic screening at the abattoir = 74 (out of
2,915,103 bovines tested). The active BSE surveillance programmes implemented in France in 2002
led to routine examination of cattle aged over 24 months, which were slaughtered for consumption
purposes, were euthanised or died due to other reasons.

Ireland year 2002 - Clinical cases = 108. Cases detected by the active surveillance programme = 221.
Cases identified by examination of depopulated BSE posi-tive herds, birth cohaorts and progeny animals
= 4,

Poland year 2002 - Clinical cases = 1. Cases detected as result of routine screening at the abattoir
(cattle over 30 months) = 3, '

(ég) France year 2003 - Clinical cases = 13. Cases detected at rendering (bovines at risk) = 87. Cases

detected as result of systematic screening at the abattoir = 37.

Japan year 2003 - The 9th case was a bullock aged 21 months.

Ireland year 2003 - Clinical cases = 41. Cases detected by the active surveillance programme = 140.
Switzerland year 2003 - Clinical cases: 8. Cases detected within the framework of the official
surveillance programme: 11. Cases detected through voluntary testing following routine slaughter: 2.

(h) France year 2004 - Clinical cases = 8. Caseé detected at rendering (bovines at risk) = 29. Cases
detected as result of systematic screening at the abatt‘oir =17. ,

Ireland year 2004 - Clinical cases = 31. Cases detected by the active surveillance programme = 94,
Cases identified by examination of depopulated BSE positive herds, birth cohorts and progeny animals
=1. '

(M :
Ireland year 2005 - Cases detected by the passive surveillance programme = 13. Cases detected by
the active surveillance programme = 56. .

Switzerland year 2005 - Cases detected by the pislsive surveillance programme = 1. Cases detected
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within the framework of the official surveillance programme: 1. Cases detected through voluntary
testing following routine slaughter = 1.

(i) Ireland year 2006 - Cases detected by the passive surveillance programme = 5. Cases detected by the

active surveillance programme = 36.

(k) Greece - Data as of 30 June 2007.
treland year 2007 - Cases detecfed by the passive surveillance programme = 5, Cases detected by the
active surveillance programme = 20.
ltaly - Data as of 30 june 2007.
Japan - Data as of 21 December 2007.
Luxembourg - Data as of 30 june 2007,
Poland - Data as of 20 December 2007.
Slovenia- Data as of 30 june 2007.
Spain- Data as of 30 june 2007.
United States of America - Data as of 30 June 2007.
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: ~ World animal health situation — Number of cases of BSE reported in the United Kingdom 1/1 R—2

defined ' ' JRC2008T-019

% Number of cases in the United Kingdom s Number of reported cases worldwide (excluding the United Kingdom)
a Cases in imported animals only » Annual incidence rate

Number of cases of bovine spongiform encephalopathy {BSE) reported in the
United Kingdom @

Aldeney GreatBritsin  Guemsey® isleofMan®  Jersey  Norhemlreland . 4
1887 and beforel4) o 442 4 0 0 0 446
198819 0 2 469 34 6 1 4 2514
1989 0 7137 52 6 4 29 7 228
1390 0 14181 83 22 8 113 14 407
1991 0 25032 75 67 s 170 25 359
1992 o 35 682 92 109 o 374 37 2680
1993 0 34370 115 11 35 459 35090
1934 2 23945 69 55 22 345 24438
1335 o 14 302 44 33 10 173 14562 )
1996 0 8016 36 11 12 74 8149
1997 0 4312 44 9 5 23 4393
1998 o 3179 25 5 8 18 3235
1999 0. 2274 1 3 6 7 2301
2000 0 1355 13 0 0 75 1443
2004 ) 1,413 2 0 0 87 1,202
2002 o < 1,044 1 0 1 o8 1,144
2003 0 549 0 0 0 62 611
2004 0 309 0 0 "0 34 343
2005 0 203 0 0 0 22 225
2006 0 104 0 0 0 10 114
2007 0 53 0 0 0 14 - 67
200515} 0 10 0 0 0 0 10

(1) Cases are shown by year of restriction.

{2} In the isle of Man BSE is confirmed on the basis of a laboratory examination of tissues for the first case on a farm and
thereafter by clinical signs only. However, all cases in animals born after the introduction of the feed ban have been subjected to
histopathological/scrapie-associated fibrils analysis. To date, a {otal of 277 animals have been confirmed on clinical grounds only.

(3) In Guernsey BSE is generally confirmed on the basis of clinical signs only. To date, a total of 600 animals have been confirmed
without laboratory examination.

(4) Cases pricr to BSE being made notifiable are shown by year of report, apart from cases in Great Britain which are shown by
year of dinical onset of disease.

(5) Data as of 31 March 2008.
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Minimum infectious dose of hepatitis B virus in chimpanzees
and dlfference in the dynamics of viremia between genotype A
and genotype C

Yutaka Komiya, Keiko Katayama, Hisao Yugi, Masaaki Mizui, Harumichi Matsukura,
Tetsushi Tomoguri, Yuzo Miyakawa, Ayako Tabuchi, Junko Tanaka, and Hiroshi Yoshizawa

BACKGROUND: In planning optimal hepatitis B virus
(HBV) blood screening strategies, the minimum infec-
tious dose and early dynamics of HBV need to be
determined. for defining the window period for HBV
DNA as well as for hepatitis B sutface antigen '
(H BsAg)
STUDY DESIGN AND METRODS: Pairs of chimpan-
zees were inoculated with preacute-phase inocula con-
taining HBY of genotype A of genotype C to determirie
the minimum infectious dose, and two pairs of chimps

- infected with the lowest infectious dose of genotypes A
and G were followed for HBV markers, .

" RESULTS: The minimum 50 percent chimpanzee infec-
tious dose (ClIDg) was estimated to be abproximately 10

" coples for gehotype A and for genotype C. In the two
chimps inoculated with the lowest infectious dose, the,
HBV DNA window was 55 to 76 days for genotype
Aand 3510 50 _days'for genotype G, respectively, The
HBsAg window was 69 to 97 days for genotype-A and 50

- to 64 days for genotype C, respectively. The doubling

times of HBY DNA were 3.4 days (95% confidence inter-
val [Cl], 2.6-4.9 days) for genotype A and 1.9 days (95%
Cl, 1.6-2.3 days) for genotype C. When comparing the
replication velocfty of HBV DNA between the two geno-
types, the doubling time of genotype C was significantly
shorter than that of HBY genotype A (p < 0.01).
CONCLUSION: Although the GiDg, of approximately 10
copiess was similar for the two HBV genotypes, the -
doubling ime and pre-HBVY nucleic acid amplification
technology (<100 copies/mL) window perlod in chirmps

. infected with the lowest infectious dose seemed to be
shorter for genotype C than for genotype A.

<

. ostiransfusion infecton with hepatitis B virus

(HBV) has decreased dramatically since screen-

ing for hepatitis B surface antigen (HBsAg) was

introduced in the -early 1970s. The number

of reported posttransfusion hepatitis B cases has been

further reduced after screening for antibody to HBV core

(anti-HBc) was implemented in the late 1980s in the

United States and Japan.!” Japan introduced HBV DNA

screening by nucleic acid amplification technology (NAT)

in minipools (MPs) in 1999, Since introduction of MP-NAT,
more than 500 seronegative donations with detectable

HBV DNA have been interdicted, although there are still

units of blood in an early or late phase of HBV infection

286 TRANSFUSION Volume 48, February 2008.

ABBREVIATIONS: CID; = 50 percent chimpanzee infectious
dose; CLIA = chemiluminescent immunoassay; JRC = Japanese
Red Cross; MP(s) = minipool(s).
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with low viral load that can escape detection by NATS3
Interestingly, the lookback program of the Japanese Red
Cross (JRC) demonstrated that low viral load donations in
the window phase were more than 10-fold more often
implicated in HBV transmission reports than were occult
. carriers with anti-HBc titers below the exclusion limit of

the antd-HBc hemagglutination inhibition screening .

assay.’ Bearing in mind the relatively high infectivity of
HBV in the window phase, exact knowledge on early
dynamics of HBV replication is important for residual risk

estimations.*” It will determine the threshold of NAT .

in identifying blood donors during the preacute phase
of HBV infection, which is important for planning and
executing evidence-based hepatitis B blood screening
strategies.™ In this context, the relative infectivity of HBV
in the early window phase is an important factor for miea-
suring the effect of NAT screening systems on the residual
risk of HBV transmission by blood transfusion.™
Chimpanzees are the only experimental animals sus-
ceptible to human hepatitis viruses and have been very
useful in transimission studies.! As-early as the mid-1970s,
it was demonstrated that blood units from HBYV carziers,
especially those positive for the presence of hepatitis B
€ antigen (HBeAg), have a tremendously high infectious
potential and can transmit infection to chimps by intrave-
nous inoculation with 1 mL of plasma diluted .to 1:10%."
Now that NAT enables detection of HBV DNA in blood
donors even in individual-denation format, it can be esti-
mated by mathematical modeling what the residual risk
would be depending on the minimum copy number
required for infection.? More conservative risk modeling
assurnes - that a single copy of HBV, if it successfully

reaches a hepatocyte in susceptible hosts, may be encugh -

1o establish infection.® To pursue strategies for preventing
HBV infectons by blood transfusions, additional informa-
. tion on the infectivity of HBV is crucially required. It is
imperative to define not only the miniraum copy number

MINIMUM INFECTIOUS DOSE OF HBV AND GENOTYPE

MATERIALS AND METHODS

Chimpanzees

Six chimps entered this study Their age, sex, and weight,
as well as the HBV inocula that they received are listed in
Table 1 along with the infection outcome. Every chimp
was kept in an individual cage and received humane care
in accordance with all relevant requirements for the use of
primates in an approved institution. None of the six
chimps had serologic or molecular biologic evidence of
past or present HBV infection prior to the inoculation.
They were also not infected with hepatitis C virus (FICV)
and human immunodeficiency virus type-1, Chimps were
inoculated intravenously while they were under anesthe-
sia by intramuscular injection with ketamine hydrochlo-
ride. After the inoculation, serum samples were obtained
once a week or more frequently as requiréd, until 16 weeks
or fonger. They were tested for HBV DNA, HBsAg, anti-
HBc, anti-HBs, and alanine aminotransferase as well as .
aspartate aminotransferase,

Inocula containing HBV
The chimpanzees received four kinds of inocula (Table 1).

. Inoculal and II.were fresh-frozen plasma (FFP) units

from blood donors acutely infected with HBV genotypes A
and C, respectively. Inocula I and IV were plasma samples
from chimps infected with inoculum I of genotype A and
inoculum III of genotype C, respectively (see Figs. 1A and
1B). Inocula Il and IV were: 1) recovered in the preacute
phase of HBV infection before immune responses of the
host had developed; 2) positive for the presence of HBV

. DNA in the highest titer before anti-HBc developed; and 3)

taken with utmost care to maintain the infectious activity
and avoid attenuation during serial processing from blood
collection until storage, Immediately after blood drawing

of HBV DNA or number of virions
required for transmission of HBV, but
also the early dynamics of HBV replica-

TABLE 1. Six chlmpanzees and HBY mocula and HBV

infection outcomes

tion in thé citculation of infected hosts. | Chimpanzee

Age, sex, weight HBV DNA caples Qutcome

This can be established more accurately
in chimpanzee - experiments. In this
report on experimental transmission of

genctype A
1 Chimp 246

- hepatitis B in chimps, the minimum 2 Chimp272 9 years, male, 56.7kg 1 mL (1:10° diution) Not infected
infectious dose was determined sepa- . 3 Chimp279 8 years, male, 51.4 kg 1 mL {1:10° dilution) Not infected
rately for HBV of genotypes A and C, 3 Chimp 279 Reincculation 1 mb {1:10° dilution) infected

- 4 Chimp 280 8 years, male, 39.4 kg 1 mL (1:10° dilution) Infected

and thie copy number of HBV DNA for
establishing infection was defined for

; genotype C
each of them. Moreover, the doubling

2 Chimp 272

Inogulum I: FFP from a human donor int the preacute phase 6f HBV infection of

13 years, male, 60.7 kg
Inocutum [I: Preacute-phase plasma of Chimp 246 containing HBV (2.6 x 10° copies/mL)

Inocilum Ill; FFP from a human donor in the préacute phase of HBV infection of

Reinoculation

1 mL (6.9 x 10° copies/mL)  Infected

5mL (5.3 x 10° copiesfiml}  Infected

time and logarithmic time of HBV DNA
were determined by following the viral
dynamics in the preacite phase of
chimpanzees who had received the
minimum infectious dose of HBV,

Inoculum {V: Preacute-phase plasma of Chimp-272 containing HBV (3.0 x 10° copies/mL)

5 Chimp 269 11 years, male, 62.5kg 1 mL {1:10° dilution}) " Not infected
. 6 Chimp 285 7 years, male, 41.1kg 1 mL (1:10° dilution) Not infected -

5 Chimp262 Reinoculation 1 mL {1:10° dilution}) Infected

6 Chimp 285  Reinoculation 1 mL {1:10° dilution) Infected

Volume 48, February 2008 TRANSFUSION 287
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A Inoculum [}
HBY DNA HBY DNA: Zﬁxlnscqp:es/mL
ALT (coplatfmL} HBsAgpositive 216.5(5/N) Axsyir
A.nﬁ—HBc:neqaﬁve 183 (%INH)AxS M

HiflaAg as cutoff values, respectively. Qualita-
m Anti-HBg tive assay for HBV DNA was performed
(mitl/mLy (6NH) by polymerase chain reaction (PCR)

noculum IV -
B . HBV DNA: &&f%&%ﬁ?ﬂ?}'ﬂi .
AT Anti—-!-Ichl egative BADSINH)ASYM®
WGy 110'0
mn']
8004  1x10%q
07
8004 110ty
10
4007 Taloty
1 oty
2004 Ix1077
123079
i mpﬂu 35 7 106 10 17

- Fig. 1. Time course of HBV serum markers in chimps used as a source of inoculation
of HBV genotype A and genotype C. (A) Chimp 246 was inoculated with human
plasma of HBV genotype A: Inoculum II for chimp infectivity studies was harvested
in the ramp-up phase of viremia before anti-HBc seroconversion at the thne HBV
DNA had reached a concentration of 2.6 x 10° copies per mL and the HBsAg
response had increased to a signal-to-noise (8/N) ratic of 216.5 (cutoff SIN = 2.0).

(B} Chixnp 272 was inoculated with human plasma of HBV genotype C. Inoculum IV
was harvested in the ramp-up phase of viremia before anti-HBc seroconversion at
the time FBY DNA had reached a concentration of 3.9 % 108 coples per mi and

HBsAg had increased to an §/N ratic of 34.0,

from chimps, plasma samples were separated. They were

divided into 15 tubes in 1-mL aliquots, snap-frozen in
liquid nitrogen, and kept in a deep freezer at —80°C until
used for transmission experiments. For each experiment,
the plasma in one tube was thawed gently by immersing it
in a water bath at 37°C, and the required amounts were
used.

Laboratory tesis

HBsAg, anti-HBc, and antihody to HBsAg (ant-HBs)
were determined by chemiluminescent Immunoassay
{CLIA} with commercially available kits (AxSYM, Abbott
Japan, XK, Tokyo, Japan), with the index of 2.0 (signal-to-
noise [$/N]}, 50 percent inhibition, and 5.0 mIU per mL

288 TRANSFUSION Volume 48, February 2008

25

FIO0 with primers deduced from the
S region of HBV DNA.™? HBV DNA was -
quantitated by the PCR (TagMan,

i Roche Diagnostics KK, Tokyo, Japan)
Lso with a sensitivity of 100 copies per mL.
Quantitative assays for HBV DNA were
performed simultaneously for an accu- -
rate comparison of data.

-o.
Calculation for doubling time and
HBsAg logarithmic time of HBY DNA™
m attze  To calculate the doubling time and the
tmlufmu *%KH)  Jogarithmic time (time for reaching 10
- 100 3

times the amount) of HBV DNA at
ramp-up after the infection, HBY DNA-
copy numbers were evaluated statisti-
cally by log lmear regression analysis.
[ The comparison of regression slope (the
doubling time and the logarithmic time)
between HBV genotypes was evaluated
by growth curve analysxs (Vonesh-
‘¢ Carter-Ohtaki method).1**

21¢
dnys_

RESULTS

Inocula and copy numbers of HBV
genotype A or genotype C

" recovered from chimpanzees in the
preacute phase of infection

Chimp 246 was Injected intravenously
with I mL of FFP from a bleod donor in
the preacute phase of HBV infection
(Table 1); the donor had been screened
by NAT at a JRC Blood Center. His
~‘plasma sample contained 6.9 x 10* copies per mL of HBV
DNA genotype A and was positivé for the presence of
HBsAg but negative for the presence of anti-HBc¢ (inocu-
lum I). Plasma was harvested from Chimp 246, in- the
preacute phase of HBV infection 57 days after inoculation
(inoculum ID), It contzined 2.6 10° copies per ml, HBV
DNA and was positive for the presence of HBsAg but still

" negative for the presence of anti-HBc and anti-HBs

(Fig. 14).
Likewise, Chimp 272'was m]ected mtravenously with
* 5 mL of FFP from a blood donor in the preacute phase of
. HBV infection who had been screened by NAT at JRC .
(Table 1). It contained 5.3 x 10° copies per mL of HSVDNA
genotype C and was positive for the presence of HBsAg
but negative for the presence of anti-HBc and anti-HBs
(inoculum IID). Thus, Chimp 272 was inoculated with



