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— World animal health situation ~ No. of reported cases of BSE worldwide (excludihg the Unite... 1/3 R—
defined JRC2008T-018

« Number of cases in the United Kingdom « Number of reported cases worldwide {excluding the United Kingdom)
» Cases in imported animals only » Annual incidence rate

Number of reported cases of bovine spongiform encephalopathy (BSE) in-
farmed cattle worldwide*(excluding the United Kingdom)

Country/Year 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1993 2000 2001 2002 2003 2004 2005 2006 2007 2008

Austria 0o 0o 0o 0 0 o0 06 0 0 0 0 0 1 0 0 0 2 2 1

Belgium o 0o o 0 0 0o 0 0 t 6 3 9 4 3B 15 1N 2 2 0

Canada 0 0 ©0 0 1» 0 0 0 0 0 0 0 0 O 2 1 1 5 3 10

Czech Republic o o o o o 0 0 0 0 o0 o0 o 2 2 4 7 8 3 2

Denmark o o o0 1, 0 o o o0 o o o 1 & 3 2 1 1 o

Einland o o 0 o 0 0o 0 0 0 0 0 0 1) 0 0 0 ©0 0o O

France 0 0 5 0 1 4 3 12 6 18 31 1(3; 2(3‘ 2(?)9 '(3)7 54h) 31 8 1
Germany 0 0 0 1b 0 3b) 0O O 20) 0 O 7 125 106 54 65 33 16 4

Greece o o0 o o0 o O O © o0 o0 o0 0 ‘1 0 o o 0 0 oK P
lreland 15(2) 14(a) 17(a) 18(a) 16 19(a) 16(a) 73 80 83 91 1(3)9 "::f 3(::)3 1(3? 1&; 69() 41G) 25() 6() : §
Israel o o 0o o0 o © 0O 0 0 0 o0 o0 o0 1 ©0 0 0 0 O

ttaly 0 0 0 0 0 20) 0 0O 0 O O 0 48 38@ 29 7 8 7 2

Japan © 0 0o 0 0 0 0 ©0 0 0 0 0 3 2 49 5 7 10 3

Liechtenstein (4] 0 ‘ Q 0 0 0 0 1] 0 2 © 0 (1] 0 0 0 0 0 0

Luxembourg 6 0 0 0 0 © o0 o 1 © © o e 1 ©0 0 t 0 oK

'Methedands 0o o o 0 0 ©0 0 ©0 2 2 2 2 20 24 19 & 3 2

Poland 00 0 0 6 0 0 0 0 0 0 0 0 4 5 1M 19 10 70

Portugal 0 1) 10) 10) 3®) 12 15 31 30 127 159 1(:? 110 86 133 92(a) 46 33 .

Slovakia ©c o 0o o 0o 0o 0 0o 0 0o 0 o S 6 2 7 3 o0

Slovenia © 0 0 0 0 0 0 0 0 0 0 ©° 1 1 1 2@ 1 1 16

Spain 0 0 0o 0 ©0 0 ©o 0 0 0 0 2 8 127 167 137 9 68 26(K

Sweden , o ¢ 0o 0o o 0 0 0o 0 06 06 o0 ©0 0 -0 0 0 1 ' o
Switzerland O 2 8 15 20 64 68 45 38 14 50 3 42 24 2@ 3 30 5 O -
United Kingdom — see particular table ) '

”ﬂmm‘—“f!. © 0o o o 0o 0 o 0 0 0 0 0 0 0 0 0 1 1 00

* Cases ate shown by year of confirmation.

... Not available

(a) Canada: 1 case dia'gnosed i'n Canada in May 2003 + 1 case diagnosed in the United States of
America in December 2003 and conﬁrmed as having been imported from Canada
Finland: date of confirmation of the case: 7 December 2001,
France: includes 1 |mported case (confirmed on 13 August 1999).
Ireland: includes |mported cases: 5in 1989, 1in 1990, 2 in 1991 and 1992, 1 in 1994 and 1995.
ltaly: includes 2 imported cases. :
Liechtenstein : date of the last conf‘ rmation of a case: 30 September 1 998
Portugal: includes 1 imported case.
Slovenia: includes 1 imported case. 16
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OIE — World animal health situation — No. of reported cases of BSE worldwide (excluding the Unite... 2/3 R—:

(b) Imported case(s).

(0

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 (out of

4]

139,500 bovines tested). Cases detected as result of routine screening at the abattoir = 83 (out of
2,373,000 bovines tested).

freland year 2001 - Clinical cases = 123. Cases identified by systematic active surveillance of all adult
bovines = 119. Cases identified by examination of depopulated 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 positive herds, birth cohorts 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.

(Q) 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. Cases detected at rendering (bovines at risk) = 29. Cases

0

detected as result of systematic screening at the abaﬁoir =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.

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 passive surveillance programme = 1. Cases detected

http://oie.int/eng/info/en esbmonde.htm 2008/04/0



~ World animal health situation ~ No. of reported cases of BSE worldwide (excluding the Unite... 3/3 _R—

within the framework of the official surveillance programme: 1. Cases detected through voluntary

testing following routine slaughter = 1.

(j) 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.
reland 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.

ftopl | 0
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: — World animal health situation — Number of cases of BSE reported in the United Kingdom 1/1 R—=
idefined JRC2008T-019

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

Number of cases of bovine spongiform encephalopathy (BSE) reported in the
United Kingdom &

Alderney  GreatBritain  Guemsey®) IsleofMan®@  Jersey  Nodhemlsland i som
1987 and beforeld) o 442 4 0 0 0 446
193314} 0 2 469 34 6 1 4 2514
1989 0 7137 52 6 4 29 7228
1990 0 14181 83 22 8 113 14 407
1991 0 25032 75 67 15 170 25 359
1992 0 36682 92 109 3 374 37 280
1993 0 34 370 115 11 35 459 35090
1994 2 23945 69 55 22 345 2443y
1995 0 14302 44 33 10 173 14562 7
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
2001 0 1413 2 0 0 87 1,202
2002 0 ¢ 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 22 . 225
2006 0 * 104 0 0 0 10 114
2007 0 53 0 0 0 14 &7
200838} 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 tiss‘ues 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 ﬂbrils analysis. To date, a total of 277 animals have been confirmed on clinical grounds only.

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

{4) Cases prior 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.
[top}]

Last update :17-Avr-2008 (fr)
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BENE2008-002

TRANSFUSTON COMPLICATIONS

Minimum infectious dose of hepatitis B virus in chimpanzees
and dlﬁerence 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 surface antigen
(HBsAg).
STUDY DESIGN AND METHODS: Pairs of chimpan-
zees were inoculated with preacute-phase inocula con-
taining HBV of genotype A or genotype C to determine
the minimum infectious dose, and two pairs of chimps
infected with the lowest infectious dose of genotypes A

. and C were followed for HBV markers.

* 'RESULTS: The minimum 50 percent chimpanzee infec-

: tious dose (CiDs,) was estimated to be approximately 10

- copies for genotype 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
A and 35 to 50 days for genotype C, respectively. The
HBsAg window was 69 to 97 days for genotype-A and 50

- {o 64 days for genotype C, respectively. The doubling

* times of HBV 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 velocity of HBV DNA between the two geno-
types, the doubling time of genotype C was significantly
shorter than that of HBV genotype A (p < 0.01).
CONCLUSION: Atthough the CIDs, of approximately 10
copies was similar for the two HBV genotypes, the
doubling time and pre-HBV nucleic acid amplification
technology (<100 ¢opies/ml.) window period in chimps

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

{
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 osttransfusion infection 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 intoduced 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

ABBREVIATIONS: CIDs, = 50 percent chimpanzee infectious
dose; CLIA = chemiluminescent i umnunoassay' JRC = Japanese
Red Cross; MP(s) = minipool(s).
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with low viral load that can escape detection by NAT3
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 anti-HBc hemagglutination inhibiton 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 mea-
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 transmission studies.!® As early as the mid-1970s,
it was demonstrated that blood units from HBV carriers,
especially those positive for the presence of hepatitis B
e 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-donation 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
assumes -that a single copy of HBV, if it successfully

reaches a hepatocyte in susceptible hosts, may be enough

to establish infection.® To pursue strategies for preventing
HBVinfections by blood transfusions, additional informa-
. tion on the infectivity of HBV is crucially required. It is
imperative to define not only the minimum copy number
of HBV DNA or number of virions

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 (HCV)

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 required, until 16 weeks

or longer. They were tested for HBV DNA, HBsAg, ant-

HBc, anti-HBs, and alanine aminotransferase as well as .
aspartate aminotransferase.

Inocula containing HBV

The chimpanzees received four kinds of inocula (Table 1).
Inocula Iand Il . 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 I 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

required for transmission of HBV, but
also the early dynamics of HBV replica-

TABLE 1. Six chimpanzées and HBV inocula and HBV

infection cutcomes

tion in the circulation of infected hosts. Chimpanzee

Age, sex, weight HBV DNA copies Outcome

This can be established more accurately
in chimpanzee experiments. In this
report on experimental transmission of
hepatitis B in chimps, the minimum

genotype A
1 Chimp 246

Inoculum I: FFP from a human donor in the preacute phase 6f HBV infection of

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

1 ml (6.9 x 10* copies/mL)  Infected

| . . 2 Chimp272 9 years, male, 58.7 kg 1 mi (1:10° dilution) 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 Chimp279  Reinoculation 1 mL (1:10° dilution) Infected
. . . 4 Chi 8 le, 39.4 k 1 mL (1:105 diluti Infected
and the copy number of HBV. DNA for i ?h'mﬁlzgﬁpf yea;s‘ ma edo . gm m t( N qum:;v' tocti " :c ©
s 1s . .. n m i rom a numan nor In T e tniection O

establishing infection was defined for ‘;::]:type c 7 v in fhe preacule pliase o
each of them. Moreover, the doubling 2 Chimp 272  Reinoculation sml (5.3 x 10° copies/ml)  Infected
time and logarithmic time of HBV DNA Inoculum IV: Preacute-phase plasma of Chimp-272 containing HBV (3.0 x 10° copies/mL)
were determined by following the viral 5 Chimp 269 © 11 years, male, 62.5kg 1 mL (1:10° dilution) Not infected
d . in th h £ . 6 Chimp285 7 years, male, 41.1 kg 1 mL (1:10° dilution) Not infected

ynamics in the preacute phase o 5 Chimp 263  Reinoculation 1 mL (1:10° dilution) Infected
chimpanzees who had received the 6 Chimp 285  Reinoculation 1 mL (1:10° dilution) Infected

minimum infectious dose of HBV.

Volume 48, February 2008 TRANSFUSION 287

24



KOMIYA ET AL.

A Inoculum H
HBV DNA HBVY DNA : 2.6x10¢ ¢opies/ml
ar HBsAgpositive 216.5(S/N) Axsvme

HisAg as cutoff values, respectively. Qualita-
tive assay for HBV DNA was performed

(mitiml) C6D by polymerase chain reaction (PCR)

inoculum IV :
8 HBY DNA : 3.0x1Q°% copies/ml
HBV DNA HBsAgpositive 34.0(S/N} Axsymr
ALY sas/mi Anti-HBc:negative 8.4(%INH) AxsYm~

with primers deduced from the
S region of HBV DNA."? HBV DNA was
quantitated by the PCR (TaqMan,
Roche Diagnostics KK, Tokyo, Japan)
with a sensitivity of 100 copies per ml..
Quantitative assays for HBV DNA were
performed simultaneously for an accu-
rate comparison of data.

. Calculation for doubling time and
HEsAQ logarithmic time of HBV DNA:

M R
Anttins Ant-iee  To calculate the doubling time and the
{miU/mL) 6INH)

logarithmic time (time for reaching 10

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 time 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 (S/N) ratio of 216.5 (cutoff S/N = 2.0).

(B) Chimp 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 HBV DNA had reached a concentration of 3.0 x 10° copies per mL and

HBsAg had increased to an S/N ratio 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 tests

HBsAg, anti-HBc, and antibody to HBsAg (anti-HBs)
were determined by chemiluminescent  immunoassay
(CLIA) with commercially available kits (AxXSYM, Abbott
Japan, KX, Tokyo, Japan), with the index of 2.0 (signal-to-
noise [S/N]), 50 percent inhibition, and 5.0 mIU per mL
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Tmo times the amount) of HBV DNA at

ramp-up after the infection, HBV DNA-
copy numbers were evaluated statisti-
cally by log linear regression analysis.

= The comparison of regression slope (the
doubling time and the logarithmic time)
between HBV genotypes was evaluated
_ by growth curve analysis (Vonesh-
-0 Carter-Ohtaki method).13¢

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 1 mL of FFP from a blood 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 positive for the presence of
HBsAg but negative for the presence of anti-HBc (inocu-
lum ). Plasma was harvested from Chimp 246, i the
preacute phase of HBV infection 57 days after inoculation
(inoculum IN}. It contained 2.6 x 10° copies per mL HBV

- DNA and was positive for the presence of HBsAg but still

negative for the presence of anti-HB¢ and anti-HBs
(Fig. 1A). )
Likewise, Chimp 272'was injected intravenously 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 HBV DNA
genotype C and was positive for the presence of HBsAg
but negative for the presence of anti-HBc and anti-HBs
(inoculum If}. Thus, Chimp 272 "was inoculated with
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2.7 x 10° copies of HBV genotype C. The preacute plasma
sample was collected from Chimp 272 29 days after chal-
lenge (inoculum IV). |t contained 3.0 x 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. 1B).

Estimates of HBV DNA copy numbers in serial
1-in-10-fold dilutions and inocula below the HBV
NAT detection limit

Serial 1-in-10 dilutions of inoculum I of genotype A were
prepared in preinoculation serum sample from each
chimp (e.g, Chimp 272, Chimp 279, and Chimp 280,
respecnvely) Dilutions were delivered to three tubes each
in 1-mL aliquots and snap-frozen in liquid nitrogen. Con-
centration of HBV DNA was determined in one of the
‘thrée tubes in each dilution.so as to guarantee copy
numbers of HBV DNA in the other two vials that were
inoculated into chimps. These samples had been stored in
a deep freezer at ~80°C until inoculation.

Table 2 shows the measured HBV DNA concentra-
tions in 1-in-10 dilutions of inoculum II (genotype A). The
quantitative HBV DNA results starting from 2.6 x 10°
copies per mL in the undilutéd sample varied between
2.0%10° to 23><105 2.0x10* to 2.4x10% 1.6x 10° to
2.0 103 and 1.7 x 102 to 2.8 x 102 copies per mL, respec-
tively, in the 1:10, 1:1¢?, 1:10° and 1:10* dilutions. These
quantitative resulfs are an indication of the accuracy of
the dilution and assay procedure. On the premise that
dilutions beyond 1:10* had been performed properly,
further dilutions to 1:10° and 1:10%would have contained .
16 to 28 and 1.6 to 2.8 HBV DNA copies per mlL (ranges
estimated by variations of HBV DNA measurements in
jower dilutions), respectively, although they were below
the detection limit of the PCR method used.

Likewise, serial 1-in-10 dilutions of inoculum IV
(genotype C) were prepared in the plasma sample from
Chimp 269 and Chimp 285. HBV DNA in 3.0x 105
3.5x10° to 3.8x10% 3.6x10* to 3.9x10% 3.6x10° to
4.6x 105 and 4.3 x 10* to 4.6 x 10° copies per mL were
detected in the original serum samples at 1:10, 1:102, 1:103,
and 1:10* dilutions thereof, respectively (Table 3). Thus,
further experiments were performed on the assumption
that serial dilutions of 1:10° and 1:10° of inoculum IV
would have contained 35 to 46 and 3.5 to 4.6 HBV DNA
copies per mL, respectively.

Determination of the minimum copy number
required for transmission’ of HBV genotype A or
genotype C to chimpanzees

When Chimp 272 and Chimp 279 were inoculated intra-
venously with 1.0 mL of inoculum I diluted 1:10° (equiva-
lent to 1.6 to 2.8 copies of HBV DNA in an in vitro assay),
HBV infection did not develop in either of them during
monitoring for 119days (17 weeks) and thereafter.
Chimp 279 was then rechallenged with 1.0 mL of inocu-
lum II diluted 1:10° (equivalent to 16-28 copies). He then
became infected and developed HBV-DNA in his serum
55 days (8 weeks) after the inoculation. Chimp 280 was

" also inoculated intravenously with 1.0 mL of inoculum II

diluted 1:10° (equivalent to 16 to 28 copies of HBV DNA).
He developed HBV DNA in theé circulation 76 days
(11 weeks) afterinfection. In view of the incubation period
of 55 to 76 days (8-11 weeks) for 1:10° dilution of inocu-
lum I, HBV infection would probably not have occurred
in chimps who received 1:10° dilution if they had been
followed longer than 119 days (17 weeks). ‘
Chimp 269 and Chimp 285 were - inoculated -with
1.0 mL of inoculum IV diluted 1:10° (equivalent to 3.5-4.6
copies of HBV DNA in an in vitro assay). Duririg folow-up

TABLE 2. Quantification of HBV- DNA in serial 1-in-10 dilutions of the standard serum for HBV genotype A
{inoculum i)*

Serial dilutions in preinoculation serum samples of each chnmpanzee

23x10¢° 2.3x10*

. Chimpanzee . Undiluted 110 1105 10 107 RS T10°
. 272 26x 108 2.3x10° 2.0x10* 20x10° 1.7x1¢? Not done <100
279 26x10° 20x10° . 24x10* 2.0x10° 24 %102 <100 <100
280 2.6x 108 2.8x 10? <100 Not done

1.6 10°

* Data are reported as copies per mL.

TABLE 3. Quantlﬁcatlon of HBV DNA in serial 1-in-10 dilutions of the standard serum for HBV genotype C
(inoculum‘IV)*

“Serial dilutions in premoculatlon serum of each chimpanzee

110

Chimpanzees : Undiluted 1:10% 1:10° 1:10* - 1108 1:10°
. Chimp 269 3.0x10°" 3.8 x10° 3.9x 10* 3.6 x10° 46 x 107 <100 <100
1- Chimp 285 3.0x10° 35x10° 3.6x10* 46x10° 4.3 x 107 <100 <100

* Data are reported as copies per mL.

26
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for 112days (16 weeks), however, no HBV infection
occurred in either of them. Subsequently, they were
rechallenged with 1.0 mL of inoculum IV diluted 1:10°
{equivalent to 35-46 copies of HBV DNA) 17 weeks after
the initial inoculation. They developed HBV DNA in the
circulation 35 and 50 days thereafter, respectively, indicat-
ing that both of them were infected. Therefore, the
50 percent chimp infectious dose (CIDs) for both geno-
type A and genotype C lies between the lowest infectious
dose of approximately 30 copies and the subinfectious
dose of approximately 3 copies or at approximately 10
HBV DNA copies.

HBV infection resolved in all six chimps and they
never became carriers. Within a few weeks after the peak

HBV DNA titer was reached, serum levels of transaminase
increased slightly, within 3 times the upper limit of
normal.

Replication velocity of HBV DNA in the preacute
phase of infection

Doubling time and logarithmic time of HBY genotype A
Figure 2A illustrates the appearance of HBV genotype Ain
the circulation, when HBV DNA reached more than 10?
copies per mL, as well as its early dynamics in Chimp 246,
Chimp 279, and Chimp 280 during the preacute phase of
exponential replication. HBV DNA emerged in the circu-
lation earlier in Chimp 246 than the other two chimps, but

(A) Genotype A {B) Genotype C
1010 T T S T — e 101
L o T TT W T T T eohmpera
109 P Y7 (6.9 104 coples) N f B4 (2.7 x 108 copies) 109
il g |eChimp2re 7|l | |*Chimpess
108 A1 . (~10 copies) 4 3 | (+10 copies)
] - || |oChimp:280 Pl ] oChimpees
) L1 | L ¢10: copies) i | (=10 copies)
£ 107 e BN R ENINT Suean BEBE
g 108 S L SREN' {4
£ i AofA ]
Suegl ] g o°
£ i - / | : % R R =
3 104 g T : 104
fa) Pl f : | : '
> L & 1
@ 108 — 7 — ; = 109
23 UL LT ] 2
10 10
10! 10?
10 : . = 10°
(i} 28 56 84 112 140 0 28 56 84 112 140
‘ . Days after the Inocutation ' '

Fig. 2. Log-linear increase of HBV DNA in mb circulation of chimpanzees during the early exponential replication phase. (A)
- Dynamics in the early ramp-up phase of viral DNA for three chimps inoculated with HBV genotype A: one chimp (Chimp 246)
received 1 mL of human plasma containing 6.9 x 1¢* copies and the other two chimp’s (Chimps 279 and 280) received 1 mL of a

100,000 dilution of chimp plasma taken in the HBsAg ramp-up phase just before appearance of anti-HBc, which dilution contains
ameasured amount of 16 Is:o 28 copies. (B) Graph summarizes the viral load dynamics for three chimpanzees inoculated with HBV
genotype C: one chimp (Chimp 272) received 5 mL of human plasma with 2.7 x 10° copies of HBV DNA and the two other chimps
(Chimps 269 and 285) received a measured amount of 35 to 46 copies (1:100,000 dilution) of preacute-phase chimpanzee plasma.

* Shaded areas are below the detection limit of NAT (<100 copies/mL). Only the phase of exponential replication is shown, and HBV

DNA decreased after it reached peak values of 5.7 x 105 to 2.8 x 10° copies per mL in three chimps inoculated with HBV genotype A

and 1.1 X107 to 4.6 x 10° copies per mL in three chimps inoculated with HBV genotype C. ‘
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this aniinal had received more than a
1000-fold larger amount of copies of
HBV than the other two chimps. Despite
the 1000-fold higher infectious dose,
the log-linear increase of HBV DNA
in Chimp 246 was the same as in
Chimp 279, who had received the mini-
mum infectious dose. In Chimp 246,
HBV DNA replicated exponentially from

‘21 to 97days (3-13 weeks) until it

peaked and then declined. Even though
the same minimum infectious dose
of HBV -was inoculated, Chimp
279 developed detectable HBV DNA
about 21 days (3 weeks) earlier than
Chimp 280, in whom HBV replicated

slightly slower. Despite differences in

HBV doses and individual variation, the
replication velocity was constant for
HBV genotype A in the preacute phase
of infection, before innate immune
responses of the host developed, while
the virus replicated at an exponential
rate. The doubling time and the loga-

rithmic time, in the early exponential viral replication
phase, were calculated to be 2.7 to 4.4 and 9.0 to 14.7 days,

respectively (see Table 4).

Chimp "Markers of HBV infection

Doubling time and logarithmic time of HBV genotype C ge.v '“°°“'Aated '"f;’;e"_ HBV D“;: (days) ‘HBSAz g(daYS)
The repligation velocity in the preacute phase of infection enotype 280 76 o7
o in chimp&anzees inoculated with genotype C inocula was Genotype C 269 35 50
faster than in the chimps infected with HBV of genotype A . 285" 50 64

{Fig. 2B). Again, slight variation in log-linear increase of

MINIMUM INFECTIOUS DOSE OF HBV AND GENOTYPE

Doubling time Logarithmic time y=axexp(bxx)

Genotype (days) (days) a’ b . R?
Genotype A '

Chimp 246 271 9.01 0.8491 0.2556 0.997

Chimp 279 3.05 10.14 0.0015 0.2271 0.998

Chimp 280 4.43 1473 0.0022 0.1563 0.999
Genotype C o

Chimp 272 1.68 5.58 0.2074 0.413 0:998

Chimp 269 1.79 5.96 0.0002-  0.3863 0.999

" . Chimp 285 25 ’ 8.31 0.0009 ~ 02771 0.997

TABLE 4. Estimated doubling times and logarithmic times for HBV
genotypes A and C with log-linear and growth-curve analysis

TABLE 5. Comparing the replication velocity of HBV DNA between the
two genotypes estimated by a growth curve

y =a X exp(b x x)

- Doubling time - Logarithmic time

Genotype  (95% Cl), days (95% Cl), days a* . b (95% Cl) _p Value
A ‘ 3.44 (2.64-4.89) - 11.42 (8.80-16.26) 2.299 0.2017 (0.14-0.26) <0.01
Cc 1.9 (1.63-2.27) 6.3 (5.41-7.54) 2299 0.3654 (0.31-0.43) :

* To evaluate the difference of ‘b” (that is, slope) between the two genotypes the growth
curve model is assuming that “a” is identical."

TABLE 6. Window periods before HBV DNA and
HBsAg developed in the circulation of
chimpanzees inoculated with the minimum
infectious dose of genotype A or genotype C

f

HBV DNA was found, and HBV DNA appeared in serum

earlier in Chimp 272 who was inoculated with a 100,000-
. fold higher infectious dose than was administered to
* Chimps 269 and 285."As seen in the chimps inoculated
with HBY genotype A; HBV genotype C meteased inalog-
" linear fashion in the absernice of host immune responses.
; Doublmg times of HBV. DNA in the circulation of
“Chimp 272, Chimp 269; and Chimp 285 were calculated to
be 1.7 to 2.5 days and logarithmic times were 5.6 to
8.3 days as determined with the regression formula shown

in Table 4.

" When comparing the replication velocity of HBV DNA
between the two genotypes estimated by a growth curve,
the difference was s1gmﬁcant (p <0.01, Table 5). That is,
the doubling time of replications of HBV DNA with geno-

" type A was estimated to be 3.44 days (95% confidence

*iiiterval [CI], 2.64-4.89 days) and the logarithmic time was
‘estimated to be 11.42 days (95% CI, 8.80-16.26 days). By

" contrast, those with HBV genotype C were estimated to be

1.90 days (95% CI, 1.63-2.27 days) and 6.30 days (95% CI,

5.41-7.54 days), respectively.

Window periods of HBV.DNA and HBsAg in
chimpanzees inoculated with the minimum
infectious dose of HBV ..
After” inoculation, the time : before HBV DNA becomes
detectable in the circulation by the single-sample NAT
(with a sensitivity of 102 copies/mL) and the time before
HBsAg was detected by CLIA after inoculation are listed in
Table 6. The HBV DNA (<100 copies/mL) NAT window was
55 and 76 days, respectively, in Chimp 279 and Chimp 280
inoculated with the lowest infectious dose of HBV genoty-
- pe A (approx. 30 copies). These NAT window periods were
longer than. the 35 and 50'days, respéctively, found in
Chimp 269 and Chimp 285 inoculated with the lowest
‘infectious amounts of HBV genotype C (approx. 30
copies). Likewise, the HBsAg window was longer in-
Chimp 279 and Chimp 280 infected with- genotype A
than in Chimp 269 and Chimp 285 infected with geno-
type C (69 and 97 days, respecuvely, vs. 50 and 64 days,
respectively).
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DISCUSSION

Animal models sensitive to human hepatitis viruses offer
robust advantages in obtaining basic data of viral infec-
tivity.!® By experimental infection of chimps with HCV,
we have been able to determine the minimum infectious
dose of HCV required for establishing infection.'s!® The
doubling time of HCV was determined to be 6.3 to
8.6 hours in two chimps inoculated with the minimum
infectious dose of approximately 10 copies of HCV RNA.
During the first 5 days after inoculation, HCV RNA did
not increase above the NAT detection limit of 10? copies
per mL in the circulation.!’® It would not be possible to
detect HCV infection during the initial few days after
exposure, even if 1-mL samples were used for individual
NAT.

In this study, we have determined the minimum
infectious dose for two standardized inocula containing
defined copy numbers of HBV DNA. They were plasma
passages of HBV in chimps harvested during the preacute
phase .of infection and had been processed with the
utmost care for maintaining infectious activity. The
minimum infectious dose of HBV or the dose where
50 percent of the chimps would be infected lies between
1-in-1 million and 1-in-100,000 dilution of the original
inocula and is estimated to be of the order of 10 copies, as.
was the case for HCV.'> On the basis of HBV DNA concen-
trations measured in serial dilutions of inocula (Tables 2
and 3), the minimum infectious dose can be determined
to be 16 to 28 copies for HBV genotype A and 35 to 46
copies for HBV genotype C.

There are two definitions of the minimum infectious
dose of HBV. Theoretically, it is a single copy of HBV. Not all
HBV virions entering the circulation of recipients,
however, will succeed in reaching hepatocytes, because
some of them are phagocytized by circulating macroph-
ages and Kupffer cells in the sinusoids of the liver. In a
mathematical window-phase risk model, Weusten and
colleagues® have proposed a minimum infectious dose
approximately 10 copies of HBV, on the basis of the
CIDso./"" Recently the inocula derived from chronic
HBV carriers used in' older chimpanzee studies'™®
were requantified by Hsia and coworkers® with real-time
TagMan PCR. The estimated HBV copy number per CIDso
(geq) was 169 for genotype A adw, 78 for genotype D ayw,
and 3 for genotype C adr, calculated by mathematical

-division, respectively. These viral load data, performed on
cryopreserved aliquots from an inocula derived from a
chronic HBV carrier (i.e., HBsAg- and anti-HBc-positive),
were derived rettospectively several decades after the
chimp titration studies.. These results are different from
the results obtained in our study, where the inocula was
derived from the early ramp-up phase of viremia (HBsAg
is positive but anti-HBc is negative) and the chimp titra-
tion and viral load analyses were performed prospectively.
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Hence, the minimum infectious dose defined as a single
copy, proposed on a theoretical basis, would deserve

~ revisiting in practical HBV infections. The window period

of HBV infection changes with the size of the inoculum.
The more copies of HBV inoculated therefore the shorter
the incubation period in experimental transmission
studies in chimps.! An inverse correlation is reported,
also, between time before HBsAg appears in serum and
the HBV dose in human beings.?! In accordance with these
reports, we also found that the NAT window was shorter in
chimps receiving larger sizes of inocula both for geno-
types A and C (Fig. 2). The NAT (<100 copies/mL) window
period was approximately 1 week with an inoculum of
2.7x 10° copies of genotype C, approximately 3 weeks
with 6.9 x 10* copies of genotype A, 5 to 7 weeks when

~ inoculating 35 to 46 copies of genotypeC, and 8 to

11 weeks when inoculating 16 to 28 copies of HBV geno-
type A, while no infection was observed during 16 to
17 weeks of observation with an inocula of approximately
3 copies of genotype A or B. Theoretically, HBV infection
might have become detectable after 17 weeks, but this is
unlikely when extrapolating the data above. Inoculation
with HBV in large amounts, as happens with transfusion
with HBsAg-positive blood units, has been largely
excluded since introduction of HBsAg testing in 1972,
Barker and Murray?' have shown that inoculation of lower
infectious doses of HBV in the range of 10* to 107 diluted
icteric plasma no longer caused clinical hepatitis in
healthy individuals, while infection still occurred with up
to a 107 diluted inoculum, as detected by an HBsAg
complement fixation test. Our study showed that HBV
DNA levels increase 6.5 x 10? to 2.2 x 10° copies per mL at
the time of the first HBsAg-reactive sample in six chim-
panzees in whom blood samples were taken at intervals of
2 to 7 days. These amounts are enough to cause clinical
hepatitis B.2! Indeed, Satake and coworkers® found that
transmission of 5,000 to 50,000 copies of HBV by blood
components with a low viral load in the pre-MP-NAT
window phase could cause clinical hepatitis B.
Transfusion-transmitted HBV after introduction of
individual-donation or small-pool NAT (<10) is still pos-
sible, but would involve relatively low infectious doses of
HBV of approximately 10 to 100 CIDs.

In the chimps inoculated with approximately 30
copies of HBV, the NAT window was determined by
individual-donation NAT having a sensitivity of 10? copies
per mL, while the HBsAg window was established by CLIA
with the highest sensitivity presently available.>'2 The NAT
window was 55 to 76 days and HBsAg window was 69 to

- 97 days, respectively, in Chimp 279 and Chimp 280 who

had been inoculated with -approximately 30 copies of
HBV genotype A. In contrast, the NAT window was 35 to
50 days and the HBsAg window was 50 to 64 days, respec-
tively, for Chimp 269 and Chimp 285 inoculated with
approximately 30 copies of HBV genotype C. Thus, neither



the NAT nor the HBsAg window phases overlapped
between minimum-dose infections of HBV genotypes A
and C; they were longer for genotype A than genotype C. It
may be that the NAT window is longer for genotype A,
prevalent in Western countries, than genotype C common
in Japan. It cannot be excluded, however, that the results
observed in our inoculation studies with a limited number
of chimpanzees were influenced by the host rather than
the genotype of the virus. The duration of the NAT and
HBsAg windows are influenced atleast by three factors: 1)
the infectious dose, 2) individual variation among recipi-
ents, and 3) distinct HBV genotypes.

We found the replication velocity of HBV in the
preacute phase of infection remarkably different between
genotypes A and C. From three chimps infected with HBV
genotype A, the doubling. time was estimated to be
3.44 days (95% CI, 2.64-4.89 days) and the logarithmictime
11.42 days (95% CI, 8.80-16.26 days). From three chimps
infected with HBV genotype C, the doubling time was esti-

mated to be 1.90 days (95% CI, 1.63-2.27 days), and the.

logarithmic time 6.30 days (95% CI, 5.41-7.54 days). Alsoin
chimeric mice with the liver replaced by human hepato-
cytes, genotype A was found to replicate much slower than
genotype C in the initial weeks of HBV infection.2
The replication velocity of HBV in the circulation,
indicated by the viral doubling time, is an important factor
~ when calculating the window-period reduction provided
by NAT screening systems. Biswas and colleagues® calcu-

* . lated a doubling time of 2. 56 days (95% CI, 2.24-2.97 days)

,based on a seroconversion panel of 23 HBV infections.
Yoshikawa et al.* followed 93 donors in preacute phase
HBV infections who had been identified by the routine
NAT screening program on 50-MPs at JRC Blood Centers.
They estimated a median doubling time of HBV at2 6 days
(range 1.3-15.2).

Kleinman and Busch’ have assessed the HBsAg
window period based on the HBV doubling time of 2.56
days documented by Biswas and colleagues.’ They esti-
mated an HBsAg window at 38.3 days (95% CI, 33.0-
43.7 days) by the CLIA HBsAg seroconversion point at-a
concentration of 1650 copies per mL, while Minegishi and
coworkers!? determined the HBsAg seroconversion point

at 2100 copies per mL: We found the HBsAg seroconver--

sion with AxSYM occurred when the HBV DNA concen-
tration reachéd a level of 6.5x 10° to 2.2x 105 in six
chimpanzees. The differences in HBV levels at HBsAg
seroconversion in CLIA may be related to the genotype,

but also could reflect differences in the calibration of HBV

_quantitative assays in genome copies. :

Itis not known if the chimpanzee model is as suscep-
tible for HBV infection as human beings. Asa result, the
minimum dose of HBV for transmitting infection to man

"~ is, in fact, not precisely known. Nevertheless, a minimum
human infectious dose of approximately 10 HBV DNA
copies, as indicated by our chimpanzee infectivity experi-
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ments, seems a reasonable assumption for modelirig the
HBV transmission risk in the pre-HBV-NAT window
period.
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Vox 33 ﬂgu i; I %S Background and Objectives The aim of this study was to replace the 1 World
Health Organization International Standard for hepatitis B virus DNA for nucleic acid
amplification technique (NAT)-based assays (code 97/746) with a new International

- Standard. Two lyophilized preparations freeze dried from the same bulk were evaluated
in the original collaborative study (coded 97/746 and 97/750, and termed AA and BB,
respectively, in the original study). This present study re-evaluates these two prepara-

“tions in terms of potency and real-time stability.
Materlals and Methods The 1% Intematlonal Standard (97/746) and the second
lyophilized preparation (97/750) were coded Samples 1 and 2, respectively, in the
present study. The samples were dlstnbuted to six laboratories and assayed on four
separate occasions. Accelerated thermal degradatlon samples of the two prepara-
tions were examined after long—term storage at 4 °C and 20 °C for more than
51 months.

Results. Data were returned from a total of nine different NAT-based assays, five in

qualitative format and four in quantitative format. The results of this study confirm

the results of the original collaborative study, with no significant differences being

found in estimated international units (IU)/ml or polymerase chain reaction-detectable

units/m] for the 1 Intemnational Standard {Sample 1 in this study} and the proposed -
replacement preparation, Sample 2 (97/750). Real-time and accelerated degradation

studies indicate that both samples are very stable. Storage of both preparations at

20 °C for more than 51 months resulted in no detectable degradation.

Conclusions On the basis of the data presented in this collaborative study, Sample 2

Received: 22 October 2007, {code 97/750) was established as the 2™ International Standard for hepatitis B virus

revised 20 November 2007, DNA for NAT-based assays with apotency of 10°® IU/ml (500 000 1U/vial).
accepted 25 November 2007 Key words: hepatitis B virus, International Standard, NAT.
Introduction
Correspondence: 5. A Baylis, Paul-Ehrlich-Institut, Paul~Ehrlich-Strasse The 1* International Standard (IS) for hepatitis B virus
51-59, 63225 Langen, Germany . {(HBV) DNA for nucleic acid amplification technique (NAT)-

E-mail: baysa@pei.de based assays (code 97/746) was established in 1999 by the
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World Health Organization (WHOQ) Expert Committee on
Biological Standardization (ECBS) [1]. This standard has

been used in the calibration of secondary standards and

working reagents, and has been used in the validation of
assays for both the qualitative and quantitative detection of
HBV DNA in serum and plasma. The standard has been used
in the field of blood and blood product safety, as well as in
the clinical investigation of HBV infection, both for diagnosis
and for monitoring HBV loads in response to antiviral
therapy.

_In the original collaborative study, three preparations were
~ evaluated. Two of the materials were lyophilized preparations
formulated by dilution of R1, the Eurohep reference material
{2] in pooled human plasma. This plasma bulk containing
HBV was stored at -70 °C until processing. A single bulk
material was lyophilized on two separate occasions, 2 weeks
apart, using the same processing parameters [1]. These
iyophilized preparations, coded 97/746 and 97/750, were
termed AA and BB, respectively, in the original collaborative
study. A third preparation, termed CC, was a liquid/frozen
‘HBV plasma sample. No significant difference in potency was
observed between AA and BB, which had been prepared from
.the same bulk material, but had been lyophilized on separate

.occasions. The- 1°'IS for HBV DNA for NAT-based assays was

assigned a potency of 10° intemnational units per ml (10%,1U/

"~ ml). In the 50® report of the WHO ECBS (3], it was noted that‘

:971750 would be reserved as a potential replacement standard

in the futare. As 97I750 had been fully characterized i in the ‘ ‘
‘ ongmal collaborauve study, the WHO ECBS pmposed examina- ‘

’tlon of real-time stabihty data of the, 1" IS and the candidate
replacement standard 97/750.

In the present collaborative study, the potency and stability
of the candidate replacement standard 97/750 is compared to

* the 1°'1S for HBV DNA. The approach for the ré-evaluation’
0f'97/750 was agreed on at the 16 meeting of the Inter-
‘national Scientific Working Group on the Standardization

of Genome Amplification Techniques (SoGAT) in May 2005

Materlals and methods

‘»'«The lSI IS for HBV DNA for NAT-based assays (97/746) and
. the proposed replacement (97/750) were lyophilized from the
same bulk starting material derived from a high-titre HBV
genotype A2 (HBV surface antigen subtype adiv2) sample
(Eurohep R1), diluted in human plasma [1). This HBV strain has
‘a sequence characteristic of those circulating in central
Europe [2]. '

,,Collabotatrve study

Six: laboratorles participated in the collaborative study and .

_each was requested to assay the 1*'IS for HBV DNA (97/746)

Journal compilation © 2008 Blackwell Publishing Ltd., Vor Sanguinis (2008} -
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concurrently with the candidate replacement standard 97/
750). The participating laboratories were from five different
countries and represented quality control laboratories, a
manufacturer of plasma derivatives and an academic institu-
tion (a national reference laboratory for hepatitis B and
D). Participants were sent four vials of the 11S (97/746)
and four vials of the candidate replacement standard
(97{750), these were coded Samples 1 and 2. The normal
temperature for the long-term storage of 97/746 and 97/750
is -20 °C and participants were requested to store the samples
under these conditions until analysis. The aim of the study
was to determine whether there was any evidence of loss of
potency of the two lyophilized preparations during normal
storage conditions, since the time they were freeze dried.
Participants were requested to test the samples on four separate
occasions. The lyophilized samples were reconstituted with
0-5 ml of nuclease-free deionized water and the contents

.gently agitated for 20 min before analysis. In the case of .
qualitative -assays, participants were' requested to -perform .

serial dilutions of the samples in four independent assay

Tuns. In the first qualitative assay run, 10-fold dilutions were
, performed to determine the end-point for the detection of
.. HBV DNA. In.each of the subsequent three assay runs, a - -

minimum of two half-log,, dilutions either side of the

_ predetermined end-point, were tested, and results reported
;.as positive ornegative. In the case of quantitative assays for
- HBV DNA, participants were requested to report results in
’ rU/ml and to test the samples without dilution, or prepare
; jdllutlons of the samples as necessary, depending on the linear
_range of : assays used. In addition, one laboratory analysed the
Euirohep Ri reference in parallel following continuous storage
" at-80°C.

. Stability studies

‘For accelerated therma) degradation studies, vials of 97/746
* and 97/750 were incubated at'4 °C and 20 °C, for between
" 51 months and 56 months. The degradation samples were
- extracted as previously described [5] and analysed in
‘parallel with samples of the two preparations that had been

stored at =20 °C, to provide a baseline for analysis. One set
of assay. runs was- performed using the Artus HBV LC PCR
Kit {Qiagen GmbH, Hilden, Germany) and used in accord-
ance with the manufacturer's instructions. A second set of

~assay. runs was performed using previously published

primers and probe sequences [5] and amplification reactions
were performed using the LightCycler FastStart DNA

- Master Hybprobe kit (Roche Applied Science, Mannheim,
~ Germany). Standard curves were -prepared using serial
- -10-fold dilutions of the 1°'1S for HBV DNA (97/746). The

stability studies were. performed by two different operators

at the National Institute for Biological Standards and ’

Control ('NIBSC) UK.

© 2008 The Author(s)
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Table 1 Laboratory codes and assay protocols used by participants

Table 2 Estimated 1U/ml (log, ) from quantitative assays

Laboratery code Method Type
1 Roche COBAS TagMan HBV test with Quantitative
use of HPS viral nucleic acid kit
2A Artus HBV LC PCR kit Quantitative
28 In-house real-time PCR Quantitative
3A Roche COBAS AmpliScreen HBV test Qualitative
38 In-house real-time PCR Qualitative
3C In-house real-time PCR Qualitative
4 In-house real-time PCR Quantitative
5 In-house PCR Qualitative
Qualitative

Roche COBAS AmpliScreen HBV test

PCR, polymerase chain reaction; HBV, hepatitis B virus.

In-house assay details for the following Jaboratories; 2B, the assay was based
on a previously published amplification méthod [6] targeting the H8s gene
with detection using the Roche LightCycler; 3B, qualitative real-time PCR
assay amplif\}ing the core region of the HBV genome with detection using
the Roche LightCycler; 3C as for 3B, with an initial ultracentrifugation step
prior to extraction; 4 real-time PCR amplifying the X region of the HBV
genome [7} and detection using the Roche LightCycler; 5, qualitative PCR
assay amplifying the HBV core region and detection using capillary
electrophoresis.

Results.

For the analysis of the results, a code number was allocated
at random for each laboratory (Table 1}, and does-not reflect
the numbers assigned to laboratories that participated in the
original collaborative study to establish the I' IS (97/746).
Where individual laboratories returned data from more:than
one assay method, or repeat assays by different operators,
the results were analysed separately, and referred to as, for
example, laboratories 3A and 3B. Each participating laboratory
performed four separate assay runs on the two preparations
as requested in the study protocol. The types of assays used
by participants are recorded in Table 1; these cover a range
of in-house (1 = 5) and commercially available tests (n = 4).
Where they have been disclosed, details of the assay and region
of the HBV genome amplified are indicated (Table 1). Three
laboratories (1, 2A, 2B, and 4) returned data from quantitative
assays, with results expressed in IU/ml. All calculations
were based on the estimates of log,, TU/ml, to give overall
mean figures for each laboratory. Three laboratories (34, 3B,
5 and 6] returned data from end-point dilution series,
produced using qualitative assays. These were analysed to
determine the polymerase chaih reaction {PCR}-detectable
units/ml for each sample, using the statistical methods

described in the publication of the original collaborative -

study to establish the 1°'IS for HBV DNA [1].
The estimated IU/ml, {log,y) from the quantitative assays
and PCR-detectable units/ml (log,)) from the qualitative

© 2008 The Authorf(s)

Laboratory Sample .
number Sample 1 Sample 2
1 599 597

2A 608 599

2B 6:06 592

4 594 586
Mean’ 6-00 593

*Results combined for laboratory 2 to give asingle mean prior to calculating
overall mean of laboratories.

Table 3 Estimated polymerase chain reaction (PCR)-detectable units/ml
(log,) for qualitative assays

Laboratory Sample

number Sample 1  Sample 2

3A 648 658

38 690 668

3C 656 6-35

5 649 625
6-59

6 651

7

assays are shown in Tables 2 and 3, respectively. For both
quantitative and qualitative assays, the results for Samples 1
and 2 are extremely close. For the quahtitative assays,
combining the results from laboratory 2 to give a single
laboratory mean, the overall estimate for.the 1 IS, Sample 1,
is 6-00 log,, TU/ml, exactly the assigned unitage, and 5-93
log,, IU/ml for Sample 2. If the results of the assays from
laboratory 2 are considered separately (2A and 2B), then the
overall means are 6-02 and 5-94 log,, TU/ml for Samples 1
and 2, respectively. There is also very close agreement between
the results from the individual laboratories. One set of results
submitted by laboratory 3C was returned as crossing point
(Ct) values; these were not included in the main analysis,
as it was not possible to convert them to either IU.or PCR-
detectable units. However, these results were in line with all
other assay methods (i.e. demonstrating equivalence of

-Samples 1 and 2). Calculating the pairwise difference in

log,, estimates between Samples 1 and 2 for each laboratory
that provided quantitative data, there was a small, but
marginally significant (P = 0-044) difference of 0-08. When
the results from laboratory 2 are combined to give a single
laboratory mean, the difference between Samples 1 and 2
is similar (0-07), but no longer significant. Laboratory 4 also
measured the Eurohep reference sample R1. Samples 1 and

Joumnal compilation ©® 2008 Blackwell Publishing Ltd., Vox Sanguinis (2003)
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Table 4 Estimated IU/mi (log,,) for accelerated degradation samples

Sample
Storage
temperature Sample 1 Sample 2
-20°C . 602 592
4°C 592 591
20°C 594 603

The accelerated thermal degradation samples were stored at 4 °C and 20 °C
for a period of 51 and 56 months; these samples were compared to vials of
97/746 that were stored continuously at -20 °C. Four vials of each sample
stored at 4 °C and 20 °C were analysed on four separate occasions, each
sample extract was tested in triplicate on each occasion. The data were
pooled for the two different storage times and mean values shown for the

. estimated {Ufml “0910)

2 were originally prepared from R1 following a 1 in 500
dilution in human plasma. The titre of R1 was determined to
_-be8-731og,, IU/ml, which is in very good agreement with the
expected titre of 8-70'log,, IU/ml. The difference between
" Samples 1 and 2 was not significant when estimates from
all 1aboratories were included. This was the case whether
treatmg the different assay methods of laboratory 3 as three
separate laboratories (P = 0-099) or" combmmg their
estlmates into a single laboratory mean (P =0-124).

Stability studies

Atotal of four separate assay runs were performed byasingle
- laboratory. The overall méan estimated I/l (tog,,) for the
_ different samples and storage temperatures are shown in
‘Table 4. From analysis of the raw data, no dégradation was
evident for any of the test samples when compared with
baseline samiples stored:at -20 °C; as a consequence the
results were combined for the samples stored for 51 months,
“-and those stored for 56 months. The results summarized
in Table 4 clearly demonstrate that no degradation has

" - occurred. Performing a formal significance test, there was no
significant difference in estimated IU/ml across the temperatures

= for either sample. It should be noted that the formal test
allowed for any possible differencés between the samples
stored for 51 months and those stored for 56 months. It is not

possible- to obtain precise predictions of expected loss per-

year, because no observed ‘degradation has taken place and,
‘thus, it-was not possible to’ apply the Arrhenius model of
-accelerated degra'dation'[s 9]. However, if it were assumed
that the degradatlon rate would double with every 10°C
increase in storage: temperature, ‘the lack of any detectable
. degradation at 20 °C-for over 4 years would equate to no

- detectable degradation at -20 °C for 64 yéars. Real-time

~stability, of the 15IS (Sample 1) and Sample 2, as effectively

detemined in the present collaborative study, indicates no
loss of potency of these two preparations since time of
manufacture, as evidenced by the values reported by the
participants.

Conclusions

The results of this collaborative study are in good agreement
with the results of the original study [1]. Using only the
results of the quantitative assays, which are expectéd to be
more precise than the qualitative assays, there was a difference
of around 0-07 to 0-08 log,, between the estimated IU/ml for
the 1 IS and the candidate replacement, Sample 2. If assays
from two differing methods used by laboratory 2 are
treated as if from separate laboratories, this difference is

.marginally significant (P = 0-044). However, if the results

for laboratory 2 are first combined, the difference is no longer
significant. Including the results from all participants, using both
quantitative and qualitative assays, there is no significant
difference between the 1° IS and the candidate replacement,
Sample 2: This lack of significant difference is in contrast to a
recently completed study to establish the 3" 1S for hepatitis
C virus (HCV) RNA [10]. Here two lyophilized  prepara-
tions, derived from the same bulk, were evaluated by 33
laboratories that calibrated them against the 2™ HCV.IS,

using a wide range of commercial and in-house: quantltatwe

and quahtatlve assays. The relative potericies of the two new
,lyophxhzed HCV RNA preparatxons were - 5:19 and 541

log,, IU/ml, while the unprocessed bulk’ material had a
relativé potency of 570 log,, IU/ml. These differences ir
relative potencies between the two lyophilized HCV RNA
preparations were statistically significant (P < ‘0-00‘01),' with
a clear loss of potency on processing. This is in contrast to the
HBV study presented here. From the original collaborative
study and data from this new study, there is no significant
difference between the potencies of the two HBV DNA

“Samples 1 and 2, nor was there any detectable loss of titre

of the preparations following lyophilization [1].

“The results of the accelerated degradation studies have also
demonstrated that both Samples 1and 2 are extremely stable
and suitable for long-term use, with no detectable degradation
for either prepatation after storage at 20 °C for more than
4 years. This stability is in contrast to the 1'and- 2" IS for
HCV RNA (96/790 and 96/798, réspectively). which showed
an average decrease of log,, 1-9 for samples stored at 20 °C
for more than'5 years [11): This difference in the observed
stability may be due to the nature of the viral nucleic acid,

“which in the case of HBV is DNA, in contrast to the RNA
. genome of HCV, which- is likely to be more unstable and

susceptible to-degradation. However, it is possible that
further unknown factors influence the stability.. =

On the basisof this study, Sample 2 (97/750) was established
as thie 2" IS for HBV DNA for NAT-based assays by the WHO

© 2008 The Author{s)

" Journal compilation © 2008 Blackwell Pub]lshmg Ltd., Vor Sanguinis (2008)

38




Replacement WHO International Standard for HBV DNA NAT-based assays 5

ECBS in October 2006. This preparation has a potency of
10° JU/ml. Each vial contains the equivalent of 0-5 m} of mate-
rial, and the content of each vial is 5 x 10° [U per vial. Vials
of 97750 are available from NIBSC.
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Strong Association between Tattoos and Hepatitis C Virus Infection: A
Multicenter Study of 3,871 Patients
E. J. BinP°; S. Dhaila’; C. T. Tenner?; A. Aytaman’ N. B. Shukia®; G. Villanueva®;
G. Punla’; C. Patterson?; J. Comas®
1. Department of Medidne NYU Schoot of Medicine, New-York, NY, USA.
2. Division of General Internal Medicine, VA Maedical Center & Ny School of
Medicine, New York, NY, USA, :
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4. Division of Gastroenterology, Bellevue Hospitat Center & NYU School of.
‘Medicine, New York, NY, USA.
5. Division of Gastroenterology, VA Medical Center & NYU School of Medicine, New
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Background: Although injection drug use and blood transfusions prior to 1992 are
" well-accepted risk factors for hepatitis C virus (HCV) infection; the evidence for
- tattoos as a risk factor for HCV is conflicting. Furthermore, several prior studies
that have évaluated tattoos as a risk factor for HCV.infection were potentially
. confouided by injection drug use. The aim of this study was to determiné’the -
.associatlon between tattoos and HCV infection’in a large population of patients
without traditional risk factors for HCV infection:” : - i™
Methods' Patients with ctironic HCV infection (HCV RNA posltive) and controls
S (HEV: antlbody negative) completed a detalled questionnalre at the time of their _
" -scheduled visit to the outpatient primary. care or GI' clinic at 3 study sites, Data.
‘collected included patient demographics and information on HCV risk factors. -
Results- A'total of 3,871 patients were enrolled, incduding 1,930 with chronlc HCoV
infection and\1,941 HCV negative controls. Theré were no differences in the mean
-age (55.2 % 9.0 vs. 55.6 £ 11.3 years, p.=.0.34) or the proportion ‘who wereé.
male (80.3% vs. 81.4%, p = 0.39) between HCV-infected patients and controls.
.. However, HCV positive patients were more likely to be. radal/ethmc minorities
- © . (78.5% vs: 56.5%, p <0.001). As -expected, injection- drug use (65.9%-vs. 17, 8%
oo : - p <0.001) and blood transfusions prior to 1992 (22.3% vs. 11.1%, p-<0.001)
were more common in HCV-infected patients: than in control subjects.. Patlents with
HCV Infection were significantly more likely to have had one or more tattoos .
(35.2% vs. 12.5%; OR = 3.81; 95% CI, 3.24 — 4.49; p <0.,001) and this
Aremained highly significant aner adjustment for age, sex; and racelethnicity (OR =
4.57; 95% C1, 3.83.— 5.45; p <0.001). After excluding all patients with a history:
" of ever injecting drugs and those who have had-a blood transfusion prior to 1992,
-a total .of 1,887 subjects remained for analysis (466 HGV positive and 1,421
controls) Among these 1,887 patients without traditional risk factors for HCV ~
infection, we found that HCV positive patlents were stifl stgniﬁcantty more likely to
‘have a-history of tattoos (34.1% vs. 11.9%; OR = 3.84; 95%.CI, 2. 99— 4,93 p
<0.001)and this remained highly statistically signiﬁcant after adjustment for age,
sex, and race/ethnicity (OR = 4.47;'95% Cl, 3,42 - 5.83; p <O0. 001). :
‘Conclusions: Tattoos are strongly associated with, H(.V Infectson, even. among
those without traditional HCV risk factors such as lnjectlon drug use and: blood
:.ttansfusitms. All patients with tattoos should be oﬁ‘ered HCV testing '
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Molecular Epidemiology of a Hepatitis C Virus
Outbreak in a Hemodialysis Unit in Italy

Enea Spada,l* Isabella Abbate,? Elwa Sicurezza,® Andrea Mariano,* s Vincenza Parla,
Sebastiano Rlnnone, Mario Cuccia,® Maria Rosaria Capob1anch1 and Alfonso Mele'®

IIstttuto Superzore di Sanita, National Centre of Epidemiology, Surveillance and Health Promotion, Rome, Italy
2Istituto Nazionale di Malattie Infettive Lazzaro Spallanzani, Laboratory of Virology, Rome, Italy

3Azienda Ospedaliera Universitaria, Vittorio Emanuele 11, Ferrarotto S. Bambiro,

Unitd Operativa di Nefrologia-Dialisi, Catania, Italy
“Istituto Nazionale di Malattie Infettive Lazzaro Spallanzani, Clinical Research Department, Rome, Italy
SAzienda Unitd Sanitaria Locale 3 Catania, Dipartimento di Prevenzione,
Servizio Epidemiologia e Prevenzione, Catania, Italy

Hemodialysis patients are at increased risk of
hepatitis C virus (HCV) infection. The aim of
this study was to investigate a HCV outbreak
in a hemodialysis unit using epidemiological
and molecular methods. Between April 2003
and October 2003, anti-HCV seronconversion
was detected in four patients attending the
unit. These cases were added to 10 patients
already anti-HCV positive upon admission in the
unit. All 14 anti-HCV patients were tested for
HCV RNA and HCV genotype. NS5B and HVR1/
E2 genomic regions were amplified and
sequenced in all HCV RNA positive patients and
phylogenetic analysis was performed. Further-
more, clinical-epidemiological records obtained
from all patients were examined. All four patients
newly infected harbored genotype 2c. Genotype
2¢ was also detected in 2 of 10 patients already
anti-HCV positive upon admission. Phylogenetic
analysis showed that all newly HCV infected
patients harbored very closely related viral iso-
lates that clustered together with the 2¢c isolate
found in one of the two 2c¢ chronic infected
patients. All HCV-2¢ infected patients had no
other risk factors except hemodialysis. Three of
four newly HCV-2c infected patients and the
one HCV-2c chronically infected involved in
the outbreak received dialysis on the same day
and same shift but used different machines.
The remaining HCV-2c newly infected patient
and one of the above cited three received
dialysis on the same day during different shifts
but used the same machine. The outbreak
was probably due to breaks of infection con-
trol procedures although a related-machine
transmission cannot be excluded in one of
the cases. J. Med. Virol. 80:261-267, 2008.
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INTRODUCTION

Patients on hemodialysis are recognized as a group at
increased risk of infection with hepatitis C virus (HCV).
The prevalence and incidence of HCV infection among
patients receiving hemodialysis varies widely between
countries and also within the same country [Fabrizi
et al., 2002]. In Italy, the prevalence of HCV among
hemodialysis patients ranges between 10% and 50%,
and the incidence is around 1-2 cases per 100 person-
years [Petrosillo et al., 2001; Di Napoli et al., 2006].

The risk of HCV transmission by blood transfusion
to patients receiving hemodialysis has been consider-
ably reduced since screening of blood donors for
HCV antibodies (anti-HCV) was introduced and re-
combinant erythropoietin for treatment of anemia
became available [Di Napoli et al., 2006]. However,
HCV transmission in hemodialysis units still occurs,
and occasionally it is responsible for large outbreaks
[Le Pogam et al., 1998; Delarocque-Astagneau et al.,
2002; Fabrizi et al.,, 2002; Kokubo et al, 2002;
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Savey et al., 2005]. Several studies, by using molecular
biology techniques, provided evidence of a nosocomial
patient-to-patient mode of transmission in most of
these HCV infection occurring in hemodialysis settings,
despite rigorous preventive measures [Le Pogam
et al., 1998; Delarocque-Astagneau et al., 2002; Kokubo
et al., 2002; Savey et al., 2005]. Important risk factors
for acquiring nosocomial HCV infection in patients on
hemodialysis seems to be particularly a longer duration
of hemodialysis, a high HCV prevalence in the unit and
a low personnel/patient ratio (<1/3 or at least 1/4)
[Petrosillo et al., 2001}.

However, the exact mechanisms of the patient-
to-patient transmission of HCV within hemodialysis
units have not been clearly identified and they may be
different in relation to the different policies followed in
each hemodialysis unit for the management of patients
[Petrosillo et al., 2001; Fabrizi et al., 2002]. Most authors
currently believe that most cases of HCV patient-
to-patients transmission can be attributed to lack of
implementation of or breaks in infection control pro-
cedures [Le Pogam et al., 1998; Petrosillo et al., 2001;
Delarocque-Astagneau et al.,, 2002; Fabrizi et al.,
2002; Kokubo et al., 2002; Savey et al., 2005]. The
possibility of HCV transmission between patients
through the dialysis machines is controversial. How-
ever, this possibility cannot be entirely excluded
especially in case of contamination of internal compo-
nents of the machine not accessible to routine disinfec-
tion, and in the hemodialysis units in which the
disinfection of the machines between treatments is
not routinely performed or those in which dialysers and/
or dialysis tubing sets are reused [Le Pogam et al., 1998;
Delarocque-Astagneau et al., 2002; Fabrizi et al., 2002;
Savey et al.; 2005]).

This study describes an outbreak of acute HCV type 2¢
infection involving four patients attending an out-
patient hemodialysis unit in southern Italy. Molecular
analysis of viral isolates in association with an epide-
miological investigation was performed to trace the
source and the possible routes of transmission of HCV
during this outbreak.

PATIENTS AND METHODS
Hemodialysis Setting and Procedures

At the time of the outbreak, the unit consisted in a
room with 8 dialysis inachines in which 32 outpatients
regularly underwent maintenance hemodialysis three
times weekly (Monday-Wednesday-Friday or Tuesday-
Thursday-Saturday) on 1 of the 2 shifts per day (either
morning or evening shift). Thus, every machine was
used by two persons per day. Normally patients were
dialysed on the same shift, but not always on the same
machine. No dedicated areas or machines or personnel
were used for HCV infected patients. Hemodialysis
was carried out using’Hospal-INTEGRA® dialysis
machine. The machines were disinfected with chlorine
dioxide ISTRUMET, Hospal®) between each shift and
dialysers and tubing sets were disposable and were
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never reused. Two nurses took care of eight patients in
each shift, but they could also move from patient to
patient if needed. No multidose vials were used among
patients.

HCV Infection Monitoring

_HCV infection was monitored in all dialysis
patients by performing testing for serum alanine amino-
transerase (ALT) monthly and for anti-HCV upon
admission and then every 6 months. Anti-HCV test
was also performed in case of ALT elevation. Prior to the
beginning of the outbreak, the prevalence of anti-HCV
among the 32 patients attending the unit was 31.2%
(10 patients).

Case Definition, Case Finding
and Data Collection

During the routine screening for HCV infection
conducted from April 2003 to October 2003 four incident
cases of HCV infection were identified in the unit. That

the four cases had occurred in a relatively brief period -

of time led to suspect a nosocomial outbreak. A potential
outbreak case-patient was defined as any patient who
had showed seroconversion between October 2002 and
October 2003 and who had received dialysis in the unit
at least 6 months before the detection of the first
seroconversion case.

Since in the unit, at the time of the outbreak, the
monitoring of HCV infection was based on the detfection
of anti-HCV only, to identify retrospectively other
cases of new infections and the potential source of the
outbreak on June 2004 blood samples for anti-HCV and
HCV RNA testing were obtained from all the patients
who had received dialysis in the unit since April 2002
and from all their household contacts. All healthcare
workers employed in the unit underwent periodical
testing for blood-borne viruses. A blood sample was also
obtained from the one healthcare worker (a doctor) who
was known to be anti-HCV positive.

From the medical records, kept constantly for all

" patients, data on medical and dialysis history, blood ;
transfusion, recent surgical, or medical invasive pro- *

cedures, intravenous drug use and other parenteral
exposure, such as tattoos and piercing, were obtained.
Furthermore, the dialysis schedule (day and shift)
seating arrangements, type of vascular access, type of
dialyser membrane, hemodialysis machine, bleeding
episodes, nurse-patient assignment, dialysis equipment
maintenance as well as infection control measures were
all recorded.

Virological Analysis

‘The seroconversions of the patients involved in the
outbreak were detected during the routine screening for
anti-HCV performed in all patients attending the unit.
In the unit, anti-HCV antibodies were detected by using
a third generation enzyme immunoassay (Cobas Core
Anti-HCV EIA II, Roche Diagnostic Systems, Basel,
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Switzerland) and samples that resulted anti-HCV
positive were then tested for HCV RNA (COBAS
Amplicore, Roche Diagnostic Systems). An in-depth
retrospective virological analysis was performed on
serum samples obtained on June 2004 from all hemo-
dialysis patients attending the unit, from the household
contacts of the patients who had shown a seroconversion
and from the only health care worker who was found
to be anti-HCV positive.

All serum samples obtained were tested again for anti-
HCV by a third generation enzyme immunoassay (Axsym
HCV, version 3.0; Abbott Laboratories, Abbott Park, IL).
The viral load in positive serum samples was determined
by quantitative reverse transcription (RT)-PCR (HCV
Amplicor Monitor, Roche Diagnostics, Milan, Italy},
in accordance with the manufacturer’s instructions.
HCV genotyping was first performed with a commercial
reverse-hybridization line probe assay INNO-LiPAHCV
1I, Bayer Diagnostics, Milan, Italy) based on the 5'-
noncoding region (NCR). The HCV RNA was extracted
from serum samples collected in June 2004 using the
QIAamp Viral RNA kit (QIAGEN, Hilden, Germany),
underwent retrotranscription by random hexamer me-
thod and was used to perform molecular analysis. Two-
strand direct sequencing was carried out on nested
PCR products obtained from the NS5B region and from
the hypervariable region 1 (HVR1) encompassing in the
E2 gene, as previously reported [Faustini et al., 2005].
Sequencing was performed on ABI Prism 3100, using the
BigDye Terminator cycle sequencing kit (Applied Bio-
systems, Warrington, UK). Sequences of the NS5 regions
obtained were aligned by using BLAST with the National
Center for Biotechnology Information (NCBI) database
(U.S. National Library of Medicine, Bethesda, MD,
www.ncbi.nlm.nih.gov) and were able to attribute to the
genotype 2¢ all the HCV from patients who serocon-
verted. For the amplification of the HVR1 region 2 type
specific primers were chosen [Faustini et al., 2005].
The sequences were then aligned with CLUSTAL
W software (version 1.5). The mean genetic distance
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between nucleotide sequences was calculated using a
Kimura 2-parameter distance matrix with a transition/
transversion ratio of 2.0. Phylogenetic trees were con-
structed using the neighbor-joining method, including
NS5B and HVR-1 reference sequences (see figure
legends) and local epidemiological unrelated HCV 1, 2b,
and 2c strains. Bootstrap analysis with 1,000 replications
was performed to assess the significance of the nodes;
values >85% were considered to be significant. All of
the algorithms used were included in MEGA software
(version 2.1).

RESULTS

In October 2002, the anti-HCV seroprevalence in our
HD unit was 31.2% (10/32). Between April 2003 and
October 2003, four new HCV seroconversions were
detected; the first (CT6) in April 2003, second and third
(CT2 and CT4, respectively) in August 2003 and the
fourth (CT11) in October 2003; thus, raising the total
number of anti-HCV positive patients to 14 in the HD
unit (Table I).

In all four patients who seroconverted the infection
was asymptomatic. In the first patient who showed a
seroconversion (CT6), ALT levels that were normal on
the date of seroconversion and had always been normal
previously, showed an important increase only in the
following month. In one of the two patients (CT2)
who were found to be anti-HCV on August 2003, ALT
levels showed a moderate increase only at the time
of seroconversion and they had always been normal
previously. The other newly infected patient (CT4) who
tested anti-HCV positive on August 2003 had shown an
important ALT levels increase on May 2003, but he
tested anti-HCV negative in that date; however, his
ALT levels had always been normal until April 2003.
In these two patients anti-HCV test was performed,
and repeated at monthly interval for patient CT 4, as
consequence of the detected ALT levels elevation. The
last newly infected patient (CT11), who was found to be

TABLE 1. Anti-HCV Test Results, Genotype Determination and First Detection of Elevated Alanine Aminotransferase Levels
and of HCV RNA in HCV Infected Patients Receiving Dialysis in the Unit (April 2002—October 2003)

April October April June August September  October
Pt 2002 2002 2003 May 2003 2003 July 2003 2003 2003 2003
CT7 Pos Pos Pos NT NT NT NT NT Pos
CT 14 Pos Pos Pos NT NT NT NT NT Pos
CT1 Pos Pos Pos NT NT NT NT NT Pos
CT 10 Pos Pos Pos NT NT NT NT NT Pos
CT 13 Pos Pos Pos NT NT NT NT NT Pos
CT8 Pos Pos Pos NT NT NT NT NT Pos
CT3 Pos Pos Pos NT NT NT NT NT Pos
CTS Pos Pos Pos NT NT NT NT NT Pos
CT9 Pos Pos Pos NT NT NT NT NT Pos
CT 12 Pos Pos Pos NT NT NT NT NT Pos
CTé6 Neg Neg Pos *NT 1t NT NT NT NT Pos
CT2 Neg Neg Neg Neg Neg Neg Pos | *NT Pos
CT4 Neg Neg Neg Neg 1 Neg Neg Pos *NT Pos
CT 11 Neg Neg Neg Neg Neg Neg Neg Neg * Pos

Pos, anti-HCV test positive; Neg, anti-HCV test negative; NT, not tested for anti-HCV; ] denotes the first detection of elevated ALT levels;
* denotes the first HCV RNA detection. Pos in bold denotes the first anti-HCV positive test.

49

J. Med. Virol. DOI 10.1002/jmv



264

anti-HCV positive on October 2003 (on the occasion
of the anti-HCV six-monthly screening), had always
shown ALT normal values before seroconversion at
the monthly screening routinely performed in the unit
(Table I). All patients newly infected showed a positive
HCV RNA test after the seroconversion.

No further cases of new HCV infection were detected

when the serum samples drawn on June 2004 from all

the patients receiving hemodialysis in the unit were
tested for anti-HCV and HCV RNA. Genotyping per-
formed by INNO-LiPA revealed that all the patients who
had shown a new seroconversion were infected with
HCV genotype 2c. Six out of the 10 dialysis patient with
chronic HCV infection were infected with genotype 1b,
2 with genotype 2¢ (CT1 and CT3), and in 2 patients it
was not possible to determine the infecting genotype
(one refused to give a blood sample and another one
deceased before June 2004). Serum HCV RNA levels
ranged from 7,000 to 488,000 IU/ml for the four newly
infected patients and from 43,000 to >500,000 IU/ml for
patients with chronic HCV infection, for which a serum
sample was available. The two chronically infected
patients harboring genotype 2¢ had serum HCV RNA
titres of 171,000 Ul/ml (CT1) and >500,000 IU/m]1 (CT3).
‘Since in June 2004 all newly infected patients still
resulted HCV RNA positive, that is more than 6 months
after the detection of their seroconversion, they must be
considered as having all developed a persistent HCV
infection. These patients continued to be viremic while
attending the unit, although their ALT levels were
constantly normal, and none of them: underwent anti-
viral therapy. -

Figure 1 shows the phylogenetlc tree analys1s of the
NS5B region sequences isolated from all HCV RNA
positive patients receiving hemodialysis in the unit
(newly infected and chronically infected patients). All
four newly infected patients harbored very closely
related viral isolates that clustered together with the
2cisolate found in one of the two 2¢ chronically infected
patients, which is consistent with the hypothesis that
the outbreak had a single epidemiologic origin (patient
CT3). Phylogenetic analysis also revealed that the other
patient with chronic infection harboring genotype 2¢
(CT1) was not associated with the outbreak. The results
of the phylogenetic analysis in the HVR1 region, using
only genotype 2 sequences, with the majority being 2¢
collected from GenBank, were consistent with the
findings in the NS5B region (Fig. 2).

The results of the epidemiological investigation were
also consistent with a patient-to-patient mode of trans-
mission of the infection during the outbreak. The four
newly infected patients had never received transfusion
of blood or blood products. Two of them (CT2 and CT6)
had no exposure to surgical or medical invasive pro-
cedures outside the hemodialysis unit, while patient
CT4 had undergone dental extraction 2 months before
his seroconversion, and patient CT11 had dialysed
outside the unit on summer holidays (July and August).
None of the newly infected patients were known to have
used intravenous drug and none of their household
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Fig. 1. Phylogenetic tree of NS5B region. The patients involved in
the outbreak were indicated with the initials CT and numbered as in
the table: Reference genotypes 2b, 2¢c, and 1b sequences from GenBank
are indicated with their accession numbers (for HCV2e AJ291280;
for HCV2b AB030907; for HCV 1b AY257435). Local nonrelated
patient sequences, mcludmg patients with genotypes 2¢, 2b, and 1b,
are also included. Genetic distance is indicated by a honzontal bar
The numbers at the nodes indicate the frequency with which the

node occurred in 1,000 bootstrap replicates; values greater than 95%

are indicated.
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Fig. 2. Phylogenetic tree of HVRI/E2 region. Patients are indicated

as in Figure 1. Reference genotypes 2¢ and 2b GenBank accession
numbers are AF 237649 and AB030907, respectively. Local nonrelated
patient sequences with genotypes 2¢ and 2b are also included. Genetic
distance is indicated by a horizontal bar. The numbers at the nodes
indicate the frequency with which the node occurred in 1,000 bootstrap
replicates; values greater than 85% are indicated.

i



Hepatitis C Qutbreak in a Hemodialysis Unit

contacts were found to be anti-HCV positive. The only
healthcare worker who was anti-HCV positive resulted
negative when tested for HCV RNA. All patients
infected by closely related genotype 2c isolates (new
and old infections: patients CT2, CT3, CT4, CT6, and
CT11) received dialysis on the same days (Monday-
Wednesday-Friday). Patients CT2, CT3, CT4, and CT6
received dialysis on the morning shift (shift 1) and used
different machines. Patients CT11 received dialysis on
afternoon shifts but he had shared in several occasions
the same machine with patient CT2.

The healthcare workers employed in the unit denied
any violation of the standard infection control pro-
cedures. After the implementation of the infection
control procedures and the use of dedicated machines
for anti-HCV positive patients (but not dedicated rooms
or personnel), no additional cases of new HCV infection
were observed in the unit.

DISCUSSION

In this study, molecular analysis together with
epidemiological investigation provided strong evidence
for nosocomial patient-to-patient HCV transmission
during an outbreak in a hemodialysis unit. Two potential
routes of transmission were identified: horizontal trans-
mission via healthcare workers and/or environmental
contamination allowed by breaks in infection control
procedures; vertical transmission via the dialysis ap-
paratus. The occurrence of all but one cases of infection
with closely related subtype 2c strains in patients who
had received dialysis on the same days and the same
shift (CT2, CT3, CT4, and CT6) suggests horizontal
transmission during care due to breaks in infection
control procedures. Several types of breaks in infection
confrol procedures able to facilitate HCV transmission
in hemodialysis setting have been suggested, such as
absence of hand washing or inconstant glove use [Niu
et al., 1992), failure to change gloves between patients
[Fabrizi et al., 2002], sharing of multidose vials between
patients [Kokubo et al., 2002], and lack of environmental
disinfection (surfaces and instruments) [Delarocque-
Astagneau et al., 2002; Savey et al., 2005). Although the
healthcare workers employed in the unit denied any
violation of the standard infection control procedures,
occasional or inadvertent mistakes might have occurred
particularly during busy periods or an emergency with a
patient. In an environment in which frequently per-
formed percutaneous procedures may contribute through
blood spillage to HCV contamination of surfaces and
instruments [Caramelo et al., 1999], occasional mistakes
could be enough to transmit the virus between patients,
particularly if they are immunocompromised. Indeed,
patients CT2, CT3,CT4, and CT6 had not alwaysused the
same machine, but in several occasions, two of them
had shared a given machine with 36 hr of difference.
However, vertical transmission via dialysis machines in
this group of patients has to be considered very unlikely
for two principal reasons: first, after these patients had
received dialysis, each machine regularly underwent two
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complete cycles of disinfection during the following 36 hr
(after the fist and second shift, respectively); second,
none of patients receiving dialysis in the first shift on
the following day had resulted to have acquired a new
infection with genotype 2¢ or other genotypes. On the
contrary, vertical transmission via dialysis apparatus
between patient CT2 and CT11 could not be quite
excluded. These two patients had never received dialysis
on the same shift, but in several occasions have shared
the same machine in the same day. Apart from patient
CT2, none of the other patients infected with closely
related 2¢ strains had had any kind of contact with
patient CT'11 (dialysis on the same shift or use of the same
machines). Thus, even if patient CT11 had received
dialysis in another unit on vacation, he had undoubtedly
acquired HCV infection in the unit where the outbreak
occurred, and with high probability patient CT2 had been
the source of his infection. HCV transmission via the
dialysis apparatus has been suggested to occur in case of
dialysers reuse {dos Santos et al., 1996; Fabrizi et al.,
2002] or by dialysate [Sampietro et al., 1994], when the
dialysis fluid circuit was not disinfected after each session
{Le Pogam et al.,, 1998]. Transmission has also been
suggested to occur in case of potential contamination of
internal components of the dialysis machine not acces-
sible for routine disinfection. Some authors [Niu et al.,
1992; Delarocque-Astagneau et al., 2002; Savey et al.,
2005] have reported wetting of arterial and venous filters
due to accidental blood backflow creating a potential
contamination of the internal pressure sensing port,
which is not accessible for routine disinfection. Thus, two
successive episodes of blood backflow in the filters can
contribute to the transmission of HCV to another patient.
However there has been controversy in literature about
the potential role of hemodialysis machines in HCV
transmission: several other studies concluded that this
route probably is a rare occurrence, playing a minor
role or no role at all in the transmission of HCV in
hemodialysis settings [Jadoul et al., 1998; Fabrizi
et al., 2002; Barril and Traver, 2003]. In the unit where
the outbreak occurred, dialysers and tubing sets were
disposable and were never reused and disinfection
of dialysis machines were performed after each shift.
Furthermore episodes of accidental blood backflow into
external filter were not reported on patient CT2 medical
charts in the days in which he had shared the machine
with patient CT11. However, it cannot be excluded that
some incidents could have not been registered in the case
that the nurses had considered the backflow not sufficient
for concern. Alternatively, a break in infection control
procedures can be supposed, such as an unsatisfactory
environmental cleaning and disinfection between the
first and second shift that had resulted in HCV trans-
mission from CT2 to CT11 via contaminated environ-
mental surfaces. A recent study suggests that HCV in
dried plasma can cause infection in experimental animals
when left at room temperature for >16 hr but not longer
than 4 days [Krawczynski et al., 2003].

Since this investigation was retrospective it had some
limitations. It was not possible to directly observe the
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health care personnel employed in the unit during
their day-to-day working in the period the outbreak
occurred. Consequently, it was not allowed to verify if
in that period there were evident breaks in universal
standard precautions during tasks and procedures
performed by personnel during the care of the patients
and/or in environmental control procedures; thus it
was necessary to rely on healthcare workers interview
and medical chart review. Both two latter sources of
information could have minimized the recognition
and the impact of some events able to enhance the
probability of HCV transmission. On the basis of
the seroconversion data and epidemiological findings,
assuming there were no substantial delays in the
seroconversion times, the possible chain of transmission
of the infection among the hemodialysis patient harbor-
ing closely related HCV 2c should have been depicted as
that reported in Figure 3. Indeed, it is well known that
uremic patients receiving hemodialysis may suffer a
degree of immunosuppression and may have a delayed
" or disturbed HCV antibody response, which results in a
prolonged seronegative window phase after infection
[Le Pogam et al., 1998; Savey et al., 2005]. Since serum
samples obtained from the patients attending the
unit at various time points were not stored and thus
were no longer available for HCV RNA detection, it was
impossible to determine the time in which each patient
involved in the outbreak could be considered actually
infected and able to transmit the infection. In other
words, it. was impossible to establish with certainty
which patient among CT2, CT4, and CT6 was infected
first and: consequently when patient CT2 transmitted
the infection to patient CT11. Nevertheless, routine
monitoring of HCV infection as was performed in the
unit, that is screening ALT monthly plus anti-HCV
testing upon the admission, then every 6 months and in
case of ALT increase, had permitted the detection of the
outbreak. However, because of the high risk of HCV
transmission in hemodialysis units even through unrec-
ognized cases, particularly in those units where the

Breaks in infection control

procedures?
/ \. J
Contamination through
dialysis machinery?
Environmental '
contemination?

Fig. 3. Scheme of the possible chain and mechanisms of
HCV transmission among genotype 2c¢ infected patients involved
in the outbreak, assuming there were no substantial delays in
seroconversion times.
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prevalence of HCV infected patients is high, and
considering the high efficacy of an early anti-HCV
therapy for newly infected patients [Gursoy et al.,
2001], even this strategy may be not optimal. As sug-
gested by other authors [Savey et al., 2005; Hmaied
et al.,, 2006], it seems appropriate to test for HCV RNA
any patient showing, at the monthly screening for ALT,
a significant enzyme level increase (at least twice
the baseline level of the patient) but a negative anti-
HCV test and each new patient who enter the unit. To
that end, it is necessary to archive monthly at least at
—20°C, just for a brief time period, a serum sample for
determination of HCV RNA in case of ALT elevation.
However, for two of the newly infected patients (CT6
and CT11), monthly ALT screening did not help the
detection of the infections, since their ALT levels had
been normal until after seroconversion. Indeed, patient
CT11 had dialysed outside the unit for 2 months on
summer holidays (July and August 2003) and no data
about his ALT levels were available for that period.
On the contrary, for the two other newly infected
patients (CT2 and CT4) the detection of increased ALT .
on monthly screening helped the diagnosis by inducing -
to perform and then to repeat at monthly interval (for
patient CT4) the anti-HCV test. If on the occasion of the
detection of an ALT levels increase in patient CT4 (May
2003) the detection of HCV RNA had been performed,
the diagnosis of HCV infection probably could have been
made 3—4 months early. While these facts underline
uncertainty in depicting the chain of transmission in
this outbreak, they also stress the importance of testing
for HCV RNA whenever. a significant ALT increase
occurs. )

After the implementation of the infection control
procedures and the use of dedicated machines for anti-
HCYV positive patients (since January 2004), no addi-
tional cases of new HCV infection were observed in the
unit. The decision of using dedicate machines for anti-
HCV positive patients, that became operative from
January 2004, was taken by the hospital managers
according to published guidelines [Barril et al., 2004].
Isolation policy of HCV infected patients on mainte-

‘nance hemodialysis by rooms, machines, and personnel,
is controversial. At present, The Centers for Disease

Control and Prevention does not recommend the use of

-dedicated machines or patient isolation [Anonymous,
-2001], however in some European countries, including

Italy, a good proportion of the hemodialysis units,
particularly those with high prevalence of infection,
currently adopt isolation strategy for HCV infected
patients (EBPGEGH and ERA, 2002; Fabrizi et al,,
2002; Barril and Traver, 2003; Barril et al., 2004; Di
Napoli et al., 2006]. Notwithstanding the high preva-
lence of infection, before the outbreak occurred in the
unit, no isolation measures were adopted:for HCV
positive patients. This was due to the lack of room for
patients and to the unavailability of further hospital
personnel. There are convincing arguments supporting
a policy of isolation of HCV infected patients. Some
prospective studies have clearly showed an important
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decrease in the incidence of HCV infections by a
complete isolation of the infected patients [Saxena
et al., 2003]. Other studies reported a reduced number
of seroconversions in unit in which all patients had a
dedicated machine or some machine were dedicated for
HCYV infected patients (Shamshirsaz et al., 2004]. The
use of dedicated machine for HCV infected patients,
could be useful in units with high prevalence of HCV
infection and with a low patient-personnel ratio [Barril
and Traver, 2003]. On the other hand, several consid-
erations oppose to the need to isolate HCV infected
patients. HCV infectivity is lower than that of HBV.
An effective isolation policy would include reliable
diagnostic methods to detect HCV infected patients;
this means that it would be necessary to routinely test
all patients for HCV RNA. Furthermore, several investi-
gators have been able to significantly reduce the number
of seroconversion by only reinforcing infection control
measures [Jadoul et al., 1998]. Finally, others authors
showed the HCV transmission can occur despite the use
of dedicated machine because of breaks in infection
control procedures {Hmaied et al., 2006]. Even if the
debate over the need for isolation policy is not resolved,
there is a consensus that using dedicated machines for
HCV infected patients does not exclude reinforcement of
universal precautions [Delarocque-Astagneau et al.,
2002; Barril and Traver, 2003].

In conclusion, molecular analysis and epidemiological
investigation suggested a patient-to-patient HCV trans-
mission in this outbreak mainly due to breaks in
infection control procedures even if a related-machine
transmission cannot be quite excluded in one case.

Universal infection control precautions remain the
key stone in the prevention of nosocomial HCV trans-
mission in hemodialysis units. They include avoidance
of sharing equipment and devices, frequently hand
washing and proper gloves use, cleaning and disinfec-
tion with virucidal agents of all the unit (instruments,
machine, floor, surfaces). All these measures require
continuous education, written procedures and adequate
patient-personnel ratio.
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