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Infectivity of blood components with low hepatitis B virus DNA
levels identified in a lookback program

Masahiro Satake, Rikizo Taira, Hisao Yugi, Satoru Hino, Kimihiro Kanemitsu, Hisami Ikeda, and
Kenji Tadokoro

BACKGROUND: Japanese Red Cross (JRC) blood
centers implemented anti-hepatitis B core antigen (HBc}
screening in 1989 and 50-minipool (MP)-nucleic acid
testing (NAT) in 2000. A systematic lookback study has
been conducted to determine the hepatitis B virus
(HBV) transmission risk of donations drawn in the pre-
hepatitis B surface antigen (HBsAg) and/or MP-NAT
window phase and by donors with occult HBV infection.
STUDY DESIGN AND METHODS: JRC blood centers
have been storing aliquots of every blood donation
since 1996. On the basis of the complete repository
tube archives, all donations from repeat donors
received from 1997 to 2004 were subjected to a look-
back study. When repeat donors turned positive for
HBV viral marker(s), repository tubes from-their previ-
ous donations were tested for HBV with individual-
donation (ID)-NAT. The frequency of ID-NAT-only—
positive donations and the HBV transmission risk by the
transfusion of those components were investigated.
RESULTS: HBV ID-NAT was performed on 15,721
repository tubes, and 158 tubes (1.01%) were found
positive for the presence of HBV DNA. Of these 158
ID-NAT-only—positive donations, 95 {60%) were derived
from carriers with low anti-HBc titers. Of 63 patients
transfused with ID-NAT-only-positive components, 12
(19%) proved to be infected with HBV. Only 1 of 33
components with low anti-HBc titers could be identified
as intectious, whereas 11 of 22 anti-HBc-negative com-
ponents proved to be infectious. None of the 16 identi-
fied hepatitis B surtace antibody—positive components
showed serologic evidence of infection.

CONCLUSION: The clinically observed HBV infection
risk caused by biood components from occult HBV car-
riers with low anti-HBc titers who siip through the JRC
screening system is more than 10-fold lower than the
transmission risk by donations in the pre-HBsAg and/or
MP-NAT window phase.

ucleic acid testing (NAT) for hepatitis C virus

(HCV) and human immunodeficiency virus

(HIV) has been implemented in developed

countries for screening blood donated during
the window period and plays a critical role in excluding
infectious blood components.'? For hepatitis B virus
(HBV), Japanese Red Cross (JRC) blood centers have been
screening blood with hemagglutination for hepatitis B
surface antigen (HBsAg) detection combined with anti-
hepatitis B core antigen (anti-HBc) and hepatitis B
surface antibody (anti-HBs) testing since 1989 and imple-
mented 50-member-pool NAT (50-NAT) for HBV, HCV,
and HIV in February 2000.%* There is still a residual risk
of transfusion-transmitted viral infection (TTI), however,
because of the limited sensitivity and use of pooled
samples in current NAT systems.® A precise evaluation of
residual risk after NAT implementation is essential in
determining whether further strategies for preventing
TTI are warranted (e.g., individual donation [ID}-NAT or
pathogen reduction).”

To investigate the cause of reported TTI and to iden-
tify and retrieve virus-containing components, JRC has
been storing aliquots of every blood donation since 1996
with a plan to preserve repository aliquots for 11 years. A

ABBREVIATIONS: 50-NAT = 50-member-pool nucleic
acid testing; HBs = hepatitis B surface antibody;

HI = hemagglutination inhibition; ID = individual
donation; JRC = Japanese Red Cross; MP = minipool;
TTI = transfusion-transmitted viral infection.
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systematic lookback study has been conducted in which
repository tubes from previous donations were investi-
gated for the presence of HBV, HCV, or HIV sequences
by ID-NAT when repeat donors turned positive for viral
antigens, anti-viral antibodies, or screening 50-NAT? In
the present lookback study, the proportion of ID-NAT-
reactive donations that are not detected by the current JRC
blood screening algorithm has been established and the
clinically observed HBV transmission risk of the compo-
nents derived from these donations has been investigated.

MATERIALS AND METHODS

In JRC blood centers, all donated blood samples are first
screened for HBsAg by reversed passive hemagglutina-
tion,® the sensitivity of which is 3 ng per mL. HBsAg-
negative samples are further screened for anti-HBc and
anti-HBs by hemagglutination inhibition (HD) and par-
ticle agglutination, respectively. Only blood having a high
anti-HBs titer (=2¢ dilution equivalent to 200 mIU/mL)
or 1o or a low anti-HBc titer (HI titer < 2* dilution) is
defined as seronegative. The combination of the above
serologic screening tests excludes HBsAg-positive donors
and most occult carrier donors. Because the cutoff point
for HI is set at a higher level than that for enzyme immu-
noassay (EIA) anti-HBc, there are donations that are
accepted while having low anti-HBc titer detectable by
EIA but not by HI. Fifty seronegative samples are then
pooled for NAT. JRC NAT screening employs a poly-
merase chain reaction (PCR) system (AmpliNAT, Roche,
Indianapolis, IN) that utilizes multiplex reagents for
detecting HBV, HCV, and HIV genomes. The detection
range limit (95% confidence interval) for HBV is 22 to
60 copies per mL.'"° The sensitivity of current 50-NAT is
expected to be 50-fold lower than that described above,
that is, 1100 to 3000 copies per mL.

All donations from repeat donors received from 1997
10 2004 were subjected to a lookback study when a
subsequent donation turned positive for a 50-NAT, HBsAg,
or anti-HBc. Repository samples from donors immedi-
ately preceding donations that became positive for the
presence of the markers described above were routinely
analyzed by ID-NAT. Donors exhibiting a subsequent
donation with anti-HBc reactivity above 2* dilution in the
absence of anti-HBs, or donors with a décrease in their
anti-HBs reactivity (to below 2 dilution) in the presence of
a positive anti-HBc result, were also defined as anti-HBc
converters and included in the study. The process: of
ID-NAT was as follows. Test samples were first screened
with the same reagent and method as AmpliNAT except
that the system contained a capture probe only for HBV,
Positive samples were then subjected to dual-repeat
ID-NAT. Doubly positive {(+/+) and singly positive (+/-)
samples were defined as ID-NAT-positive and further
subjected to quantitative NAT. The HBV genome was
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quantified by a JRC in-house method that utilizes TBE-1
(nucleotides 250-272; 5'-AGACTCGTGGTGGACTTCTCT
CA-3"), TBR-1 (nucleotides 428-409; 5'-TGAGGCATAGCA
GCAGGATG-3"), and TP-02 (nucleotides 368-392; 5'-TATC
GCTGGATGTGTCTGCGGCGTT-3') as F-primer, R-primer,
and probe, respectively. The sensitivity of the quantitative
NAT was 100 copies per mL. Samples verified to-be ID-
NAT-positive were reevaluated for anti-HBec by ElA
(AxSYM, Abbott Japan, Tokyo, Japan) as well as semiquan-
titative HI and for anti-HBs by EIA (AxSYM). Only samples
exhibiting concordant results for anti-HBc with 2' =
HI =< 2* and EIA positivity (>50% inhibition) were defined
as samples with low anti-HBc titers. To substantiate the
infectious status of the donors in the ID-NAT-only-
positive donation, repository tubes obtained in the subse-
quent donations were also evaluated for HI, EIA-anti-HBc,
EIA-HBsAg, and ElA-anti-HBs.

The risk analysis for HBV contamination in blood
components was limited to donations obtained from
February 1, 2000, to January 31, 2004, all of which had
been qualified by the current screening algorithm includ-
ing 50-NAT. For the analysis of the infectivity of HBV-
containing units, components that had not been tested by
50-NAT were also used in the study.

ID-NAT results for the preceding donation were sent
with an evaluation form for viral contamination risk to the
medical facility that used the donation. On the form, the
degrees of viral contamination risk were described with
the following classification: the donation was 1) ID-NAT-
positive; 2) ID-NAT-negative but with probable HBV con-
tamination because the blood was donated during the
potential window period (the window period was defined
as 46 days according to the Japanese guideline for look-
back investigation issued by the Ministry of Health,
Labour and Welfare); 3) ID-NAT-negative but with pos-
sible HBV contamination even though the time interval
between the preceding donation and the marker conver-
sion was long (>46 days); or 4) ID-NAT-negative and
unlikely to have viral contamination because the test
result for the subsequent donation was verified to be posi-
tive because of the alteration of the cutoff point for anti-
HBc during the period between the two donations. The
clinical outcome of patients transfused with ID-NAT-
positive components was collected by local blood centers.
The testing of blood samples from transfused patients, the
initial diagnosis of HBV-TTI, and the report of suspected
cases to blood centers were basically conducted by physi-
cians who treated the patients. The diagnostic bases for
TTI was therefore not uniform regarding the HBV markers
tested, the observational period after index transfusion,
and the time interval between transfusion and blood
testing. In most medical institutions, the presence of anti-
HBc or anti-HBs in pretransfusion samples is usually not
evaluated. In all documented HBV wansmission cases, the
diagnosis of HBV infection was established on the basis of
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the HBsAg conversion, anti-HBs sero-
conversion, or HBV DNA conversion.

TABLE 2. Relationship between ElA-anti-HBs and HBV genomic

copy number

EIA value for anti-HBs (mlU/mL)

Copies/mL (number of samples)

EA=0 <100 (14), 160, 200, 220, 230 (2), 300 {2), 380
0<ElA<5.0 <100 (11), 100, 120
RESULTS ElA = 5.0 (range, 5.7-179.2; <100 (18}
median, 24.9)

Lookback study for HBV

Of the repository tubes that had been

aliguoted from the donations obtained from February 1,
2000, to January 31, 2004, a total of 15,721 were subjected
to ID-NAT (Table 1). All the donations had been qualified
with the current screening algorithm including 50-NAT.
Although the total number of tubes investigated by
ID-NAT is evident because ID-NAT was performed in one
laboratory, the numbers for each of the HBsAg-, 50-NAT-,
or anti-HBc-converted repeat donors are not available
because of a data management problem where the detail
of lookback process for each conversion case was not
recorded on a centralized computer system. The exact
number for each of the three categories was summed up
only for the period between June 13, 2002, and July 21,
2003. From the extrapolation of these 404 days of data, the
number of repeat donors who became positive for the
presence of the three markers during the 4-year period
was estimated (Table 1).

Of the estimated 329 prior donations that became
positive for the presence of HBV DNA by 50-NAT in the
subsequent donation, 28 (8.5%) were verified to be posi-
tive for the presence of HBV DNA by ID-NAT (Table 1).
Viral concentrations were available for 18 samples and
were fewer than 380 copies per mL. A low anti-HBc titer
below the screening cutoff value (=2* by HI test) was
detected in 13 of 26 cases evaluated but not in the remain-
ing I3 (Table 1). This result suggests that a significant
number of occult carriers have a fluctuating low-level
viremia. Thirteen of the 16 ID-NAT-positive donations in
which subsequent donations became HBsAg-positive
were thought to have been obtained during the window
period because they were anti-HBc-negative (Table 1).
The remaining three contained a low anti-HBc titer and
were: considered to be derived from chronic carriers.
Seventy-nine of the 114 ID-NAT-positive donations exhib-
iting a subsequent donation with anti-HBc seroconver-

sion were considered to have been derived from occult
carriers having low anti-HBc titers (Table 1); 82 percent
(65/79) of these carrier donors were more than 50 years of
age at the time of the repository sample. Thirty-four dona-
tions with negative anti-HBc reactivity were thought to
have been obtained during the window period of acute
infection. These units were donated mostly by young
people, with 68 percent (23/34) less than 50 years of age.
In summary, during the 4-year study, we identified 158
HBV ID-NAT-only-positive blood donations that corre-
sponded to 1.01 percent of samples for which ID-NAT was
performed. Ninety-five (60%) of them were donated by
occult carriers with low-titer anti-HBc and 60 (38%) by
anti-HBc-negative or window-period donors (Table 1).
Thus, of the repeat donors in Japan, there are an estimated
39.5 donations every year that are ID-NAT-only-positive,
Viral concentrations were generally very low in occult
carrier donors with 75 (95%) of the 78 samples studied
having fewer than 100 copies per mL and only three having
at least 100 copies per mL (data not shown). Donations
obtained during the window period contained higher viral
DNA levels with 12 of the 46 samples studied containing at
least 100 copies per mL (range, 100-860 copies/mL).
Anti-HBs titer was measured with EIA in 53 repository
tubes for which clinical outcome as a result of transfusion
were available (see below). When anti-HBs titer was
divided into three categories (=0, between 0 and 5, and
=5 mIU/mL), there was no sample that contained at least

100 copies per mL of HBVDNA in the category of anti-HBs ~

of at least 5 mIU per mL (Table 2).

Infectivity of ID-NAT-positive component
To establish the infectivity of the ID-NAT-only-positive
components, we included donations obtained from 1997
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HBV converters Repository tubes
TABLE 1. Numbers of ID-NAT—positive donations and positivities for antl-HPc in repository tubes” from previous donation Risk analysis for 4 years
Projected number of Number of repository Anti-HBc status of ID-NAT-positive . -
Converted converted donations tubes positive for repository sample Feb.'00 ~ Jan.'04 : 158
markers for 4-year period ID-NAT within 4 years Low titer Negative Not tested . . e
with 50-NAT ID-NAT-positive
50-NAT 329 28 (8.5%) 13 13 2 T~ P
HBsAgt . 730 16 (2.2%)" -3 13 0 15,721 158
Anti-HBc 14,662 114 {0.78%)" 79 34 1 ' c ts fused
nents tr;
Total 15,721 (observed number) 158 (1.01%; 39.5/year) 95 (60%) 60 (38%) 3 (2%) (291) omponents transtuse
* Percentage of observed [D-NAT—positive samples among projected number of samples for which [D-NAT was performed. I99? - 19989 ID-NAT-positive / 310
t HBsAg conversion includes those accompanied by anti-HBc seroconversion. . /
B without NAT 133 1
v
? Reports of clinical outcome

182

!

< 460 copies/mL*

1

4.4x10* copies/mL

181

|

Infectivity study

Fig. 1. Donations with HBV conversion obtained from 1997 to 2004. *HBV DNA copy number in repository tubes from presero-

conversion donation.

to 2004 in the analysis (Fig. 1). A total
of 291 donations were determined to
be ID-NAT-positive and an estimated

TABLE 3. Clinical outcome of 181 patients transfused with

1D-NAT-only-positive components

310 components were prepared from

Clinical outcome

Number of
patients (n = 181)

these donations and distributed to

infected through transfusion 12

medical institutions.  Through the Positive for the presence of HBsAg 7
hemovigilance system, we received 182 Positive for the presence of HBY DNA 2
£ th h 4 Posltive for the presence of anti-HBs 3

reports as of August 2005 that showe: Positive after ion without p ion testing 7
the clinical outcomes of the transfu- Infected before transfusion 7
sions of the components. Although the | No evidence of infection 51
P gh Expired 104

donations given before February 2000

were not screened by 50-NAT, it is
highly unlikely that the ID-NAT-
positive donations before February 2000 would have
been disqualified by 50-NAT screening considering the
very low viral load in these samples (=460 copies/mL,
except for one case). Therefore, they are also referred to
in this article as ID-NAT-only-positive donations. One
sample donated before NAT screening that contained
4.4 x 10* copies per mL HBV DNA was excluded from this
study.

Twelve of the 181 reports were confirmed to be HBV-
TTI cases (Table 3); of these, 7 became positive for the
presence of HBsAg, 2 became positive for the presence of
HBV DNA, and 3 showed anti-HBs seroconversion. All
these patients had negative results for either HBsAg or
HBV DNA before transfusion. HBV DNA sequences were
identical between the blood donors and the transfused
patients in all the 8 pairs studied. Seven patients who were
positive after transfusion for the presence of anti-HBc (2
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patients), anti-HBs (3 patients), or both markers (2
patients) were not classified as TTI cases because of
the lack of pretransfusion HBV testing data. The other 7
patients who were also positive for the presence of HBV
markers after index transfusion were actually found to
have anamnestic HBV infection before transfusion. Fifty-
one patients showed no evidence of HBV infection after
index transfusion. Because no anti-HBc testing was per-
formed after transfusion in any of the 51 patients, we may
have overlooked cases that showed positivity only for anti-
HBc as aresult of infection. A total of 104 patients had died
without any test results recorded regarding HBV infection.
Thius, 12 of 63 (of 12 infected and 51 noninfected) patients
acquired HBV infection as a result of the transfusion of
ID-NAT-only-positive components, suggesting the infec-
tivity of the components to be 19 percent. If all of the
7 positive patients without pretransfusion data were
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TABLE 4. Blood donors and components included in study of HBV t issibility and relationship b 1
HBV-TTI and anti-HBc status of tused ponents
Number of Total number X

Anti-HBc in Number of Ci d p of components Infection

repository samples donars marker and transfused avaluated Yes No evidence

Low titer 29 NAT:. 4 5 - 33 . 1 32
Anti-HB¢: 26 28

Negative 20 NAT: 1 1 22 n 1
HBsAg: 4 4 .
Anti-HBc: 15 17

Undetermined ] NAT: 1 1 8 0 8
Anti-HBc: § 7

Total 55 NAT: 6 7 63 12 51
‘HBsAg: 4 4
Anti-HBc: 45 52

assumed to be TTI cases, the infectivity of the components
would be 27 percent.

Blood components transfused to the 63 patients had
been processed from 55 donations (Table 4). The HBV
infection status of the 55 donations was determined from
the anti-HBc and anti-HBs data and was further con-
firmed by the serologic data that were obtained with the
repository tubes in the subsequent donation when HBV
marker(s) converted. Twenty-nine donors with low-titer
anti-HBc were judged to be in the occult carrier state
(Table 4); 4 donors who became 50-NAT-positive in the
subsequent donation were anti-HBc-positive with greater
than 95 percent EIA inhjbition in both the index and the
subsequent donations, and all 25 donors showed weak
reactivity for HI and greater than 90 percent (except for
one case with 63%) ElA inhibition in the index donation
and showed HI positivity and greater than 85 percent EIA
inhibition in the subsequent donation. One exceptional
donor with 63 percent EIA inhibition for anti-HBc was
a 60-year-old woman with 72 mIU per mL anti-HBs in
the index donation. Twenty anti-HBc-negative donations
were designated as those obtained during the window
period (Table 4); 4 donors became strongly positive for
EIA-HBsAg with greater than 200 S/N within 2 months; 13

donors became anti-HBc-positive with greater than’

90 percent EIA inhibition coupled with HI conversion in
the subsequent donations; 1 donor with 5 percent inhi-
bition for ElA-anti-HBc became HI-positive with an
increase of up to 65 percent inhibition and anti-HBs
conversion; 1 donor with 10 percent inhibition became
Hl-positive although ElA-anti-HBc remained negative
after 14 days with 46 and 38 percent inhibitions in dupli-
cate tests; and 1 donor became positive only for 50-NAT
after 33 days, representing a minipool (MP}-NAT window
case. For the six donations that had conflicting results
between HI and ElA-anti-HBc, the infection status was
not determined even if the serologic data in the subse-
quent donation were taken into consideration. A nonspe-
cific reaction of HI and ElA-anti-HBc or the recovery

phase of acute infection with or without prior vaccination
are the possible explanation for this category. Because the
transfusion of components derived from one donation
(e.g, red blood cells [RBCs] and fresh-frozen plasma
[FFP]) sometimes caused discrepant results in patients
and the total viral loads of the components were different
depending on the component types, clinical outcomes
resulting from the transfusion of components derived
from single donation are described separately in the
present analysis.

Note that 11 of the 12 components that caused HBV
infection had zero or negligible anti-HBc titers and there-
fore were considered to have been derived from donations
given during the 50-NAT window period (Table 4). One

" jumbo FFP component (450 mL) identified by 50-NAT
conversion in the subsequent donation had low anti-HBc
titer with fewer than 100 copies per mL viral concentra-
tion. This case represents a TTI case caused by the trans-
fusion of an occult carrier-derived component. Results of
antj-HBs testing were available for 9 of the 12 infectious
samples (Table 5). All 9 showed negative results including
the sample from the occult carrier that had 4.8 mIU per
ml, a value defined as negative. Of the repository tubes
from 51 noninfectious components, 11 were negative and
32 were positive with low titer for anti-HBc (Table 4). Of
the 32 samples with low-titer anti-HBc, 11 were positive
and 12 were negative for the presence of anti-HBs
(Table 5.

In summary, of the 33 components with low-titer
anti-HBc, only 1 could be identified that caused infection,
whereas of the 22 anti-HBc-negativeé components, 11 had
proved to cause infection (Table 5). If the 8 anti-HBc-
undetermined cases were also considered, the infectivity
range of low-titer anti-HBe components was 2.4 to 3.0
percent and that of anti-HBc-negative components was
37 to 50 percent, showing that the HBV transmission rate
of window period-derived components observed in our
hemovigilance system is more than 10-fold higher than
the rate caused by occult carriers with low-titer anti-HBc
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DISCUSSION
TABLE §. Relationships between anti-HB¢, anti-HBs, and HBV-TTI

Anti-HBs The sample repository of all donations
Anti-HBc Infection Positive Negative Undetermined Total stored since 1996 enabled us to perform

Low titer Yes [} (1) 0 1 : : :
Not 107 12 (15) 9(0) a2 a look}:ack study and identify the bl.ovod
Negative Yes 0 8 (9) 3 1 donations that were ID-NAT-positive
) No ] 8 (10) 3(n) " with low HBV DNA levels but had not
Undetermined K‘e; g © g ® ? ) g been detected by the regular 50-NAT,
Total ) Yes 0 (0) 9 (10) 3(2) 12 HBsAg, and anti-HBc screening tests.
No 16 (22) 22 (27) 13(2) 51 Although the serologic testing of pre-
* Number in parentheses is the number of donations that include ones whose anti-HBs and pesttransfusion blood samples of
: 's\ll:l::ic\;veanscees:fni\r?:;imt'h the data obtained from subsequent donation. patients who had received the ID-NAT
HBV DNA-reactive blood components

who have slipped through the JRC screening system. It is
also clear that there was no HBV-TTI in patients who were
transfused with anti-HBs-positive components. When
anti-HBc~undetermined cases were included, none of 16
anti-HBs-positive components exhibited evidence of
infection (Table 5). When anti-HBs-undetermined cases
were reevaluated with the anti-HBs and/or anti-HBc data
in the subsequent donation and time interval between the
two donations, the cases were successfully divided into
anti-HBs~positive or-negative groups (numbers in paren-
thesis in Table 5). When the estimated numbers were also
taken into account, it is calculated that the infectivity of
components with and without anti-HBs was 0 of 22 and 10
of 37, respectively (Table 5). . .

In both the low-anti-HBc-titer group and the anti-
HBc-negative group, the same HBV DNA levels were mea-
sured in the components with and without evidence of
infection (Table 6). This is true even when viral load is
adjusted to total viral copy number contained in the com-
ponents with mean plasma volume of each component
(data not shown). There was also no clear correlation
between the type of blood components transfused and the
infection outcomes observed in the recipients. There were
two cases where components from one donation caused
discrepant results in two patients transfused (Table 6 foot-
note). The distribution of age or sex showed no difference
between the patients with and without serologic evidence
of infection (data not shown).

The basic disease conditions of the TTI cases were
available for nine patients: multiple trauma in one, surgi-
cal operation in three, shock due to trauma and burn in
one, great vessel diseases in two, hematologic malignan-
cies in two, and disease unknown in three (Table 7). The
results show that patients prone to infection were not
Limited to heavily immunocompromised people. Four
patients showed elevated alanine aminotransferase (ALT)
of more than 100 IU per L. Although the number of
patients was limited, there was a tendency that a high ALT
was associated with a high total viral load infused.
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was often incomplete, we were able to

show a difference in the transmissibility
of HBV between donations in the pre-HBsAg and/or
MP-NAT window phase and blood from donors with
occult HBV infection whose anti-HBc titers were below
the exclusion limit of the JRC screening system.

We performed HBV ID-NAT on 15,721 repository
tubes and identified 158 (1.01%) DNA-positive samples, of
which 85 were anti-HBc-reactive with low titer, indicating
that, under the Japanese screening algorithm, 60 percent
of the ID-NAT-only-positive donations from repeat
donors are derived from occult carriers. The viral loads of
the samples from occult carriers were very low with 75 of
78 samples having fewer than 100 copies per mL. Such
concentrations cannot be detected with pool-NAT sys-
tems'' suggesting the need to develop and implement
ID-NAT systems for screening.!? When no ID-NAT systems
are available, sensitive anti-HBc testing is currently the
only measure for identifying these very low viral loads
from occult carrier donations.'**

Of the 63 patients transfused with ID-NAT-only-
positive components, 12 (19%) were confirmed as HBV-
TTI cases. This number is unexpectedly low relative to the
high HBV infectivity observed in clinical settings and
animal experiments.'>!® Possible reasons for this include
the following: 1) anti-HBs or anti-HBc testing before and
after transfusion is not routinely performed in medical
facilities; thus some patients might have immunity
against reinfection from past exposure to HBV or vaccina-
tion, whereas a relatively large proportion of HBV infec-
tions ‘may not have been recognized in the current
hemoviligance system in the hospitals. It is, however,
unlikely that most noninfected patients maintained
immunity by past infection given the hepatitis marker fre-
quency of first-time donors in Japan, where the highest
prevalence of anti-HBc (6.82%) has been observed in
donors in their sixties.'” Assuming that this percentage
represents the mean anti-HBc prevalence among patients
who received transfusions and that all anti-HBc-positive
people have immunity against reinfection, prior protec-
tion would have contributed very little to the observed
incidence of HBV-TTI. 2) The viral copy number obtained
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TABLE 6. Relationship between HBV infectivity, HBV viral loads, and types of components

Without evidence of infection (11)
Undetermined (8) Without evidence of infection (8)

Anti-HBce status Intectivity Viral loads (copies/mL); component type(s)
Low titer (33) Infectious (1) <100; FFP (1)

Without evidence of infection {32) <100 (27), 93, 98, 100, 120, NTt; RBCs (17), FFP (14), PC$ (1)
Negative (22) Infectious {11} <100 (6), 160, 170, 230§, 3001l, 380; RBCs(5), FFP(4), PC(2)

<100 (8), 170, 230§, 300It; RBCs (5), FFP (4}, PC (2)
<100 (6), 200, 460; RBCs (2), FFP (6)

" Number in parentheses is the number of components.
T NT = not tested.

1 PC = platelet concentrate.

§

RBCs and FFP were processed from the donation and transfused to a patient undergoing orthopedic surgery and a gastric cancer patient,
respectively. The former patient acquired HBV infection and the latter did not.

FFP and RBCs were processed from the donation and transfused to a patient with dissecting aneurysm and a patient undergoing orthope-
dic surgery, respectively. The former patient acquired HBV infection and the latter did not.

TABLE 7. Basic di

conditions of TT| cases

Types of Viral Total
Age Converted Highest ALT components copies/mL. in viral loads
(years) Sex Basic disease status marker (oY transfused components infused”
3 Male Multiple trauma HBsAg 2281 FFP-2 (WP)} 1.7 x 102 27,200
66 Femaie Knee joint replacement Anti-HBs 1108 RBCs-2 (WP) 23x10° 5,750

(rheumatoid arthritis)

49 Femaie Dissecting aneurysm HBsAg 992 FFP-2 (WP} 3.0 x 10% 48,000
7 Male Gastrectomy {(gastric cancer) HBsAg 148 RBCs-2 (WP) <100 ubt
62 Male Acute myelogenous leukemia HBV DNA 66 PC§-15 (WP) 3.8 x 102 95,000
63 Male Carotid artery stenosis HBsAg 56 RBCs-2 (WP) <100 ub
74 Female Shock due to trauma and burn HBsAg 33 EFP-1 (WP) <100 up
68 Male T-cefl lymphoma HBsAg 27 PC-10 (WP) <100 up
78 Male Gastrectomy (gastric cancer) HBV DNA 17 RBCs-2 (WP) <100 uD

250 mL; FFP-1, 80 mL; PC-10, 200 mL.
1 Components obtained during the window phase (WP).
3 UD = undetermined.
§ PC = platelet concentrate.

" Total viral load in the component was calculated with the plasma volume of each component; FFP-2, 160 mL; RBCs-2, 25 mL; PG-15,

by PCR may include replication-incompetent DNA frag-
ments and therefore may not directly relate to infectivity.
3) A protective effect may be induced by passively trans-
ferred anti-HBs from index components or components
from other antibody-positive donors transfused close to
the time of HBV exposure. 4) The infectivity of HBV may be
reduced during storage of the blood components.
Despite these limitations we were able to compare the
outcomes of HBV transmission of components derived
from 55 donations and compare the infection outcomes
in 63 recipients. The results that were retrievable in the
hemoviligance system indicate that the donations in the
pre-HBsAg and/or MP-NAT window phases are at least
10-fold more infectious than the donations with low anti-
HBe titers from occult carriers. Eleven of 22 (50%) compo-
nents derived from window-phase donations proved to
have caused seroconversion of HBV markers in the re-
cipients, whereas only 1 of 33 (3%) anti-HBc-reactive
donations showed serologic evidence of infection. The
infectious anti-HBc-reactive FFP component came from
an anti-HBs~negative occult HBV carrier with fluctuating
viremia. None of 11 anti-HBc-reactive and anti-HBs—

positive units proved to have caused infection. When the
anti-HBc-undetermined units were taken into consider-
ation, it was revealed that there was no evidence of in-
fection in any of the 16 patients transfused with anti-
HBs-positive components. To establish the relationship
between the titer of anti-HBs and the infectivity of occult
carrier~derived blood, more clinical reports are needed
for the category of patients who acquired infection as a
result of transfusion of low titer anti-HBc components.
When the clinically observed HBV transmission rate of
anti-HBs-negative donations with and without low-titer
anti-HBc was compared, it turned out that the transmis-
sion rate caused by the presumed tail-end carriers with
occult HBV infection (1/13, 8%) was still significantly
lower than the rate of the window-phase donations (8/16,
50%; p < 0.05). There were three components having at
least 200 copies per mL of HBV sequence that did not
cause infection even in the absence of detectable anti-
HBs. It may be that the infectivity of donors with higher
anti-HBc titers {that are screened out of the Japanese
blood supply) have a higher risk to be infectious, particu-
larly in the tail-end chronic carriers without circulating
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neutralizing anti-HBs. More research needs to be done to
understand the infectivity of HBV in donors with chronic
occult infection or with persistent or recurrent viral repli-
cation after recovery. In chronic and perhaps more in
recovered occult HBV infection, mutations in the genome
may reduce the capacity of viral entry, replication, and
secretion.!™* It has been reported that a portion of
patients who recovered from acute hepatitis harbor
HBV in their liver and may exhibit intermittent viremia
even after complete clinical resolution and HBsAg
clearance. %

There was essentially no difference in copy number
between the infectious and the presumed noninfectious
components, indicating that the viral load is not the only
factor for infectivity. The infectious Joad is dependent on
the amount of plasma and 3- to 20-fold higher in platelet
concentrate or FFP than in RBCs, but we were unable to
demonstrate a difference in transmission risk between
these components. It may be that other factors affecting
the observed infectivity in recipients (see above) have
masked the known relationship between infectivity and
viralload in the transfused components. Unfortunately we
have no means to confirm whether indeed half of the anti-
HBs-negative window-phase units were not infectious
even though viral loads above 10* to 10° HBV particles
have been infused. It may be that we would have found
these donations to be infectious when anti-HBc and anti-
HBs was routinely tested in the pre- and posttransfusion
samples of the recipients. Our estimates for the infectivity
of ID-NAT-only-positive units may thus be underesti-
mated. We also could not find any clear differences
between the patients’ susceptibility profiles in terms of
disease status, age, and sex. Although we could not find
clear relationship between infectivity and viral load in
components, some degree of association was suggested
between patients’ high ALT value during the course of
infection and the high total viral load contained in the
component, the result reminiscent of the report by Barker
and Murray.?®

JRC has been collecting voluntary reports on TTI from
hospitals and has already established a database for iso-
lated TT! cases.’*® Combining these data and those
obtained from this lookback study, it is estimated that
the total number of HBV-TTI cases is 17 to 20 per year
(1/0.27-0.32 million donations) in Japan with 5.4 million
annual blood donations and that approximately 85
percent of the HBV infections are caused by the transfu-
sion of window period-derived components. Although it
is obvious that combined screening with ID-NAT and sen-
sitive anti-HBc testing would ultimately reduce the HBV-
TTI cases, a decision on whether the anti-HBc screening is
implemented or not should be made considering the local
prevalence of HBV in the area considered, the number of
donors who would be disqualified as a result of anti-HBc
screening, and the relative low infectivity of occult carrier-
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derived components described in this report.3! One must
bear in mind, howevey, that in our study only the infectiv-
ity of low-titer anti-HBc carriers was examined and that
the picture can be completely different for anti-HBs-
negative occult carriers with higher anti-HBc titers. It
should also be mentioned that JRC's serologic test, espe-
cially hemagglutination for HBsAg, has lower sensitivity
than EIA and that the rate of screening NAT yield and
ID-NAT-only-positive donation can be different in other
areas.

Inaba and coworkers® recently reported about
another anti-HBs-negative occult carrier with borderline
detectable anti-HBc levels who was found some of the
time 10 be ID-NAT-positive and some of the time to be
ID-NAT-negative.” This may be caused by fluctuating
viremia in the donor or stochastic sample variability in
the NAT assay typical with low viral load. Lookback study
showed that some of the previous donations, both
ID-NAT-positive and ID-NAT-negative tnits, had caused
HBYV infection in the recipients and that some had caused
clinical hepatitis. This donor only would have been
detected with more sensitive anti-HBc screening or with
ultrasensitive ID-NAT. JRC is currently exploring which
options remain to further reduce the risk of posttransfu-
sion hepatitis B.
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10.4 Additional microbiological testing of selected donauons

There is an increased risk of system ermor affecting tests that are not perfonned mutmely on
donors/donations. Reliable systems must be in place that ensure that errors do not- ocour where such
tests are to be used as a basis for product release.

Antibody to cytomegalowms (anﬂ-CMV)

The presence of absence of anti-CMV should be determined by examinaﬂon of the serum or plasma of the

donor. The UK specification for the minimum level of sensmvny for the performance of anti-CMV screening . = )
has nat yet bekn defined bayond tHs Tettirefieht tHat Th eadh sehes of tes a posmve result bé. obtained ’

with the naﬂonal antl-CMV womng standard when it betfomes a i

Although it is adiisable to hawe pénels:of CMV seronegative’ donms donation st 1ot be conSldered

anti-CMV negafive’ and be tabelléd as suchundess it hasbeen tested-and“found to be anti<CMV negatwe. - '

o Quality contro! of anu-CMV tsts _

e

» each batoh of antl-CMV test kits should be shown to confbrm wvthioca"y eetaﬂrshed minimum
criteria for: spddﬁcity and: sensltMty o .

= in addition to the test klt manufactura’s contnols quahty comrol measutes should be taken'lo
demonstrate acceptable sensitivity of the test method

= no series of tests should be considered acceptable un!ess the result of the tost manufacturer's and ‘

the addmohaf quaﬁty contro! sampies‘haw saﬂsﬂed the: cnteria laid do\m e
Tests for malarlal amibodies t

The exclusion penod for donors vfrom matarial areas is gwen in the JPAC Donor Selectlon Gwde!mes“)

The JPAC Donor Sefection Guidelines specify some situations where donations may only be released ifa -

test for malaria antibody is negative. Such testing must only be undertaken using a test that has been -
validated for use in this setting: The presence.or.absence.of matarial antibodies should be determined by .
examination of the sefum or plasma of the donor. No series of tests should be considered acceptable
unless the mamfactmer‘s control tests have satlsﬁed the criteria laid down.

Tests for anhbodles to Trypanosoma cmzl

The deferral ciiteria for donors from T, cruzi areas are ¢ given in the JPAG Dorior Setection Guideines(h,
Donors. at risk of T. cruzi must be tested for T. cruzl antibodles and negative results obtained prior to the’
refease of any blood component for clinical use. Such testing must only be undettaken usmg a test which.
has been walidated for.use in this setting. - e e . L

The presence or absence of T. cruzi mhbodies should be determmed by exammanon of the serum or
plasma of the donor,

No series of tests should be consldered acceptabls unless the manufacturer‘s conﬁ'ol tésts hawe satisfied * '

the criteria laid down,
Tests for West Nile Virus (WNV)

The exclusion criteria for donors from a WINV risk area.is given in the JPAC Donor Selection Guidelines(!.
The JPAC Donor Selection Gtﬁdelinesmrspecify some situations where donations.may only be released if
a test for antibody to WNV is negative. WNV NAT tests can be performed on donations provided by
donors within the exclusion period and negative resuits cbtained prior to the release of any blood
component for clinical use. Such testing must-only be endertaken using a test:that has been validated for
use in this setting. Normally plasma from.the donor would be examined for the presence of WNV RNA.

Any reactiva donor would be permanently deferred. No series of tests should be considered acceptable
unless the manufacturer's control tests have satisfied the criteria laid down

Tests for antibodies to hepaﬁﬂs B core (anﬁ-HBc)

The exclusion period for donors who have had body piercing, acupuncture, etc. are given in the JPAC

_Donor Selection Guidelines.(!) Certain of these categories may require donations to be tested for anti-HB¢

and negative results obtained prior to release of any blood component for clinical use. Such tasting must
only be undertaken using a test that has been validated for use in this setting. The presence or absence of
anti-HBc should be determined by examination of the serum or plasma of the donor. No series of tests
should be considered acceptable unless the manufacturer’s control tests hawve satisfied the criteria laid

Antibody to hepatitis B surface antigen {anti-HBs)

Donations found to be reactive for anti-HBc should be anti-HBs tested and those with levels <100 1U/L are .
deemed unsuitable for use; whereas those with levels >100 [U/L can be considered safe. Such testing
must only be undertaken using a test that has been validated for use.in this setting. The level of anti-HBs
should be determined by examination of the serum or plasma of the donor. No series of tests should be -
considered acceptable unless the manufacturer's control tests have satisfied the criteria laid down.
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Summary .

The aim of the-collaborative study was to evaluate candidate standards for hepatitis E virus
(HEV) RNA for use in nucleic acid amplification technology (NAT)-based assays. The candidate
standards consisted of lyophilized preparations of genotype 3a and genotype 3b HEV strains,
obtained from blood donors, diluted in human plasma. The genotype 3a HEV strain has been
developed as the candidate World Health Organization International Standard and the genotype
3b strain has been developed as the candidate Japanese National Standard. Coded duplicate
samples of the two virus strains were distributed to the participating laboratories; genotype 3a
HEV (Sample 1 and Sample 2) and genotype 3b HEV (Sample 3 and Sample 4). Each laboratory
assayed the samples on 4 separate occasions and the data were collated and analyzed at the Paul-
Ehrlich-Institut. Twenty-four laboratories from 10 countries participated in the study. Data were
returned by twenty-three laboratories using both qualitative and quantitative assays. All assays
were able to detect both candidate standards. It is proposed that the genotype 3a strain be
established as the 1** International Standard for HEV RNA with a unitage of
250,000International Units per ml. On-going real-time and accelerated stability studies of the
proposed International Standard are in progress.

Introduction

Hepatitis E virus (HEV) is a non-enveloped single stranded RNA virus belonging to the
Hepeviridae family (Purcell and Emerson, 2008; Meng, 2010). In developing countries HEV is a
major cause of acute hepatitis, transmitted by the faecal-oral route and associated with
contamination of drinking water. In industrialized countries, HEV infection is being more -
frequently reported and whilst some cases are imported after travel to endemic areas,
autochthonous cases are also increasing and infection with HEV appears more prevalent than
originally believed ([jaz e al., 2009). Prospects for control of HEV infection are encouraged by
recent efforts in vaccine development (Shrestha et al., 2007; Zhu et al., 2010). Four main
genotypes, representing a single serotype, of HEV infect humans. Genotype 1 viruses are found
mainly in Africa and Asia and genotype 2 in Africa and Central America, Genotype 3 and 4
viruses are generally less pathogenic, although some exceptions have been reported, particularly
for genotype 4; these genotypes infect not only humans, but also animals including swine, wild
boar and deer. While genotype 4 strains are restricted to parts of Asia, genotype 3 viruses are
found throughout the world. Zoonotic transmission of HEV occurs, either by consumption of
contaminated meat and meat products, or by contact with infected animals (Purcell and Emerson,
2010). An alternative route of transmission is by transfusion of blood components with reports
from several different countries including, for example, the UK, France and Japan (Boxall et al.,
2006; Colson et al., 2007; Matsubayashi et al, 2004; Matsubayashi ez al., 2008). Studies in Japan
and China have identified acute HEV infections in blood donors confirmed by the detection of
HEV RNA (Guo et al., 2010; Sakata et al., 2008).

It is now recognized that, in some countries at least, HEV infection is underreported, and where
other causes of acute hepatitis have been excluded, HEV infection should be considered (Waar er
al., 2005). The diagnosis of HEV infection is based upon the detection of specific antibodies
(1gM and IgG), however there are issues concerning the sensitivity and specificity of these
assays (Bendall et al., 2010; Drobeniuc et ai., 2010). Analysis of HEV RNA using nucleic acid
amplification techniques (NAT) is also used for diagnosis and can identify active infection and
help to confirm serological results (Huang et al., 2010).

“Infection with HEV may be particularly severe during pregnancy and in individuals with existing
liver disease. Chronic HEV infection is an emerging problem amongst solid organ transplant
recipients (Kamar et al., 2008; Legrand-Abravanel et al., 2010). In chronically infected patients,
viral loads are monitored to investigate the efficacy of antiviral treatment (Haagsma et al., 2010;
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Kamar et al, 2010a; Kamar et al., 2010b) and effects of reduction of immunosuppressive therapy
(Kamar et al., 2010c). ‘
Several NAT assays have been reported for the detection of HEV RNA in serum and plasma or
faecal samples, including conventional reverse transcriptase polymerase chain reaction (RT-
PCR) as well as real-time RT-PCR, and reverse transcription-loop-mediated isothermal
amplification (Lan ez al., 2009). The NAT tests include generic assays developed for the
detection of HEV genotypes 1-4 (Jothikumar et al., 2006; Gyarmati et al., 2007). A recent study
organized by the Paul-Ehrlich-Institut (PEI) on behalf of the World Health Organization (WHO),
investigated the performance of HEV NAT assays in an international study (Baylis et al., 2011).
Dilution panels of different HEV strains were blinded and tested-by laboratories with experience
in detection of HEV RNA. The results of the study demonstrated wide variations in assay
sensitivity (100-1000 fold, for the majority of assays). The proposal by the PEI to prepare a
standard for HEV RNA for use in NAT-based assays was endorsed by the WHO Expert
Committee on Biological standardization (ECBS) in 2009 (WHO/BS/09.2126) and following the
initial study, two virus strains were selected for further development as a candidate International
Standard for the WHO and a candidate Japanese National Standard in collaboration with the
National Institute of Infectious Diseases (NIID) in Japan. The viral strains being developed as
standards are genotype 3a and 3b HEV strains, which were equally well detected in the initial
study and belong to genotype 3 which is widely distributed. The strains are both derived from
blood donors with sufficient titres of HEV RNA to prepare standards of good potency. The aim
of the present study is to establish the respective standards and demonstrate their suitability for
use, evaluate the potency and assign an internationally agreed unitage.

Preparation of bulk materials

After the initial proficiency/strain evaluation study (Baylis et al., 2011), two HEV strains were
selected for the preparation of the candidate WHO International Standard and the candidate
Japanese National Standard. The samples were kindly provided by Keiji Matsubayashi from the
Japanese Red Cross Hokkaido Blood Center. The genotype 3a HEV strain HRC-HE104 was
used to prepare the candidate WHO standard. The genotype 3b HEV strain JRC-HE3 was used
to prepare the candidate Japanese National Standard. Characterization of the virus strains is
shown in Table 1. The target concentration for the two bulk preparations was approximately 5.5
log;o HEV RNA copies/m! based upon the concentrations reported in the initial study (Baylis ez
al., 2011) and the concentrations determined by the Japanese Red Cross Hokkaido Blood Centre.
The two virus strains tested negative for HIV-1/2 RNA, HBV DNA and HCV RNA using the
Cobas TagScreen MPX test (Roche Molecular Systerns Inc., Branchburg, USA).

For the preparation of the candidate WHO standard bulk, 131 ml of the HEV strain HRC-HE104
were mixed with 2015 ml of plasma. For the preparation of the candidate Japanese National
Standard bulk, 30 ml of the HEV strain JRC-HE3 were mixed with 1070 ml of plasma. The bulk
preparations were cooled (4-8°C) until processing (~18 hours later). The respective preparations
were diluted using pooled citrated plasma which had been used in the initial HEV collaborative
study (Baylis et al., 2011). The plasma was centrifuged and filtered twice before use. The plasma
diluent tested negative for anti-HEV IgG and IgM (Ulrich Mohn, Mikrogen GmbH, Neuried,
Germany, personal communication) and tested negative for HEV RNA (data not shown) and
HIV-1/2 RNA, HBV DNA and HCV RNA, testing was performed as described above. In
addition, the plasma was negative for HBsAg, anti-HCV, anti-HBc and anti-HIV-1/2.

The filling and lyophilization was performed by an ISO 13485:2003 accredited Swiss company.
For processing, 0.5 ml volumes were dispensed into 4 ml screw-cap glass vials. Rubber seals
were then placed on top of the filled vials before loading into the freeze drier (CHRIST Epsilon
2-25 D) for lyophilization. After freeze-drying the vials were sealed with screw caps and vials
stored at -20°C. ‘
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For the candidate WHO standard, 4256 vials were lyophilized; the coefficient of variation of the
fill volume was 1.1%. In the case of the candidate Japanese National Standard, 2154 vials were
lyophilized; the coefficient of variation of the fill volume was 1.0%. In both cases, measurements
were made for a total of 26 vials. For analysis of residual moisture, vials filled with 0.5 ml
volumes of plasma diluent were distributed throughout the freeze-drier. Residual moisture was
0.73%, as determined by testing of 12 vials (Karl Fischer analysis). The freeze-drying process
did not affect the HEV RNA titre of the lyophilized samples when compared to aliquots of the
respective bulk preparations which were stored at -80°C (data not shown).

Vials of the candidate WHO standard are held at the Paul-Ehrlich-Institut, Paul-Ehrlich-Strafe
51-59, D-63225 Langen, Germany. The vials are kept at -20°C with continuous temperature
monitoring. )

All manufacturing records are held by PEI and are available on request by the ECBS.

Collaborative study

The collaborative study comprised 24 laboratories from 10 countries. The participants in the
collaborative study who returned data are listed in Appendix 1.

The samples analysed in the study were labelled as Sample 1, Sample 2, Sample 3 and Sample 4.
Sample 1 and Sample 2 were replicates of the candidate WHO standard; and Sample 3 and
Sample 4 were replicates of the candidate Japanese National Standard. The collaborative study
materials were shipped to participants at ambient temperature.

Participants were asked to test the panel using their routine assay for HEV RNA, testing the
samples in four separate assay runs, using fresh vials of each sample for each run. Where
laboratories performed quantitative tests, they were requested to report results in copies/ml,
testing samples in the linear range of the assay. In the case of qualitative assays, participants
were requested to assay each sample by a series of one log)o dilution steps, to obtain an initial
estimate of an end-point. For the three subsequent assays, they were requested to assay half-logio
dilutions around the end-point estimated in their first assay. Participants reported diluting the
materials using plasma, water or phosphate buffered saline. Data sheets and a method form were
provided so that all relevant information could be recorded.

Statistical Methods

Quantitative Assays

Evaluation of quantitative assays was restricted to dilutions in the range between 0.0 logio and -
2.5 logo where the assays of most participants seem to produce comparable data. For
comparison of laboratories, the replicate results of each laboratory, corrected for the dilution
factor, were combined as arithmetic mean of log;o copies/ml. Furthermore these estimates were
combined to obtain an overall estimation for each sample by means of a mixed linear model with
laboratory and (log) dilution as randoi factors.

Qualitative Assays )
The data from all assays were pooled to give series of number positive out of number tested at
each dilution. For each participant, these pooled results were evaluated by means of probit
analysis to estimate the EC50 i.e. the concentration at which 50% of the samples tested were
positive (for assays where the change from complete negative to complete positive results
occurred in two or fewer dilution steps , the Spearman-Kaerber method was applied for EC50
estimation). The calculated end-point was used to give estimates expressed in logjo NAT-
detectable units/ml after correcting for the equivalent volume of the test sample.
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Relative potencies
Potencies of Samples 2, 3 and 4, for the quantitative assays, were estimated relative to Sample 1
using parallel line analysis of log transformed data. In the case of the qualitative assays, the
relative potencies were determined using parallel line analysis of probit transformed data.

The statistical analysis was perfdrmed with SAS®/STAT software, version 9.2, SAS System for
Windows. Estimation of end-point dilution and relative potencies were done with CombiStats
Software, version 4.0, from EDQM/Council of Europe.

Stability studies

Stability of the candidate WHO standard is under continuous assessment, through both real-time
and accelerated thermal degradation stability studies. Vials of the candidate WHO standard have
been stored at ~20°C (the normal storage temperature) and -80°C (1o provide a baseline if there is
any suggestion of instability at higher temperatures). For the accelerated thermal degradation,
vials have been incubated at +4°C, +20°C, +37°C and +45°C for up to 4 months. After
incubation at the respective temperatures, the contents of the vials were reconstituted in 0.5 ml of
nuclease free water and analysed by real-time PCR (Jothikumar er al., 2006).

Data Received

Data were received from a total of 23 participating laboratories; one laboratory failed to
complete the study within the specified time frame. Data from 20 qualitative and 14 quantitative
assays were reported. The types of assays used by participants are listéd in Table 2; all assays
were developed in-house. The assays used by participants were mainly based upon real-time
PCR, although some conventional PCR methods were also used.

For the purposes of data analysis, each laboratory has been referred to by a code number
allocated at random and not representing the order of listing in Appendix 1. Where a laboratory
performed more than one assay method, the results from the different methods were analyzed
independently, as if from separate laboratories, and coded, for example, laboratory 16a and
laboratory 16b. In the case of 9 assays, quantitative values were reported covering the linear
range of the respective assays; in addition, further dilutions have been performed allowing end-
point determination. These data have been analysed separately and the nnmber of estimates
therefore exceeds the number of assay sets returned by the participants.

Results

Quantitative Assay Results

Initially evaluation of quantitative assays was performed without removiag any outlying data;
subsequently the data was restricted to a range between 0.0 log, and -2.5 log,¢ where
reproducible results were obtained across dilutions. The laboratory mean estimates in copies/ml
(logo) are shown in histogram form in Figure 1. Each box represents the mean estimate from an
individual laboratory, and is labelled with the laboratory code number. The individual laboratory
means are given in Table 3. The relative variation of the individual laboratory estimates is

- illustrated by the box-and-whisker piots in Figure 2.

Qualitative Assay Results

The NAT-detectable units/ml (log;o) for the qualitative assays are shown in histogram form in
Figure 3. Each box represents the mean estimate from an individual laboratory and is labelled
with the laboratory code number. The individual laboratory means are given in Table 4. From
Figure 3, it can be seen that the estimates of NAT detectable units/ml (logio) from the qualitative
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assays are more variable than the quantitative assays, reflecting the different sensitivities of the
various assays. This observation is not unexpected and is in line with other studies.

Determination of Overall Laboratory Means

The overall means for the laboratories performing quantitative assays are shown in Table 5a. The
means for both Sample 1 and Sample 2, replicates for the candidate WHO standard, are 5.58
logio and 5.60 logio copies/ml HEV RNA respectively, which demonstrates excellent agreement
between the replicate samples. The candidate Japanese National Standard showed identical mean
results of 5.66 log,o copies/ml HEV RNA for replicate Samples 3 and 4. The combined mean
values for the replicate samples are shown in Table 5b.

The overall means for the qualitative assays are shown in Table 6a; there is good agreement
between the duplicate samples as seen previously for the quantitative assays. The combined
mean values for the replicate samples are shown in Table 6b. The qualitative assays show 0.3
logo lower mean estimates than the quantitative assays.

Relative Potencies .

Based upon the data from both qualitative and quantitative assays, the candidate WHO standard
was estimated to have a potency of 5.39 log;o units/ml (95% confidence limits 5.15 — 5.63). This
value was estimated with a combined end-point evaluation of gualitative and quantitative
(restricted to dilutions in the range of 0.0 logyp to - 2.5 log;o) data by means of a mixed linear
model.

The potencies of Samples 2, 3 and 4 were calculated relative to Sample 1, taking the value of
Sample 1 as 5.39 log;o units/ml. The relative potencies are shown in Tables 7 and 8 for the
quantitative and qualitative assays, respectively. For the quantitative data from laboratory 9, no
potency was estimable since there was only one dilution tested for each sample. The data is
plotted in histogram form (Figures 4-6). The data demonstrate that expressing the results as
potencies relative to Sample 1, as a standard with an assumed unitage of 5.39 log;o units/m}
gives a marked improvement in the agreement between the majority of methods and laboratories.
These data provide some evidence for commutability of the candidate standard for evaluation of
HEV from infected individuals, since Samples 1 and 2 represent a different strain of HEV
compared to Samples 3 and 4.

Results of Stability Studies

Vials of the candidate WHO standard were incubated at +4°C, +20°C, +37°C and +45°C for up
to four months and tested by real-time PCR for HEV RNA. The heat-treated vials were assayed
concurrently with vials that had been stored at -20°C and at -80°C. All samples were tested in
duplicate and were compared to a standard curve prepared using vials of the candidate WHO
standard stored at -80°C.

There was no evidence of instability of the samples stored at -20°C when compared to samples
stored at -80°C. After 4 months incubation at +20°C a small loss of titre was observed.The
observed drop in titre at higher temperatures (+37°C and +45°C) may be related to problems
with reconstitution of the samples rather that actual degradation and has previously been
observed for some other preparations, particularly for RNA viruses formulated in pooled plasma.
The potency of the reconstituted material, after freezing and thawing, has not been investigated.
Further stability studies (both real-time and accelerated) are on-going and will be communicated
to the WHO.

All raw data for the collaborative study and stability analysis are held by PEI and are available
on request by the ECBS.

WHO/BS/2011.2175
Page 7

Conclusions

In this study, a wide range of quantitative and qualitative assays were used to determine the
suitability and evaluate the HEV RNA content of the candidate standards. Although the methods
used by the study participants were all developed in-house, the majority of assays were able to
detect the two HEV strains consistently. Based upon the data from the qualitative and the
quantitative assays, the candidate WHO standard was estimated to have a potency of 5.39 logyo
units/mi. Since the unitage assigned to the 1* WHO standard of a preparation is essentially
arbitrary, for practical purposes, the candidate International Standard has been assigned a unitage
of 250,000 International Units/ml. Since there was only a negligible difference in the overall
means for the candidate Japanese National Standard compared to the WHO preparation, the two
materials have therefore been assigned the same value i.e. 250,000 International Units/ml. In the
case of the quantitative assays, laboratories reported values in HEV RNA copies/ml. The
participants used plasmid DNA containing HEV sequences, synthetic oligonucleotides and in
vitro transcribed HEV RNA to control for copy number. In some cases laboratories used HEV-
containing plasma which had been calibrated against in vitro transcribed HEV RNA. Another
laboratory prepared standard using stool-derived virus, the titre of which was determined by end-
point dilution and analysis by Poisson distribution. No standard method or common quantitation
standard material was used, and this is reflected in the variation observed for the quantitative
results, with a variation in the order of 2 log,o, which were improved by expressing the results
against Sample | as a common standard. In the case of the gqualitative assays, the variation in
NAT-detectable units was at least 3 logjo, and again expressing potencies relative to Sample 1
improved the agreement between the different laboratories and methods.

The collaborative study materials have been dispatched at ambient temperature, replicating the
intended shipping conditions. Initial accelerated thermal degradation analysis indicates a
reduction in the levels of HEV RNA at higher incubation temperatures. On-going studies on the
real-time stability under normal storage conditions as well as studies concerning thermal
degradation are in progress.

The standard will be of value for comparison of results between laboratories, determination of
assay sensitivities and for validation. It is anticipated that the standard will find application in
clinical laboratories, particularly hepatitis reference laboratories performing diagnosis and
monitoring HEV viral loads in chronically infected transplant patients, research laboratories,
blood and plasma centres which implement HEV NAT screening, regulatory agencies and
organizations developing HEV vaccines as well as manufacturers of diagnostic kits.

Each vial of the HEV RNA standard contains the lyophilized residue of 0.5 ml of HEV RNA
positive plasma. Predictions of stability indicate that the standard is stable and suitable for long-
term use when stored as directed in the accompanying proposed “Instructions For Use” data
sheets for the panel (Appendix 2).

Recommendations

Based upon the results of the collaborative study, it is proposed that the genotype 3a HEV strain
(Samples 1 and 2, in this study) should be established as the 1* International Standard for
hepatitis E virus RNA and be assigned a unitage of 250,000 International Units/ml. The standard
has been given the code number 6329/10; 3800 vials are available to the WHO and custodian
laboratory is the Paul-Ehrlich-Institut.
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Comments from participants

After circulation of the draft report for comment, replies were received from all participants. The
majority of the comments were editorial in nature and the report has been amended accordingly.
All participants were in agreement with the conclusions of the report.

One participant commented on the possible incorrect estimation of the viral load by the
participants who used DNA standards (synthetic oligonucleotides or plasmid DNA} due to lack
of control for reverse transcription of virus RNA into cDNA. This might be better controlled
using in vitro transcribed RNA or a virion-based preparation.

Another participant remarked that many laboratories have used the same method, showing quite
different sensitivities, possibly due to differences in extraction and amplification/detection
reagents and instrumentation and its set up.
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Figure 1 Estimates for quantitative assays
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Histograms of the quantitative results for participating laboratories for Sample 1, Sample 2,
Sample 3 and Sample 4. Estimates of log;o copies/ml are indicated on the x-axis. Data are shown
for laboratory 16a.
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Figure 2 Box and whisker plots of the quantitative data (log; copies/ml)
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Figure 3 Estimates for qualitative assays
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Histograms of the qualitative results for participating laboratories for Sarple 1, Sample 2,
Sample 3 and Sample 4. Estimates of logjo NAT-detectable units/ml are indicated on the x-axis.
In the case of laboratory 11, data for Sample 1 have been omitted due to a 2 log;o higher cut-off.



WHO/BS/2011.2175
Page 14

Figure 4 Potency of Sample 2 relative to.Sample 1
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Histogram of the potency of Sample 2 relative to Sample 1 (=5.39 log,o units/ml); qualitative
data (grey boxes) and quantitaiive data (whit€ boxes). No relative potency is shown for
laboratory 11 for sample 2, since no value had been determined for Sample 1 (i.e. the data were
outlying and did not perform as the replicate i.e. Sample 2).
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Figure 5 Potency of Sample 3 relative to Sample 1
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Figure 6 Potency of Sample 4 relative to Sample 1
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Table 1 Details of HEV strains lyophilized as candidate standards
Virus strain ~ HEV RNA Genotype Accession Anti-HEV ALT (IU/L)
(copies/ml)* No.** IgM/IgG
HRC-HE104 1.6x 10’ 3a AB630970 -I- 36
JRC-HE3 25x 107 3b AB630971 +- 398

*Concentrations determined by the Japanese Red Cross Hokkaido Blood Center
**Full length sequence
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Table 2 Assay protocols used by participants
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. (modified)
16b Qual. MagNA Pure LC (Roche) Nested RT- ORF2 Meng et al.
PCR; analysis 2001
by "agarose gel
electrophoresis
17 Qual./Quant. QIAamp Virus BioRobot Real-time RT- ORF2/3 Matsubayashi
MDx kit (Qiagen) PCR (TagMan) et al. 2008
18 Qual. MagNA Pure LC Total Real-time RT- ORF2/3 Jothikumar et
) Nucleic Acid Isolation kit | PCR (TagMan) al. 2006
(Roche)
19 Qual. easyMag (bioMérieux) Real-time RT- ORF2
PCR (TagMan)
20 Quant. QIAamp Viral RNA Mini Real-time RT- ORF2/3
kit (Qiagen) PCR (TagMan)
21 Quant. BioRobot Universal Real-time RT- ORF2/3 Jothikumar et
(Qiagen) PCR (TagMan) al. 2006
22a Qual. QIAamp RNA Mini kit Nested RT- ORF2 Gyarmati et al.
(Qiagen) PCR; analysis 2007
by agarose gel
electrophoresis
22b Qual. QIAamp RNA Mini kit Real-time RT- ORF2/3 Jothikumar et
PCR (TagMan) al. 2006
23 Qual./Quant. QIAamp DNA Mini Blood | Real-time RT- ORF2/3 Wenzel et al.,
kit (Qiagen) PCR (TagMan) in press

Laboratory Assay type Extraction method NAT method Assay target Reference
code (qualitative or
quantitative)
1 Qual. QIAamp MinElute Virus Real-time RT- ORF2/3 Jothikumar ez
Spin kit (Qiagen) PCR (TagMan) al. 2006
2 Qual./Quant. QIAamp Viral RNA Mini Real-time RT- ORF2 Adlhoch et al.
kit (Qiagen) PCR (TaqMan) 2009
3 Qual./Quant. High Pure Viral Nucleic Real-time RT- ORF2/3 Jothikumar et
Acid kit (Roche) PCR (TagMan) al. 2006
4 Qual. QIAamp Viral RNA Mini Real-time RT- ORF2/3
kit (Qiagen) PCR (TagMan)
5 Qual./Quant. QlAamp DNA Mini Blood Real-time RT- ORF2/3
kit (Qiagen) PCR (TagMan)
6 Quant. QIAamp Viral RNA Mini Real-time RT- ORF2/3
) kit (Qiagen) PCR (TagMan)
7 Qual./Quant. QIAamp MinElute Virus Real-time RT- ORF2/3 Matsubayashi
o Spin kit (Qiagen) PCR (TagMan) et al. 2008
8 Quant. SMI-TEST EX-R&D Real-time RT- ORF2/3 Tanaka et al.
(Medical Biological PCR (TagMan) 2007
Laboratories Co., Ltd.) .
9 Qual./Quant. QIlAamp Viral RNA Mini Real-time RT- ORF2/3
kit (Qiagen) PCR (TagMan)
10 Quant. COBAS AmpliPrep Total Real-time RT- ORF2/3 Jothikumar et
Nucleic Acid Isolation kit PCR (TagMan) al. 2006
(Roche)
11 Qual. COBAS AmpliScreen Conventional ORF1
Multiprep Specimen one step RT-
Preparation and Control kit | PCR; analysis
(Roche) by agarose ge!
electrophoresis
12 Qual, QIAamp MinElute Virus Real-time RT- ORF2/3 Jothikumar es
Spin Kit (Qiagen) PCR (TagMan) al. 2006
13 Qual. QIAamp Viral RNA Mini Real-time RT- ORF2/3 Jothikumar er
kit (Qiagen) PCR (TagMan) al. 2006
14 Qual. Viral DNA/RNA Isolation | Nested RT- ORF2
kit | PCR; analysis
(GenMag Biotechnology) by agarose gel
electrophoresis
15 Qual./Quant. QIAamp Viral RNA Mini Real-time RT- ORF2/3 Jothikumar ez
kit (Qiagen) PCR (TagMan} al. 2006
(modified)
16a Qual./Quant. MagNA Pure L.C (Roche) Real-time PCR ORF2/3 Jothikumar et
(SYBR Green) al. 2006

Qualitative (Qual.) and quantitative (Quant.) assays
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: : Table 4 Mean estimates from qualitative assays (logio NAT detectable units/mi)

Table 3 Mean estimates from quantitative assays (log;o copies/ml)

. Laboratory code Sample
Laboratory code Sample i 2 3 4

1 2 3 4 1 5.76 6.05 5.62 591

2 4.69 4.82 5.09 5.08 2 4.42 4.85 5.49 5.02

3 5.69 5.62 5.43 5.65 3 5.35 5.40 5.35 5.76

5 6.51 6.48 6.24 6.20 4 6.20 : 6.37 6.47 6.33

6 5.75 5.80 5.77 5.83 5 4.70 4.84 4.27 442

7 5.50 5.46 5.45 5.44 7 5.34 5.62 5.62 5.34

8 5.07 4.97 5.14 5.06 ] 9 5.02 5.03 5.18 5.26

9 5.43 5.52 5.62 5.61 11 : 4.00 3.72 4.42

10 5.18 5.22 5.30 5.39 . 12 4.91 5.48 4.61 5.18

15 5.66 ) 5.73 6.02 5.93 : 13 5.51 5.66 5.71 5.44

16a 5.59 5.62 5.64 5.51 14 4.7 443 5.00 4.57

17 5.40 5.34 5.35 5.41 15 6.11 6.36 7.42 6.87

20 5.70 5.65 5.74 5.65 16a 5.32 5.17 5.17 5.17
21 5.25 5.23 5.25 5.23 16b 4.74 4.74 474 4.74

23 6.54 6.53 6.31 6.41 17 5.39 5.52 5.42 5.67

i 18 5.13 5.13 4.98 4.76

19 5.68 5.42 5.56 5.71

22a 5.21 492 4.91 5.44

22b 4.53 4.53 4.52 4.68

23 5.76 5.76 5.60 5.60

Laboratory 11, sample 1, omitted due to 2 logyp higher cut-off
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Table 5a Overall mean estimates from quantitative assays (logio copies/ml)

Sample | n | mean sd lowercl | uppercl | median | min | max | cv_geo

1 1231 5.58 | 0.29 532 5.85 546 |4.36|6.851 98%

125 ] 560 | 0.28 5.33 5.87 546 443]6.69( 94%

2
3 124 | 566 | 0.20 5.40 5.93 5.50 14491663 | 77%
4 1251 5.66 | 0.20 5.40 5.93 548 14.641677 | 76%

n ~ number of dilutions analysed (in linear range), sd — standard deviation, lowercl/uppercl —
95% confidence limits for the mean, cv_geo — geometric coefficient of variation [%]

Table 5b Combined mean estimates from quantitative assays (logjo copies/ml)

Candidate| n | mean sd lowercl | uppercl | median | min | max | cv_geo

WHO ]248 | 5.59 | 0.30 5.33 5.86 546 |4.36]6.85 99%

NIID [249) 5.66 | 0.20 5.40 5.93 548 14.4916.77]| 76%

Combined data for Samples 1 and 2, replicate samples of the candidate IS (WHO); combined
data for Samples 3 and 4, replicate samples of the candidate Japanese National Standard (NIID)
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Table 6a Overall means of estimates from qualitative assays (logjo NAT detectable units/ml)

sd Lower | Upper . )
Sample | n_ | mean cl cl median [ min | max | cv_geo

1 19 1525 [ 0.51 5.01 5.50 532 (4421620 150%

20 | 526 | 0.62 4.97 5.56 529 14.00]637] 179%

2
3 20 | 5.27 | 0.79 4.90 5.64 5.27 13.72 1742 226%
4 20 [ 531 ] 0.64 5.02 5.61 530 ]4.42 687 183%

n - number of tests, lowercl/uppercl — 95% confidence limits for the mean, cv_geo — geometric
coefficient of variation [%)] ’

Table 6b Combined means of estimates from qualitative assays (logio NAT detectable units/ml)

Candidate| n | mean sd__ | lowercl | uppercl | median | min | max | cv_geo

WHO | 39 | 526 | 0.56 | 5.08 5.44 5.32 14.001637] 163%

NIID 40 | 529 | 0.71 5.07 5.52 530 (372|742 202%

Combined data for Samples 1 and 2, replicate samples of the candidate IS (WHO); combined
data for Samples 3 and 4, replicate samples of the candidate Japanese National Standard (NIID)
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Table 8 Potency relative to Sample | (qualitative assays)
Table 7 Potency relative to Sample 1 (quantitative assays)

‘ Sample Labc‘g;;ory e g‘;‘;’gﬂg‘s‘m) 95% Confidence Interval
Sample | L200rtory | Relativepotency | o006 e e nterval =
ample code (log;o copies/ml) ° 1 5.68 5.10 62
2 5.54 5.20 5.78 2 5.82 5.26 6.58
3 5.45 5.15 5.74 3 544 481 6.08
5 5.39 515 5.63 4 5.56 490 - 622
6 5.45 520 571 5 5.53 5.09 5.97
7 5.38 528 547 7 5.68 5.16 6.23
8 5.31 5.17 5.45 ) 5.40 515 566
2 9 12 5.96 5.35 6.51
10 347 3.34 3.39 13 5.54 5.14 591
1> 2.33 345 3:60 2 14 5.11 a7 5.50
16a 5.40 522 5.59 T e 50 =
17 536 529 5.43 ! : E
20 55 536 T3 : 16a 5.24 4.85 5.64
21 5.39 535 5.44 16b 5.39 4.77 6.01
23 541 5.29 5.53 17 5.52 4.96 6.08
2 574 5.50 5.97 18 5.39 4.88 5.90
3 5.36 5.07 5.65 19 513 471 5.56
5 5.21 497 5.46 22a 5.10 4.57 5.63
6 5.48 521 5.75 ' 22b -~ 539 479 599
7 5.38 . 5.9 547 23 5.39 474 6.04
8 3.33 341 369 1 525 4.67 531
3 2 : 2 6.46 5.90 7.14
10 5.55 543 5.68 3 539 e 502
15 5.83 576 5.90
162 5.55 536 573 4 5.66 5.00 6.32
17 539 531 546 5 4.96 4.53 5.39
20 5.52 , 5.42 5.62 7 5.68 5.16 623
21 5.46 541 550 9 5.55 5.30 5.80
23 5.20 5.00 532 : 11 5.1 4.52 5.69
2 5.90 5.66 6.15 ' 12 5.09 4.51 5.64
3 5.45 517 5.74 5 L_13 559 5.19 596
5 5.17 493 542 , 14 5.67 527 6.08
6 . 5.54 5.29 5.80 15 6.67 5.90 744
7 5.37 5.28 5.46 1 16a ] 524 4.85 5.64
8 5.46 5.32 3.60 ) 16b 539 477 6.01
4 El ' 17 543 4.87 598
10 5.63 3.50 5.76 13 524 4.73 575
15 515 5.68 5383
16a 535 5.7 5.53 19 5.28 4.85 3.70
7 S44 ] 555 222 5.10 4.56 563
T 55 5 5 22b 5.38 478 597
21 544 5.39 5.48 23 524 4.59 5.8
23 527 516 539 4 1 5.54 4.96 6.12
2 5.99 5.43 6.55
It was not possible to estimate the relative potency for laboratory 9 since there were only two 3 580 515 6.48
assay runs performed, each at a different dilution 4 552 - 4.86 6.18
5 5.11 4.70 5.51
7 539 4.87 592
9 5.64 5.38 5.90
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11 5.81 5.23 6.40
12 5.65 5.07 6.20
13 5.32 4.93 571
14 5.24 4.85 5.64
15 6.13 5.39 6.88
16a 5.24 4.85 5.64
16b 5.39 4.77 6.01
17 568 5.12 6.23
18 5.02 451 5.52
19 543 5.00 5.87
22a 5.62 5.08 6.18
22b 5.54 494 6.17
23 524 4.59 5.89

N.B. The relative potency for laboratory 11 was estimated relative to Sample 2 (Sample 1 had a cut-off 2

loge dilutions higher)

WHO/BS/2011.2175
Page 27
Table 9 Stability testing
Incubation Incubation temperature
time -20°C +4°C . 420°C +37°C +45°C
1 month ND ND ND ND 5.03
2 months ND ND ND 4.98 4.55*%
4 months 5.56 5.52 5.33 ND ND
ND Not determined

*Material could not be completely reconstituted

Titres expressed as logyo candidate International Units/m!
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Appendix 1 List of participants

Scientist

Affiliation

Akihiro Akaishi

Nihon Pharmaceuticals Co., Ltd.
Chiba, Japan

Martijn Bouwknegt/Saskia Rutjes

National Institute for Public Health and the Environment
Bilthoven, The Netherlands

Silvia Dorn Mikrogen GmbH
Neuried, Germany
Thomas Girtner Octapharma
Frankfurt am Main, Germany
Samreen [jaz/Renata Szypulska Health Protection Agency
London, UK

Jacques [zopet

Institut Fédératif de Biologie Purpan
Toulouse, France

Shintaro Kamei/Katsuro Shimose

Chemo-Sero-Therapeutic Research Institute
Kumamoto, Japan

Li Ma/Mei-ying Yu

Center for Biologics Evaluation and Research/Food and
Drug Administration
Bethesda, USA

Thomas Laue

Astra Diagnostics
Hamburg, Gennany

Keiji Matsubayashi/Hidekatsu
Sakata

Japanese Red Cross Hokkaido Blood Center
Sapporo, Japan

Birgit Meldal/Daniel Candotti

Cambridge University and NHS Blood and Transplant
Cambridge, UK

Takao Minagi

Benesis Corporation
Kyoto, Japan

Saeko Mizusawa/Y oshiaki Okada

National Institute of Infectious Diseases
Tokyo, Japan

Elisa Moretti/Francesca Bonci

BioSC-Kedrion S.p.A.
Bolognana-Lucca, [taly

Tonya Mixson/Saleem Kaxﬁili

Centers for Disease Control and Prevention
Atlanta, USA

Andreas Nitsche/Marco Kaiser

Robert Koch-Institut
Berlin, Germany

Mats Olsson/Anders Olofsson

Octapharma
Stockholm, Sweden

Giulio Pisani/Francesco Marino

CRIVIB, Istituto Superiore di Sanita
Rome, Italy

James Wai Kuo Shih

Xiamen University
Fujian, China

Ko Suzuki

Central Blood Institute, Japanese Red Cross Society
Tokyo, Japan

Isabelle Thomas

Scientific Institute of Public Health,Brussels, Belgium

Youchun Wang/Yansheng Geng

National Institutes for Food and Drug Control
Beijing, China

Jiirgen Wenzel/Wolfgang Jilg

University of Regensbhurg
Regensburg, Germany
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standard: was- demonstrated- in- an- initial study-
investigatingpedormance of HEY-MAT-assays-{Baylis st
&, J.- Clin. MistoRigl: 2011).- The-standard- has- been-
preparedusinga-genotype-3a-strainof HEV, derivedfom-
theplasma-of-ablooddonorandfurtherdilutedin-human-
ptasma.- The- material- has- been- lyophitized: in-0.5-ml-
aliquots- and- stored- at- -26°C.- The: material- has-been-
evalvatedin-an-international-collaborative study imvoiving-
23 |aborateries-performing- a-wide-range- of- HEV- NAT-
assays.- Further details- of-the collaborative study-are:
available-in-the-reportWHOBST1 XY

1

2. UNITAGEY]

This-reagent has- been- 8ssigned- a-ynitags of 26¢,000-
International-Units/ml§

3.~ CONTENTSY
Eachvial-contains ©.5mi-ofly ophilizedplasma-containing:
infectious-HEV.T

T

4. CAUTIONY

THISPREPARATION{S-NOT FORADMINISTRATION:
TOHUMANS f

Thepreparationcontains material-of-hyman-origin -and-
contains- infectious-MEY.- The reference materials-has-
been-diluted in-human-plasma-negative-for-HIV-1-RNA, -
HCV RNA,-HBV-DNA, HBsAgQ,-anti-HBs,-anti-HBg, -anti-
HIV-122 -anti-HCV-and-anti-HEV- (g fd- and-lg G).§
As-with-all-materizls-of-biclogical-orgin, this-preparation-
shouvldberegardedas potentiallyhazardous to-health. it
should-beused-and-discarded-accordingto-your-own:
laboratory'ssafety-procedures. - Such-safety-procedures-
probablywillincudethewearingof-protactive-gloves-and-
avoiding the generation- of aerosols.-Care-should-be-
exercisedin opening-ampoules-or-vials, t0-avoid-cuts |

1

b.—» USE-OF MATERIALY
Mo-gttemptshouldbe madetg weigh-oup-anv-portion-of-
the-freaze-dried-material-prior-to-reconstitution
Thematerialis suppliedyophilzed-and-should-be-stored-
at-or-below~20°C. Eachvialshouldbereconstitutedin0s-
mi-ofsterilenuciease-free-water. Theproduct should-be-
reconstitutedjustpriorfo-use, once-reconstituted  freeze-
thawing-of-the-productis-not-recommended.

1

6.+ STABILITYY
itisthe-policy-ofWHDO-notto-assign-an-expiry -date-to-
theirinternational referencematerials. They-remain-valid-
withtheassignedpotency and status untilwithdrawn-or-
amended.§

WHO/BS/2011.2175
Page 29
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Thereference-materials-are-held-at-PEf-

ithin-assured,-
temperature-controlled- storage- facilities.- Reference-
materials shouldbe storedonreceiptasindicated on the-
label.-Once, diltecoraliguated. users should-determine
the-stability-ofthe-materialaccordingto theirownmethog-
of preparation, storage-and-use.f

Userswhohave-datasupportingany -deterioration in-the-
characteristics- of any. reference- preparation: are
encouraged-to-cantact PELY

171‘-. REFEREMCEST
Baylis. S0, KM Hanschme
HuRlingonty e HE

acid-amplificationtechnique HAT)-basedassays: -an-
initiatstudy to-evaluate a-panelafHEV strains ang:
investigate-labomtory-performance. v.-Clig tdiccobiol:
48:1234-1238.7

g_-A.-Baylis.-K.-I-,l.-Hanschmann.-coIlabomtive-Study {0
Establish-a'®% ordHealtliOrganzationIntemational-
StandardforHepatitis EVirus RNAfor MucleicAcid]
AmgplificationTechnology {MATI-BasedAssays. WHO-
Report 2011 W HOBSYY KK Y

T
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89— FURTHERINFORMATIONY
This-material:whoccivdi@pei def
WHO BiologicalReference-Preparmations:
hitpiitewewho.intbiglogicals/eny

b

10..CUSTOMER-FEEDBACKY

Customers-areencoumged-to-provide feedback-onthe-
suitability-oruse-ofthemateriatprovidedorofheraspects-
of- our- service. Please send  any. comments. tg-

whoccivd@pei del

[ -
11.4CITATIONY

In- any- circumstance- where-the recipient publishes- a-
referenceto PElmaterials itis-importantthatthe title-of-
the-preparationandthePEl-codenumber,-and the-name-
and-address-of-PEl-are-cited-correctly §

1

124MATERIAL-SAFETY-SHEETY]
5hysical-properties-{at-room-temperature)n

Physicatappearance - - Lyophilized powdem

Firehazard — = —__Nonem

“Chemical-propertiess

Stables  -» - Yesa Corrosive: oo

Hygroscopic —s -+ Noa Oxidising: Hoa

Flammable —» —  Nog ittitant Hos

Otheris pecifyls CONTANSHUMANPLASMA R

INFECTICUSHEPATITISE-VIRUS(FEVIn

Handling. — oo See-cavtion, sedtion4n

Toxicological propertiesn
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