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CNATHENBEOSE . BEOEBRLT, HRL TS, KA
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N Engl J Med.
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FKEHBTBER I 7EIZBT 58S, RBICST3—Ux7
EOREECOVTRET A0/, BEOIRREIZONTHFEM
% BERUILEZURELT o, TOHE. IRVIMEV(ZTOY
LM DAEBIC DL T, BEIZEB M TLVBE. chaffeensis | E. ewingii Tl
HWRO I X THEICLYSIFEISHECEABRLM LI, T
DBEEFRD, BAR. BRRACYL SRBEVENALH, IFEM
WEDE. 2T BRRE LREAL O £HNRFL YUY
Bz kYBEE LT, Tz, SRVEMED RO LU M TRESN 697
HOIOTLTE=OLEEETIPIE, A—OIT—) ¥ 7ENPCREE
B TH 1. BEFRIFICEY. COFRI—-VFTEHE muris&ift
BETHALTNDI LA RENT .
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100442) 26-0ct 11| 110661 | “ggp”™ | Discases News sk ptofml=Baph. MAFTMAGVIZH T SIREAIBIE THB LT 14
222011 Hahiz, AREOREZBR T ILADEBISBNZE,D, SO
' ZAC A THBAESIFRIL AR SR, — 5. EbDBY
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Infectious Hop—A—F AT JL A (WWAV) IR R I3 o s SER AR RERL 2 )
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1. Case description

A 38year old asymptomatic male presented to the sexually
transmitted infections {STI) clinic in a large teaching hospital in
April 2006 for a sexual health screen. He had no significant past
medical history although he had engaged in several episodes of
unprotected sexual intercourse with male partners in the preced-
ing six months. Serological investigations indicated recentfactive
Treponema pallidum infection for which he was treated. Addi-
tional serological investigations for human immunodeficiency
virus (HIV), hepatitis B virus (HBV) - comprising hepatitis B sur-
face antigen (HBsAg), antibody to hepatitis B core (anti-HBc) and

Anti HBs antibodies, anti hepatitis B suiface antibodies; HBV,
hepatitis Bvirus; ST1, sexually itted infection; HIV, humanii i
virus; HBsAg, hepatitis B surface antigen; Anti-HBc, hepatitis B core antibody; HCV,
hepatitis Cvirus; ALT, Alanine aminotransferase; HBeAg, itis Be antigen: MSM,

men who have sex with nen.
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antibody to surface antigen (anti-HBs} - and hepatitis C virus (HCV)
were all negative, A course of Engerix-B® (GlaxoSmithKline) hep-
atitis B vaccine was commenced and completed at 1 and 6 months
following the first dose. In August 2007, the patient’s anti-HBs titre
was found to be <10 miU/mL (Table 1), A booster dose was admin-
istered and titres measured two months after this were 13 m{U/mL
(Abbatt Architect). A further booster dose was administered and the
anti-HBs titre in November 2007 was 161 mfUfmL and 62 miUjmL
on the Biomerieux VIDAS and Abbott Architect anti-HBs assays
respectively. At that time, he was considered to have d
a satisfactory respense to vaccination due to the presence of an
anti-HBs titre of >10mIU/mL in two assays. In December 2009,
the patient presented to his primary care physician feeling gen-
erally unwell, with non-specific symptoms including fatigue and
myaigia. Routine biochemical investigations revealed an elevated
alanine aminotransferase (ALT) 211 (5-40) with a normal bilirubin
14 (0~20) and he was referred to the infectious diseases service in
a tertiary care hospital for further assessment and management.
Serological investigations detected the presence of HBsAg, anti-
HBc-specific IgM, and HBeAg, consistent with acute HBY infection
(Table 1). Of note, the patient’s anti-HBs titre was now <10 miU/mL.
These results were confirmed on a follaw-up sample five days
fater. In addition, HBV DNA {Roche AmpliPrep) was detected at a
level of >170000 000 IU/mL. Serological investigations for HIV and
HCV were negative, The patient's entire 3215-bp HBV genome was
amplified and sequenced on both strands (Genbank accession nuim-
ber HQ378247).' Phylogenetic analysis determined the virus was
>99% (3214/3215-bp) similar to a HBV genotype F, sub-genotype
F1b previously detected in northern Argentina and a subtype that
has previously been reported as circulating in MSM in the country
(see Fig. 1).23 The patient had visited Argentina on two occasions
in the past between 2007 and 2009. Based on amino acid residues
122K, 160K and 127L of the S gene this virus was determined to
be the adw4 serotype.? Further analysis of the § gene did not reveal
the presence of significant vaccine escape mutations such as G1458
in the immunodominant ‘a’ region or any deletions in the S gene.
The wild-type AGG bases from nucleotides 1762 to 1764 and the
wild-type G base at nucleotide position 1896 were abserved in the
basal core promoter and precore regions of the genome respec-
tively, in keeping with the positive eAg serology.® The patient did
not recejve anti-viral treatment at the time of initial presentation
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Fig. 1. Neighbour joining phylogenetic tree based on Kimura-t model on the lete genome of HBV genotypes A-H. Phylogenetic analysis was performed
using from Genbank, indicated on the tree by their Genbank accession humbers. Woolly Monkey HBV was used as outgroup. Country of origin is included

on the nodes of all genotype F reference sequences. The query sequence from this study is represented in boldface. The tree was built in PAUP* (Sinauer Assodiates, inc.
Publishefs). The numbers at the nodes indicate the percentage bootstrap replicates (n= 1000) higher than 70%.

-12-




JA. O'Halloran et al / fournal of Clinical Virology 52 (2011) 151-154 153 154 JA. O'Halloran et af. / fournal of Clinical Virofogy 52 (2011) 151-154

4. Kann M, Structural and molecular virology of hepatitis B virus. In: Lai CL,

waning ensues. To the authors' knowledge, this is the first report
of a patient developing chronic HBV infection with a genotype

g an apparentty adequate anti-nibs response. The
patient was otherwise healthy and immune competent; no known
escape mutations were identified in the viral genome; and it is
established that the HBV vaceine protects against chroni
in the immunocompetent individual. However, this case illus-
trates a scenario in which the level of protection conferred from
a sub-optimal vaccine-induced immune response may not pro-

oo £
T VIS 1000V

nfectinn

tect against significant challenge with a high viral load heterotypic
HBV genotype infection. Therefore it may be necessary to review
the protective level in those groups, such as MSM, who may be at
increased risk of exposure to HBV infected individuals with high
viral loads.

Funding

Table 1 . course of vaccine to ensure accurate anti-HBs measurement before
Development of Heparitis B serological markers from April 2006 through August 2010.

Date Vaccine Anti-HBs Status

03/04/2006 Negative: HBSAg

21/04/2006 <10 miU/mL (architect)

22/01j2007 13.28 miU{mL (architect) Negative: HBSAg

29/08/2007 62.79 miU/mL (architect)161 mIU/m. (Vidas) Negative: HBsAg, anti-HBc total

08/10/2007 Negative: HBsAg, anti-HBc total

12/1142007 <10 mlUfmL (architect) 27 miU/ml (Vidas)

22{10{2009 Positive weak: HBsAg
Negative: HBeAg, HBeAb, anti-HBc total, anti-HBc IgM

17{12/2009 Not detected (architect) Positive: HBsAg, HBeAg, anti-HBc total, anti-HBc IgM
Negative: HBeAb

22/12{2009 Positive: HBsAg, HBeAg, anti-HBc total, anti-HBc 1gM, DNA
{>170 000000 WUfmL)
Negative: HEeAb

09/02{2010 Not detected (architecr) Positive: HBsAg, HBeAg, anti-HBc total, anti-HB¢ IgM, DNA
{98589 2321U/mL)
Negative: HBeAb

03/03/2010 Positive: HBsAg, HBeAg, anti-HBc total, anti-HBc 1gM
Negative: HBeAb

26{08/2010 Positive: HBsAg. HBeAg DNA (>170000 000 1U/mL)

Negative: HBeAb, anti-HBc 1gM

and was followed up at 3 monthly intervals, Subsequent serological
investigation in June 2011 confirmed HBeAg-positive chronic HBV
infection with a viral load of >170.000 000 IU/mL.

2. Why this case is important

This report describes, what s to the authors’ knowledge, the first
case of HBeAg-positive chronic HBV infection (genotype F) occur-
ring in an individual who received several doses of HBV vaccine
and demonstrated an anti-HBs serological response of >10 miUfmL,
the accepted threshold for protectionS7 This finding suggests
this patient was not protected from chronic HBV despite seem-
ingly successful vaccination. There is ongoing debate regarding the
post vaccine anti-HBs response necessary to protect against HBV
infection, Many countries (including the United Kingdom and the
United States) use a value of >10 mIU/mL as a threshold to deter-
mine immunity and do not routinely recommend booster doses
of vaccine, whereas others (including Ireland) require higher lev-
els (>100mlIU/mL) of anti-HBs to indicate protection.? While the
duration of long term immunity post vaccination is unclear, recent
meta-analyses suggests it lasts for up to twenty years in immune
competent patients.3-3

3. Other similar and contrasting cases in the Jiterature

Primary HBV vaccine faifure is not uncommon among adults'#
with studies estimating that up to 10% of immune competent adults
do not respond to HBV vaccine. '8 However, very few cases of
vaccine faifiire have been documented in immune competent indi-
viduals who have an adequate anti-HBs response.1718 A previous
report described acute HBV genotype A infection 14years post
successful vaccination,!? although arguably this report does not
constitute vaccine failure, On the contrary, the report of Boot and
colleagues actually serves to demonstrate the fong-term effective-
ness of vaccination in protecting against chronic HBV infection.!”
Similarly, acute HBV genotype F has previously been reported in
a successfully vaccinated (Twinrix®) immune competent German
patient.'® importantly, no HBsAg escape mutations were detected,
and the infection resolved.’® [t is known that in highly vacci-
nated populations, individuals vaccinated against HBV may become
infected. However, they do not typically progress to chronic HBV
infection even in the setting of waning anti-HBs titres, as immuno-
logic memory confers sufficient immunity.'® Nevertheless, in the
case ceported herein, two years following seemingly successful vac-
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cination, a young homosexual male presented with acute genotype
F HBV infection that progressed into chronicity. It is unclear why
this patient should have developed chronic HBV infection, aithough
acknowledged the final anti-HBs levels remained relatively tow
despite five doses of vaccine. :

4. Discussion

Current vaccination for HBV utilises a recombinant antigen
targeting the immunodeminant ‘2’ determinant region of the §
gene of HBV. The Engerix-B® vaccine used in this case employs
the recombinant small envelope S protein of HBV genotypes A
and D, the most common circulating genotypes in Ireland, Europe
and North America. However, sequence differences exist in this
region between HBV genotype F viruses and genotypes A and
D.18 Indeed, genctype F is one of the most genetically diverse
HBV genotypes. [t is found predominantly in Central and South
America?® and rarely in Ireland®! {unpublished data). The detec-
tion of a genotype F strain is in keeping with the sexual history
of ‘the present case, who reported multiple unprotected sexual
encounters in Argentina. HBV Genotype F also has been associated
with acute (typically HBeAg-positive) symptomatic infections in
Argentina,?? and therefore higher viral loads. Thus, it could be sug-
gested that repeated MSM sexual exposure to this genotype and

the high viral load encountered by the patient may have over-~

whelmed any protection conferred by the sub-optimal anti-HBs
tevel. Nevertheless, Pezzano and co-workers reported that geno-
type F was more commonly associated with acute than chrenic
infection and therefore the current case is surprising.22 One poten-
tial alternative explanation for the case described is that the initial
anti-HBs results were incorrect. This is unlikely. Firstly, testing was
performed in an accredited laboratory using internal quality con-
trols to monitor assay performance: in addition, external quality
assurance distcibutions tested over the same time period achieved
100% concordance with expected results, Secondly, despite minor
inter-assay variation in the absolute anti-HBs titres obtained, the
Architect and Vidas assays each confirmed the results of the other.
Thirdly and finally, 3 sequential samples were tested for anti-
HBs over a 4 month period, all generating results compatible with
the patient’s vaccination History. Following these initial results, a
decline in anti-HBs over the subsequent 24 months was noted, This
decline is not exceptional as levels of vaccine-induced antibody
are known to wane over time. Indeed, post-vaccine screening
is typically performed 2-4months following completion of the
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This guidance is for comment purposes only.

Submit one set of either electronic or written comments on this draft guidance by the date
provided in the Federal Register notice announcing the availability of the draft guidance.
Submit electronic comments to http://www.regulations.gov. Submit written comments to the
Division of Dockets Management (HFA-305), Food and Drug Administration, 5630 Fishers
Lane, Rm. 1061, Rockville, MD 20852. You should identify all comments with the docket
number listed in the notice of availability that publishes in the Federal Register.

Additional copies of this guidance are available from the Office of Communication, Qutreach
and Development (OCOD) (HFM-40), 1401 Rockville Pike, Suite 200N, Rockvilie, MD 20852-
1448, or by calling 1-800-835-4709 or 301-827-1800, or e-mail ocod@fda hhs.gov, or from the
Internet at http://www.regulations.gov,
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nces/defauit.htm.

For questions on the content of this guidance, contact OCOD at the phone numbers or e-mail
address listed above. '
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Guidance for Industry

Use of Nucleic Acid Tests on Pooled and Individual Samples from
Donors of Whole Blood and Blood Components, including Source
Plasma, to Reduce the Risk of Transmission of Hepatitis B Virus

This draft guidance, when finalized, will represent the Food and Drug Administration’s (FDA'’s)
current thinking on this topic. It does not create or confer any rights for or on any person and
does not operate to bind FDA or the public. You can use an alternative approach if the
approach satisfies the requirements of the applicable statutes and regulations. If you want to
discuss an alternative approach, contact the appropriate FDA staff. If you cannot identify the
appropriate FDA staff, call the appropriate number listed on the title page of this guidance.

L INTRODUCTION

We, FDA, are providing you, blood establishments that collect Whole Blood and blood
components for transfusion or for further manufacture, including recovered plasma, Source
Plasma and Source Leukocytes; with recommendations concerning the use of FDA-licensed
nucleic acid tests (NAT) to screen blood donors for hepatitis B virus (HBV) deoxyribonucleic
acid (DNA). We are also providing you with recommendations for product testing and
disposition, donor management, methods for donor requalification, and product labeling.

In addition, we are notifying you in this guidance that we consider the use of an FDA-licensed
HBYV NAT to be necessary to reduce adequately and appropriately the risk of transmission of
HBV. FDA-licensed HBV NAT can detect evidence of infection at an earlier stage than is
possible using previously approved hepatitis B surface antigen (HBsAg) and antibody to
hepatitis B core antigen (anti-HBc) tests. Therefore, we recommend that you use FDA-licensed -
HBYV NAT, in accordance with the requirements under Title 21 Code of Federal Regulations,
610.40(a) and (b), (21 CFR 610.40(2) and (b)).

This guidance supplements previous memoranda and guidance from FDA. to blood
establishments concerning the testing of donations for HBsAg and anti-HBc, and the
management of donors and units mentioned in those documents (Refs. 1 through 5). Note that
testing Whole Blood and blood components for transfusion and Source Leukocytes for further
manufacture for HBsAg and anti-HBc, and Source Plasma for HBsAg should continue when a
blood establishment implements HBV NAT. ' FDA may consider advancements in technology

! FDA does not currently recommend that Source Plasma donors be tested for anti-HBc. If anti-HBc reactive units
were excluded from pools used for the manufacture of plasma derivatives, titers of neutralizing antibody to hepatitis
B surface antigen (anti-HBs) in those pools would be expected to diminish, as both these antibodies usually occur
together. The presence of neutralizing anti-HBs is believed to contribute to the safety of certain plasma products.
(Ref. 2). Plasma units that are untested, non-reactive (NR), or repeat reactive (RR) for anti-HBc are cusrently
acceptable for the manufacture of plasma derivatives (Ref. 2). Consistent with § 610.40(h)(2)(v), recovered plasma
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for testing blood donations, as well as data obtained following the.implementation of HBV NAT,
to make future recommendations on adequate and appropriate testing for HBV. .

FDA’s guidance documents, including this guidance, do not estab!ish_ legally enfgrceable .
responsibilities. Instead, guidances describe the FDA’s current thinking on a topic and shoql e
viewed only as recommendations, unless specific regulatory or statutory requirements are cited.
The use of the word should in FDA’s guidances means that something is suggested or
recommended, but not required.

i DEFINITIONS

Discriminatory NAT: A NAT that uses specific primers for HIV-1 or HBV or HCV to identify
the RNA or DNA in the reactive multiplex NAT sample as HIV_—I RNA or HBV DNA or HCV
RNA. Performing a Discriminatory NAT on a reactive sample isa 'requlred step for those
establishments using an approved multiplex test. The labeling for licensed multiplex NATs
specifies that Discriminatory NAT is to be performed. Under. § 610.40(b) (21 CFf{ 6.510.40(@)),
you must use FDA-approved screening tests in accordance with the manufacturer’s instructions.

Donor Reentry: A procedure that qualifies a deferred'donor as eligible to d'onate agaifl. Donor
reentry procedures may be used following a false‘positl.ve test result and typically require ;he
passage of time to allow for possible seroconversion prior to the performance of additiona
serologic testing and NAT.

" HBV NAT assay with a limited supplemental test indication: Some HBV NAT assays have

received a limited supplemental indication for repeatedly reactive HBsAg test resqlt'& ‘If a
donation tests HBV NAT-positive for HBV DNA using an HBV NAT with such a l.lml‘ted
supplemental test indication, and if that donation also tests HBsAg r.ePeatedly r.eactxve ina N
screening test, the HBsAg test result can be recorded as HBsAg positive. In this case, an.HBs g
neutralization test need not be performed. However, if a donation tests Hl_3V NAT-negatlve for
HBV DNA using an HBV NAT with such 2 limited supplemental test mdxcanor}, ar.\d if that
donation tests HBsAg repeatedly reactive in a screening test, an HBsAg neutrahzationL test
should be performed. In this case, the result of the neutralization test serves as the test of record.

(Ref. 1)

Minipool: A pool of donor samples on which NAT (minipool NAT or MP-NAT) is pe}’formed
"as a screening test. A minipool is formed by pooling of samples from subpools or by directly
pooling samples from individual donors.

Multiplex NAT: A NAT that simultaneously detects HIV-1 RNA, HBV DNA, and HCV RNA.

Single Virus NAT: A NAT that separately detects either HIV-1 RNA or HBV DNA or HCV
RNA.

from donations of Whole Blood that test anti-HBe reactive may be used for further manufacture into plasma
derivatives.
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IIl. BACKGROUND

Under § 610.40(a), establishments that collect blood or blood cc;mponen?s must test eagh )
donation of human blood or blood component intended for use in preparing a prot%uct, including
donations intended as a component of, or used to prepare a medical device, for' «?wdence of
infection due to certain communicable disease agents, including HBV. In addition, under §
610.40(b), you must perform one or more such te§ts as necessary to reduce adequately and
appropriately the risk of transmission of communicable disease. .

Currently, all Whole Blood and blood components in?ended for transfusion and all S'ource )
Leukocytes intended for further manufacture are routinely tested for HBsAg _a.nd anti-HBc in
order to reduce the risk of transmission of HBV (Refs. 1,2, 3 and 5)_. Iq addition, al! Source
Plasma collections intended for further manufacture into plasm:a derivatives are routinely tested
for HBsAg in order to reduce the risk of transmission of HBV in manufacturing pools of plasma

. . 2
derivatives.

In the preamble to the final rule entitled “Requirements for Testing I.-lumafl Blood Donors for_
Evidence of Infection Due to Communicable Discase Agents,” published in the Federal Register
of June 11, 2001 (66 FR 31146), we discussed the approved donor screemng.tests that we
considered, as of that date, to be necessary to reduce adequately and apProprlatcly the rlsk of
transmission of HBV. We also stated that as technology advances, we 1r{tend to issue guidance
describing those tests that we consider to reduce adequately apd approprnate.ly the risk of
transmission of communicable disease agents. Accordingly, in this draft guidance document, we
are notifying you that we consider FDA-licensed HBV NAT to be necessary to reduce
adequately and appropriately the risk of transmission of HBV.

We note that the tests referenced in this document have been license?d by FDA for t_he screening
of blood donors for HBV DNA and have the ability to detect the ev1denf:e of mfecuon. ?.t an
earlier stage than is possible using previously approved HBsAg and antl.body to hepatms B core
antigen (anti-HBc) tests. Because FDA-licensed HBV NAT are now widely available, we
recommend that establishments use these tests, in accordance with § 610.40.

A. Rationale for Donor Screening Using HBV NAT

Hepatitis B virus is a major human pathogen that may cause acute an§i chrpnic hepatitis,
cirrhosis and hepatocellular carcinoma (Ref. 6). Most primary x.nfectlons in adults are
self-limited, the virus is cleared from blood and liver, and }nlelduals develop a lastxpg
immunity. Fewer than 5% of infected adults develog persistent asymptomatic m.fect.lons
(i.e., a carrier state). However, infants and young children haye a much higher likelihood
of developing a chronic hepatitis B infection than do older f:hlldren and adults. )
According to data obtained in 2004 from the Centers for Dlsea;e Control and Prevgntlon,
about 1% of adults without other preexisting conditions are estimated to get chronic .
hepatitis B if infected, but 2% to 10% of children more than 5 years of age get chronic

2 See Footnote 1.
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hepatitis B, and 30% to 90% of children less than 5 years of age develop chronic hepatitis
B if infected (Ref. 7). In addition, many patients receiving blood are
immunocompromised because of their underlying disease and/or because of medicatiois
that suppress the immune system making them more susceptible to severe HBV infection
than otherwise healthy individuals. About 20% of chronically infected individuals can
develop cirrhosis. Chronicallty infected subjects have 100 times higher risk of developing
hepatoceltular carcinoma than non-carriers (Ref. 6).

Currently, HBV is transmitted by blood transfusions more frequently than hepatitis C
virus (HCV) or human immunodeficiency virus (HIV). The residual risk of post-
transfusion HBV infection is estimated to be about 1:357,000 to 1:280,000 per
transfusion. In comparison, those risks for HIV and HCV are estimated to be 1:1,467,000
and 1:1,149,000, respectively (Ref. 8). Depending on the sensitivity of the test,
implementation of HBV NAT has the potential to reduce risk to levels similar to those for
HIV and HCV. HBV can be transmitted by blood from asymptomatic donors with acute
HBYV infections who have not yet developed HBsAg or anti-HBc (i.e., donors in the
seronegative window period), when HBV DNA can be detected in the donor’s biood
(Refs. 9 and 10). Depending on the relative sensitivities of HBsAg and HBV NAT
assays used, HBV DNA can be detected 2 to 5 weeks after infection, and up to 40 days
(mean 6 to 15 days) before HBsAg (Ref. 7). HBV DNA levels rise slowly and are
present at relatively low levels during the seronegative window period of early infection.
HBV DNA can also be detected along with HBsAg and anti-HBc in chronic hepatitis B
infections, and sometimes in recovered infections that are negative for HBsAg and

- positive for antibodies to hepatitis B surface antigen (anti-HBs) and anti-HBc (Refs. 6

and 11). Rarely, HBV DNA can be detected in the absence of HBsAg, anti-HBc and
anti-HBs (Ref. 12).

" Blood for transfusion in the United States (U.S.) is also tested for anti-HBc. Anti-HBc¢

develops a few days after the appearance of HBsAg and usually remains detectable for
life, irrespective of whether the individual recovers from acute hepatitis B or whether
chronic HBYV infection develops. Because of the availability and use of tests to detect
anti-HBc, HBV NAT’s potential utility in further reducing risk of hepatitis B
transmission by blood transfusion is mainly restricted to the early HBsAg-negative phase
of infection (i.., a potential reduction of the infectious window period of up to 40 days
depending on sensitivity of the HBsAg test).

There are currently three FDA-licensed HBV NAT assays for screening Whole Blood
and blood components available in the U.S. Following licensure of the first HBV NAT
assay in April 2005 (the Roche COBAS AmpliScreen HBV NAT that uses pools of up to
24 donation samples), FDA did not recommend use of HBV NAT. At that time, FDA’s
position on the use of HBV NAT was based, in part, upon discussions by the Blood
Products Advisory Committee (BPAC or Committee) at the meeting on July 23, 2004
(Ref. 13), and on a recommendation from the Department of Health and Human Services
Secretary’s Advisory Committee on Blood Safety and Availability (ACBSA) on August
27,2004 (Ref. 14). In making its recommendations, the ACBSA considered a number of
broad public health issues including cost-effectiveness, feasibility, and overall public
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health benefit, in addition to scientific data on detection of HBV in donors.v Qpe of
FDA’s reasons for not recommending HBV NAT at that time was the_ sensitivity Qf HBV
NAT in the available format, when compared to the available serologic testmg, dlq not
provide sufficient additional safety to the blood supply to warrant .recommendmg its use.
FDA’s reasoning was based on information that most blood establishments wou!d have to
test pools of 24 samples (thus diluting the individual samples by 1:24), b'ecause it was not
feasible for most blood establishments to test single samples from donations or even
small pools of samples.

Since licensure of the first HBV NAT in 2005, the following changes have occurred:

‘1. FDA has licensed two additional HBV NAT assays with indications for
blood donor screening: Procleix® ULTRIO® Assay (Gen—?robe, Inc., San
Diego, California), which uses up to 16 donation samples in a pool and
COBAS TagScreen MPX Test (Roche Molecular Systems, In.c.,
Pleasanton, California), which uses up to 6 donation samples in a pool.
These multiplex assay systems can simultaneously detect HIV, HCV and
HBV in a single donation, thus improving the feasibility of routirie NAT
testing for BBV. FDA has also licensed the UltranglTM HBV PCR
Assay (National Genetics Institute, Los Angeles, California), which
provides results of HBV NAT of Source Plasma samples., or of plasma _
samples from Source Plasma donors at the time of donation. The. assay is
an “in-house” test; no kit is sold. The assay uses up to 512 donation

samples in a pool.)

2. With the recent advance in technology and increased automz%tio.n fenabllng
the performance of NAT with smaller pools of samples an.d md.lvxdual
samples, more sensitive HBV NAT testing of blood Flonatlons is now
possible, resulting in an increase in the number of window period HBV
DNA positive/HBsAg negative units that could be detected.

3. There is now more information available on the role of vaccination of '
donors and recipients against HBV infection that indicate§ that protection
for the long term is not absolute (i.e., breakthrough infectlo'ns can occur in
previously vaccinated individuals who are eqused to the virus) (Refs. 10
and 15). Breakthrough infections are charactenz.ed by HBV NAT
positivity, the presence of HBV -neutralizing anti-HBs (developed as a
result of hepatitis B vaccination), low viral load and lack of symptoms.
HBsAg and anti-HBc may not subsequently develop or their appearance
may be delayed. The infectivity of units obtained from hepatitis B-
vaccinated donors with breakthrough HBV infections is unknown at the

present time.

As mentioned above, in breakthrough HBV infections, HBsAg apd anti-HBc
development may be delayed or might not occur. Development-xs more likely to be
detected by HBV NAT, particularly in the early stages of infection. As younger cohorts
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in the population, who have received hepatitis B vaccine in a greater proportion than
older cohorts (Refs. 16, 17, and 18), become eligible to donate blood, the proportion of

vaccinated danors comnarad 8 nan_unaninata. ARAre fo aveant tny inaranca
vactinaled aonors compared {6 non-vaccinated donors is expected to increase.

Therefore, the proportion of donors with HBV breakthrough infections, compared to
those with non-breakthrough, wild-type, HBV infections, would also be expected to
increase. These donors” asymptomatic breakthrough infections are more likely to be
detected by HBV NAT than to be detected by HBsAg or anti-HBc assays because HBsAg
and anti-HBc development might be delayed or might not occur, even though HBV DNA
is present and detectable by HBV NAT in the initial stage of the infection. In addition,
HBV mutants appear to be more likely to be detected by HBV NAT than by HBsAg
assays (Ref. 10).

Much of the available literature seem to indicate that HBV NAT positive/anti-HBs
positive/HBsAg negative blood, irrespective of anti-HBc test results, does not transmit
HBV (Refs. 11, 12, 19, 20, 21, and 22). However, there are at least two reports of such
possible transmissions (Refs. 23 and 24), and one report that appears to have confirmed
transmission of HBV by HBV NAT positive/anti-HBs positive/HBsAg negative blood
(Ref. 25). Therefore, there can be no assumption of non-infectivity of units from donors
with breakthrough infections containing HBV DNA and vaccine-induced, HBV-
neutralizing anti-HBs when transfused into recipients. Nor can we assume a lack of
morbidity and mortality in recipients, especially when many recipients are
immunocompromised, as previously mentioned.

At the April 1, 2009 BPAC meeting (Ref. 26), the Committee agreed with FDA’s
position that there is no assumption of non-infectivity to recipients of units from donors
with breakthrough infections. Therefore, in this guidance, we are recommending that all
units of blood used for transfusion should be tested by an FDA-licensed HBV NAT. The
Committee also supported FDA setting a sensitivity standard of 200 IU/mL HBV DNA
for detection of HBV DNA in an individual donation when HBV NAT assays are used to
test blood and blood components intended for transfusion. However, because of
technological advances that have occurred since the time of the BPAC meeting in 2009,
we are recommending a sensitivity standard of 100 IU/mL for HBV DNA detection in an
indjvidual donation (see section IV.A). Due to advances in technology and automation,
FDA considers a sensitivity standard of 100 IU/mL to be attainable and practical for
blood establishments that collect donations of Whole Blood and blood components
intended for transfusion.

With regard to testing Source Plasma units for further manufacture into injectable plasma
derivatives for HBV DNA, we believe that such testing adds another layer of safety for
plasma derivatives by limiting the viral load in plasma pools for fractionation, in addition
to viral inactivation and/or removal steps during their manufacture and the presence of
neutralizing anti-HBs in manufacturing pools. During the BPAC meeting held on April
28,2011 (Ref. 27), the Committee agreed with FDA that the available scientific data
supports the concept that testing Source Plasma donations by HBV NAT increases the
safety margin of plasma derivatives. Therefore, FDA is recommending that all units of
Source Plasma intended for manufacture into injectable plasma derivatives be tested by
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an FDA-licensed HBV NAT. In consideration of viral inactivation and removal in
plasma fractionation, FDA is recommending a sensitivity standard of 500 IU/mL for
detection of HBV DNA in an individual collection, rather than 100 IU/mL (see section
IV.A). This sensitivity standard was endorsed by BPAC at the April 28, 2011 meeting
(Ref. 27).

Similar to plasma derivatives, the HBV safety of products made from Source Leukocytes
depends in large measure on viral removal and inactivation during manufacturing.
However, since Source Leukocytes are obtained from Whole Blood donors, for
consistency, we are also recommending a sensitivity standard of 100 IU/mL for HBV
DNA detection in the individual donation of Source Leukocytes.

B. Donor Requalification

Under § 610.41(b), “[a] deferred donor subsequently may be found to be suitable as a
donor of blood or blood components by a requalification method or process found
acceptable for such purposes by FDA. 3

At the July 21, 2005 BPAC meeting (Ref. 28), the Committee agreed with FDA’s
proposed requalification criteria for donors of Whole Blood and blood components for
transfusion and Source Plasma for further manufacture, who tested reactive by HBV
NAT, when a follow-up sample is tested using HBV NAT and serologic tests. Data
presented at the meeting demonstrated that a 6-month follow-up period encompasses the
pre-seroconversion window period with sufficient confidence that negative test results for
HBsAg, anti-HBc and HBV DNA by NAT, after a 6-month period, rule out HBV
infection. For purposes of reentry, we recommend that you use an FDA-licensed HBV
NAT labeled as having a sensitivity of <2 IU/mL at 95% detection rate {1 IU = ~5 copies
of HBV DNA/mL].* Donors with negative results for HBV DNA at this level of
sensitivity are highly unlikely to be infected with HBV (Ref. 29). Depending upon the
assay and the platform used, this sensitivity may only be achieved when testing
individual donor samples. Recommended criteria for donor requalification are presented
in section IV.C.

RECOMMENDATIONS
A. Donor Screening Using HBY NAT

Under § 610.40(b), you must use screening tests that FDA has approved for such use, in
accordance with the manufacturers’ instructions. You must perform one or more such

? A deferred donor may serve as an autologous donor in accordance with § 610.40 and § 610.41. Note thata
deferred donor who donates for autologous use is not deemed-to be reentered and remains deferred, until the criteria
for reentry are met.

* COBAS AmpliScreen HBV Test (Roche Molecular Systems, Inc., Pleasanton, Cahforma) Triplicate testing using
the multiprep specimen processing procedure. See package insert.

Procieix® ULTRIO® Assay (Gen-Probe, Inc., San Diego, California): Testing 6 replicates. See package inserts.
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tests as necessary to reduce adequately and appropriately the risk of transmission of
communicable disease, including HBV.

I.

In order to meet the requirement under § 610.40(b) for Whole Blood and
blood components intended for transfusion and Source Leukocytes
intended for further manufacture, we recommend that you use an FDA-
licensed donor screening test for HBV DNA by NAT in addition to the
detection of HBsAg and anti-HBc. If the FDA-licensed tests for detection
of both HBsAg and anti-HBc are negative or non-reactive, we recommend
that you test the donation further using an FDA-licensed HBV NAT that
has a lower limit of detection of <100 IU/mL HBV DNA for HBV DNA
detection in an individual donation. The FDA-licensed screening HBV
NAT that you use may be in a minipool donation-sample testing format or
an individual donation testing format, and may include multiplex NAT
with testing of other agents, such as HIV and HCV or may be single virus
NAT for HBV only. Testing for HBsAg, anti-HBc and HBV DNA by
NAT may be performed concurrently.

In order to meet the requirement under § 610.40(b) for testing Source
Plasma intended for further manufacture into plasma derivatives, we
recommend that you use an FDA-licensed donor screening test for the
detection of HBsAg. If the FDA-licensed test for detection of HBsAg is
negative or non-reactive, we recommend that you test the donation further )
using an FDA-licensed HBV NAT that has a lower limit of detection of
<500 IU/mL HBV DNA for HBV DNA detection in an individual
donation: The FDA-licensed screening HBV NAT that you use may be in
a minipool donation-sample testing format or an individual donation
testing format, and may include multiplex NAT with testing of other
agents, such as HIV and HCV, or may be single virus NAT for HBV only.
Testing for HBsAg and HBV DNA by NAT may be performed
concurrently. (FDA does not currently recommend that Source Plasma
donors be tested for anti-HBc (Ref. 2)).

As a general matter, under § 610.40(h)(1), if any of the FDA-licensed tests
for the detection of either HBsAg or anti-HBc is reactive, the donation
must be not be shipped or used.® In this instance, we believe that you
have met the standard for adequate and appropriateé screening for HBV
and you do not need to test the unit further using an FDA-licensed HBV
NAT. However, you may choose to test such a reactive donation by using
an FDA-licensed HBV NAT to provide useful information to the donor, or
if you wish to réenter the donor as described below in this Guidance.

We note that in regard to HBsAg reactivity, as required by § 610.40(e),
you must proceed to supplemental testing for HBsAg to determine

* Blood components that are reactive for HBsAg and/or anti-HBc may be shipped or used if they meet the conditions
for an exception described in § 610.40(h)(2).
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whether or not a reactive HBsAg test result can be confirmed positive, and
is not a false positive (i.e., test result recorded HBsAg negative), using
either an additional, more specific test, such as an HBsAg neutralization
test or an HBV NAT assay with a limited supplemental test indication.
Some HBV NAT assays have received this limited supplemental
indication for repeatedly reactive HBsAg test results. If a donation tests
HBV NAT-positive for HBV DNA using an HBV NAT with a limited
supplemental test indication, and if that donation also tests HBsAg
repeatedly reactive in a screening test, the HBsAg test result can be
recorded as HBsAg positive. In this case, an HBsAg neutralization test
need not be performed. However, if a donation tests HBV NAT-negative
for HBV DNA using an HBV NAT with a limited supplemental test
indication, and if that donation tests HBsAg repeatedly reactive in a
screening test, an HBsAg neutralization test should be performed. In this
case, the result of the neutralization test serves as the test of record (Ref.
1). We further note that there is no licensed supplemental, more specific,
test for anti-HBc at the present time. Donors with anti-HBc reactive
results may be requalified as described in Ref 3.

Management of Donors and Units Based on Hepatitis B Test Results

- Donor and Unit Management When the HBV DNA NAT Result is
Negative

a. If a unit tests negative by individual donation NAT (ID-NAT) for
HBV DNA or is part of a minipool that tests negative, then the donor
and the unit should'be managed consistent with FDA guidances and
recommendations, as appropriate (Refs. 1 through 5), provided that the
donor satisfies all applicable donor eligibility criteria and the unit is
otherwise suitable for release.

b. Units of Whole Blood and blood components may be used for
transfusion and Source Leukocytes may be used for further
manufacture that test negative for HBV using FDA-licensed HBV
NAT, HBsAg, and anti-HBc assays, provided that the donor satisfies
the donor eligibility criteria in § 640.3 (21 CFR 640.3), and that all
other donor screening tests for communicable disease agents required
in § 610.40(a) and (i) for Whole Blood and blood components,
including Source Leukocytes, are negative, and the units are otherwise
suitable for release.

¢. Units of Source Plasma and recovered plasma that test negative for
HBYV using FDA-licensed HBV NAT and HBsAg assays may be used
for further manufacture, provided that the donor satisfies the donor
eligibility criteria in § 640.63 (for Source Plasma) and § 640.3 (for
recovered plasma), and that the requirements in § 610.40 are met and
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all other screening tests for communicable disease agents required in §
610.40(a) and (i) are negative and the units are otherwise suitable for

release (see footnote 1).
Donor and Unit Management when the HBV DNA NAT Result is Positive

a. Inaccordance with § 610.40(h), except for autologous donations under
§ 610.40(h)(2)(1) or where you have obtained FDA’s written approval
for the shipment or use in accordance with § 610.40(h)(2)(ii)(A), you
must not ship or use a unit of Whole Blood or biood components for
transfusion, or a unit of Source Leukocytes for further manufacture
that tests positive by HBV ID-NAT (either from direct screening by
ID-NAT or from deconstruction of a NAT-positive minipool) (Table 1,
Categories 1 through 6).

b. Inaccordance with § 610.41, you must defer a donor who tests

reactive for HBV, and in accordance with 21 CFR Part 630 (Part 630)
you must notify the blood donor. You should permanently defer a
donor of Whole Blood or blood components, or Source Leukocytes,
whose NAT and serologic test results are as follows. (The donor is not
eligible for reentry):

i. HBV NAT-positive, HBsAg RR and confirmed positive, either
by neutralization or when using a NAT with a limited
supplemental claim, regardless of anti-HBc results (Table 1,
Categories 1 and 2); or

ii. HBV NAT-positive when using a NAT that does not have a
limited supplemental claim and HBsAg RR is not confirmed by
neutralization, and anti-HBc is RR (Table 1, Category 3).

¢. Inaccordance with § 610.41, you must defer a donor who tests

reactive for tests for HBV, and in accordance with Part 630 you must
notify the blood donor. You should indefinitely defer a donor of
Whole Blood or blood components, including Source Leukocytes,
whose NAT and serologic test results are as follows (The donor may
be eligible for reentry, as described in section IV.C.):

i, HBV NAT-positive, HBsAg non-reactive (NR), anti-HBc RR
(Table 1, Category 4); or

ii. HBV NAT-positive, and both HBsAg and anti-HBc are non-
reactive (Table 1, Category 5); or

10
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iii, HBV NAT-positive using a NAT that does not have a limited

supplemental claim and HBsAg RR is not confirmed by
neutralization, and is anti-HBc NR (Table 1, Category 6).

Table 1. Donor and Unit Management (Whole Blood and Blood Components for
transfusion, and Source Leukocytes for Further Manufacture) when the
HBV DNA NAT Result is Positive

Table 2. Donor and Unit Management (Source Piasma for Further Manufacture)
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Category | HBV NAT Result! HBsAg Resuit Anti-HBc Result Doner and Unit |
1 Positive Repeat Reactive / Non-Reactive Discard unit;
Confirmed Positive* Permanently defer donor
2 Positive Repeat Reactive / | Repeat Reactive Donor not eligible for
Confirmed Positive* reentry
3 Positive Repeat Reactive / Repeat Reactive
Not Confirmed
4 Positive Non-Reactive Repeat Reactive Discard unit;
5 Positive Non-Reactive Non-Reactive Indefinitely defer donor;
6 Positive Repeat Reactive / Non-Reactive Donor may be eligible
Not Confirmed for reentry
TUsing a s¢reening test, as described in section IV.A 1.
*Using eitler an HBsAg neutralization test or an HBV NAT with a limited supplemental test indication, as
described il‘l section III and section IV.A.3.

d. In accordance with § 610.40(h), except where you have obtained
FDA’s written approval for the shipment or use in accordance with §
610.40(h)(2)(ii)(A), you must discard and not use for further
manufacture a unit of Source Plasma that tests positive by HBV ID-
NAT (Table 2, Categories 1 through 3).

| e. In accordance with § 610.41, you must defer a donor who tests
reactive for tests for HBV, and in accordance with Part 630 you must
notify the blood donor. You should permanently defer a donor of
Source Plasma whose donation tests HBV NAT-positive and is

| HBsAg RR, confirmed positive either by neutralization, or when using
a NAT with a limited supplemental claim. The donor is not eligible
for reentry (Table 2, Category 1).

f In accordance with § 610.41, you must defer a donor who tests
reactive for tests for HBV, and in accordance with 21 CFR 630 you
imust notify the blood donor. You should indefinitely defer a donor of

} Source Plasma whose donation tests HBV NAT-positive when using a
| : : NAT that does not have a limited supplemental claim, and is either
HBsAg NR or is HBsAg is RR not confirmed by neutralization (Table
2, Categories 2 and 3). The donor may be eligible for reentry, as
described in section IV.C.

11 .

Category| HBV NAT Result! . HBsAg Result Donor and Unit

Repeat Reactive / Discard unit;

1 . Positive Confirmed Positive* Permanently defer donor

Donor not eligible for reentry

2 Positive Non-Reactive Discard unit;
Repeat Reactive / Indefinitely defer donor;

3 Positive Not Confirmed Donor may be eligible

for reentry

T Using a screening test, as described in section IV.A.2.
f Qang either an HBsAg neutralization test.or an HBV NAT with a limited supplemental test
indication, as described in section IlI, and section [V.A.3.

C. Requalification Methods for Donors on the Basis of HBV NAT and HBV
Serologic Test Results on the Follow-Up Sample

For purposes of reentry, we recommend that you use an FDA-licensed HBV NAT having
a sensitivity of < 2 JU/mL at 95% detection rate.

1. Requalification of a Donor of Whole Blood or Blood Components for
Transfusion and Source Leukocytes for Further Manufacture

To reenter an indefinitely deferred donor of Whole Blood or-blood
components for transfusion, or Source Leukocytes for further
manufacture, a new sample should be obtained from the donor at least 6
months after the collection of the sample that gave test results described in
section IV. B.2.c. (no donation is made at this time). You should perform
follow-up testing using HBV NAT (having a sensitivity of <2 [U/mL at
95% detection rate), HBsAg and anti-HBc FDA-licensed assays.

a. If the new follow-up sample tests positive by HBV NAT, regardless of
HBsAg and anti-HBc test results, we recommend that you permanently
defer the donor (Table 3, Category 1).

b. If the new follow-up sample tests negative by HBV NAT and NR by
HBsAg and anti-HBc assays, the donor may be reentered (i.¢., the )
donor is eligible to donate in the future), provided the donor meets all
donor eligibility criteria in § 640.3 (Table 3, Category 2).

c. If the new follow-up sample tests negative by HBV NAT and RR by
HBsAg and/or RR by anti-HBc, we recommend that you evaluate the




Contains Nonbinding Recommendations

donor further as described in the FDA guidance documents cited in
Refs. 1, 2 and 3 (Table 3, Category 3).

NOTE: If you wish to perform follow-up testing on a donor of Whole
Blood or blood components for transfusion or a donor of Source
Leukocytes for further manufacture who is deferred because of HBV NAT
test results, you may do so before the end of the 6-month waiting period
for donor notification purposes or for medical reasons. Negative test
results on follow-up for HBsAg, anti-HBc and HBV DNA by NAT
(sensitivity at 95% detection rate of < 2 IU/mL), may be useful in donor
counseling. However, only negative results for all three tests (HBsAg,
anti-HBc and HBV NAT), obtained at least 6 months after the collection
of the sample that gave test results described in section 1V.B.2.c, would
qualify the donor for reentry. If you obtain a reactive HBV NAT, or
repeatedly reactive anti-HBc, or repeatedly reactive HBsAg that is positive
by neutralization during this 6-month waiting period, the donor would not
be eligible for reentry, and we recommend that you defer the donor
permanently.

A donor of Whole Blood or blood comporients for transfusion, or a donor
of Source Leukocytes for further manufacture who has been requalified as
described above in section IV.C.1., may on subsequent occasions be
indefinitely deferred because of HBV NAT reactive results. You may
reenter such a donor into the donor pool by again following all the
procedures described in section IV.C.1.

Requalification of a Donor of Source Plasma for Further Manufacture

To reenter an indefinitely deferred donor of Source Plasma, you should
obtain a follow-up sample from the donor (no donation is made at this
time) at least 6 months after the collection of the sample that gave the test
results described in section IV.B.2.f. You should perform follow-up
testing using HBV NAT (having a sensitivity of <2 IU/mL at 95%
detection rate) and HBsAg FDA-licensed assays.

a. If a new follow-up sample tests positive by HBV NAT, regardless of
the HBsAg test result, you should permanently defer the donor (Table
3, Category 1).

b. If a new follow-up sample tests negative by HBV NAT and NR by
HBsAg, the donor is ¢ligible to donate in the future, provided the

donor satisfies all donor eligibility criteria in § 640.63 (Table 3,
Category 2).

13
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c. Ifanew follow-up sample tests negative by HBV NAT and RR
HBsAg, you should evaluate the donor further, as described in the
FDA documents cited in Ref. 1 (Table 3, Category 3).

NOTE: If you wish to perform follow-up testing on a donor of Source

Plasma who is deferred because of HBV NAT test results, you may do so

before the end of the 6-month waiting period for donor notification

purposes or for medical reasons. Negative test results on follow-up for

HBsAg and HBV DNA by NAT (sensitivity at 95% detection rate of <2

[U/mL), may be useful in donor counseling. However, only negative

results for both tests (HBsAg and HBV NAT), obtained at least 6 months

after the collection of the sample that gave the test results described in

section IV.B.2.f, would qualify the donor for reentry. If you obtain a

reactive HBV NAT, or repeatedly reactive HBsAg that is positive by

neutralization, the donor would not be eligible for reentry, and we
recommend that you defer the donor permanently.

A donor of Source Plasma who has been requalified as described above in
section IV.C.2., may on subsequent occasions be indefinitely deferred
because of HBV NAT positive results. You may reenter such a donor into
the donor pool by again following all procedures described in section
wv.ca.

Table 3. Reentry of Donors of Whole Blood and Blood Components for Transfusion
or Further Manufacture on the Basis of HBV NAT and HBV Serologic Test Results
on the Follow-Up Sample

For purposes of reentry, we recommend that you use an FDA-licensed HBV NAT
labeled as having a sensitivity of <2 IU/mL at 95% detection rate.

V NAT Result
HB o esu HBsAg and/or Anti-
Category | (sensitivity of <2 | g pegyit (Anti-HBC Donor
0y
IU/mF at95% not required for SP)
detection rate)
1 Positive Any test result Permanently defer donor
2 Negative Non-Reactive Donor may be eligible for
reentry
3 Negative Repeat Reactive For further evéluaﬁon, see
DA guidance documents that
discuss donor testing for
HBsAg and anti-HBc.  Refs.
1,2and 3.}
3. Management of Donors and Units with Non-Discriminated Reactive Test

Results
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If you obtain a reactive Multiplex HIV-1 RNA/HCV RNA/HBV DNA
NAT result on an individual donor sample (ID-NAT), and if the
Discriminatory NATSs are non-reactive for HIV-1 RNA, HCV RNA and
HBV DNA, the sample is “Non-Discriminated Reactive.” The unit must
be quarantined and destroyed (§ 610.40(h)), or, if released for research or
further manufacture, be appropriately relabeled as described in section
1V.C. The donor must be deferred (§ 610.41). Note that the donor should
be deferred for 6 months and is eligible for reentry after the 6-month
waiting period. If you choose to reenter the donor, you may do so at the
time of a donation without prior testing of a follow-up sample.

LABELING

A. Circular of Information for Whole Blood and Blood Components Intended
for Transfusion

Consistent with other donor screening tests, the instruction circular, also known as the
“Circular of Information”, must be updated to state that an FDA-licensed NAT for HBV
DNA was used to screen donors and that the results of testing were negative (§
606.122(h)). We recommend that you use the following statement on the labeling for
donations that test Non-Reactive:

“Licensed nucleic acid test (NAT) for HBV DNA has been performed and found
to be Non-Reactive.”

B. Blood Components Intended for Further Manufacture

Upon implementation of an FDA-licensed NAT, we recommend that you use the
following statement on the labeling for blood components intended for further
manufacture into injectable or non-injectable products that test Non-Reactive:

“Non-Reactive for HBV DNA.”

See paragraph C of this section for recommendations for donations that test Reactive for
HBV.

C. Reactive Units and Product Disposition

NAT reactive units must not be shipped or used, except as provided in § 610.40¢h)(2). If
released for these uses, the units must be relabeled consistent with the labeling
requirements in §§ 606.121, 610.40 and 640.70. Thus, for example, you must label the
reactive unit with the “BIOHAZARD” legend and with the following cautionary
statements, as applicable:

’
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“Reactive for HBV DNA,”

m
t

“Caution: For Further Manufacturing into In Vitro Diagnostic Reagents For
Which There Are No Alternative Sources.”

In addition, you should label the reactive unit with the following legend, if applicable:

“Caution: For Laboratory Research Use Only.”

REPORTING CHANGES TO AN APPROVED APPLICATION

Under 21 CFR 601.12 (§ 601.12), FDA-licensed blood establishments are required to report
changes to an approved biologics license application to FDA. FDA-licensed blood
establishments must report the changes in paragraphs A, B, and C.1 and C.2.a of this section, as
described below. However, except as specified in paragraph C.2.b of this section, unlicensed
blood establishments are not required to report the changes to FDA.

A, Test Implementation

1. If you begin using an FDA-licensed NAT for the detection of HBV DNA
in your facility according to the manufacturer’s instructions, you must
notify FDA of the testing change in your annual report (AR), in
accordance with § 601.12(d), indicating the date that the revised standard
operating procedures were implemented.

2. If you are already approved to use a registered contract donor testing
laboratory to perform infectious disease testing of Whole Blood and blood
components, including Source Plasma and Source Leukocytes, and the
contract testing laboratory will now perform a NAT for HBV DNA, you
must report this change in your AR (§ 601.12(d)).

3. If you will use a new contract testing laboratory to perform a NAT for
HBV DNA, report as follows:

a. Ifthe new testing laboratory is registered with FDA and has been
performing infectious disease testing for Whole Blood and blood
components, including Source Plasma and Source Leukocytes, report
this as a Changes Being Effected (CBE) Supplement, in accordance
with § 601.12(c)(5).

b. Ifthe new testing laboratory has not previously performed infectious
disease testing for blood products, you must report this as a Prior.
Approval Supplement (PAS), in accordance with § 601.12(b). The

16
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new testing laboratory must register with FDA in accordance with 21
CFR Part 607 and § 610.40(f).

B. Labeling

Labeling refers to the instruction circular (e.g., Circular of Information) required under
§ 606.122 and the container labels on blood or blood components required under, among
other provisions, §§ 606.121, 610.40 and 640.70.

1. If you revise your labeling to include the statements in this' guidance in
their entirety and without modification, you must report this change as a
CBE labeling supplement in accordance with § 601.12(£)(2)).

2. If you revise your labeling to include alternative statements, you r:nust '
report this change as a PAS labeling supplement in accordance with §
601.12()(1).

C. Procedures for Requalification of Donors

1. We consider the implementation of recommendations in this guidance in
their entirety and without modification to be a minor change to an
approved license application. Therefore, FDA-licensed establishments are
not required to have FDA prior approval and may submit a statement of
this change in their AR under § 601.12(d), indicating the date that the
revised standard operating procedures were implemented.

2. Under § 610.41(b), you may only re-enter a previously deferred donor
using a requalification method found acceptable by FDA for such
purposes. We consider the requalification methods described in this
guidance o be acceptable. If you choose to use an alternative
requalification method, you must report this as follows:

a. FDA-licensed blood establishments must submit the alternative
requalification method as a PAS (§ 601.12(b)).

b. Unlicensed blood establishments must submit the alternative

requalification method to FDA before it is implemented so that we
may determine whether it is acceptable.

17
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Abstract

Objective: To estimate total numbers of undiagnosed carri-

ers of hepatitis C virus (HCV) and hepatitis B virus (HBV) in

- Japan. Methods: Area- and age-specific prevalence of HCV
as well as HBV was determined in the first-time blood donors

[20-39 years (n = 2,429,364)] and examinees of periodical
health check-ups [40-74. years (6,204,968 for HCV and
6,228,967 for HBV)] in Japan. Prevalence in adolescents [5-19
years (79,256 for HCV and 68,792 for HBV)] was determined
in a single prefecture, and that-of HCV in the elderly (275
years) was estimated by the exponential model. HBV infec-
tion was determined by the detection of hepatitis B surface
antigen, and HCVinfection by either the algorithm or assum-
ing persistent infection in 70% of the individuals with anti-
body to HCV. Resuits: Of the total population of 127,285,653
in 2005, 807,903 (95% Cl 679,886-974,292) were estimated to
be infected with HCV at a carrier rate of 0.63%, and 903,145
(837,189-969,572) with HBV at that of 0.71%. Conclusion: Ac-

curate estimation of undiagnosed HCV and HBV carriers in
the general population would help to predict the future bur-
den of liver disease, and take appropriate measures for im-

proving healthcare. Capyright © 2011 5. Karger AG, Baset

Introduction

Hepatitis C virus (HCV) and hepatitis B virus (HBV)
are estimated to infect 170 and 350 million people over
the world, respectively [1, 2]. Most infections with HCV
or HBV do not induce clinical liver disease, while ~30%
of them develop severe liver disease such as cirrhosis and
hepatocellular carcinoma [3, 4]. Hence, there is a pressing
need to identify the individuals who have undiagnosed
HCV or HBV infection, and take effective measures for
terminating viral infections and preventing the progres-
sion of liver disease.

For management of persistent HCV and HBV infections
in a given country, it is necessary to know their exact num-
bers for assessing medical and financial needs in the fore-
seeable future. Prevalence of undiagnosed HCV or HBV
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infection has been estimated by survey of blood donors in
Japan [5) and a representative population in the USA [6].

In the present study, area- and age-specific prevalence
of HCV or HBV infection was determined in 8 jurisdic-
tion areas of the Japanese Red Cross Blood Center. Then,
the total numbers of undiagnosed HBV and HCV infec-
tions were estimated by compiling the results in the first-
time blood donors and examinees of the periodical health
check-up program. Of the 127,285,653 Japanese regis-
tered in 2005, 807,903 (0.63%) were estimated to be in-
fected with HCV and 903,145 (0.71%) with HBV.

Materials and Methods

Japanese Pop.ulatian

Japanis divided into 8 areas, along its north-to-south axis, ac-
cording to jurisdiction of the Japanese Red Cross Blood Center,
into Hokkaido, Tohoku, Kanto, Hokuriku/Tokai, Kinki, Chu-
g Shikoku and Kyushu. Populations in 5-year age groups in
¢  jurisdiction area were obtained from the registry at the Na-
tional Census 2005.

First-Time Blood Donors

During 6 years from January 2001 to December 2006, 3,748,422
individuals (aged 1664 years) donated whole blood or apheresis
products for the first time, and their sera were tested for markers
of HCV and HBV infections. Ongoing HCV infection was esti-
mated by assuming the detection of HCV RNA in 70% of indi-
viduals with the antibody to HCV (anti-HCV), in accordance
with a previous report {5].

Examinees of Hepatitis Virus Infections

Since the fiscal year 2002 in Japan, individuals who turned 40,
45, 50, 55, 60, 65 and 70 years were offered to take tests for hepa-
titis viruses at periodical health check-ups by a 5-year national
project. During 5 years through 2006, 6,204,968 individuals re-
ceived tests for HCV and 6,228,967 for HBV, corresponding to
~30% of the eligible Japanese, and their area- and age-specific
prevalence of HCV or HBV infection was determined.

school Children and Adolescents

_n the Iwate prefecture located in the north of Japan, biochem-
ical markers of diseases dependent on the lifestyle were examined
in children and adolescents at the entrance to schools. Their se-
rum samples had been stored frozen, and were tested for markers
of hepatitis virus infections. Carrier rates of HCV and HBV
among them were calculated, with their ages adjusted to those in
2005; infants aged <5 were represented by the children aged from
510 9 years. Designs and procedures of this investigation were ap-
proved by the Ethics Committee of Hiroshima University.

Simulation of HCV and HBV Infections in the Elderly

By its age-specific profile, the prevalence of HCV was deduced
to be an exponential function of the age. Accordingly, age-specif-
ic prevalence of HCV in the individuals aged =75 years was sim-
ulated by an exponential function model; it was constructed on
the prevalence of HCV in each age group =50 years.

186 Intervirology 2011;54:185-195

The formula was constructed as:
logy(x)=a+bx

where x is the 5-year age code, y(x) is an estimator of HCV preva-
lence in x, and a and b are coefficients.
The equation is transformed into:

y(x) = e%eb

in which e represents the HCV prevalence when x = 0 (in the

group aged 04 years), since (0) is equal to . By replacin% x for

x+ 1 in the above equation, it is converted to y(x + 1) = e’ e+ ),
Then, the following equation can be constructed:

};(x +1)= e”y(x)

where e? isthe slope of HCV prevalence increasing with age. Thus,
the HCV prevalence is multiplied by a factor ¢? for an increment
of the age code by 1.

The simulation model was applied to estimate age-specific
prevalence of HCV in each of 8 areasin the individuals =75 years.

Prevalence of HBV in the individuals 275 years was repre-
sented by that in those aged 70-74 years, since it stayed constant
from 65 through 75 years.

Markers of Hepatitis Virus Infections

In blood donors, anti-HCV was determined by passive hemag-
glutination of the second generation with commercial assay kits
(HCV PHA; Abbott Laboratories, North Chicago, IlL., USA) with
a cutoff limit set at 25, as well as by particle agglutination with
commercial assay kits (HCV PA Test-Il; Fujirebio, Inc,, Tokyo,
Japan). HBsAg was determined by reversed passive hemaggluti-
nation with reagents prepared by the Japanese Red Cross.

In examinees of periodical health check-ups, ongoing HCV in-
fection was determined by the algorithm with anti-HCV and HCV
RNA [7]. Anti-HCV was determined by passive hemagglutination
of the second generation with commercial assay kits (HCV PHA;
Abbott Laboratories), and since 2002, it was determined by en-
zyme immunoassay with comrercial assay kits (AxSYM HCV
Dinapack-11]; Abbott Laboratories). Samples with high anti-HCV
titers contain HCV RNA, and therefore, only those with low and
middle titers were examined for HCV RNA. HBsAg was deter-
mined by reversed-passive bemagglutination with commercial
assay kits (Institute of Immunology Co., 1td, Tokyo, Japan).

Statistical Analyses

Statistical analyses for the evaluation of R? values were per-
formed with JMP 8.0 (SAS Institute, Inc., Cary, N.C., USA) and
DeltaGraph 5.5 {(RedRock Software, Inc., Salt Lake City, Utah,
USA). A p value > 0.05 was considered significant.

Results

Age-Specific Prevalence of HCV in the First-Time Blood
Donors and Examinees of Periodical Health Check-Ups
Figure 1 illustrates age-specific prevalence of HCV in
the first-time blood donors (aged 15-69 years in 2005) and
examinees of periodical health check-ups (39-73 years in

2005); 70% of individuals with anti-HCYV were considered

[ ——
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to possess HCV.RNA in serum [5]. Results of two distinct
populations were well in accord. For the first-time blood
donors, however, the variation (95% CI) widened increas-

- ingly with age. It would have reflected decreases in the

first-time blood donors with age, since the majority of
these (83.5%) were aged =39 years. As the prevalence of
HCYV in blood donors =40 years was unreliable in them,
that in examinees of periodical check-ups was adopted for
estimating the national prevalence of HCV.

Area-Specific Prevalence of HCV in Eight Jurisdiction

Areas

In view of distinct geographic distribution of HCV, the.
prevalence of HCV in the general population would not be
flpplicable to everyareain Japan. Figure 2 compares results
in the first-time blood donors and recipients of health
check-ups among 8 jurisdiction areas spanning from north
(Hokkaido) to south (Kyushu). They unfolded a wide vari-
ety in the age-specific prevalence of HCV. Although the
prevalence of HCV increased with age in all areas, the slope
of increase differed widely among them. Hence, it was nec-

Ta!Azle 1. Age-specific prevalence of HCV in three different popu-
lations

Age in 2005 n HCV- Prevalence, %
positive, n (95% -CI)
School children :
5-9 17,390 2 0.012 (0.000-0.027)
10-14 29,817 3 ) 0.010 (0.000-0.021)
15-19 32,049 7 0.022 (0.006-0.038)

Blood donors

20-24 1,205,966 1,122 0.065 (0.061-0.070)°
25-29 536,560 874 0.114 (0.105-0.123)*
30-34 408,814 1,089 0.186 (0.173-0.200)*
35-39 278,024 1,190 0.300 (0.279-0.320
HCV screening
40-44 611,146 2,127 0.348 (0.333-0.363)
45-49 495,032 2,292 0.463 (0.444-0.482)
50-54 675,350 3,485 0.516 (0.499-0.533)
55-59 947,438 5,974 0.631 (0.615-0.646)
60-64 1,081,854 8,423 0.779 (0.762-0.795)
65-69 1,264,496 13,722 1.085 (1.067-1.103)
70-74 1,054,472 17,649 1.674 (1.649-1.698)

essary to employ a distinct age-specific prevalence in each
of the 8 areas for estimating HCV carriers precisely.

2 )
The prevalence in blood donors was based on an assumption

of HCV infection persisting in 70% of those with anti-HCV [5].

Undiagnosed HCV and HBV Carriersin 1
Japan
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Fig. 2. Age-specific prevalence of HCV in 8 jurisdiction areas in Japan. The prevalence of HCV is calculated in
each of twelve age groups notched by 5 years. The prevalence in five grovps <39 years was represented by the
first-time blood donors, and that in seven groups =40 years by recipients of HCV screening. Bars indicate

ranges of 95% CI.

Prevalence of HCV in Adolescents

Since blood donors were restricted to 16-64 years of
age, and health examinees were targeted on 40-70 years,
they did not cover individuals aged <15 or 275 years in
the year 2005. To fill in an opening on the younger side,
the age-specific prevalence of HCV was determined in
school children and adolescents in the Iwate prefecture
(table 1). The prevalence in infants aged 0—4 years was as-
sumed similar to that in the children aged 5-9 years; an
extremely low prevalence of HCV (0.012%) would sup-
port such an assumption.

188 Intervirology 2011;54:185~195
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Simulating Prevalence of HCV in the Elderly

The prevalence of HCV appeared to be an exponential
function of the age, according to its profiles in the first-
time blood donors and examinees of health check-ups
(fig. 1). Based on this assumption, a formula was con-
structed to simulate the prevalence of HCV in age groups
=75 years for each of the 8 jurisdiction areas in Japan (see
Materials and Methods).

Figure 3 compares actual (dots) and simulated data
(red line) of five age groups from 50 to 74 years (corre-
sponding to age codes 10-14) among the 8 areas. There
was a high coefficient of determination between them,

Tanaka etal.
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Fig. 3. Simulation of age-specific prevalence of HCV in the elder-
Prevalence of HCV in the first-time blood donors as well as
examinees of periodical health check-ups (dots) and that simu-
lated by formulation (red line with ranges of 95% Clin dotted line)
are shown for 8 jurisdiction areas in Japan. Formula is shown at

Undiagnosed HCV and HBV Carriers in
Japan

~44-

the top of each area. Age codes are: 1, 5-9 years; 2, 10-14 years; 3,
15-19 years; 4, 20~24 years; 5,25-29 years; 6,30-34 years; 7, 35-39
years; 8, 40~44 years; 9, 45-49 years; 10, 5054 years; 11, 55-59
years; 12, 60-64 years; 13, 65-69 years; 14, 70-74 years, and 15,
75-79 years. :
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Table 2. Regional and tota]l HCV carriers

in Japan Areas ‘Population HCV carriers (95% CI) Carrier rate
Hokkaido 5,620,813 26,097 (19,356-34,413) 0.46%
Tohoku 12,047,975 50,688 (42,754~-59,953) 0.40%
Kanto 41,247,892 235,328 (195,408-293,611) 0.57%
Hokuriku/Tokai 19,294,443 132,434 (114,216-154,446) 0.69%
Kinki 22,657,542 173,808 (147,548-207,173) 0.52%
Chugoku 7,650,977 53,296 (42,299-67,698) 0.70%
Shikoku 4,083,698 35,159 (28,746-43,004) 0.86%
Kyushu 14,682,313 101,092 (89,379-113,993) 0.80%
Total 127,285,653 807,903 (679,886-974,292) 0.63%
Tble 3. e e g;;ﬂ{i;f:ce of HEV ge 1n 2005 n HBV-positive,n  Prevalence, % (95% CI)
School children
5-9 17,363 3 0.017 (0.000-0.037)
10-14 29,817 14 0.047 (0.022-0.072)
15-1%9 32,049 12 0.037 (0.016-0.059)
- Blood donors
20-24 1,205,966 1,826 0.151 {0.144-0.158)
25-29 536,560 1,650 0.308 (0.293-0.322)
30-34 408,814 1,759 0.430 (0.410-0.450)
35-39 278,024 1,327 0.477 (0.452-0.503)
HBYV screening
40-44 613,960 5,491 0.894 (0.871-0.918)
45-49 497,589 5,373 1.080 (1.051-1.109)
50-54 679,893 8,700 1.280 (1.253-1.306)
55-59 950,508 12,891 1.356 (1.333-1.379)
60-64 1,085,119 13,282 1.224 (1.203-1.245)
65-69 1,268,304 12,406 0.978 (0.961-0.995)
70-74 1,057,469 9,545 0.903 (0.885-0.921)

with R? values ranging from 0.831 to 0.985 (p < 0.031 and
> < 0.001, respectively), attesting to the validity of this
imulation. Of note, the factor b in formula (by which age
codes were multiplied) varied broadly among the 8 areas.
Thus, it was the highest in Hokuriku/Tokai at 0.324 and
lowest in Hokkaido at 0.175, with close to twofold differ-
ences between them.

* Estimation of Undiagnosed HCV Carriers in Eight
Areas and the Entire Nation

Based on age- and area-specific prevalence of HCV,

numbers of undiagnosed HCV carriers were calculated
for § jurisdiction areas, and they were compiled in the en-
tire nation (table 2). The prevalence of HCV in each of
three age groups (75-79, 80-84 and =85 years) was simu-
lated by the formula, while that of HBY was represented

190 Intervirology 2011;54:185-195

by the prevalence in the group of 7074 years. As of the
year 2005, 127,285,653 were registered in the national cen-._
sus of Japan, and 807,903 of these are estimated to have
undiagnosed HCV infection at an overall carrier rate of
0.63%. There was an increasing gradient in the prevalence
of HCV along the north-to-south axis of Japan.

Age-Specific Prevalence of HBV o

Figure 4 depicts age-specific prevalence of HBV in
2005. It was deduced from HBsAg in the first-time blood
donors (15-69 years) and examinees of periodical health
check-ups (39-73 jrears). Sinice the prevalence of HBV in
the elderly did not increase with age so sharply as that of
HCV {fig. 1), it was presumed not to increase further and
stay around 1% in the individuals =75 years. The age-
specific prevalence of HBV tabulated in three different

Tanaka et al.
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Fig. a. Agf:-speciﬁc prevalence of HBV in Japan during 2002-2006. The prevalence of HBV was determined in
the first-time blood donors aged from 15 to 68 years (blue dots) in the year 2005 and examinees of periodical
health check-ups aged from 39 to 73 years (red dots) in the year 2005. Bars indicate ranges of 95% CI.

populations is listed in table 3. There was a constant de-
cline with decreasing age in the frequency of HBV in in-
dividuals <39 years, and it was particularly low in chil-
dren =<9 years (0.017%).

In examinees of periodical health check-ups, the age-
specific prevalence of HBV did not diverge and stayed
within 2 narrow 95% CI (fig. 4). By contrast, that in the
first-time blood donors dispersed widely. Such a varia-
tion in the age-specific prevalence of HBV would have
been ascribed to the first-time blood donors who clus-
tered in age groups =40 years.

Area-Specific Prevalence of HBV in Eight Jurisdiction

Areas

The age-specific prevalence of HBsAg varied widely
among 8 jurisdiction areas (fig. 5). HBsAg was most fre-
quent in the age group of 55-59 years in every area, and
reached 3.1% in the northern-most Hokkaido. The peak
frequency decreased in central Japan (1.1% in Kanto and
Hokuriku/Tokai), and increased towards the southern
end (1.9% in Kyushu). Thus, the prevalence of HBsAg was
determined individually along the axis of Japan in esti-
mating the total number of HBV carriers in Japan.

Undiagnosed HCV and HBV Carriers in
Japan

Estimation of Undiagnosed HBV Carriers in Eight

Areas and the Entire Nation

Numbers of undiagnosed HBV carriers were complied
by multiplying age-specific prevalence of HBsAg by cor-
responding subpopulations in 8 jurisdiction areas (ta-
ble 4). In total, 903,145 of the 127,285,653 (0.71%) indi-
viduals are estimated to have undiagnosed HBV infec-
tion in Japan in 2005.

Shift of Undiagnosed HCV and HBV Carriers during

5 Years (2000-2005) in Japan

Table 5 compares numbers of HCV and HBV carriers
aged 15-69 years between 2000 and 2005 for 8 jurisdic- -
tion areas in Japan. Data for the year 2000 were extract-
ed from a previous survey [5]. Data for the year 2005
were obtained in the first-time blood donors during
2001-2006 in this study by the same method as in the
previous survey [5]. Undiagnosed HCV and HBV carri-
ers decreased during 5 years by 55 and 47.5%, respec-
tively. The overall carrier rate of HCV declined sharply
from 0.95 to 0.44%, and that of HBV from 1.04 t0 0.55%
in Japan.

Intervirology 2011;54:185-195 191
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Fig. 5. Age-specific pre
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first-time blood donors and that in seven groups

es of 95% CI.

Table 4. Regional and total HBV carriers in Japan

HBV carriers (95% CI) Carrier rate

Areas Population
-88,765) 1.43%"
kai 5,620,813 80,573 (72,314-88,
e 12,047,975 104,736 (97,742-11 1,816) gi?,:
e 41,247,852 23 1,799__(220,129—244,105) 0.56%
Kan'm iku/Tokai 19,294,443 109,709 (101,722-117,5812 nlc40/.
}"-’I'O];‘%n e 22,657,542 144,965 (134,387-155,464) 5;3;;
Chug 7,650,977 59,948 (52,705—67,12}-) 0.73%
Ch'ugo'ku 4,083,698 29,776 (26,080-33,437) 0.96%
IS\hlk(;'lt\u 14’682 313 141,639 (132,111-151,282) .
Kyushu ,682,
Total 127,285,653 903,145 (837,189-969,572) 0.71%
* Total 1285,

e —
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Table 5. Decrease of undiagnosed HCV and HBV carriers in the 15- to 69-year-old population in Japan

Survey in 2000 Survey in 2005 Difference
number cartier rate number carrier rate number balance
estimated  in area® estimated  in areab estimated
Shift of HCV carriers during 5 years from 2000 to 2005
Hokkaido 41,139 0.99% 17,658 0.44% -23,481 -57.1%
Tohoku 61,658 0.71% 30,525 0.37% - ~31,133 ~50.5%
Kanto 277,644 0.90% 126,283 0.41% -151,361 ~54.5%
Hokuriku/Tokai 88,724 0.64% 48,360 0.35% -40,364 —-45.5%
Kinki 178,871 1.06% 70,526 0.43% ~108,345 -60.6%
Chugoku 72,431 1.32% 24,595 0.47% -47,836 ~66.0%
Shikoku 43,497 1.49% 16,504 0.59% -26,993 -62.1%
Kyushu 120,989 1.16% . 64,115 0.63% -56,874 ~47.0%
Total 884,954 0.95% 398,567 0.44% —486,387 ~55.0%
Shift of HBV carriers during 5 years from 2000 to 2005
Hokkaido 106,896 2.56% 54,557 1.35% -52,339 —49.0%
Tohoku 104,923 1.21% 48,490 0.58% -56,433 -53.8%
Kante 255,207 $.83% 132,414 0.43% ~122,793 - -48.1%
Hokuriku/Tokai 78,481 0.56% 51,477 0.37% -27,004 ~34.4%
Kinki 165,915 0.98% 85,083 0.52% -80,832 ~48.7%
Chugoku 90,041 1.64% 37,706 0.71% -52,335 -58.1%
Shikoku 38,411 1.32% 19,162 0.69% -19,249 -50.1%
Kyushu 127,879 1.23% 77,941 0.77% ~49,938 -39.1%
Total 967,753 1.04% 506,830 0.55% ~460,923 ~47.6%

¥ Data for the year 2000 were extracted from a previous survey of hepatitis virus infections in Japan [5].
b The carrier rate specific for respective jurisdiction area was applied.

Discussion

There are many constraints in estimating total HCV
and HBYV infections in a given nation. Since it is not fea-
sible to test every member for serological markers of hep-

_atitis virus infection, populations representative of the

entire nation have served for the estimation. Volunteer
blood donors are recruited, but they have a restricted age
range (16~64 years in Japan). Students attending schools
and universities can close the opening in younger gen-
erations, but infants younger than the school age are not
enrolled. Moreover, there are no means of estimating car-
rier rates of hepatitis virus infections in the individuals
aged beyond the eligibility of blood donation. In addition,
blood donors are selected individuals who are leading
healthy lives above the average. In the survey of inhabit-
ants in sentinel counties of the USA [6], who represent the
average Americans, patients with liver disease and per-
sons with restricted activities, such as those incarcerated
or institutionalized, are not included.

Undiagnosed HCV and HBV Carriersin
Japan

Patients with clinical liver disease, as well as individu-
als found with HCV or HBV infection by health check-
ups, can receive the medical care. However, many blood
donors found with viral infections have developed severe
liver disease already, and therefore, cannot receive effi-
cient medical interventions (7, 8]. Hence, it is necessary to
detect undiagnosed HCV and HBV infections hidden in
the society. For this purpose, periodical health check-ups
for screening hepatitis virus markers were started in
April 2002 on'the individuals, who turned 40, 45, 50, 55,
60and 70years, by a 5-year national project in Japan. The
target age range (4070 years) was selected due to a high
incidence of hepatocellular carcinoma [9). Since by far the
majority of the first-time blood donors were younger
than 40 years, the prevalence of HCV or HBV beyond
that age dispersed widely (fig. 1, 4). In this study, there-
fore, the coverage by the first-time blood donors was con-
fined to 20~39 years of age, and it was taken place by ex-
aminees of health check-ups aged 40-74 years; they left
age groups <15 and =75 years uncovered, however.
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-48-




The national prevalence of hepatitis virus infections in
individuals <19 years was presumed to be similar to that
in the Iwate prefecture situated in northern Japan. Since
the prevalence of HCV or HBV infection in them was ex-
tremely low and stayed between 0.01 and 0.02%, such an
assumption would not have affected the overall results to
any significant extent. The prevalence of HCV in age
groups =75 was simulated by a premise that it would be
an exponential function of the age. Consequently, the for-
mula based on profiles in five age groups from 50 to 74
years (at a 5-year notch) was extrapolated to three age
groups =75 years. The simulation matched closely with
the prevalence determined in corresponding age groups,
with R? values ranging from 0.83 to 0.99 (p < 0.05 and
p < 0.01, respectively) throughout 8 jurisdiction areas in
Japan (fig. 3). . .

Japan has an axis spanning 2,000 kilometers from the
-arth-east towards the south-west over the four major

.ands (Hokkaido, Honshu, Shikoku and Kyushu). With-
1 a rather small land, the prevalence of HCV or HBV is
not uniform all over Japan. The prevalence of HCV had
an increasing gradient from north to south, and was the
highest in Kyushu (table 2), while that of HBV was the
highest in Hokkaido, decreased in between and then in-
creased towards Kyushu (table 4). Reflecting such local
differences, age-specific prevalence of HCV or HBV dif-
fered widely among 8 jurisdiction areas (fig. 2, 5).

Based on the results obtained on the area- and age-
specific prevalence of HCV or HBYV, carriers of these hep-
atitis viruses in 8 jurisdiction areas were tabulated sepa-
rately over age groups from 20 to 74 years. Those in age
groups =19 years were represented by the Iwate prefec-
ture. The prevalence of HCV in age groups =75 years was
simulated by the formula, and that of HBV was repre-
sented by individuals aged 70-74 years. Japan was popu-
‘ated by 127,767,994 people in 2005. Of these, 807,903

5% CI 679,886-974,292) were estimated to have undi-
agnosed HCV infection at an overall prevalence of 0.63%,
and 903,145 (837,189~969,572) to possess undiagnosed
HBYV infection at that of 0.71%. These estimates are much
less than publically inferred numbers of HCV and HBV
carriers in Japan at 1.5-2.0 million each. Leaving aside
HCV and HBV carriers who have developed liver disease
and stayed outside the scope of the present study, our es-
timates based on reasonable scientific grounds are much
smaller; they add up barely half of generally referred fig-
ures around 1.5-2.0 million in Japan.

Based on the sex- and age-specific prevalence of hepa-
titis virus markers in the 3,478,422 first-time blood do-
nors during 2001-2006, with the same criteria used in the

194 Intervirology 2011;54:185-195

previous study [5], we have estimated the number of un-
diagnosed HCV carriers aged 15-69 years in the year
2005 to be 398,567 (95% CI 295,410-501,453) and that of
undiagnosed HBV carriers tobe 506,830 (95% C1 398,115~
616,113). In the previous study [5), undiagnosed HCV and
HBYV carriers aged 15-69 years in the year 2000 were as-
sessed to be 884,954 (95% CI 725,082-1,044,826) and
those with HBV to be 967,753 (95% CI 806,760~1,128,745).
They decreased by 55.0 and 47.6%, respectively, during 5
years (table 5). In support of this view, the incidence of
HCV or HBV infection during 10 years {1994-2000) in
Japanis verylow and estimated at 1.86 (95% ClI 1.06-3.01)
or 2.78 (1.87-4.145) per 100,000 person-years [10]. De-
creases in undiagnosed HCV and HBV carriers in Japan
would have been attributed to increased chances of re-
ceiving tests for hepatitis virus infections at health check-
ups and medical institutions, as well as increased aware-
ness due to educational programs or other healthcare
campaigns or screening programs in high-risk individu-
als. ‘Additionally, there would have been a cohort effectin
individuals aged 15-69 years who have shifted by 5 years
during the observation period.

The results of the Third National Health and Nutri-
tion Survey (HANES II1, 1988-1994) (11} and those of
more recent HANES (2001-2002) [6) in the USA are es-
sentially similar with respect to age-specific profiles of
HCYV infection, and shifted by 10 years. The incidence of
de novo HCV and HBYV infections may have decreased
substantially both in the USA and Japan, driven partly by
the introduction of the nucleic acid amplification test and
a more stringent questionnaire on donors to exclude
blood donations in the window period of infection (12~
17). The national burden of HCV infection has been re-
ported in Great Britain [18], where the prevalence of anti-
HCV in hospitalized patients was 3.4% and that in the
first-time blood donors was 0.03% in the year 2008.

In spite of many improvements in the control of hepa-
titis virus infections, there are many HCV and HBV car-
riers buried in the society who need immediate identifi-
cation for receiving timely and efficient medical inter-
ventions. Treatment of viral hepatitis keeps improving,
especially for liver disease induced by HCV. The sus-
tained virological response in the patients infected with
HCV of genotype 1, who have received triple therapy with
pegylated interferon, ribavirin and protease inhibitors,
has increased to 70% or higher, from 56% with the state-
of-tare therapy with pegylated interferon and ribavirin
{19, 20]. With the advent of new antiviral drugs that will
enter the scene in the foreseeable future, the virological
response is expected to increase further. There would be
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nothing like early detection of HCV and HBV infections
for appropriate and timely medical care to prevent the
progression of liver disease. Such a rational strategy will
benefit not only patients themselves, but also merit the
society and government, which are going to be burdened
-increasing morbidity and mortality along with
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Widespread distribution of hepatitis E virus
in plasma fractionation pools

S. A. Baylis, 0. Koe, S. Nick £ J. Blimel
Paui-Ehrlich-Institut, Langen, Germony

Dear Editor,

We have investigated plasma fractionation pools, used in
the manufacture of plasma-derived medicinal products, for
HEV RNA and anti-HEV 1gG. Plasma pools were obtained
from Europe, Notth America, the Middle East.and Asia.
Approximately -10% of pools were positive for HEV RNA,
showing a widespread geographic distribution (Table 1).
Positive pools originated from plasma sourced in North
America (n = 1), Western Europe (n = 2} and Eastern
Europe {n = 1). No positive samples were identified in the
pools from the Middle East. Of the ‘Asian pools, four were
positive for HEV RNA. None of the positive poots
exceeded a load.of >1000 copies/ml HEV RNA. The low
viral loads found in pools may explain why Mordow ef al.
[1] did not detect HEV RNA in any final preparations
of plasma-derived coagulation factors, whick undergo
further processing steps after initial cryoprecipitation.
Another possible factor is the sensitivity of HEV RNA NAT
assays that have been shown to vary widely between
laboratories [2] and is not currently standardized. HEV
virgemia iu blood donors can exceed 7 logig HEV RNA
copies/ml [3]; therefore, dependent on pool size and virus
reduction steps used during manufacture, it is possible
that in HEV RNA. might still be detectable in some plasma
derivatives.

Phylogenetic analysis of the HEV strains identified in
the pools {GenBank, accession numbers JN257704-
JN257711) revealed that genotype 3 viruses were found in
Furope and North America, whilst the Asian pools con-
tained genotype 4 viruses that are more common in the
‘region. All sequences were distinct from one other. The
two genotypes identified in pools are found both in
humans as well as in animal such as swine, with likely
200notic transmission in some cases. ;

The presence of anti-HEV 1gG in pools was determined
using enzyme jmmunoassays from MP Biomedicals (MP
Biomedicals Asia Pacific, Singapore) and Axiom (Axiom
Diagnostic, Birstadg, Germany). Oniy Asian pools were
found to have anti-HEV IgG levels greater than the cut-off
of the MP Biomedicals assay, and results were confirmed
using the Axiom kit, reflecting the seroprevalence of

~
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Table 1 Analysis of plasma fractionation peols for the presence of HEV
RNA

No. positive/
Source of pools no. analysed
Europe 3/34
Europe/North America 0/3
North America 14
Middle East o/1t
Southeast Asia 4/23
Overall 8/75

RT-PCR was performed using total nucieic acid extracted using the COBAS
AmpliPrep instrument {Roche Diagnostics GmbH, Penzberg, Germany). HEV
RANA was detected &ie,._a One-Step RT-PCR kit (Qiagen GmbH, Hilden,
Germany) using conserved primers (forward 5 GGG TGG AAT GAA TAA CAT
GT and reverse 5 AGG GGT TGG TTG GAT GAA) amplifying 233-bp products
that were analysed by agacose gel electrophaoresis and sequenced directly
for genotyping purposes.

anti-HEV in the region. Whilst anti-HEV is detectable in
some pools, how this correlates to neutralization of poten-
tial virus infectivity remains unknown. in a recent study, it
was possible to propagate infectious HEV in culture using
viraemic serum containing anti-HEV (4]. There are no
reports of HEV transmission by pooled plasma, although
HEV has been transmitted by transfusion. HEV can he
removed by nanofiltration {<20 nm), and it may be inacti-
vated by heat treatment, the effectiveness of which is
dependent upon parameters for inactivation and composi-
tion of the matrix [5]. However, where anti-HEV levels are
low, solvent/detergent-treated plasma, with no effective
reduction steps against non-enveloped viruses such as
HEV, could present a risk for transmission, and it may be
prudent to test such plasma pools for HEV RNA.
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Detection of hepatitis E virus RNA in plasma
mini-pools from blood donors in England
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R.S. Tedder'?
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2National Transfusion Microtiology Laborotories, NHS Blood and
Transplont, London, UK

Dear Editor,

We read with interest the letter from Baylis eral, [1]
repotting on the deteciion of hepatitis E virus (HEV) RNA
and antibody in plasma fractionation pools, which origi-
nated from several regions across the globe. The authors
report that 10% of the pools were HEV RNA positive and
discuss the transmission risk through the use of plasma-
derivedmedicinal products.

We recently reported evidence of current HEV infection
in English and Welsh blood donors indicating a turnover of
the virus in the donor panel and the potential for transfu-
sion-associated transmission {2}. To ascertain further the
risk of HEV to the English blood supply, serological and
molecular investigations were undertaken in plasma mini-
pools collected in 2007. Each mini-pool was made up of 48
individual donors and had originally been prepared for
hepatitis C RNA screening. Extraction and detection of HEV
RNA was carried out on 880 mini-pools {equivalent to
approximately 42 000 individual donors) as previously
described [2). Six of the 880 pools (0-7%) had detectable
HEV RNA. As expected, viral loads in the HEV RNA-
positive pools were low (< 2000 GEq/ml). Additional HEV
antibody (anti-HEV) testing found all 6 (100%) and 1/6
(17%) of the HEV RNA-positive pools to be anti-HEV IgG
and 1gM reactive respectively. Of the 100 HEV RNA-nega-
tive pools tested, 73% and 0% were HEV IgG and IgM
reactive respectively.

The high incidence of asymptomatic infection with HEV
gives ample opportunity for blood donors to infect recipi-
ents. Studies undertaken in the general English population
indicate an anti-HEV seroprevalence of ~13% and estimate
that ~60 000 cases oceur per %mma.g. It is therefore per-
haps unsurprising that our study demonstrates a high anti-
HEV 1gG prevalence in the mini-paols tested. The detection
of HEV RNA and anti-HEV IgM demonstrates current HEV
infections. In contrast, Baylis er al. [1} found HEV IgG only

~55~
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in the pools from Asia, which is very surprising given the
UK seroprevalence. They also report ~eightfold higher rates
of HEV RNA in tested pools from Europe but do not disclose
the pool size. Some of these differences may be explained
by variations in the make up of the pools and in the detec-
tion assays used.

Collectively, these reports provide evidence of the poten-
tial to transmit HEV from blood/blood components and
products. However, the extent of HEV transmission post-
transfusion and the outcome of receiving HEV-coutaining
transfusion products remain poorly explored. The risks of
transfusion-associated HEV deserves due consideration in
light of emerging data on the significant harm of persistent
HEV in the immunosuppressed [4, 5). It is estimated that
~75% of UK blood/blood components are given as haema-
tological support to this population. The issue of HEV and
blood safety therefore warrants further studies and debate.
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TRANSFUSION COMPLICATIONS

Distribution of parvovirus B19 DNA in blood compartments and
persistence of virus in blood donors

Tzong-Hae Lee, Steven H. Kleinman, Li Wen, Lani Monialvo, Deborah S. Todd, David J. Wright,
Leslie H. Tobler, and Michael P Busch for the NHLBI Retrovirus Epidemiology Donor
Study-IT (REDS-1[)

BACKGROUND: Because the receptor for parvovirus
B19 (B19V) is on red blood ceils {(RBCs), we investi-
gated B19V distribution in blood by in vitro spiking
experiments and evaluated viral comparntmentalization
and persistence in natural infection.

STUDY DESIGN AND METHODS: Two whole blood
{WB) protacols {ultracentrifugation and a rapid RBC
lysis and removal protocol) were evaluated using quan-
titative real-time polymerase chain reaction. WB was
spiked with known concentrations of B19V and recovery
in various blood fractions was determined. The rapid
RBC lysis and removal protocol was then used to
compare B19V concentrations in 104 paired WB and
plasma samples collected longitudinally from 43 -B19V-
infected donors with frozen specimens in the REDS
Allogeneic Donor and Recipient Repository (RADAR).
RESULTS: In B19V spiking experiments, approximately
one-third of viral DNA was recovered in plasma and
two-thirds was loosely bound to RBCs. in the immuno-
globulin (ig)M-positive stage of infection in biood donors
whsn plasma B19V DNA concentrations were greater
than 100 IU/mL, median DNA concentrations were
approximately 30-fold higher in WB than in plasma. In
contrast, when IgM was absent and when the B19V
DNA concentration was lower, the median WB-fo-
plasma ratic was approximately 1. Analysis of longitudi-
nal samples demonstrated persistent detection of B19V
in WB but declining ratios of WB to plasma B19V with
declining plasma viral load levels and loss of IgM
reactivity.

CONCLUSIONS: The WB-to-plasma B19V DNA ratio
varies by stage of infection, with 30-fold higher concen-
trations of B19V DNA in WB relative to plasma during
the igM-positive stage of infection followed by compa-
rable levels during persistent infection when only igG is
present. Further study is required to determine if this is
related to the presence of circulating DNA-positive
RBCs derived from B19V-infected erythroblasts, B19v-
specific igM-mediated binding of virus to cells, or other
factors.

1836 TRANSFUSION Volume 51, September 2011
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he understanding of the natural history of
parvovirus B19 virus (B19V) infection is that in
mostimmunocompetentindividuals (e.g., blood
donors), viremia occurs approximately 1 week
after-infection and persists at high titers in plasma for
approximately 5 days.’ Immunoglobulin (Ig)M antibody
develops at approximately 12 days after infection and IgG
antibody follows within days coinciding with precipitous
declines in plasma viremia levels. Subsequently, plasma
viremia disappears generally within weeks, [gM antibody
becomes undetectable after several months (although this
precise duration is unknown), whereas IgG antibody per-
sists long term and is thought to convey immunity to rein-
fection. Recently it has become established that a variation
of this natural history occurs in people in whom chronic
persistent B19V infection occurs; this is characterized by
low plasma levels of B19V DNA persisting for more than 6
months in conjunction with lgG antibody?”
The receptor for B19V on marrow red blood ceil (RBC)
progenitor cells is the P blood group antigen.® This recep-
tor is also present at high concentrations on mature

ABBREVIATIONS: B19V = parvovirus B19; CBER = Center of
Biologics Evaluation and Research; RADAR = REDS Allogencic
Donor and Recipient Repository; TC = target capture; VL(s) =
viral load(s); WB = whole biood.
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circulating RBCs in almost all individuals, with the excep-
tion of rare persons with the null p phenotyne, Rinding of
B19V to mature RBCs is known to occur and has been
exploited in development of RBC BISV antigen aggluiina-
tion assays.® Thug, it is theoretically pessible that a sub-
stantial proportion of B19V in blood is adsorbed to or
persists within RBCs from the infected erythroblast phase
and that B19V DNA concentrations will consequently
differ in plasma and cellular blood compartments. Also, it
is unknown if the partitioning of B19V between plasma
and cellular blood compartments varies during different
stages of infection, possibly due to the effect of IgM and
IgG antibodies on B19V particles enhancing or blocking
binding to one or more cellular blood elements (e.g.,
RBCs, white blood cells {WBCsl, ar platelets {PLTs}).
B19V contamination of plasma derivatives has led to
widespread adoption of B19V DNA screening of source
and recovered plasma donations to interdict high-titer
viremic units before pooling and fractionation.'*

Transfusion-transmitted B19V infection from blood-

component transfusion occurs infrequently but has been
documented in several case reports, including a recent
case in the United States." Although screening of whole
blood (WB) components intended for individuai patient
transfusions is not currently routinely performed (except
in Germany, Austria, and Japan, where this screening is
performed on plasma and targets units with high B19V
DNA concentration), the issue of compartmentalization
of B19V in blood could be important if policies evolve
toward further testing.

This study's major objective was to establish the rela-
tive concentrations of BI9VDNA in plasma versusWB and
to determine if this “compartmentalization” varies in dif-
ferent stages of infection. To accomplish this, we devel-
oped procedures to apply a sensitive B19V polymerase
chain reaction (PCR) assay to WB saraples. This involved a
series of in vitro spiking experiments to establish that 1)
B19 viral standards contained intact viral particles that
could be pelleted by-our ultracentrifugation protocol; 2)
spiking high-titer B19V standards into fresh and frozen
WB to establish the partitioning of exogenously spiked
B19V in various blood compartments; and 3) develop-
ment of a special reagent to overcome the inability of the
ultracentrifugation-target capture (TC) protocol (as dem-
onstrated in our experiments) to reliably recover and
detect low levels of B19V DNA in WB. After this in vitro
experimental work, we then used our standard plasma
TC-PCR and this novel WB protocol to test serial samples
from donors with previously documented B19 plasma
viremia whose samples were stored in the REDS Alloge-
neic Donor and Recipient Repository (RADAR). As a sec-
ondary objective, we also evaluated the rate of B19V DNA
persistence in those B19V DNA-positive donors who had a
repository donation that was given at least 6 months
before or subsequent to their DNA-positive donation.

819 COMPARTMENTALIZATION AND PERSISTENCE

MATERIALS AND METHODS
Standard B19V assays
Plasma B19V PCR assay

This assay has previously been described in detail ™ Tt
is ‘based on a magnetic-bead B19V DNA capture step
followed by a TagMan real-time PCR assay targeting the
VP1 region of the Genotype 1 B19V genome. Assay
sensitivity was established as a 50% limit of detection of
1.6 TU/mL (95% confidence interval [CI}, 1.2-2.1} and a
95% limit of detection of 16.5 IU/mL (95% CI. 10.6-33.9).
When run against a standard curve, the assay can also
be used to quantify B19V DNA with the lower limit
of quantitation at 20 1U/mL. Alternately, in in vitro
spiking studies a difference in cycle threshold (ie., the
cycle at which DNA was initially detected) was used to
compare relative quantities of B19V DNA in different
blood compartments.

B19V antibody testing

Specimens were tested for the presence of B19V IgG
and IgM antibodies against a recombinant VP2 protein
with Food and Drug Administration (FDA)-licensed
test kits (Biotrin, Dublin, [reland). Due to sample volume
considerations, testing was performed in singlicate
(rather than in duplicate as stated in the package insert)
by accessing a 0.25-ml. subaliquot of plasma from the
RADAR repository. If results fell into the equivocal
zone, the assay was repeated in singlicate and the repeat
result was taken as the overall final result for the
specimen.'*16

Protocol for development of WB PCR assays and
for in vitro spiking studies to compare levels of
B19V in plasma versus WB compartments

B19V standard and spiked controls

We used a Genotype 1 B19V standard from the Center of
Biologics Evaluation and Research (CBER, Rockville, MD)
to prepare our spiking B19V preparation. The CBER
B-19-positive standard”” was from a window period
plasma donation. We generated plasma and WB-spiked
controls at serial twofold dilutions, with concentrations
equal to 1000, 500, 250, 125, 62.5, and 31.25 IU/mL.
These spiked standards were -aliquoted and frozen at
~80°C. Unspiked samples were also prepared as negative
controls. These standards were used in both the ultracen-
trifugation and the WB processing (HemoBind, US patent
application pending htip://www.fags.org/patents/app/
20100092980) protocols. To make a relevant and equi-
table comparison all the WB and plasma assays used in
this study were designed to assay 0.5 mL per reaction, as
was used in our previous study.

Volume 51, September 2011 TRANSFUSION 1897
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Validation of the ultracentrifugation protocol using
plasma controls

Plasma spiking standards, as described above, were ultra-
centrifuged for 2 hours (4°C} at 50,377x g (Sorvall Stratos,
Thermo Scientific, Asheville, NC) to pellet intact viral par-
ticles and thereby confirm that B19V DNA in the CBER
standard was virion associated and that the ultracentrifu-
gation protocol could efficiently recover all B19V in the
standard. The supernatant was removed and the pellet
digested with proteinase K (20 mg/ml.) overnight; these
samples were processed by B19V TC and amplified using
our real-time PCR protocol. The results from the ultra-
centrifugation protocol were compared to the results
generated using our standard assay procedure applied to
corresponding spiked plasma preparations that were not
subjected to ultracentrifugation and pellet extraction.

Ultracentrifugation protocol for frozen W8

Fresh WB, spiked with B19V to achieve a concentration of
100,000 IU/ml. (derived from a high-titer plasma dona-
tion that tested negative for B19 IgM and 1gG antibodies
by the Biotrin assay), was incubated at room temperature
for 1 hour and then aliquoted and frozen at -80°C. The
frozen blood was thawed and mixed with an equal volume
of RBC saponin lysis solution (0.4% saponin in 0.5% NaCl,
pH 7.4) to completely lyse residual RBC in the already
hemolyzed thawed-frozen WB. The preparation was ultra-
centrifuged at 50,377x g for 2 hours. The supernatant was
transferred to a second tube, leaving the degraded RBC
membranes and viral particles in a pellet in the primary
tube. The pellet was subjected to protein digestion by
adding 200 ul. of an equal part of Solution A (0.1 M KCl,
0.0l M Tris Base pH 8.3, 0.0025M MgCL6H,0) and
Solution B (10 mM Tris, pH 8.3, 2.5 mM MgCL6H0, 1%
Tween-20, 1% NP40} mixed with 1.25 uL of proteinase K
(20 mg/mL). Protein digestion was performed at 60°C,
for 2 hours, vortexing vigorously every 15 minutes. Both

_pellets and supernatants were tested for B19V DNA by TC

and real-time PCR amplification. :

Separation of WB into compartments after incubation
with B19V

Plasma containing B19 virions was spiked into freshly
drawn WB to achieve a concentration of 100,000 [U/mL
followed by incubation at room temperature for 24 hours.
After incubation, the WB was centrifuged at 833 x g for 5
minutes to separate the plasma from the packed red cell
(pRBC) compartment, which includes the buffy coat layer.
The plasma collected at this point served as reference data
for other compartments.

In a “without wash” experiment, after removal of
plasma, the pRBCs were not washed and were directly
subjected to RBC lysis followed by ultracentrifugation to
generate a pellet composed of viral particles, RBC mem-
branes, and WBCs/PLTs. In the “wash” experiment, after
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removal of plasma, the remaining pRBCs with buffy coat
(WBCs/PLTs) were washed twice with PBS to ensure that
viral particles that were not tightly bound to ceils were
washed away before proceeding with RBC lysis using a
Saponin RBC lysis solution. After lysis, the preparation
was centrifuged at 4000 x g for 5 minutes, generating a
hemolyzed RBC supernatant and a pellet of WBCs and
large PLTs. The supernatant, containing lysed RBC mem-
branes and presumably bound viral particles, was col-
lected into a tube and subsequently ultracentifuged. The
pellet was washed again to ensure no residual lysis solu-
tion remained. The RBC supernatant and the wash solu-
tions were ultracentrifuged at 50,377 x g (Sorvall Stratos,
Thermo Scientificy for 2 hours to bring down viral par-
ticles, RBC membranes, and viral particles bound to the
membranes. The pellet and the supernatant gathered after
ultracentrifugation were collected for testing. The RBC
membrane pellets from the ultracentrifugation and the
WBC and PLT pellets were subjected to protein digestion.
B19V DNA was extracted from all compartments using TC
and amplified using real-time PCR.

Novel RBC lysis and removal protocol for

W8 preparations

To address the problem of processing WB for detection of
both plasma and cell-associated nucleic acids without
use of vltracentrifugation, we developed a new method
for rapid RBC lysis and removal of hemoglobin (Hb) and
other possible inhibitors of TC and PCR processing
(HemoBind WB processing protocol). An equal volume
of 6 molar guanidine-HCI-0.2 mol/L. ethylenediaminetet-
raacetat lysis buffer (pH 8.0) wasadded to 0.5 mL offrozen-
thawed WB. The sample was vortexed and incubated at
room temperature while gently mixing in a rocker. The
sample was pulse spun at high speed in a microcentrifuge
to pellet particulate material; all cell- and plasma-derived
nucleic acids would be expected to remain in the guanidine
lysate supernatant. One milliliter of HemoBind buffer was
added to 1 mL of the lysate supernatant, along with 20 pL
of proteinase K (20 mg/mL). The mixture was vortexed and
incubated at 60°C for 30 minutes, and then clarified of
precipitates by centrifugation in a high-speed microcentri-
fuge for 1 minute. The supernatant was transferred to a
clean mirocentrifuge tube and heated at 100°C for 5
minutes. The preparation was microcentrifuged at high
speed for 1 minute and the clear supernatant was trans-

. ferred to the 10-tube units used in the Procleix TC system.

The protocol for plasma TC was followed. As with the
plasma protocol, the WB samples were amplified with
internal controls. Results from samples with positive inter-
nal controls were deemed valid. Valid results with less or
equalto cycle threshold of 40 were considered positive and
those with amplifications greater than cycle threshold of 40
were considered negative.



Selection of paired plasma and WB samples from

Stabt e
established w i

B
transfusion-transmltted infections and has been
described in detail elsewhere® Repository specimens
were collected from 2000 through 2003 by blood centers
and selected hospitals at seven geographically dispersed
US locations. All enrolled subjects gave informed consent
for frozen storage of their specimens and for subsequent
testing of these specimens for possible transfusion-
transmissible infections. There was no restriction on how
many times a repeat donor could be recruited to give a
repository sample. ~

The donor portion of the repository consists of 13,201
donation specimens (given by 12,408 distinct donors) that
were transfused to enrolled recipients and 99,906 donation
specimens {contributed by 84,339 donors) from donations
that were not transfused to enrolled RADAR recipients.

- Repository specimmens consisted of two frozen 1.8-mL

plasma aliquots and a 1.5-mL sample of frozen WB.

In previous studies, B19V DNA and antibody testing
had been performed on plasma samples from 17,549
donor repository samples (5020 from donors without
enrolled recipients and 12,529 from donors with enrolled
recipients).'>'® As previously reported, this testing iden-
tified 149 samples from 147 donors that tested positive
for B19V DNA in plasma. For this study, we searched
through the RADAR repository records to determine
whether any of the donors with positive PCR results had
made additional repository donations which had not yet
been evaluated for B19V DNA. We found that of the 149
PCR-positive donors, 43 bad samples from more than
one blood donation included in the repository. In total,
there were 137 donations given by these 43 donors. The
index samples (i.e., those previously selected for B19V
analysis), the immediate previous and subsequent dona-
tions, and the first and last donation in donors with
greater than three donations from each of these 43
donors were selected for this study; additional interven-
ing donations were also tested in selected cases. Thus, a
total of 104 donations were tested by plasma B19V PCR,
WB B19V PCR using the HemoBind protocoi, and B19V
1gM and IgG antibody assays. Quantitative results from
plasma and WB PCR assays were obtained as two sepa-
rate replicate determinations with results reported as the
mean of these results. Personnel performing the study
testing were kept blinded as to the identities of the
paired WB and plasma samples. For the 43 index dona-
tions, we used the piasma B13V PCR and antibody results
from previous studies rather than performing these tests
again due (o limitations in sample volumes.

We constructed a ratio of B19V DNA concentration in
WB divided by B19V DNA concentration in plasma.

B19 COMPARTMENTALIZATION AND PERSISTENCE

Samples with positive PCR results that were below the
antitarion Aatactinn it AF 90 lTY/ml DI()\I T\\'A wnrs
quantitative detection imit of 20 JU/mL Bl A were

assigned a value of 10 IU/mL.

Donation and/or donor classification

A donor was classified as having chronic persistent infec-
tion if two consecutive samples separated by 6 or more
months were B19V DNA positive. A donor was classified as
recently infected if a donation was IgM antibody positive
or if a positive DNA result occurred in a donation given
subsequent to a donation that tested B19V DNA, IgM, and
1gG negative. A donor was classified as a remote infection
if neither of the above criteria applied and if the DNA-
positive donation was also IgG positive.

Statistical analysis

B19V DNA concentrations in paired WB and plasma
samples were compared using the sign test. The median
(and 95% CI) ratio of B19V DNA in WB and plasma was
determined. A nonparametric regression of B19V DNA in
WB and plasma was performed.

RESULTS

Recovery of B19V DNA from spiked pfasma and
WB by ultracentrifugation

Quantitative standard curve plasma controls from a pre-
vious study were used to validate an ultracentrifugation
protocol designed to recover B19 viral particles from
plasma and WB preparations. Spiked plasma controls
were ultracentrifuged and resulting pellets (which should
contain all intact viral particles but not soluble DNA) and
supernatant were each tested to evaluate the efficacy of
viral DNA recovery. Depending on the dilution assayed,
the cycle threshold of the amplification curve derived
from the pellet was 6 to 16 cycles earlier than for the super-

natant. Since each PCR cycle threshold (Cr) difference cor-’

responds to a twofold difference in starting concentration
of the target nucleic acid, these ACy results indicate that
the B19 virion particle-associated DNA recovery using the
ultracentrifugation protocol was greater than 98% (i.e.,
only 1/2% to 1/2'6 of B19V DNA remained in the superna-
tant), thereby establishing the ability to recover virtually
all B19 viral particles from. plasma samples spiked with
B19V standards. Of nete, the C; values observed after
amplification of ultracentrifuge pellets derived from each
concentration of spiked virus were similar to those of our
previous study, in which the spiked plasma samples were
directly subjected to the same TC and reai-time PCR assay
(Table 1 and Kleinmen et al."®).

Frozen WB samples spiked with 100,000 IU/mL of B19
virions were then tested to determine the recovery of B13V
DNA by the ultracentrifugation protocol. The Cr values of
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of B19 virus or DNA is associated with
TABLE 1. Recovery of spiked B19V DNA spiked into plasma using the | cellular constituents and one-third with
ultracentrifugation protocol

B19V DNA spike (1U/mL) Pellet Cr  Supernatant Cy  ACy

% recovery in pellet

plasma, similar to the results derived

1000 30.5 37 6.5
500 315 41 95
250 32.5 40 7.5
125 33 39 8
825 34 50 16

with the ultracentrifugation protocol

98.9 . R )
998 using spiked WB preparations, but that
99.5 this binding is weak and reversible.
984
100

real-time PCR amplifications were compared between the
ultracentrifuge pellets and supernatants. In four experi-
ments, the ACy between the pellet (Cy = 22, 26, 24, 20) and
supernatants {Cr= 28, 33, 50, 30) were 6, 7, 16, and 10,
respectively, indicating B19 viral or DNA recoveries of
greater than 98%, similar to the results with comparably
spiked and processed plasma controls.

B19V DNA recovery from blood compartments
following in vitro spiking of WB

We incubated fresh WB with high-titer B19V-positive
plasma from a donor in the acute preseroconversion
phase of infection to achieve a final concentration of
100,000 1U/mEL WB, thereby simulating a blood specimen
acutely infected with B19V. After incubation for 24 hours,
WB was processed into three compartments: plasma,
RBCs, and WBCs and/or PLTs. The B19V DNA levels were
-quantified in each of these compartments using sample
processing, ultracentrifugation, and TC real-time PCR
protocols detailed under Materials and Methods.

Theresults are presented in Fig. 1. Plasma was used as
the reference compartment, and hence data from plasma
were plotted as 1.0 in both Fig. 1A and Fig. 1B, with levels
of B19V DNA derived from the other compartments
plotted as ratios to the corresponding plasma data. The
data in Fig. 1A were generated without a wash step and
therefore do not include results for “first PBS wash” and
“second PBS wash.” The concentration of B19V DNA
derived from the RBC and WBC and/or PLTs compart-
ments was more than twice the level derived from plasma;
in other words, the plasma B13V DNA concentration was
less than one-third of the total B19 virus or DNA that had
been spiked into WB.

The data in Fig. 1B were generated using a slightly
modified protocol incorporating washing of cellular (RBCs
and WBC and/or PLTs) preparations before proceeding
with lysis of RBCs, pelleting, and B19V DNA extraction. in
this protocol, the cells were washed twice with PBS and the
amplification results of washing solution specimens were
plotted as “first PBS wash” and “second PBS wash.” Added
together, these two washes yielded about twice the B19v
DNA as did plasima. After being washed twice with PBS,
very little B19V DNA was recovered in pellets derived from
the RBC and WBC and/or PLT compartments. This indi-
cates that after in vitro spiking, approximately two-thirds
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Validation of HemoBind and

TC protocol

For the in vitro spiking experiments reported above, high
concentrations of virus {100,000 [U/mL) were spiked into
WB samples to show compartmentalization of the virus.
However, this input level is much higher than the con-
centrations of B19V that we have observed in RADAR
donation samples®'® and also beyond the limits of our
standard curve. When the ultracentrifugation protocol
was applied to WB spiked with the standard curve con-
trols, the recovery at 1000 IU/mL was the same for plasma
and WB, but the recovery in WB samples decreased and
became variable with decreasing viral input compared to
the plasma samples (Fig. 2). The WB spiked with the 62.5
IU/mL control yielded poor and erratic recovery of virus
(standard deviation * 4.8 cycles), while the WB spiked
with 31.251U/mL control vielded no detectable B19V DNA
after ultracentrifugation and TC-PCR. Because the ultra-
centrifugation protocol had low viral recovery at the low
end of the WB standard curve, we created a new protocol
using HemoBind to process WB samples to enhance the
sensitivity of the assay.

" Frozen WB standard controls (spiked and nonspiked)
were processed using HemoBind to eliminate cellular
debris and potential inhibitors of TC and real-time PCR.
After HemoBind was added into frozen WB and a clarified
solution obtained, the samples were processed by TC and
real-time PCR in parallel with plasma standard controls.
In Fig. 2, the Cr of real-time PCR amplifications were com-
pared between HemoBind-processed WB samples and
the corresponding plasma samples processed using the
standard protocol. The slopes for the three procedures
(TC and real-time PCR. on plasma [TC-RT plasmal, the
HemoBind and TC real-time PCR on WB {HB-TC-RT WB],
and the ultracentrifuged and real-time PCR [UltCfg-RT}
on plasma} were —0.99, ~0.98, and ~1.00, respectively, very
close to the theoretical slope of —1.00. The intercepts of
TC-RT plasma and HB-TC-RT WB were 39.1 and 39.6,
respectively. The similar slopes and intercepts indicate
minimal difference between the two protocols, with dif-
ferential C+’s of only approximately 0.5 cycles.

Comparison of B13V DNA jn paired WB and
plasma samples from blood donors

Figure 3 summarizes the WB relative to plasma concentra-
tions of B19V for all 104 samples with positive B19V DNA
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Fig. 1. Distribution of B19V DNA in compartments of WB samples after incubation with B19 virus stock at 100,000 [U/mL. The rela-
tive concentrations of recovered B19V DNA are plotted on the y-axis using the concentration in the plasma sample as a reference
with a designated value of 1.00. The x-axis shows the different compartments prepared from the WB samples. Less than one-third of

total B19V DNA was present in plasma.

results.-Concentrations in WB samples tended to be higher
than concentrations in plasma samples (p = 0.0005, sign
test). For the total sample set, WB samples yielded 1.9-fold
higher B19V DNA concentrations than their paired plasma
samples (median WB-to-plasma ratio, 1.9; 95% CI, 1.2-
4.2). This ratio- varied throughout the range of plasma
B19V DNA load; for plasma samples with B19V DNA con-
centrations of greater than 100 [U/mL, this median ratio
was 19.5, whereas the ratio was only 1.9 for samples with
plasma B19V DNA concentrations of greater than 20 to
100 TU/mL. While the WB-to-plasma ratio for the com-
plete data set is significantly greater than 1, the ratio varies
in samples with much higher ratios observed among
donor specimens with high plasma B19V DNA levels
{(p=0.01 by nonparametric regression goodness-of-fit
test).

B19V DNA WB-to-plasma ratios at different
infection stages

In Fig. 4, B19V DNA WB-to-plasma ratios for 74 blood
donations with quantitative {e.g., nonzero) WB and

plasma DNA results were analyzed relative to the IgM and -

IgG antibody status of the donation, which reflects the

stage of B19V infection. For 20 IgM-positive, IgG-positive
recent infections, the mean ratio was 66.1, with a median
of 17.4 and arange of 0.8 t0-824.3. For 54 remote infections
(IgM negative, 1gG positivej, this mean ratio was 15.4 with
amedian of 1.5 and a range of 0.06 to 657.0. The difference
in WB-to-plasma B19V DNA ratios between these two
stages of infection was significant (p = 0.001, Mann-
Whitney rank-sum test).

Table 2 provides a composite analysis of B19V DNA
WB-to-plasma ratios classified by both plasma DNA con-
centration and IgM status. The highest median ratio (29.7)
was found in IgM-positive donations with B19V DNA of
greater than 100 IU/mL.

Stage of B19V infection and persistence in

blood donors

Figure 5 plots data for the donors with multiple donations
from which paired WB and plasma samples were available
in the RADAR repository. Figure 5A presents detailed
quantitative DNA and antibody results from one represen-
tative B19-viremic blood donor with recent infection (IgM
positive) that evolved to chronic persistent infection. This
doner had repository samples from donations made
during both the early and the later stages of B19V infection
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Fig. 2. Viral recovery from ultracentri ion and HemoBind

TC protocols. The y-axis shows mean Cys (n = 4) with ®1 SD
error bars of real-time PCR amplification. The B19 viral input
is plotted on the x-axis in base 2 log (2" forniat since PCR
amplicons theoreticaily double in quantity per amplification
cycle. The control standards are serial twofold ditutions (1000,
500, 250, 125, 62.5, and 31.25 [U/mL). TC-HemoBind WB (@
refers to the protocol using HemoBind, TC, and real-time PCR
amplification. TC-Plasma () refers to the protocol using TC
and real-time PCR amplification for plasma. UltCfg-Plasma
(4) and UKCfg-WB (%) refer to protocols using ultracentrifu-
gation and real-time PCR amplification.

as evidenced by serial donation samples with decreasing
IgM reactivity in parallel with increasing [gG seroreactiv-
ity. Note that the B19V DNA loads of WB samples at the
early stage of infection were significantly higher than
those of their paired plasma samples, as indicated by the
WB-to-plasma B19V DNA ratios at the top of the figure. In
contrast, at the later stages of infection, the WB and
plasma B19V DNA levels were almost equal.

Figure 5B shows results for 29 donors whose dona-
tions were separated by at least 6 months. Of these, 25
made at least one donation at a greater than 6-month
interval from their initial DNA-positive donation. Based
on plasma B19V DNA detection, 22 (88%) showed chronic
persistent infection; this percentage fell to 72% (18
donors) with the WB assay. Five of the persistently infected
dunors had additional test results at more than 2 years at
which time four donors were B19V DNA negative on both
their plasma and their WB samples. All donors with
detectable IgM showed loss of the antibody over time. The
14 additional donors (not shown in Fig. 5B}, with less than
6 months of follow-up, showed an even higher rate of per-
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sistence over the short time frame in which they were
evaluated.

Four donors in this study were documented to have
incident infection, characterized by a donation that was
negative for B19V DNA and antibody followed by a sample
that was DNA positive, IgG positive, and in three of four
cases, IgM positive (Fig. 5B, and not shown). An additional
12 donors had recent infection based on the detection of
IgM antibody in the initial PCR-positive donation (eight
cases shown in Fig. 5B; four cases not shown). Three
donors with B19V IgG antibody but without detectable
B19V DNA on their initial donation showed detectable
low-leve] B19V DNA on their follow-up donation; this may
represent either intermittent low-level virernia or a imita-
tion of our assay in consistently detecting such low B19V
DNA levels (Fig. 58, and not shown). Finally, we found one
antibody-negative donor with a low level of B19V DNA in
both plasma (132 TU/mL) and WB (15 IU/mL); on a sub-
sequent donation given almost 6 months later, this donor
tested B19V DNA negative but did not demonstrate anti-
body seroconversion (case not plotted in Fig. 5B).

DISCUSSION

Because B19V is known to infect and replicate in erythro-
blasts in the marrow and because mature RBCs contain
the B19V receptor (i.e., the P antigen) on their cell sur-
face,® we speculated that B19V may be within or bound to
circulating erythroid ceils and hence viral DNA concentra-
tions might differ in WB and plasma. In addition, previous
work with other viral agents had demonstrated that for
some viruses that exhibit significant plasma viremia (e.g.,
human immunodeficiency virus [HIV), hepatitis C virus,
West Nile virus, Dengue), a substantial proportion of
viral nucleic acid in blood is found to be cell associated
when appropriate WB-based nucleic acid test (NAT) is
performed.*? Potential mechanisms to explain this
finding are the presence of intracellular viral nucleic acid
due to active replication in cellular compartments (e.g.,
HIVDNA and RNA in CD4+ T cells) and/or binding of viral
pauticles to cellular constituents of blood, including PLTs
(for HIV and Dengue)'?? and RBCs (for HIV and WNV).23#1

Before evaluating cases of natural B19V infection, we
began our study by evaluating different laboratory proto-
cols for BI9V WB NAT. WB NAT assays are challenging due
to the fact that Hb and other cell-derived constituents
inhibit nucleic acid amplification.?* This applies both to
PCR assays (which are inhibited by as little as 1.3 ug/mL
of Hb) and to the transcription-mediated amplification
assay method commercially developed by Gen-Probe (San
Diego, CA). In this latter assay, WB inhibition occurs both
at the TC and amplification steps.”®*” Although a 5- to
10-fold dilution of WB has been demonstrated to over-
come this interference, this dilution results in a loss of
assay sensitivity. %
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Fig. 3. (A) Box-and-whisker plot of B19V VLs in the WB compartment compared to corresponding plasma VLs, When plasma VL was

positive but not more than 20 IU/mL (n = 58), the mean VL in WB was 27.54 IU/mL (median, 20 IU/mL). In the midrange of VL (>20-
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In this study we evaluated whether ultracentrifuga-
tion of blood lysates could quantitatively recover viral
particles and overcome these inhibitory effects. We dem-
onstrated that our ultracentrifugation protocol was effec-
tive at recovering B19V when high concentrations of B19V
were spiked into plasma or WB. Using this protocol, we
established that less than one-third of B19V spiked intoWB
was present in plasma, with the remainder in the cellular
compartments and primarily in the RBC compartment.

WB-to-plasma VL ratio vs. antibody status

S
110 -

10 T —

IgM+/ 1gG+ 1gM+ 1gG+
Antibody status

Fig. 4. Box-and-whisker plot of the B19V DNA ratios of WB
samples to plasma samples based on IgM and IgG status, IgM
positive and IgG positive (IgM+/IgG+; n = 20} and IgM negative
and IgG positive (IgM—/IgG+; n = 54). The B19V DNA ratios are
plotted on the y-axis and the serologic status is plotted on the
x-axis. (p > 0.001, Wilcoxon rank-sum test).

When this cellular compartment was subjected to serial
low-speed centrifugation and washing steps, most of the
initially bound virus was present in the eluate rather than
retained in the cellular preparation. We speculate that the
explanation for these results is loose binding of spiked
B19V to RBCs, either through weak binding to the P blood
group receptor site or through nonspecific binding. These
findings are not inconsistent with development of B19
antigen agglutination assays employed in donor screening
in Japan, given that those assays employ optimized condi-
tions to maximize binding and they require more than 10"
B19 particles/ml of plasma for positive results.**2*

The above spiking and recovery studies were per-
formed using a high concentration of B19V. Further
experiments demonstrated that the ultracentrifugation
protocol was not efficient in recovering B19V when lower
concentrations of virion particles were spiked into WB. We
speculate that the difference in the protocol efficiency at
high and low viral spiking concentrations was due to the
need to have sufficient concentrations of virus to create
ultracentrifugation pellets that could withstand subse-
quent washing and recovery procedures. Use of unrelated
carrier virus particlés or microbeads to facilitate B19V
recovery at low spiking levels could potentially avercome
the sensitivity problem of the ultracentrifugation protocol
(as discussed in Lee et al.?).

As part of our ongoing NAT research, we developed a
new WB processing protoco! using a novel buffer to pre-
cipitate and eliminate the Hb and other proteins which
inhibit TC and PCR or transcription-mediated -amplifica-
tion. This unique buffer and associated protocol is termed
“HemoBind” (patent pending) and delivers viral nucleic
acids in a supernatant in a sufficiently pure form so that

TABLE 2. WB-to-pl ratios for units with quantitative B13V DNA results of greater than 20 IU/mL
WB-to-plasma DNA ratio
IgM positive IgM negative
Plasma DNA concentration Number Mean Median Number Mean Median
>20-100 6 443 2.15 18 2.1% 1.06
>100 14 137.3 297 8 44.4 264
Total" . 20 97.4 13.9 26 15.2 1.82

* Data for 58 IgM donations with DNA resuits that were negative or less than 20 IW/mL are not included,

>
>

100 FU/mL (n = 22), the mean WB VL was 3.48 x 10° IU/mL (median, 9199 1U/mL). (B) WB-to-plasma VL ratio relative to plasma VL.
At the low end of the plasma VL distribution, the WB-to-plasma ratio ranges from 0 to 7.66, with a median of 1 and mean of 1.38. In
the midrange (>20-100 IU/mL, n = 24), the WB-to-plasma ratio range was 0.25-13.90, with a median of 1.95 and mean of 2.83. When
the plasma VL was greater than 100 I¥/mL, the WB-10-piasma ratio range was from 0.15 to 1332, with a median of 19.47 and mean
of 103.52,

Fig. 5. B19V distributions in blood compartments and persistence in infected RADAR donors. (A) B19V DNA concentration and
serologic status over time for a biood donor with chronic persistent B18V infection. IgM (@) and IgG (®) signal-to-cutoft (5/CO)
ratio is plotted on the left y-axis, while the corresponding plasma (4) and WB (@) B19V DNA concentrations in IU/mL are plotted
un the right y-axis. The timing of the donation events is plotted on the x-axis. The WB-to-plasma ratio is indicated above the corre-
sponding donation. (B) Quantitative B19V DNA results for all tested donations from 29 donors with at least one donation at a
greater than 6-month interval. The x-axis represents time from index donation with the index donation plotted as Time 0. Addi-
tional donations going backward or forward from a positive index donation were tested by quantitative PCR, performed on both
WB (@, O) and pfasma samples (¥, V). The closed symbols denote fes with d ble BI9V DNA results and the open symbols
denote negative B19V DNA results. IgM-positive d ions are indi d by boxed symbol
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there is no inhibition of either the TC procedure or the
subsequent amplification steps. Through spiking experi-
ments, we demonstrated that combining HemoBind with
TC and real-time PCR amplification yielded a quantitative
B19V DNA assay that was efficient and reproducible in
recovering B19V DNA spiked into WB over a wide spec-
trum of spiking concentrations.

We applied the HemoBind TC real-time PCR assay to
paired WB and plasma samples from serial donations of
RADAR donors who had been shown to have detectable
plasma B19V DNA. During early stages of B19V infection
when IgM was present and when B19V DNA concentra-
tions were higher, we demonstrated that the median WB
B19V DNA concentration was approximately 30 times
higher than in plasma, and in some samples the WB-to-
plasma ratio was more than 1000. In contrast, when IgM
was absent later in infection and when B19V DNA concen-
trations were lower, the median WB-to-plasma ratio
varied only by a factor of 1.06. Possible explanations for
these results include the following: B19V is preferentially
bound to RBCs when it is present in JgM immune com-
plexes, more B19V is bound at higher plasma concentra-
tion due to steric effects on receptor-mediated binding, or
B19V DNA is present at high levels within a subset of
peripheral blood RBCs in the earlier compared to the later
stages of B19V infection. This last hypothesis is intriguing
given that B1SV propagates in erythroblasts and the
period of high-level cell-associated B19 viremia corre-
sponds roughly to the 120-day survival period of RBCs in
peripheral blood, and hence RBCs derived from infected
erythroblasts couwld circulate for several months har-
boring B19V and account for the differential partitioning
of DNA during the convalescent phase of infection.
Further experiments that will be needed to investigate
these possible explanations would require access to fresh
blood specimens from acutely infected subjects to allow
purification of intact cell subsets by centrifugation and
elutriation or flow cytometry-based sorting, coupled with
quantitative B13V detection analyses.

Although B19V infection had been classically consid-
ered to result in an acute transient infection, recent studies
have established that chronic asymptomatic as well as
symptomatic persistent B19Vinfections occur in a proper-
tion of infected persons.*” Such infections are character-
ized by prolonged periods with low levels of B19V DNA in
blood of IgG-seropositive donors and patients. The rate of
accurrence and determinants of persistentB19Vinfections
are poorly understood. A few patients have been reported
to have asymptomatic persistent B19 viremia for up to 3 to
5 years using highly sensitive PCR assays. Prolonged pe:-
sistence of low-level plasma viremia has also been
observed in follow-up studies of healthy donors.*” In addi-
tion, recent studies indicate that B19V DNA can persist in
solid tissues for years or even decades after clearance of
circulating viremia and seroconversion.®
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In this study, using a highly sensitive B19V DNA assay,
we demonstrated that persistent B19V infection occurred
in 88% of evaluable blood donors who had given at least
one sample more than 6 months after plasma B19V DNA
was initially detectable. B19V DNA levels either decreased
from higher levels or remained at consistently low levels in
these donors. These findings are similar to those in biood
donor studies reported recently from Germany and
Japan.®’ In addition, we tound that B19V DNA persistence *
could also be detected by our WB assay, but without incre-
mental detection relative to plasma; this is explained by
the low titers of virus and absence of IgM during the per-
sistent stage of infection.

While almost all donors demonstrated findings con-
sistent with the known natural history of B19V infection,
we did identify one donor with unusual results. BI9V DNA
was detectable at low levels in the absence of IgM and IgG
antibody, which is contrary to the usual high viral loads
{VLs; >10° IU/mL) that are detectable prior to antibody
seroconversion. In addition, this donor did not serocon-
vert to IgG on a follow-up sample as would be expected. It
is possible that this donor had a transient B19V infection
(as indicated by the low DNA concentration) but for
unknown reasons did not develop antibody to the VP2
antigen that is detectable by the antibody kits used in this
study. We do not think the results can be explained by

- laboratory error since the positive index donation DNA

resuits were obtained on both plasma and WB samples
from this donation.

Since B19V is only rarely transmitted by blood trans-
fusion, our finding of differential (high) WB-to-plasma
concentrations in the early IgM-positive stages of infec-
tion have limited if any significance for blood safety.
However, we believe that the general issue of differential
Jevels of WB versus plasma nucleic acid concentrations for
viruses and other blood-borne pathogens is important
and encourage further development of sample pre-
parative methods to enable performance of NAT on WB
specimens. For transfusion-transmissible viruses with
infectious window periods not currently detected by NAT
screening, it is possible (though speculative) that WB
nucleic acid testing could achieve greater sensitivity
than plasma testing and thereby offer a tool to decrease
residual risk. WB methods could also enable detection of
persistent viral nucleic acids in convalescent or low-level
persistent stages of infection (e.g., “occult HBV" and “elite
controller HIV” infections), similar to our findings of more
efficient detection of B19V during the convalescent IgM-
positive phase of infection and the reported more efficient
detection of WNV in WB relative to plasma in asymptom-
atic donors?* Also, adoption of high-throughput sample
processing to allow use of WB in NAT assay systems would
open the door to detection of cell-associated viruses and
of parasitic and other nonwviral agents, including those
that are internal to RBCs (e.g., malaria or babesia para-




sites) or that partition with WBC fractions (e.g., Trypano-
3]

.
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Variability of parvovirus B19 genotype 2 in plasma products
with different compositions in the inactivation sensitivity by

liquid-heating
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‘\e{ﬁx gaﬂgiéiﬁés Background and Objectives Our previous report showed that parvovirus B19

genotype 1 in different sojutions derived from plasma preparations showed differ-
ent heat-sensitivity patterns during liquid-heating. In this study, we similarly
examined B19 genotype 2.

Materials and Methods Two plasma samples one containing B19 genotype 1 and
the other genotype 2 DNA were used. Four process samples collected immediately
before the heat treatment step in the manufacture of albumin, immunogiobulin,
haptoglobin and antithrombin preparations were spiked with B19 and subsequently
treated at 60°C for 10 h. A low pH immuneglobulin solution was also spiked with
B19 and treated at room temperature for 14 days. Infectivity was then measured.
Results B19 genotype 2, similar to genotype 1, showed three patterns of inactiva-
tion: (i} a rapid inactivation in the albumin and immunoglobulin preparations, (ii) a

. slow inactivation in the haptoglobin preparation and (jii) only limited inactivation
in the antithrombin preparation. Its sensitivity in the low pH immunoglobulin solu-
tions also resembled that of genotype 1.

Conclusion  Both genotypes 1 and 2 of B19 varied in sensitivity to liquid-heating
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and low pH among different plasma preparations.

revised 29 May 2011, ) Key words: genotype 2, heat & pH sensitivity, parvovirus B19, plasma products,

accepted 30 May 2011 viral inactivation.

Introduction

Human parvovirus B19 (B19) is not highly pathogenic to
healthy individuals but can have serious effects in pregnant
women and immunosuppressed individuals.

B19 has been long considered the only human pathogen
in the genus Erypthrovirus in the family Parvoviridae (1. Its
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DNA sequence had been regarded as extremely stable, with
variation of only approximately 1-29%. However, new vari-
ants (V9, A6 and Lali) have been reported to differ from
genotype | by approximately 10% [2-4]. Genotypes 2 and
3 seem to have similar virulence to genotype 1 {5). Servant
et al. [6] proposed classifying human erythroviruses into
genotypes 1 (prototype Au), 2 (Lali-like) and 3 (V9-like).
Genotype 1, the major form of B19, has spread worldwide.
Genotype 2 has heen reported mostly in Europe and North
America. At present, only small numbers of donor plasma
samples are believed to contain high levels of genotype 2
[7]. In genotype 1, the structural proteins of the capsid con-
sist of approximately 96% VP2 (58 kDa) and 4% VP1
(84 kDa). VP 1 differs from VP2 only in a unigue N-terminal
region (VP1u), where it has an additional 227 amino acids

2 M. Tsujikawa ef al.

[8]. However, there have been no reporis on morphological
structure and protein composition in genotype 2.

B19 genotype I DNA has been detected by PCR in plasma
products, such as coagulation factors [9, 10]. Genotype 2
DNA has also been detected in 2:5% of coaguiation factor
concentrates {11]. Despite measures taken against viral
contaminatin{q, inctuding improved testing and inactiva-
tion and/or removal steps during the manufacturing pro-
cess, the potential for B19 transmission through plasma

‘products remains. B19 genotype 1 has been shown to be

sensitive to liguid-heating than other animal parvoviruses
such as canine parvovirus (CPV} and porcine parvovirus
(PPV) [12-15]. We have also shown that B19 genotype 1 in
different solutions showed different heat-sensitivity
patterns during liquid-heating: {i} a rapid inactivation in
albumin or immunoglobulin preparations, (ii} a slow inacti-
vation in haptoglobin preparations and (iii} only limited
inactivation in antithrombin preparations [14). Genotype 2
was also shown to be rapidly inactivated in 5% albumin at
56°C [16). The effective inactivation of both genotypes in
coagulation factors, which contained 7-8% residual mois-
ture, during vapour-heating (STIM-4) at 60°C for 500 min
followed by at 80°C for 60 min has also been reported [17}.
In the case of freeze-dried products, the sensitivity of B19
genotype | to heat treatment has been shown to be
influenced by the residual moisture in the sample [18].

‘Therefore, B19 genotype 2 seems to be effectively

inactivated under high residual moisture and high tempera-
ture conditions. However, it remains unknown whether the
heat sensitivity of genotype 2 varies in different types of
products.

In this study, we examined the inactivation kinetics of
genotype 2 during liquid-heating and low pH treatment in
several manufacturing processes using a recent B19 isolate
derived from .rejected donor plasma containing B19
genotype 2. In addition, the full nucleic acid sequence, the
morphological structure, and the protein composition of
the genotype 2 isolate also investigated.

Materials and methods

Viruses

Two plasma samples containing either B19 genotype 1 or
genotype 2 DNA, collected from donors in the USA and
named F15 and F27, respectively, were used. Each sample

The amount of genome in F15 and F27 was quantified as
11-2 and 110 Logo IU/ml, respectively (Artus™ Parvo B19
TM PCR kit; Artus GmbH, Hamburg, Germany). The sam-
ples were also examined for viral markers as described
below, according to good manufacturing practices. They
tested negative for anti-human immunodeficiency virus

{HIV)-1/2 IgG, hepatitis B virus {HBV) surface antigen,
anti-hepatitis C virus {(HCV] igG and anti-Bi9 igG in immu-
noassays. In addition, HIV RNA, hepatitis A virus RNA,
HBV DNA and HCV RNA were not detected using nucleic
acid amplification tests.

Test materials

In this study, we used a 25% albumin preparation contain-
ing sodium caprylic acid/acety! tryptophan, a haptoglobin
preparation containing glycine, an antithrombin prepara-
tion containing sodium chioride/tri-sodium citrate dihy-
drate and an [VIG preparation containing b-sorbitol,
respectively, as stabilizers. To mimic the manufacturing
process conditions, test samples were collected immediately
before the heat treatinent of the albumin, haptoglobin and
antithrombin preparations {Albumin25%;y..senests, Hapto-
globinv 2000unys-penpsis a0 Neuart®ry, respectively;
Benesis Corporation, Osaka, Japan). To avoid interference
with the infectivity assay by neuiralizing antibody against
B19 during heat or low pH treatments, an immunoglobulin
sample derived from anti-Bi9 IgG-negative plasma was
prepared under the same manufacturing conditions as
Venoglobulin®H5%;y, (Benesis Corporation). The samples
were collected immediately before the heat or low pH treat-
ment. '

For neutralization assays, a commercial product, intrave-
nous immunoglobulin  {IVIG, Venoglobulin®IH 5%y,
including anii-B19 1gG), was used.

Inactivation and neutralization of viruses

The process samples described above were investigated by
liquid-heating as described previously [13-15]. The sam-
ples spiked with B19 were divided into atiquots and heat
treated in water bath at 60°C for preset periods. The col-
lected samples were immediately cooled to make a 10-fold
serial dilution and incubated with the KUB12 cells. The
infectivity remaining in each sample was measured by the
subsequent detection of spliced B19 mRNA in cultured
cells, as described (13, 14). Two independent inactivation
experiments were performed. The viral titre (log,o) in one
experiment was determined by non-detectable end-point
dilution [13] and in the other experiment by tissue culture
infectivity dose 50% (TCIDso) according to. the Kiirber
method [14], respectively.

The forward primers and the reverse primers were
defined as follows. The primer set of B19-25 (nt 1897~
1916; 5’-GTCGGAAGCCCAGTITCCTC-3" as 5 sense) and
Bi9-11 (nt 2962-2943; 5'-TGCACCAGTGCTGGCTTCTG-3’
as 3’ antisense) was used for the non-detectable end-point
dilution method, and another primer set of B19-21 (nt
1961-1980; 5"-TGGCAGACCAGTITCGTGAA-3’ as 5’ sense)

© 2011 The Author(s)
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and B19-22 (nt 2886-2866; 5-CCGGCAAACTTCCIT-
GAAAA-3 as 3" antisense) was used for TCIDqq.

Both viruses were also tested for inactivation at fow pH.
The viruses were incubated in IVIG sample (pH 4-15)}, IVIG
buffer without [gG (5% Sorbitol, pH 4-15} or celt culture
medium at room temperature for a preset period. The jow
pH reaction was stopped by addition of 1:9 volumes of cul-
ture medium. Run control studies comprising the same
experimental conditions without the virus inactivation step
were also performed in each study as a control. Cytotoxic-
ity tests wére also performed, and infectivity was then mea-
sured in the non-cytotoxic range as described above.

Neutralization titres of {VIG samples against B19 viruses
were measured as previously reported [15].

Cloning and sequencing of the B19 genotype 2
genome

Restriction enzymes, the DNA polymerase I Klenow frag-
ment and a DNA Ligation kit, Ver. 2 (Takara Bio Inc., Shiga,
Japan), were used for cloning. Viral DNA was extracied
from F27 without amplification using Smitest Ex-R&D
(GenomeScience Laboratories Co., Fukushima, Japan). The
DNA was cleaved by cutling inverted terminal repeats
(ITRs} in half with BssHlL treated with the Klenow fragment
to fill the 3’-end, and ligated into the HindlI site of pUC19.
The ligated DNA was transfected into competent DH5¢ cells
(Tayobo Co. Ltd., Osaka, Japan). Each clone was sequenced
using a 3130/ genetic analyzer (Applied Biosystems Japan
Ltd, Tokyo, Japan) and BigDye Terminator Cycle Sequenc-
ing kit (Applied Biosystems Japan Ltd). Full-length
sequences were obtained by primer walking. The entire
sequence of F27 has Leen deposited in the DDBI/Gen-
Bank/EMBL nucleotide databases (accession number
AB550331).

Electron microscopy and sodium dodecyl sulphate
(SDS)-polyacrylamide gel electrophoresis (PAGE)

Each plasma sample was diluted threefold with phosphate-
buffered saline (PBS}) and then ultracentrifuged at
154 000 ¢ for 3 h. The precipitate was resuspended with

carbon-coated electron microscope grids (200-A copper
grid; Nisshin EM Co., Tokyo, Japan) for 5 min, and then the
excess was removed by blotting with filter paper. Once on
the carbon-coated grids, samples were stained with 2%
(w/v) uranyl acetate for 30 s, blotting with filter paper and
dried in air. Negatively stained specimens were observed by
TEM at 100 kV (JEM-100S; JEOL Daium Ltd, Tokyo,
Japan). Whole micrographs were digitized as 8-bit images
using a scanner {GF x800; Seiko EPSON Co., Nagano,
Japan) and then analysed with the software EMAN (version
1.8, http:f/blake.bem.tme.edufemanfemant/) and linageS
{version 1.36b, http://rsh.info.nih.gov/ijfindex.html).

The B19 DNA-rich fractions were precipitated with 100
(w/v) trichloroacetic acid, and the precipitates were sofubi-

- lized in a buffer containing 20 SDS, 5% (v/v} 2-mercapto-

ethanol, 0-01% (w/v} hromophenol blue and 20% (w/v}
glycerol for 3 min at 100°C. Aliquots were elecirophoresed
in 10% polyacrylamide gel {Bio-Rad Laberatories, K. K.,
Tokyo, Japan) and subjected to Coomassie brilliant blue
{CBB) staining.

Results

Inactivation of B19 genotypes 1 and 2 during
liquid-heating :

The infectivity of B19 genotype 2 (F27 isolate} in each sample
was measured by detecting B19 spliced mRNA in infected
KU812 cells. The B19 genotype 2 virus was rapidly inactivated
at 60°C in the 25% albumin and immunoglobulin prepara-
tions by at least 46 logs (Fig. 1a, b). It was slowly inactivated
in the haptoglobin preparation (Fig. ic). The virus was only
partially inactivated, i.e. 2'6 logs in the antithrombin prepara-
tion even after 10 h at 60°C (Fig. id). The viruses showed
retained infectivity in the run control study (data not shown}.
Interestingly, the inactivation kinetics of genotypes 1 and 2 in
each product were almost the same.

Inactivation of B19 genotypes 1 and 2 at low pH

The B19 virus samples were also incubated in the immuno-
globulin preparation (pH 4-15). Both genotype 1 and 2 viruses

PBS, and the viral fraction in the suspension was purified
by caesium chloride density gradient ultracentrifugation at
210 000 ¢ for 26 h. The fractions were collected, and the
amount of B19 DNA in each was quantified using an
Artus™ Parvo B19 TM PCR kit (Artus GmbH).

For transmission electron microscopy (TEM), the Big
DNA-rich fractions were dialysed in 50 pm ammonium ace-
tate overnight and 8% paraformaldehyde in 50 um ammo-
nium acetate added to a final concentration of 2% to
inactivate the viris. Specimens for negative staining were
made as follows; inactivated samples were applied to

© 2011 The Author(s)

were inactivated below detectable limits, i.e. by >3 logs at day
1 (Fig. 2). Both B19 viruses in the IVIG sorbito] buffer, used as
a control, were also inactivated beyond detection at day 7.
B19 infectivity was retained in the run control study (data not
shown). The kinetics demonstrated that genotypes 1 and 2
showed similar sensitivity to Jow pH treatment.

Neutralizing activity of IVIG against genotype 2

IVIG showed neutralizing activity against genotype 2 as
well as genotype 1 (Table 1). The result suggested that

Vox Sanguinis © 2011 International Society of Blood Transfusion, Vor Sanguinis (2011)
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anti-B 19 genotypes 1 and 2 neutralizing IgG was contained
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Cloning and sequencing of the genome of isolate
Fa27 E

The viral genome of F27 was cloned. The nucleotide and
amino acid sequences were compared with those of strains
Au (genotype I; GenBank accession No. M13178), A6

(a)
3
=
g 6
e Ed
g3 =
2w 4 B
k] a
5 g 3]
a” &=
2
IR Y U USSPURRRSVEPR:
Z
. . . oy
2 4 6 8 10
h
{c)
18
o
§
2B 16 K
R 2
8 _‘ %
3% 4 2
248 IS
g I <
5 {e®
z -
- o
8 10

(genotype 2; GenBank accession No. AY064475) and V9
fgenotype 3, GenBaik accession No. AX00342i). The
homology between F27 and the Au, A6 and V9 strains was
87-7%, 98-1% and 91-1%, respectively. The amino acid
sequences of VPi and VPZ were highiy conserved {97-4%
and 98-6%) between F27 and Au.

It has been reported that four basic regions in VP1u exist
among animal parvoviruses [CPV, PPV and minute virus of
mice (MVM)] [19]. The overall percentage of basic amino
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Fig. 1 The kinetics of heat-induced inactivation of 819 genotypes during the manufacturing process. Samples spiked with 318 were collected immediately
before and after heat treatment at 60°C using 25% albumin (a), immunoglobufin prepared from anti-B19 immunoglobulin-aegative plasma (b), haptoglobin
{c} and antithrombin {d} preparations. The infectivity remaining in each sample of B19 was measured by non-detectable end-point diiution [genotype 1 {®)
and genotype 2 (A). solid lines] and by TCIDs, [genotype 1 (O) and genotype 2 (A), dashed fines], respectively. as described in Materials and Methods. The

solid and dotted horizontal fines represent the detection Jimits of the assays.
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Fig. 2 The kinetics of low pH-induced inactivation of B19 genotype 1 strain F15 (a} and genotype 2 strain F27 (b) during the IVIG manufacturing process.
The infectivity remaining in each sample of the immunoglobulin preparation (pH 4-15) derived from -anti-B19 IgG-negative plasma (@1, 5% sorbitol buffer
control (pH4-15; A) and culture medium pH7 () was measured by non-detectable end-point dilution with two independent experiments. The dashed

horizontat tines represent the detection limit.

© 2011 The Authors)

Vox Sanguinis © 201 | International Society of Blood Transfusion, Vox Sanguinis (2011)

-76~



Inactivation kinetics of B19 genotype 2 5

Table 1 Neutralization of B19 genatypes with intravenous immunogtobutin

Genotype Genotype

Total 1gG/ Total 1DNA 2 DNA
Dilution - rcaction antibody [9:7 log (97 log
(fold} (ng) titre (U copies) copies)
1 2500 13-90 ~ -
El &30 4632 - -
g 280 154 - +
27 90 051 + +
81 30 017 + +

+, Infectious to KUB12 cells; ~, non-infectious to KU812 cells.
Total reaction volume was 0-6 m!.

acids (arginine and lysine) in the viruses including F27 is
summarized in Table 2. Interestingly, 8-8% of basic amino
acids with no basic region in VP 1u of F27 and 8-8% of basic
amino acids with only one basic region in Au were also
confirmed.

Electron microscopic observation and protein
composition of viral particles

Native particles of genotype 2 were first observed by TEM
(Fig. 3). The genotype 1 and 2 particles were of similar
shape: mostly hexagonal and sometimes pentagonal. Mean
diameters were measured at the shorter axis and were
220 £ 19 nm {2z =155) and 225 + 1'5 nm (n = 242),
respectively.

Native particles were also subjected to SDS-PAGE in a
10% giel, followed by staining with CBB (Fig. 4). Both geno-
type 1 and 2 particles also comprised the major 58-kDa
protein VP2 and minor 84-kDa protein VP1. Western

Table 2 The Aumbers of basic amino acids and basic regions within the VP
region of three animal parvoviruses and parovirus B19 genotypes 1 and 2

Basic amino acids/total Number  of

amino acids basic regions

VPiu VP2 VPl VP2
CPv 29/167 (17-4) 43/584 (7-4] 4 2
PPV 29170 (317+1) 38/579 (6°6) 4 0
MVM 24/142 (16:9) 44/587 (7-5) 4 1
819 genotype 20/227 (8-8) 42/554 {7-6) ] 0
B19 genotype 2 20/227 (8-8) 427554 {76} 0 0

The GenBank accession numbers of the five isolates are M19296 (CPV;
strain CPV-N}, DO0623 [PPV; strain NADL-2), 102275 [MVM; strain
MVMIp}), M13178 (B19 genotype 1 strain Au and AB550331 (819 gena-
type 2 isolate F27),

The values in parentheses are shown as percentages.

CPV, canine parvovirus, MVM, minute virus of mice; PPV, porcine Parvovirus.

© 2011 The Authorls)

blotiing using the anti-B19 polycional antibody confirmed
that these proteins are viral structural components [data
not shown).

Discussion

In this study, we have shown that the heat-sensitivity pat-
terns of B9 genotype 2 varied in different solutions during
liquid-heating: (i) rapid inactivation in albumin and immu-
noglobulin preparations, (ii) slow inactivation in haptoglo-
bin preparations and - (iii} only limited inactivation in
antithrombin preparations. The results revealed that in
terms of sensitivity to heat, B19 genotype 1 and 2 viruses
are similar to each other. The stabilizers in plasma prepara-
tions are selected based on the ability to stabilize plasma
proteins. The composition of the test sample is an important
factor in the evaluation. Thus, to mimic manufacturing
conditions, samples were collected just prior to the heating
process.

Only limited B19 inactivation occurs in some products
during liquid-heating. Therefore, to further improve the
safety of plasma products, different or additional methods
of inactivation and/or removal are desirable [20]..In our
afbumin, [VIG, haptogiobin and antithrombin preparations,
robustness was ensured by employing steps other than
heating. A 15-nm filter is used for the antithrombin prepa-
ration. Observations by TEM showed the mean diameter of
B19 genotype 1 and 2 particles to be 22-0 and 22'5 nm,
respectively. Previous studies have shown that filtration of
a haemoglobin Solution resulted in a more than 6-log
reduction in B19 genotype | {21]. Given the similarity in
size, the 15-nm filter would be effective for the removal of
genotype 2 as well as genotype 1 particles. B19 genotype 1
also showed heat resistance properties in sodium chio-
ride/tri-sodium citrate dehydraie buffer whereas the virus
was inactivated rapidly in sodium chloride or tri-sodium
citrate dehydrate buffer alone {data not shown), The results
suggested that the heat sensitivity of the B19 is affected by
a number of factors and appears to be complex. Thus, B19
heat sensitivity during heat treatment should be evaluated
for in each process condition to avoid an over estimate of
the level of B19 inactivation.

Recently, information on the mechanisms by which
viruses are inactivated during liquid-heating has been
obtained using BI9 and MVM. The genomes of 519 and
MVM were released with increasing temperature and subse-
quently only empty capsids remained. Interestingly, B19
was teleased at a lower temperature than MVM. This phe-
nomenon seemed to be related to the heat inactivation
kinetics of B19 and MVM (22, 23]."fn addition, the VPtu
region of B19 or MVM seemed to remain inaccessible in the
capsid before heat treatment, because an anti-B19 VP1u
antibody could not bind to viral particles, whereas it could

Vox Sanguinis © 2011 International Society of Blood Transfusion, Vor Sanguinis (2011}
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Fig. 3 Electron micrographs of purified native B19 particles. Field view of genotype 1 strain F15 (left) and genotype 2 strain F27 {right). The bar represents
400 am. Infet shows isolated particles. Each rectangle is 108 nm wide and 87 nm high.

kDa

Fig. 4 Coomassie brilliant blue staining of the structura) proteins of
native particles 6f B19 genotypes ¥ and 2. Purified viral particles were
reduced and subjected to SDS-PAGE. Lanes M, 1 and 2 show the molecular
marker, genotype 1 strain F15 and genotype 2 strain F27, respectively.

after heating, It was suggested that VP1u became exposed
on the surface of particles during heating [24, 25). VPiu
may be involved in movement through the pores of the
nuclear membrane in animal parvoviruses, because it is rich
in basic amino acids {arginine and lysine), which is typical
of many DNA-binding proteins [19]. The percentage of basic
amine acids in' the major capsid protein VP2 of CPV, PPV
and MVM was 6:6-7-5%. That in VP 1u was around 17%.
Although absolute molecular sizes were nat clarified, we
confirmed that VP1 and VP2 of B19 genotype 2 were simi-
lar in size to genotype 1 by SDS-PAGE of viral particles.
Intertstingly, the percentages of basic amine acids in VPJu
between B19 genotypes and animal parvoviruses were sig-
nificantly different. The basic region in VP1lu and binding
with viral DNA in animal parvoviruses may be involved in

the stabilization during heat inactivation. Therefore, the
diffevent properties of the binding of VP1u with viral DNA
may influence the heat sensitivity of B19.

The inactivation kiheliCs of genoiype 2 at low pH was
almost the same as that of genotype 1. Bltimel ef 2l {16]
also reported similar properties. The inactivation mecha-
nism at low pH was also considered, to be similar to that for
heat treatment [21-23).

The neutralizing activity of IVIG agaiust genotypes 1
and 2 was similar. This is because of the presence of a wide
range of neutralizing antibodies in IVIG derived from over
10 000 healthy donors [26]. When a renal transplant recipi-
ent infected with B19 genotype 2 was treated with high-
dose JVIG, the viral load in serum was reduced and the
symptoms improved {27]. This clinical study also suggests
that IVIG contains neutralizing activity towards the geno-
type 2 virus.

In couclusion, the inactivation kinetics on liquid-heating
depends on the composition of the solution, and low pH
treatment of native B19 genotype 2 virus had a remarkably
similar effect to that on genotype 1. Although B19 is classi-
fied in the family parvoviridae, it differs from other animal
parvoviruses in that it is more variable to inactivation.
Further study is needed to clarify the mechanism behind
the heat resistance of B19.
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Caution in evaluation of removal of virus by filtration: Misinterpretation due to
detection of viral genome fragments by PCR

Muneo Tsujikawa®*, Yuji Ohkubo?, Maki Masuda?, Hiroyuki Tanaka?, Kadue Takahashi?, Yuko Sasaki?,
Mikihiro Yunoki®?*, Kazuyoshi Ikuta®

¢ Osaka Research Laboratory, Research and Development Division, Benesis Corporation, Osaka, japan
b Department of Virology, Research institute for Microbial Diseases, Osaka University, Osaka, Japan

ABSTRACT

Article history: The testing of biological products at different stages of the manufacturing process currently involves
Received 4 March 2011 quantitative polymerase chain reaction {Q-PCR)-based assays. Q-PCR techniques are able to detect not
Received in revised form 5 August 2011 only the viral genome in viral particles but also fragments of degraded genome in samples. The ability
”Mwﬂ_wﬂ_“ Mm_w%owmmwuo: of 15 and 19-nm filters to remove viruses was examined by conducting infectivity assays and Q-PCR

assays using parvovirus B19 (B19), one of the smallest non-enveloped viruses. Aithough the filtered

ples showed no infectivity, viral DNA was detected by Q-PCR. Interestingly, approximately 90% of

Mwwmxmin the total viral genome in 15-nm filtrates had a detectable size of less than G.5kb by the Q-PCR and
Viral safety as a consequence reduction factors were underestimated using Q-PCR. The reduction factors using Q-

PCR might be underestimated due to the presence of a large amount of free B19 DNA which shows no
infectivity in the tested filtrates. Therefore, the results of Q-PCR should be interpreted with caution, The

Nano-filtration
Parvovirus B19

Virus removal

careful design of primers is needed to eliminate amplification from fragments of viral DNA by Q-PCR.

© 2011 Elsevier B.V. All rights reserved.

1. introduction

The implementation of polymerase chain reaction (PCR)-based
testing for viral genomes in donated plasma (usuaily in mini-pools})
has contributed to reductions in viral foad during the manufacture
of plasma pools (Roth et al., 2000). Heat treatment which inacti-
vates many classes of virus as well as solvent/detergent treatment
which only inactivates enveloped viruses, and also several steps in
the manufacture of plasma products have helped to reduce the risk
of potential transmission of viruses such as hepatitis B virus (HBV),
hepatitis C virus (HCV), and human immunodeficiency virus (HIV).
Filtration using membranes with a pore size of only a few nanome-
ters (nm), often called nano-filtration, is one of the most effective
means of removing non-enveloped viruses such as parvovirus B18
{B19} and hepatitis A virus (HAV), as well as enveloped viruses.

Abbreviations: B19, parvovirus B19; BMM, Bemberg Microporous Membrane;
HAV, hepatitis A virus; HBV, hepatitis B virus; HCV, hepatitis C virus; HIV, —ans
immunodeficiency virus: IVIG, intravenous i in: LRF, Logio
factor; PCR ELISA, polymerase chain reaction enzyme-linked immunosorbent assay;
Q-PCR, quantitative polymerase chain reaction.

+ Corresponding author.
** Corresponding author. Present address: Pathogenic Risk Benesis

Nanofiltration has been applied to the manufacturing of various
plasma products (Burnouf and Radosevich, 2000, 2003). Gener-
ally, infectivity assays have been implemented for the quantitation
of viruses in samples according to guidelines for virus clearance
studies (ICH, 1997; EMEA, 1996; MHLW Japan, 1999}. Recently,
quantitative PCR (Q-PCR) techniques which demonstrate a high
level of precision and fast throughput have been introduced to
evaluate the removal of viruses through filtration (Lovatt, 2002).

In this study, infectivity and Q-PCR assays were compared for
the evaluation of virus removal over 15 and 19 nm filters using B19
as model virus. The study revealed the presence of B19 in samples
that were found positive by Q-PCR but which was not infectious,
implying that this Q-PCR signal could be derived from DNA frag-
meats of the viral genome. Therefore, the data obtained by Q-PCR
should be interpreted with caution.

2. Materials and methods
2.1. Viruses

A B19 genotype 1-positive plasma sample (termed F15) was
used in these studies. The plasma was collected by a licensed estab-

Corporation, Osaka, Japan.

E-mail addresses: Tsujikawa.l _s::no@_sn mt-| vr»::w nn .§p,
Tsujika®@ plala.orjp (M. ), Yunoki.
yunold.mikihiro®maia.eonet (M. Yunoki).

mi-pharma.co.jp,

...:mm -0934/$ - see front matter © 2011 Elsevier B.V. Al rights reserved.
:10.1016/j jviromet.2011.08 009

lish in the USA according to local regulations. The number of
genomes in F15 was quantified as 11.2 Log; ¢ International Unit (1U)
(Saldanha et al., 2002)/ml (Artus™ Parvo B19 TM PCR Kit, Artus,
Hamburg, Germany). F15 was alse tested for other viral markers,
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according to good manufacturing practices: it tested negative for
anti-HIV-1/2 1gG, HBV surface antigen (HBsAg). anti-HCV I1gG and
anti-B19 IgG inenzyme immunoassays. In addition, HIV-RNA, HAV-
RNA, HBV-DNA and HCV-RNA were betow the limit of detection
using nucleic acid amplification tests. All plasma samples were
converted to serum by the addition of a 1:20 volume of 4% Ca(l, fol-
fowed by incubation at 32 °C for 30 min. Fibrin clots were removed
with a Bachner funnel and the samples stored at —80°C.

2.2. Test materials

Samples collected immediately before the nano-filtration
steps in the manufacturing process of antithrombin, haptoglobin
and intravenous immunoglobulin (IVIG) products (Neuart®y,
Haptoglobinyy, and Venoglobulin®IH 5%y, respectively; Benesis
Corp., Osaka, Japan) were used. These products have been man-
ufactured using source plasma desived from healthy volunteer
donors in Japan. The plasma pools used for manufacture of the
products was also tested for the viral markers listed above and all
were negative. In addition, B19 virus antigen was screened using a
receptor-mediated hemaggiutination assay (Sakata et al., 1999).

2.3. Removali of viruses by filters

B19 was purified by ultracentrifugation at 150,000 x g for 3h
and the resultant pellet was re-suspended in respective start
material for each filtration experiment. The suspensions were son-
icated to disperse the virus and passed through a 0.22-pm filter
(SLGVO033RS, Millipore Carp., Billeria, MA). For WVIG solutions, to
ensure the formation of virus-antibody complexed forms, B19
was added to IVIG samples and adjusted to pH 5.5 where a com-
plex of anti-B19 antibedy in VIG with B19 particles forms. The
sample was sonicated, passed through a 0.22-pm filter, made up
to required volumes for filtration, and adjusted to pH 4.2. The
B19-spiked antithrambin sample was subjected to filtration using
Planova-15N (Asahi Kasei Medical Corp., Tokyo, Japan, 15+ 2nm,
0.001 m? module). The B19-spiked haptoglobin and IVIG sam-
ples were subjected to filtration using Planova-20N (Asahi Kasei
Medical, 19 + 2 nm, 0.001 m? module). Conditions for the filtration
mimicked (i.e. appropriately down-scaled) the manufacturing con-
ditions for each product according te published guidelines {iCH,
1997; EMEA, 1996; MHLW japan, 1999). The filtration of each
preparation was performed in two runs.

2.4, Infectivity assay of B19

The infectivity assay for B18 utilised cell culture followed by

a PCR detection of spliced mRNA as described previously (Hattori
et al., 2007). The infectivity of B19 in the samples was titered using
KU812 cells (JCRBO104; Health Science Research Resouices Bank,
Tokyo, Japan) and subsequently viral mRNA expressed in infected
wells was detected by RT-PCR. Briefly, 5.3 Logio cells were inocu-
tated with 0.1 mL of 10-fold serial dilutions of samples and cultured
in RPMI-1640 medium containing 10% fetal bovine serum, 6 IU/mL
of erythropoietin (Sankyo Co., Ltd., Tokyo, Japan), 100 UfmL of peni-
illin, 100 jgfml of streptomycin (Invitrogen Corp., Carisbad, USA),
1 mL of sodium pyruvate (Invitrogen Corp.), and an ITS-X supple-
ment (Invitrogen Corp.) for 4 days. Wells were monitored for the
presence ar absence of viral mRNA. The spliced viral mRNA was
detected by RT-PCR and agarose gel electrophoresis followed by
staining with ethidium bromide. The sense primer was B19-25 (nt
2098-2117; 5-GTCGGAAGCCCAGTTTCCTC-3) and the antisense
primer was B19-11 (nt 3163-3144; 5-TGCACCAGTGCTGGCTTCTG-
3"}, where the nt numbers refer to the Au sequence (GenBank
Accession No. M13178). The RT-PCR titre (Logjo dilution) was
determined by end-point dilution and the result was considered
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positive when the amount of B19 genome determined with the
Artus Kit was more than 5.3 Lagyp IU/mL(4.3 Log, o 1Ufwell). Control
runs, with the same experimental conditions but without filtration,
were also performed. Cytotoxicity tests were also performed and
infectivity was measured in the non-cytotoxic range as described
above.

2.5. B19 DNA assays

B19 DNA in samples before and after filtration was extracted
with a QJAamp viral RNA mini kit (QIAGEN Inc., Valencia, CA) and
quantified using a quantitative PCR assay kit (Artus™ Parvo B19TM
PCR Kit). The kit was used in accordance with the manufacturer’s
instructions using the Applied Biosystems 7500 real-time PCR sys-
tem (Applied Biosystems, Foster, CA). Briefly, the reaction mixture
that consisted of 30 wL of Master Mix and 10 uL of purified DNA
was brought up to a final volumne of 50 jLL with distilled water. The
reaction profile was as follows: 95°C for 10 min, then 45 cycles of
95°C for 15 s and 60 °C for 1 min. A 76-bp region of the B19 genome
was amplified and the product was detected by measuring the fluo-
rescence of FAM-labeled probe which hybridized specifically to the
amplicon. For the quantitative assay, a full set of five Quantitation
Standards served as positive controis and results were expressed
in international units (iU} (Saldanha et al., 2002} per milliliter. The
range of linearity was from 101U to 6 Log;g lUfreaction and the
detection limit was 41U/reaction.

PCR ELISA is a qualitative method of detecting B19 DNA by
labeling amplicons with digoxigenin (DIG) (Hattori et al., 2007).
The samples were diluted 10-fold and B19 DNA was extracted
from the samples using Smitest Ex R&D (Genome Science Labo-
ratories, Aichi, jJapan), following the manufacturer's instructions.
Five volumes of protease solution were added to 1 volume
of sample and incubated at 55°C for 30min. After proteolysis,
4 volumes of protein denaturation solution were added, incu-
bation continued at 55°C for 15min, and then 8 volumes of
isopropanol were added, and the mixture was placed on ice for
more than 15 min. After centrifugation at 20,000 x g for 20 min,
pellets were washed with 70% ethanol twice. The region encod-
ing the B19 V region (376 bp) was amplified using a PCR ELISA
(DIG-Labeling) Kit (Roche Diagnostics, Mannheim, Germany) with
primers B1 {nt 3187-3206; 5'-CAAAAGCATGTGCAGTGTGAGG-3")
and B2 (nt 3558-3539; 5-GTGCTGTCAGTAACCTGTAC-3'). The
amplicon incorporates the DiG-labeled nucleotide during the PCR.
The DIG-labeled PCR product was detected using a PCR ELISA
{DIG-Detection) Kit (Roche Diagnostics). The amplicon was dena-
tured and hybridized with a biotin-labeled oligonucleotide, probe B
(nt 3310-3339; S'-TAGCTGCCACAATGCCAGTGGAAAGGAGGC-3'),
in which nt numbers refer to the Au sequence (GenBank Accession
No. M13178). This hybrid was immobilized on a streptavidin-
coated mitroplate and detected with a peroxidase-conjugated
anti-digoxigenin antibody and the colorimetric substrate 2,2~
azino-bis(3-ethylbenzthiazoline-6-sulphenic acid (ABTS). The PCR
titre was determined by end-point dilution.

2.6. Agarose gel electrophoresis and recovery of DNA from gel

B19 DNA was extracted using Smitest Ex R&D (see above).
The pellets were dissolved in 10 pL of S0mM Tris-HCl (pH 7.5)
buffer containing 100 mM NaCl and anealed at 6¢°C for 30 min.
One microgram of a 1-kb DNA Ladder (Invitrogen, Carlsbad, CA}
was added to the extract and an aliquot was subjected to gel
electrophoresis with 1.0% SeaKem GTG agarose {Lonza, Rockland,
ME). The agarose gel was stained with ethidium bromide and cut
into five sections (<0.5, 0.5-1.0, 1.0-2.0, 2.0-4.0 and >4.0 kb). DNA
was extracted from each section using a QlAquick Gel Extraction
Kit (QIAGEN) in accordance with the manufacturer’s instructions.
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Table 1
LRF of B19 infectivity and Q-PCR signals by three filtration processes.
Preparations pore size Antithrombin 15 nm Haptoglobin 19 nm VIC 19 nm
Methad Infectivity {(NDP) Q-PCR{Log;q IU/mL) Infectivity (NDP} Q-PCR (Logyo IUfmL) Infectivity (NDP) Q-PCR (Logp IUfmL)
Pre 5.0/60 9.8/9.8 4040 R787 <p0f<1.0 8.8/8.4
Post <1.0/<1.0 50/5.3 <1.0{<1.0 5.3/5.4 <1.0f<1.0 6.3/6.2
LRF >4,0/250 48/45 >3.0/23.0

LRE, Jog reduction factor; NDP, non-detectable end-point; *, could nat be calculated.

Briefly, three volumes of Buffer QG were added to 1 volume of gei
and incubated at 50 °C for 10 min. After the gel slice was dissolved
completely, one volume of isopropanol! was added, and the mixture
was placed in a spin column and centrifuged at 17,900 x g for L min.
Next, 0.75 mL of washing Buffer PE was added, and the spin column
was centrifuged at 17,900 x g for 1 min and then centrifuged once
more. To elute DNA, 50 pL of water was placed on the column and
centrifuged at 17,900 x g for 1 min. The B19 DNA in the extract of
each section was quantified with the Artus B19 Kit.

3. Results
3.1. Remaval of B19 in three steps

The removal of B19 was examined using both infectivity assays
and the amount of viral genome determined by Q-PCR (Table 1).
The results were evaluated as a Log, o reduction factor (LRF) in three
different steps. The infectivity in filtrates of the antithrombin and
haptoglobin samples was shown to be below the detection fimit
whereas the infectivity in the non-filtered control experiment done
in parallel with the main filtration experiment was unchanged. No
infectivity could be detected in samples of the IVIG solution before
the filtration, most likely be derived from interference at low pH
andfor by neutralization with anti-B19 IgG (Tsujikawa et al., 2011),
because B19 DNA was detected in all the samples by Q-PCR (see
Table 1).

3.2. Size distribution of B19 DNA in the filtrates of three different
samples

The B19 DNA in the samples before and after filtration of
the three plasma preparations was divided into five fractions by

A

3.4/3.3 i 2522

genome size using agarose gel electrophoresis. The B19 DNA in each
fraction was quantified by Q-PCR and percentages of B19 genome
amounts were determined (Fig. 1). The calculated percentage was
considered to be only slightly influenced by the rate of recovery
from each gel section because the rates were 54-85%. The majority
of the fragments of B19 DNA in the three spiked process samples
(start material) were the long chain (>4.0 kb fraction) including the
full-length genome (approximately 5.6 kb) and less than 0.3% of
the short chain (<0.5 kb fraction). In sharp contrast, the proportion
of short chain B19 DNA were significantly increased to 84.8/93.3%
in the sample after 15nm filtration of the antithrombin sample,
reflecting an enrichment of shorter chain fragments following fil-
tration. The majority of the B19 DNA in the 19-am filtrates of
the haptoglobin and IVIG preparations was less than 1.0kb. The
percentage of the long chain B19 DNA in the antithrombin, hap-
toglobin, and IVIG sample after filtration was 2.0{0.5,19.9/24.1,and
4.8/5.9%, respectively.

3.3. Reductions with different B19 DNA fragment sizes

The LRFs in different DNA size fractions in the three filtration
steps were ¢alculated from the amount o 19 BNA in each fraction
(Table 2). For the 15-nm filtrate of the antithrombin sample and
19-nm filtrate of the haptoglobin sample, LRFs increased in pro-
portion to DNA size and the short chain 819 DNA fragments were
also removed to varying extents through the filters. In general, the
LRFs in each fraction in the haptoglobin sample were lower than in
the antithrombin sample. In the 19-nm filtrates of the IVIG sample,
the LRF in the <0.5kb and 0.5-1.0kb fractions was approximately
zero, and the LRFs in the more than 1.0kb fractions increased with
DNA size. Although the LRFs of the short chain B19 DNA were low,
the LRFs of the long chain B19 DNA including full genomes in the
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B19 DNAsize (Kb)

B19 DNAsize (Kb)

B19 DNAsize {Kb)

Fig. 1. Relative percentage of B19 genome§ in different DNA size fractions in samples before (upper) and after (lower)-filtration of three process samples of antithrombin,
haptoglobin and WVIG products in duplicate. The 15-nm filtration of antithrombin (A), 19-nm fitration of haptoglobin {B). and 19-nm filcration of IVIG (C) are shown. The

black and shaded bars show the percentages of run 1 and run 2, respectively.
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Table 2
Reduction of B19 genomes in diffecent DNA size {ractions on three virus remaval filtration steps.
DNA size <0.5 10-20 2.0-40
Anitiinotin Pre 7.5{7.4 8.5(8.5
15nm Post 35036 32433
Reduction 36/3.4 4038 53/52
Haptoglobin Pre 6.5/6.6 6.216.9 78177
19nm Post 4749 45/47 3.8/4.2
Reduction 1.8/1.7 2322 40{34
WIG Pre 5.7/5.2 G.1j5.8 6.7{6.2 78{7.3
190m Post 58/5.7 6.0/5.9 5.5/53 49/48
Reduction ~0.1/-04 0.1/0.0 12f0.8 2925

B19 genome values are shown as Logie [UfmL [Logio(genome amounts in neat x (values

antithrombin, hapteglobin and IVIG sample were 6.5/6.7, 4.1/3.9
and 3.7/3.4, respectively.

4. Discussion

The removal andfor inactivation of viruses during the manu-
facturing of bioiogical products has been evaluated mainly using
infectivity assays (ICH, 1997; EMEA, 1996; MHLW japan, 1999).
PCR may be of value in studies of processes which depend on the
removal of viruses (EMEA, 1996), particularly where infectivity
systems for a particular virus of concern are difficult to perform.
Recently, Q-PCR assays were introduced to evaluate the removal
of viruses by filtration, because they have a high precision and fast
throughput (Lovatt, 2002). In addition, infectivity assays ajone are
unable to distinguish between removal and inactivation. Therefore,
infectivity in combination with Q-PCR assays may provide more
valuable information.

In one Q-PCR based study, viral genomes were detected in the
sample after filtration, whereas the infectivity was below the detec-
tion limit using mouse minute virus and hepatitis A viruses (Kreil
et al, 2006), In the present study, the infectivity in the filtrates of
three different spiked products were below the detection limit, but
the viral genome was detected in all the samples by Q-PCR. The
result was positive when the amount of B19 genome determined
with the Artus Kit was more than 5.3 Logyg IU/mL. The detection
limit of the infectivity assay was approximately 4 Logo lower than
that of the Q-PCR assay. Therefore, whether the genomes detected
by Q-PCR in filtrates are derived from full-genomes in infectious
particles or degraded fragments of the genome was examined.

In this study, the size distributions of B19 DNA in filtrates using
three process samples were examined. The LRF in each fraction of
B19 DNA depended on the DNA fragment size. No reduction was
shown in the samples with <1.0kb of the IVIG filtrate. The degra-
dation may be enhanced by hydrolysis at low pH. Interestingly, it
was revealed that the proportion of degraded B19 DNA fragments
in the filtrates of the three process samples was enhanced after
15 or 19-nm filtration. Notably, approximately 90% of B19 DNA
in the 15-nm filtrate of the antithrombin sample was short chain
DNA. Previously, it was reported that the LRF for 15-nm filtration
using the antithrombin sample by PCR ELISA was 7.2 {Yunoki et al.,
1999). PCR ELISA is a qualitative method for detecting B19 DNA
by labeling amplicons with digoxigenin (DIG) (Yunoki et al., 2003).
In contrast, the LRF for the same step was 4.8/4.5 (n=2) by the
Q-PCR method in this study. The short chain of B19 DNA in the 15-
nm filtrate of the antithrombin sample detected by Q-PCR in this
study (A 76 bp), but not by PCR ELISA (A 372 bp), may account for
the difference in LRFs observed in the two studies. The size of PCR
products obtained with the Artus kit in different fractions has been
confirmed as 76 bp by agarose gel electrophoresis {data not shown).
The detection limit for the short chain of B19 DNA by PCR ELISA was

in Fig. 1/100))).

2 Logsqg lower than that of the long chain (dat2 not shown). The sig~
nificant difference in LRFs between Q-PCR and PCR ELISA could be
explained by the enhanced ability to detect short chain DNA using
the Q-PCR assay used in this study. The LRF for long chain B19 DNA
in the filtration of the antithrombin sample was approximately 2
Logso higher than that for un-fractionated samples by Q-PCR. On
the ather hand, the LRF determined by the PCR ELISA was close
to the result of the long chain B19 DNA fraction by Q-PCR.The LRF
determined by Q-PCR which can detect short chain DNA may there-
fore be underestimated, if the LRF from the long chain of B19 DNA
reflects the capacity to remove infectious viral particles. A primer
set which could amplify the long chain of DNA would therefore
provide more relevant results in such instances. Primer sets for
use to quantify longer DNA are currently under investigation in
our laboratories. A primer.set capable of amplifying approximately
1kb of B19 DNA without a decrease in the detection limit has been
obtained, although a primer set able to amplify >2 kb of B19 DNA

without a decrease in the detection limit could not be established. -

Because large amounts of B19 DNA fragments of <1 kb exist in the
filtrates of three process samples, a PCR system capable of quanti-
fying approximately 1kb of DNA might be effective for evaluation
of viral removal. Therefore, attention should be paid to designing
primers, especially to eliminate underestimation. . )

In conclusion, Q-PCR assays may be of use to evaluate viral
removal, and complement infectivity assays. However, it should be
noted that the result obtained by Q-PCR might underestimate the
removal capacity of the manufacturing process where degraded
fragments of viral genome may serve as targets in the Q-PCR
assay. Hence the results of Q-PCR should be interpreted cautiously.
Notably, the careful design of primers is needed to eliminate ampli-
fication by Q-PCR from viral DNA fragments.
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Morbidity and Mortality Weekly Report

Swine-Origin Influenza A (H3N2) Virus Infection in Two Children —
Indiana and Pennsylvania, July-August 2011

On September 2, 2011, this report was posted as an MMWR
Early Release on the MMWR website (http {frwww. cde. govimmuwr).

Influenza A viruses are endemic in many animal species,
including humans, swine, and wild birds, and sporadic cases
of transmission of influenza A viruses berween humans and
animals do occur, including human infections with avian-
origin influenza A viruses (i.e., H5N1 and H7N7) and swine-
origin influenza A viruses (i.e., HIN1, HIN2, and H3N2) (7).
Genetic analysis can distinguish animal origin influenza viruses
from the seasonal human influenza viruses that circulate widely
and cause annual epidemics. This report describes two cases
of febrile respiratory illness caused by swine-origin influenza
A (H3N2) viruses identified on Augnsr 19 and August 26,
2011, and the current investigations. No epidemiologic link
between the two cases has been identified, and although
investigations are ongoing, no additional confirmed human
infections with this virus have been detected. These viruses are
similar to eight other swine-origin influenza A (H3N2) viruses
identified from previous human infections over the past 2 years,
but are unique in that one of the eight gene segments (marrix
[M] gene) is from the 2009 influenza A (HIN1) virus. The
acquisition of the M gene in these two swine-origin influenza
A (H3N2) viruses indicates that they are “reassortants” because
they contain genes of the swine-origin influenza A (H3N2)
virus circulating in North American pigs since 1998 (2) and
the 2009 influenza A (H1N1) virus thar might have been
transmitted to pigs from humans during the 2009 HIN1
pandemic. However, reassortments of the 2009 influenza
A (HIN1) virus with other swine influenza A viruses have
been reported previously in swine (3). Clinicians who suspect
influenza virus infection in humans with recent exposure to
swine should obtain a nasopharyngeal swab from the patient
for timely diagnosis at a state public health laboratory and
consider empiric neuraminidase inhibitor antiviral treatment
to quickly limit potential human transmission (4).

Case Reports .

Patient A. On August 17, 2011, CDC was notified by
the Indiana State Department of Health Laborarories of a
suspected case of swine-origin influenza A (H3N2) infection
in a boy aged <5 years. The boy; who had received influenza
vaccine in September 2010, experienced onset of fever, cough,
shortness of breath, diarrhea, and sore throaton July 23,2011.
He was brought t0 a local emergency department (ED) where
a respiratory specimen later tested positive for influenza A
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(H3). The boy was discharged home, but was not treated with
influenza antiviral medications. He has multiple chronic health
conditions, returned to the ED on July 24, 2011, and was
hospitalized for trearment of those health problems, which had
worsened. The boy was discharged home on July 27, 2011, and
has since recovered from this illness. As part of routine CDC-
supported influenza surveillance, the respiratory specimen
collected on July 24, 2011, was forwarded to the Indiana
State Department of Health Laboratories, where polymerase
chain reaction (PCR) testing identified a suspect swine-origin
influenza A (H3N2) virus on August 17, 2011. The specimen
was forwarded to CDC where the findings were confirmed
through genome sequencing on August 19, 2011,

No direct exposure to swine was identified for this child;
however, a caretaker reported direct contact with asymptomatic
swine in the weeks before the boy's illness onset and provided
care to the child 2 days before illness onset. No respiratory
illness was identified in any of the child’s family or close
contacts, the boy’s caretaker, or in the family or contacts of
the careraker.

Patient B. On August 24, 2011, CDC was notified by
the Pennsylvania Department of Health of a suspected
case of swine-origin influenza A (H3N2) virus infection in
a girl aged <5 years: The girl, who had received influenza

vaccine in September 2010, experienced acute onset of fever,

nonproductive cough, and lethargy on August 20, 2011. She
was brought to a local hospital ED where a nasopharyngeal
swab tested positive for influenza A by rapid influenza
diagnostic test. She was not treated with influenza antiviral
medications and was discharged home the same day. The girl
has completely recovered from this illness.

A nasopharyngeal swab and nasal wash specimen were
obtained at the ED and forwarded to the Pennsylvania
State Department of Health Bureau of Laboratories for
additional testing as part of routine CDC-supported influenza
surveillance. On August 23, 2011, the state public health
laboracory identified a suspected swine-origin influenza A
(H3N2) virus by PCR testing, and both specimens were
forwarded to CDC. On August 26, 2011, genome sequencing
confirmed the virus as swine-origin influenza A (H3N2).
On August 16, 2011, the gitl was reported to have visited an
agricultural fair where she-had direct exposure to swine and
other animals. No additional illness in the girl’s family or close
contacts has been identified, but illness in other fair attendees
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continues to be investigated. No additional confirmed swine-
origin influenza virus infections have been identified thus far.

Epidemiologic and Laboratory investigations

As of September 2, 2011, no epidemiologic link between
patients A and B had been identified, and no additional cases
of confirmed infection with thé identified strain of swine-origin
influenza A (H3N2) virus had been identified. Surveillance
data from both states showed low levels of influenza activity
at the time of both patients’ illnesses. Case and contact
investigations by the county and state human and animal
health agencies in Indiana and Pennsylvania are ongoing, and
enhanced susveillance for additional human cases is being
implemented in both states.

Preliminary genetic characterization of these two influenza
viruses has identified them as swine-origin influenza A (H3N2)
viruses. Full genome sequences have been posted to publicly
available web sites. The viruses are similar, but not identical
to cach other. Seven of the cight gene segmeats, including
the hemagglutinin (HA) and neuraminidase (NA) genes, are
similar to those of swine H3N2 influenza viruses circulating
among U.S. pigs since 1998 (2) and previously identified in
the eight other sporadic cases of human infection with swine-
origin influenza A (H3N2) viruses in the United States since
2009.* The one notable difference from the viruses previously
identified in human infections with swine-origin influenza A
(H3N2) virus is that these two viruses have a matrix (M) gene
acquired from the 2009 influenza A (HINI) virus, replacing
the classical swine M gene present in the prior eight swine-
origin influenza A (H3N2) virus infections in humans.

Although reassortment between swine influenza and 2009
influenza A (HIN1) viruses has been reported in pigs in the
United States (3), this particular genetic combination of
swine influenza virus segments is unique and has not been
reported previously in either swine or humans, based on-a
review of influenza genomic sequences publicly available in
GenBank.! Analysis of data submitted to GenBank via the U.S.
Department of Agriculture (USDA) Swine Influenza Virus
Surveillancé Program subsequent to this case identified two

" additional influenza A (H3N2) isolates from swine containing

the M gene from the 2009 influenza A (H1N1) virus. Genome
sequencing is underway to completely characterize the genetic
composition of these two swine influenza isolates. (USDA
Agricultural Research Service and USDA Animal and Plant
Health Inspection Service, unpublished data, 2011).

*Additional information is available ac herp:/fwww.cdc.gov/flufweekly/
pastreports.htm, .
t Available ac htip:/fwww.nchinlm.nih.gov/genbank.
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The viruses in these two patients are resistant t0 amanradine
and rimantadine, but are susceptible to the neuraminidase
inhibitor drugs oseltamivir and zanamivir. Because these viruses
carry a unique combination of genes, no information currently
is available  regarding the capacity of this virus to transmit
efficiently in swine, humans, or between swine and humans.
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Editorial Note

To detect human infections with animal influenza viruses
mote effectively, CDC and state and local health departments
have strengthened laboratory and epidemiologic procedures

_to promptly detect sporadic cases such as these. Since 2005,

state public. health laboratories have had the capability to
detect non-human origin—influenza A viruses by PCR testing.
From 2005 to 2007, CDC received reports of approximately
one human infection with a swine-origin influenza virus each
yeat. In 2007, human infection with a novel influenza A virus,
including swine-origin influenza virus infections, became a
nationally notifiable condition. Since that time, CDC has
received approximately three to five reports a year of human
infections with swine-origin influenza viruses. The recent
increase in reporting might be, in part, a result of increased
influenza testing capabilities in public health laboratories that
allows for identification of human and swine-origin influenza
viruses, but genetic changes in swine influenza viruses and
other factors aiso might be contributing to this increase (2, 5,6).
During December 2005--November 2010, before the two cases
described in this report, 21 cases of human infection with
swine-origin influenza were reported (12 cases with swine-
origin influenza A (HIN1) vitus infection, eight cases with
swine-origin influenza A (H3N2) virus infection, and one case
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with swine-origin influenza A (H1N2) virus infection). Six of
these 21 cases occurred in patients who reported direct exposure
<o pigs; 12 patients reported being near pigs; human-to-human
transmission was suspected in two cases after epidemiologic
investigations revealed no reported contact with swine in cither
case, but contact with ill persons who reported swine exposure
was the suspected source of infection; the exposure in one case
was unknown (7) (CDC, unpublished data; 2011). Although
the vast majority of human infections with animal influenza
viruses do not result in human-to-human transmission (8,9),
each case should be investigated fully to ascertain whether these
viruses are transmitted among humans and to limit further
exposure of humans to infected animals, if infected animals
are identified. Such investigations require close collaboration
between CDC, state and local public healch officials, and
animal health officials. .
The lack of known direct exposure to pigs in one of the
two cases described in this report suggests the possibility
that limited human-to-human transmission of this influenza
virus occurred. Likely transmission.of swine-origin influenza
A (H3N2) virus from close contact with an infected person

has been observed in past investigations of human infections’
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with swine-origin influenza-A virus, but has not resulted
in sustained human-to-human transmission. Preliminary
evidence from the investigation of the Indiana case shows no
ongoing transmission. No influenza illness has been identified,
but if additional chains of transmission are identified, rapid
intervention is warranted to try to prevent further spread of the
virus. Clinicians should consider swine-origin influenza A virus
infection as well as seasonal influenza virus infections in the
differential diagnosis of patients with febrile respiratory illness
who have been near pigs. Clinicians who suspect influenza
virus infection in humans with recent exposure to swine should
obtain 2 nasopharyngeal swab from the patient, place the swab
in a viral transport medium, contact their state or local health
department to facilitate transport and timgly diagnosis at a state
public health laboratory, and consider empiric neuraminidase
inhibitor antiviral treatment (4). CDC requests that state
public health laboratories send all suspected swine-origin
influenza A specimens to the CDC, Influenza Division, Virus
Surveillance and Diagnostics Branch Laboratory.
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BLOOD DONORS AND BLOOD COLLECTION

No viremia of pandemic (H1N1) 2009 was demonstrated in
blood donors who had donated blood during the probable
incubation period

Rieko Sobata, Chieko Matsumoto, Masashi Igarashi, Shigeharu Uchida, Shunya Momose,
Satoru Hino, Masahiro Satake, and Kenji Tadokoro

BACKGROUND: In the spring of 2009, the novel
swine-origin infiuenza A {pandemic {H1N1] 2009) virus
emerged and spread globally. Although no established
cases of transfusion-transmitted influenza have been
reported, the widespread outbreak of pandemic (H1N1)
2009 caused serious concern regarding the safety of
blood products. The Japanese Red Cross Blood
Centers have intercepted blood products with accompa-
nying postdonation information indicating possible pan-
demic (H1N1) 2009 infection. To study the risk of
transmission of pandemic (HIN1) 2009 by blood trans-
fusion, we searched for the viral genome in such prod-
ucts ‘using nucleic acid amplification technology.
STUDY DESIGN AND METHODS: Between June and
December 2009, blood components were collected from
579 blood denors who were diagnosed as or strongly
suspected of having pandemic (H1N1) 2009 within 7
days after donation. Viral RNA was extracted from
plasma and red biood cell {RBC) products, and RNA
samples were subjected to real-time reverse
transcription~polymerase chain reaction of the hemag-
glutinin and matrix genes of the pandemic (H1N1)
2008 virus. i
RESULTS: A total of 565 plasma and 413 RBC prod-
ucts from the 579 blood donors were available. No viral
ANA of the pandemic (H1N1) 2009 was detected in any
of the blood samples from the 579 blood donors.
CONCLUSION: No viremia of pandemic (H1N1) 2009
was demonstrated in any of the 579 blood donors who
had most likely donated blood during the incubation
period. [t is considered that the risk of transmitting
pandemic (H1N1) 2009 by blood transfusion is
extremely low. .

_93_

he novel swine-origin influenza A (pandemic

[HIN1] 2008) virus was a triple-reassortant

swine influenza virus that contains genes from

human, swine, and avian influenza A viruses.**

The pandemic (H1N1) 2009 virus emerged in early 2009 in

Mexico and the United States*S and rapidly spread world-

wide including Japan® via human-to-human transmission

because most people have no immunity to this new virus.

Although no established cases of transfusion-transmitted

influenza have been recognized and reported, the appar-

ently high virulence reported in Mexico? raised a serious
concern regarding the safety of blood products.

A few studies in the 1960s and 1970s have shown the

 viremia of seasonal influenza. Most data were obtained

from blood samples that were collected after the onset of
symptoms.>** Only one instarice of the detection of the
virus in blood during the incubation period has been
reported, but no virus has been detected from blood from
the same individual at the onset of symptoms.** In recent
reports, no virernia of seasonal influenza has been dem-
onstrated, 21> Most studies have, thus, failed to demon-
strate viremia in blood samples, but this is not unexpected
considering that influenza is essentially a respiratory tract

' ABBREVIATIONS: HA = hemagglutinin; JRCBSs = Japanese Red -

Cross Blood Centers; M gene = matrix gene; NIID = Japanese
National Institute of Infectious Diseases; PDI = postdonation
information.
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infection. There are almost no data on the viremia of pan-
demic (HIN1) 2009.

We previously reported that there was no viremia

detected using nucleic acid amplification technology
(NAT) in the blood samples obtained from 96 blood
donors who showed symptoms of influenza within 7 days
after the donation.* In this study, we report the result of
our extended study in which 579 blood products from
blood donors who were in the same presymptomatic
period, as described above, were examined, together with
the detailed profiles of such blood donors and the sensi-
tivity of NAT used.

MATERIALS AND METHODS

Collection of blood
In May 2009, when the emergence of pandemic (HIN1)
2009 was confirmed in Japan, the Japanese Red Cross
Blood Centers (JRCBCs) implemented the following mea-
sures to ensure the safety of blood products, in line with
the notification from the Japanese Ministry of Health,
Labour and Welfare: screening of blood donors for fever,
refusing donation from blood donors who had returned to
Japan from abroad within 4 weeks, and refusing donation
from donors who had close contact with a patient sus-
pected of having pandemic (H1N1) 2009 within 7 days.
From May 2009 to March 2010, the JRCBCs asked
blood donors to provide postdonation information (PDI)

.on diagnosis of pandemic (HIN1) 2009 in addition to

the usual information required. To acquire the PDI, the
JRCBCs distributed handbills and explained to all blood
donors in all blood collection sites: if they had any
symptom of influenza within 7 days after blood donation,
and it was diagnosed as pandemic (HIN1) 2009 in medical
institutions, they were requested to contact the JRCBCs. If
the PDI indicated a possible pandemic (H1N1) 2009 infec-
tion after the donation was given to the JRCBCs, the supply
of blood products from such blood doncrs was stopped or
withdrawn. These blood products collected from June to
December 2009 were used for this study. After the blood
products were collected from the inventory or retrieved
from medical institutions, they were stored at -20°C.in
aliquots until use, The time lags between the donation and
collection of the blood products for this study were 2 to 30
(mean, 10.3) days for plasma samples and 2 to 18 (mean,
7.8) days for red blood cell (RBC) samples. From the time of
donation te collection, these blood products were stored at
the stipulated temperatures (plasma, -20°C; RBCs, 4°C).
Informed consent to tests for infection was obtained from
all blood donors at the blood cellection sites,

All blood donors in this study were diagnosed as
having pandernic (H1N1) 2009 at a medical institution
within 7 days after donation. These blood donors were
classified into laboratory-confirmed cases and suspected
cases on the basis of the confirmation standard for the
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diagnosis of pandemic (H1N1) 2009 infection. Laboratory-
confirmed cases refer to those diagnosed as having
pandemic (HIN1) 2003 by the reverse transcription—
polymerase chain reaction (RT-PCR) using respiratory
specimens in public health institutes. Suspected cases
refer to those diagnosed as having pandemic (H1N1) 2009
infection by the rapid diagnostic kits for influenza A infec-
ton or on the basis of the symptoms of influenza-like
illness such as fever and acute respiratory symptoms,
without performing RT-PCR. ’

According to the Infectious Agents Surveillance
Report published by the Japanese National Institute of
Infectious Diseases (NHD), the pandemic (HIN1) 2009
virus dominated 99% of the influenza viruses isolated or
detected from the cases of influenza-like illness during the
study period from June to December 2009.'S Therefore,
suspected cases in this study were expected to be cases of
either pandemic (HIN1) 2009 or noninfluenza illness,
with negligible possibility of seasonal influenza.

Evaluation of NAT detection sensitivity

NAT detection sensitivity was evaluated by spiking experi-
ments using virus particles of the pandemic (HIN1) 2009
virus (A/California/04/2009 (H1N1}) contained in the viral
culture supernatant donated by NIID. The viral genome
copy number of the culture supernatant was deterrnined
by quantitative RT-PCR, using synthesized RNA molecules
of the matrix (M) gene as standards. The synthesized RNA
was obtained from the cloned M gene inserted into
plasmid DNA (TOPO TA cloning kit, Invitregen, Carlsbad,
CA) by transcription using T7 RNA polymerase (Roche

Diagnostics, Indianapolis, IN). The transcribed RNA was

purified using a commercially available kit (RNeasy Plus
Mini Kit, Qiagen, Gaithersburg, MD), and its quantity and
quality were checked using a capillary electrophoresis
system (Agilent 2100 Bioanalyzer and RINA 6000 Nano Kit,
Agilent, Santa Clara, CA). A dilution series of the synthe-
sized RNA sample was used to construct a standard curve
to estimate the viral genome copy number of the culture
supernatant.

The quantified culture supernatant of the pandemic
(HIN1) 2008 virus was spiked inte plasma and RBC
samples from healthy volunteers, at inoculation doses
from 20 to 2 x 10° genome equivalents (geq)/ml, and the
NAT for the M and hemagglutinin (HA) genes was per-
formed 20 times for each dose. The relationship between
NAT positivity and pandemic (HIN1) 2009 virus concen-
tration was analyzed by probit analysis. An input viral
genome copy number with a 95% probability.of a positive
result was used as the detection limit.

NAT for detection of pandemic (H1N1) 2009 virus
Viral ENA was extracted from plasma and packed RBC
samples using a kit for automated purification of viral




DNA and RNA (QIA;
and a viral nucleic acid purification kit (Migh Pure Viral
Nucleic Acid Large Volume Kit, Roche Diagnostics),
respectively. RNA samples were immediately subjected to
the real-time RT-PCR of the M and HA genes of influenza A
with a sequence detection systemn (PRISM 7900, Applied
Biosystems, Foster City, CA) using an RT-PCR kit (Quanti-
Tect Probe, Qiagen). The real-time RT-PCR of the HA gene
was designed for the specific detection of the pandemic
"(H1N1) 2009 virus, whereas the real-time RT-PCR of the M
gene was designed for the universal detection of type A
influenza viruses. The sequences of the primers and
probes used were synthesized in accordance with the pro-
tocols developed by NIID.*®.The forward and reverse
primers were 5-CCMAGGTCGAAACGTAYGTTCTCTCIA
TC-3’ and 5-TGACAGRATYGGTCTTGICTTTAGCCAYTC
CA-3’, respectively, for M gene and 5-AGAAAAGA
ATGTAACAGTAACACACTCTGT-3' and 5'-TGTTTCCACAA
TGTARGACCAT-3', respectively, for HA gene. The TagMan
probes for M and HA genes were 5-ATYTCGGCT
TTGAGGGGGCCTG-3’ and' 5'-CAATRTTRCATTTACC-3',
. respectively. Each probe was labeled with a reporter dye
(FAM) at the 5’ end, a nonfluorescent quencher and a
minor groove binder at the 3’ end. Either 200 uL of plasma
or 100 pL of RBC samples was used for each test. The real-
time RI-PCR conditions comprised a 30-minute RT step at
60°C, a 10-minute initial PCR activaton step at 95°C, and
45 amplification cycles at 95°C for 15 seconds and at 60°C
for 45 seconds. To assess the analytical accuracy of NAT, a
dilution series of pandemic (H1N1) 2009 virus particles in
the viral culture supernatant as a positive control, and
plasma and RBC samples obtained from healthy volun-
teers as negative controls were included in each assay.

amm Virus Riorohot MDx kit, Qiagen)
et A i 1 PEpSRY

Lookback investigation for blood recipients

As one of the operations in hemovigilance, JRCBCs have
been collecting information on transfusion-transmitted
infections and adverse transfusion reactions such as fever,
urticaria, pain, nauses, hypotension, anaphylactic reac-
tion or shock, dyspnea, and neuropsychiatric symptoms.
If the blood products had already been released when the
PDI indicating possible pandemic (H1N1) 2009 infection

was acquired, we inform the medical institution of the

blood product concerned. Patients who had received
transfusion with the blood products involved with the
pandemic (HIN1) 2009 infection were observed for
influenza-iike syraptoms such as fever, respiratory symp-
toms, ot systemic inflammatory reactions for a period of 7
days after transfusion.

RESULTS

Characteristics of blood donors
Between June and December 2009, the blood components
were collected from 579 blood donors (314 male and 265
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Fig. 1. Age distribution of the blood donors who had symp-
toms of pandemic (H1N1) 2009 after donation. Laboratory-
confirmed cases (black bar) were diagnosed as pandemic
(H1N1) 2009 by the RT-PCR method using respiratory speci-

" mens. Suspected cases (gray bar) were diagnosed by rapid

diagnostic kits or on the basis of the symptoms of influenza-
Jike illness, without performing RT-PCR. Sixty-one percent of
the blood denors who sh d p of infl after
donation belonged to the young age group and were less than
30 years of age.

female). A total of 366 blood donors (190 male and 176
fernale) had laboratory-confirmed pandemic (H1N1) 2009
infection, and 213 blood donors (124 male and 89 female)
had suspected pandemic (FH1N1) 2009 infection.

The ages of the 579 blood donors are shown in Fig. 1.
Sixty-one percent of them were less than 30 years of age.
The ratio of the donor number in the i6- to 29-year age
group to the 579 blood donors were 2.2 times as high as
the ratio of all blood donors in the 16 to 29 age group to the
total number of donors who donated in 2009 in Japan. In
each age group, there were no significant differences in
the ratios between sexes (data not shown).

The time lag between the donation and the onset of
influenza symptoms is shown in Fig. 2. Ten (1.7%) blood
donors developed symptoms of influenza on the day of
the donation, 74 (12.8%) within 1 day, 105 (18.1%) within 2
days, and 132 (22.8%) within 3 days after donation. That is,
321 (55.4%) blood donors showed symptoms of influenza
within 3 days after donation.

The Infectious Agents Surveiilance Report published
by NIID indicated that the fall wave of pandemic (H1N1)
2009 appears to have peaked in late November 2009; this
corresponded to the finding that 468 (80.8%) of the 579
blood donors donated between November and December
2009 (data not showq).

Evaluation of NAT detection sensitivity
For the plasma samples, the NAT showed a 100% detection
probability for both M and HA genes at more than
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Fig. 2. Time lag between donation and onset of influenza
symptoms. Laboratory-confirrned cases (black bar) were diag-
nosed as pandemic (H1N1) 2009 by the RI-PCR method. Sus-
pected cases (gray bar) were di: d by rapid di:

kits or on the basis of the symptoms of influénza like illness,
without performing RT-PCR. More than half of blood donors
(55.4%) sh d p of infl within 3 days after
donation. It was speculated that many blood donors gave
blood during the incubation period of the pandemic (H1N1)
2009 virus.

2000 geq/mL. The detection probabilities were 85 and
75% at 200 geq/mL and 50 and 15% at 20 geq/mL for the
M and HA genes, respectively (Fig 3A). For the RBC
samples, the NAT showed a 100% detection probability for

" both M and HA genes at more than 20,000 geq/mL. The

detection probabilities were 80 and 65% at 2000 geq/mL
and 15 and 5% at 200 geq/mL for the M and HA genes,
respectively (Fig. 3B).

The 95% detection limit of the NAT in the plasma
samples was calculated to be 283 geq/mL (95% confi-
dence interval [CI], 116-3287), corresponding to 57 geq
per reaction (95% CI, 23-658) for the M gene, and
528 geq/mL (95% CI, 256-2368), corresponding to 106 geq
per reaction (95% CI, 51-474) for the HA gene (Fig. 3A). For
the RBC samples, the 95% detection limit of the NAT was
calculated to-be 3444 geq/mL (5% Cl, 1784-12,697), cor-
responding to 344 geq per reaction (95% CI, 178-1270) for
the M gene and 5292 geq/mL (95% ClI, 2829-19,911), cor-
responding to 529 geq per reaction (95% CI, 283-1991) for
the HA gene (Fig. 3B).

Detection of pandemic (H1N1) 2009 virus RNA

The NAT was performed using 565 plasma and 413 RBG
samples obtained from 579 blood donors who showed
symptoms of influenza within 7 days after donatiorn. The
samples consisted of 362 plasma and 271 RBC samples
from the 366 blood donors who had laboratory-confirmed
pandemic (H1N1) 2009 infection and 203 plasma and 142

1952 TRANSFUSION Volume 51, September 2011

RBC products from the 213 blood donors who had sus-
pected pandemic (HIN1) 2009 infection. The NAT was
performed in duplicate for the M and HA genes of the
pandemic (H1N1) 2009 virus in each sample. None of the
viral genome of the M or HA gene was detected in any of
the plasma samples and RBC samples (Table 1).

Lookback investigation of biood recipients

In the lookback investigation of the donated blood prod-
ucts from the 579 blood donors, it was revealed that 36
platelet (PLT) products and 34 RBC products had already
been used for transfusion when the PDI was acquired. Of
the 36 blood donors who donated these PLT products, two
showed symptoms of influenza on the next day of dona-
tion, and 10 and 13 showed symptoms 2 and 3 days after
donation, respectively. Of the 34 blood donors who
donated these RBC products, two and three showed
symptoms of influenza 2 and 3 days after donation,
respectively (Fig. 4). Of the blood donors who donated
these PLT products and RBC products, 25 and 20
blood donors belonged to laboratory-confirmed cases,
respectively.

In the 70 blood recipients who teceived blood prod-
ucts likely donated during the incubation period of the
pandemic (HIN1) 2009 infection, influenza-like symp-
toms such as fever and acute respiratory symptoms and
any transfusion adverse reactions were not observed for a
period of 7 days after transfusion.

DISCUSSION

In this study, we examined blood samples from 579 blood
donors who were diagnosed as or strongly suspected of
having pandemic (H1N1) 2009 infection within 7 days
after donation. Sixty-one percent of the blood donors
involved in this study belonged to the young age group of
less than 30 years of age. The ratio of the young age group
to the 579 blood donors was higher than that of this age
group to the total number of blood donors who donated in.
2009 in Japan. It has been reported that the majority of
patients with pandemic (HIN1) 2009 were children and
young people.'™® According to the reports by the Centers
for Disease Control and Prevention in the United States,
more than 64% of the pandemic (HIN1) 2008 virus-
infected individuals weré 5 to 24 years old; only 1% were
65 years of age or older.*” In this point, pandemic (HIN1)
2009 markedly differs from seasonal influenza. The ratio of
the age groups of the blood donor cohort involved in this
study reflected the ratio of the age groups of the pandemic
(H1N1) 2009 virus-infected individuals reported in Japan
and abroad."**

In this study, 10 blood donors showed syrptoms of
influenza on the day of the donation, 74 within 1 day, and
105. within 2 days after the donation. The incubation
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tivity and pandemic (H{1N1) 2009 virus ion was

d by probit analysis. The 95% detection limit of the NAT for the
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plasma samples was calculated to be 283 geq/mL. for the M gene and 528 geq/mlL for the HA gene (A). For the RBC samples, the 95%
detection limit of the NAT was calculated tc be 3444 geq/mL for the M gene and 5292 geq /ruL for the HA gene (B).

TABLE 1. Results of d ion of pandemic (H1N1) 2009 virus RNA in plasma or RBCs drawn from blood donors
. who were diagnosed as pandemic (HIN1) 2009 after donation
Number of .
samples tested NAT-positive samples
Total number of Plasma ’ RBCs
Cases blood donors Plasma RBC M gene HA gene M gene HA gene
Laboratory-confirmed case* 366 362 271 0 0 0 0
Suspected caset 213 203 - 142 o] [} o o]
Total 579 565 413 o] - 0 0 [

without performing RT-PCR.

* Pandemic (H1N1) 2009 was diagnosed by the RT-PCR methed using respiratory specimens.
1 Pandemic (H1N1) 2009 was diagnosed by the rapid diagnostic kits for influenza A or on the basis of the symptoms of influenza-like fllness,

period of the pandemic (H1N1) 2009 virus is reported to
be 1 to 7 days, with a mean of 2 days.>* Therefore, it is
speculated that many of the 579 blood donors gave blood
during the incubation period of the pandemic (HIN1)
2009 virus. NAT was performed using specimens of this
donated blood. No RNA of the pandemic (HIN1) 2009
virus was detected in any of the blood samples; no viremia
of pandemic (H1N1) 2009 before clinical onset was dem-
onstrated. In this study, however, some donors included in
the 213 suspected cases were diagnosed by physicians on
the basis of the symptoms of influenza-like iiiness without
performing RT-PCR or rapid diagnostic tests. The possibil-
ity that donors with noninfluenza iliness were not com-
pletely excluded from the suspecied cases would weaken
the power of this study.

Although influenza epidemics occur every winter
season, no established cases of transfusion-transmitted
influenza have been recognized and reported. A few
studies published from the 1960s to the 1970s showed the
presence of viremia of seasonal influenza;®!* however,
among studies published in recent. years, no viremia of
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seasonal influenza has been demonstrated yet.*> In both
pandemic (H1N1) 2009 and seasonal influenza virus
infections, the peak viral load in the respiratory specimens
was observed immediately after the onset of symp-
toms.?? Although the mean viral load in the respiratory
specimens of pandemic (HIN1) 2009 was 1.84x 108
copies/mL, the virus was detected in none of the blood
specimens obtained at the same time.? In addition to
these data, we detected no viremia of pandemic (HIN1)
2009 in the present study. It thus seems that the occur-
rence of pandemic (H1N1) 2009 viremia before the onset
of illness is extremely low. If there were cases in which
influenza infections occurred by blood transfusion, a
viremia condition would need to be present during the
incubation period in which blood donmation was per-
formed. It is thus considered that the risk of the transmis-
sion of the pandemic (HIN1) 2009 virus by blood
transfusion is extremely low.

The 95% detection limit of NAT for the plasma
samples was calculated to be 283 geq/mL for the M gene
and 528 geq/mL for the HA gene, whereas that for the RBC
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during the incubation period of the pandemic (H1N1) 2009
had already been used for transfusion to 70 recipients when
the PDI was acquired. In the lookback igation, no
influenza-like symptoms or any other observable symptoms
were observed in the recipients after transfusion.

samples was calculated to be 3444 geq/mL for the M gene
and 5292 geq/mL for the HA gene. The NAT sensitivity for
the HA gene was lower than that for the M gene, for both
plasma and RBC samples. This difference could be due to
the secondary structure of the viral RNA or reverse-
transcribed cDNA that might have decreased the sensitiv-
ity of the RT-PCR of the HA gene. The lower sensitivity in
the packed RBC samples might be caused by the inhibitors
of RT-PCR such as hemoglobin that contaminated the
RNA solutions obtained from the RBC samgples or the
insufficient efficiency of the viral RNA extraction.

Improved methods will be required to purify viral RNA °

from RBC samples. If low-level viremia below the NAT
detection sensitivity should exist, it would not be detected
using our assay.

In the first step in influenza infection and viral repli-
cation, influenza viruses bind through the HA transmem-
brane glycoprotein onto sialic acid residues on the surface
of epithelial cells, typical in respiratory organs. After HA
is cleaved by a protease, the cells import the virus by
endocytosis.”>* HA cleavage is required to activate virus
infectivity, and the activating proteases are mainly distrib-
uted in the respiratory organs and intestine in hurmans, %
so that it should be difficult for influenza viruses to
acquire infectivity in blood. In theory therefore the risk of
the direct transmission of influenza via blood is consid-
ered to be extrernely low. In fact, we showed, in this study,
that the transfusion of 36 PLT and 34 RBC products from
the blood donors who likely donated during the incuba-
tion -period of the pandemic (HIN1) 2009 virus caused
apparently no transmission of the virus.
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The risk of virus infection by blood transfusion has
decreased owing to the introduction of a screening test for
donated blood, but there is still residual risk caused by

pathogens that are excluded from targets of the current

screening test or newly spread in hurnans. The influenza
virus is one of the potentially unrecognized pathogens in
the blood supply. This study showed that the viremia of
pandemic (H1N1) 2009 during the incubation period is
highly unlikely to occur and that it does not pose a notice-
able risk to the safety of the blood supply. The main infec-
tion routes of the influenza virus are droplet infection and
contagious infection. During a pandemic, many people
are easily infected by the influenza virus. Compared with
the risk of infection by the influenza virus via respiratory
droplets, the risk of transmission by transfusion is almost
negligible. In this point, pandemic (H1N1) 2009 markedly
differs from any other currently known viral threats to the
blood supply. ’

Regarding influenza viruses with high pathogenicity,
we do not know the risk of their ransmission by transfu-
sion. The HA protein of highly pathogenic avian influenza
virus can be cleaved by proteases that are produced in
many different tissues. As a results, these viruses can rep-
licate in many organs of the bixd, not just the respiratory
organs.? In severe cases of highly pathogenic avian influ-
enza A (H5N1) virus-infected humans, viremia has been
reported.®* New studies will be required when a new
type of influenza emerges in the future.
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Murine leukemia viruses (MLV), inclading xenotropic-
MLV-related virus (XMRV), have been controversially
linked to chronic fatigue syndrome (CFS). To explore this
issue in greater depth, we compiled coded replicate
samples of blood from 15 subjects previously reported to
be XMRV/MLV-positive (14 with CFS) and from 15
healthy donors previously determined to be negative for
the viruses. These samples were distributed in a blinded
fashion to nine laboratories which performed assays
designed to detect XMRV/MLYV nucleic acid, virus
replication, and antibedy. Only two laboratories reported
evidence of XMRV/MLVs; however, replicate sample
results showed disagreement and reactivity was similar
among CFS subjects and negative controls. These results
indicate that current assays do not reproducibly detect
XMRV/MLV in bloed samples and that blood donor
screening is not warranted.

Novel murine leukemia virus (MLV)-like sequences were
identified in, and implicated as a potential infectious cause of,
human prostate cancer in 2006 (/). These sequences appeared
to be closely related to xenotropic MLV (X-MLV) and were
termed X-MLV-related virus or XMRV. In 2009, similar viral
sequences were identified in a cohort of patients with chronic
fatigue syndrome (CFS) (2). In that study XMRV could be
directly cultured from both peripheral blood mononuclear
cells (PBMC) and plasma from the majority of patients with

CFS, and XMRYV sequences were detected by PCR and RT-
PCR (2, 3). Furthermore, evidence of an immune response to
MLVs was observed in patient plasma (2, 3). In an
independent study, other patients with CES were reported to
harbor MLV-related virus sequences, but not XMRYV, in
PBMC and plasma (4). These sequences were derived from
viruses resembling polytropic MLVs (P-MLV), rather than X-
MLYV. Importantly, both studies identified XMRV/P-MLV in
the majority (67 to 86%) of patients with CFS but also in
substantial numbers of healthy controls including blood
donors (4-7%) (2, 4).

Subsequent studies cast doubt on the association between
XMRV/P-MLVs and CFS, and indeed on the detection of
XMRV/P-MLVs in human populations (reviewed in (5)).
Many, although not all (6, 7), of these negative studies
focused on nucleic acid detection and/or serology and did not
include celi culture assays for virus (8—/ ). Several additional
findings raised uncertainty about the high rates of XMRV/P-
MLV in patients with CFS that had been described in the two
seminal papers: (i) clinical samples and PCR reagents were
found to be contaminated by XMRV and mouse DNA
containing endogenous MLVs (72); (if) XMRV and P-MLV
fack the sequence diversity that would be expected to arise
following transmission, infection, and repeated cycles of
replication of a retrovirus in humans (/3, /4), and (iif)
evidence was presented which strongly suggested that XMRV
originated in the early 1990s by recombination of endogenous -
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MLVs following serial passage of a human prostate xenograft
in laboratory mice (/5). It was postulated that this laboratory
passage resulted in the generation of several prostate cancer
cell lines harboring integrated XMRV sequences that
produced high levels of infectious virions. These XMRV-
infected cell lines were subsequently widely disseminated and
likely produced inadvertent XMRV contamination of
laboratories and reagents (15).

We report here the results of a comprehensive study where
multiple laboratories analyzed the same blood samples for
XMRV/P-MLV. These blood samples, which were drawn
from persons who were previously reported to be XMRV- (2)
or P-MLV-positive (4) and from blood donors who
previously tested negative for XMRV, were aliquoted into
replicate tubes and assembled into coded panels together with
replicates of experimentally prepared positive control
samples. The testing was performed fully blinded to remove
bias. These samples were tested by nine laboratories using
highly sensitive and previously validated nucleic acid,
serological and culture assays (tables S1 to S5) for XMRV

. and other MLVs (16). The two laboratories that had
previously found an association for the MLVs with CFS
participated in this study (2, 4). All nine laboratories used
XMRV/P-MLYV nucleic acid amplification testing (NAT),
serological and/or culture assays of their own choosing which
were incorporated into parallel or serial testing algorithms to
generate final results. The majority of laboratories included
assays to detect murine DNA contamination either on all
samples or on all NAT positive samples.

Fourteen patients with CFS, together with one person
reporting contact with a CFS patient [described in supporting
online material (17)], all of whom were previously reported to
be XMRVIP—MLV-positive by at least one method (table 56)
were enrolled into the study at two clinical sites using IRB-
approved protocols and consents (referred to as the XMRV/P-

. MLV cohorts henceforth). Per study protocol, none of the 15
subjects were on antiretrovirals, but several later disclosed
that they were takfng other antivirals (e.g., valacyclovir) and
two were on immunosuppressive medications (the latter are
indicated in table S6). In-the case of the P-MLV-like viruses
described by Lo and colleagues (4), only PCR detection had
been performed in the original study; four of five patients
enrolled into the current study were reported to be P-MLV
reactive on the archived samples from the original cohort
study and on a second sample collected 15 years later (2010)
whereas one patient was PCR-positive only on the original
archived sample (4). The Whittemore Peterson Institute
(WPI) patient cohort was more intensively characterized as
positive by PCR, serology and/or culture, although none of
the study subjects tested positive in all assays at all time
points (table S6). )

To minimize introduction of potential contaminants, we
took extensive precautionary measures during the collection
of specimens and the laboratory processing of blood and
preparation of sample aliquots (/7). Blood specimens were
collected by independent phiebotomists, shipped to the
central laboratory (/7), and processed into coded PBMC,
plasma and whole blood (WB) aliquots. Similarly, fifteen
control specimens from blood donors (n=12) or laboratory
controls (n=3) that had been established as negative for
XMRYV and MLVs by PCR, serology and culture by multiple
laboratories, were collected, processed and aliquoted in
parallel (/7). Finally, a separate facility in the central
laboratory prepared and characterized stocks of the XMRV-
infected human cell line 22Rv1 (75, /8) and supernatant,
which were used to spike samples to create a set of low-level
positive controls (17).

A total of eleven NAT, five serology and three culture
assays were performed on the samples (/7). The WPI
laboratory did not report culture assay results because their

-
target cells had become contaminated with mycoplasma.

Other than this, all sites reported results on all distributed and
coded sample aliquots to the central laboratory. The results
were then decoded and compiled into analysis datasets
specific to the panels.

Few positive NAT results were reported, other than on the
coded spiked positive control replicate aliquots (table 1)
(table S7). Six of seven laboratories that performed NAT on
three sample types (plasma, PBMC and WB) reported no
positive result for coded clinical samples (XMRV/P-MLV
cohorts or negative controls), whereas these laboratories
detected XMRYV in 100% of the spiked controls (table 1).
These laboratories included those that employed the most
sensitive XMRV/P-MLYV assays available, based on our
previous blinded analytical sensitivity performance study
(16). Of particular note, the FDA/Lo laboratory failed to
detect MLV-like sequences using the same nested PCR assay
as previously published, in either the known negative controls
or in the XMRV/P-MLV cohort samples. The samples scored
as negative by this laboratory included the replicate samples
from five patients with CFS reported as P-MLV positive in
their previous study, four of whom had also tested positive on
a second specimen collected over a decade after the archived
CFS cohort panel (4). .

The only positive NAT results on some of the replicates
from clinical samples were reported by WPL The WPI assays
appeared less sensitive than those used by the other
laboratories, based on the fact that only 3 of 5 plasma and 4
of 5 PBMC-spiked positive control replicates were scored as
positive by WPI (table 1) (table S7). However, two plasma
clinical aliquots were reported as positive in the WPI nested
RT-PCR gag assay. These samples were from two different
negative controls, and only one out of the three replicates was
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positive in each case. Sequencing of the excised bands
revealed 1-3 base changes compared to XMRV derived from
22Rv1 (supporting online text). A clinical PBMC sample,
derived from one of the nine WPI CFS patients, was also
positive in WPD’s nested gag PCR assay. However, only one
of two PBMC replicates for this individual was positive, and
all replicates of plasma and WB from this patient were
reported as negative by WPI. All positive samples tested
negative for mouse DNA contamination as assessed by mouse
mitochondrial DNA. PCR (4). Reactivity rates did not
significantly differ between samples from negative controls
and the XMRV/P-MLV cohorts (p >0.05) (supporting online
text, table S10).

In the initial study, Lombardi et al. reported that the most
effective and consistent method of determining whether an
individual was XMRV-positive was by isolation of
replication-competent virus through co-culture of target
prostate cell lines with either patient PBMCs or plasma (2, 3).
Although culture results were not reported by WPI in the
present study, the NCI/Ruscetti laboratory also successfully
performed virus culture using both plasma and PBMC in the
Lombardi et al. study (2, 3). Additionally, virus culture was
performed by the FDA/Hewlett laboratory, which used two
methods, one of which (LNCaP cell culture) was established
in their laboratory for this study based on WPI procedures
and on-site training by the lead investigators from the WPI
and NCI/Ruscetti laboratories, and hence viral culture in this -
Iaboratory would be expected to have equivalent sensitivity to
the culture method used by Lombardi et al. (7). Both
laboratories successfully detected all five replicates of the
spiked positive controls (~10° RNA copies/ml). However,
while neither of the FDA/Hewlett assays detected confirmed
positive cultures in the 30 coded clinical aliquots, the
NCI/Ruscetti laboratory reported nine aliquots as positive
(table 1, 2). Six of the positive results were from negative
control samples (40% positive rate); these six
subjects/samples had previously been pedigreed by the same
laboratory as culture-negative (/7). In contrast, only three
(20%) of the 15 XMRV/P-MLV-cohort subjects (including
ten subjects who had previously been found to be culture-
positive by the WPI and NCI/Ruscetti laboratories) tested
positive in the coded panel (table St). There was no
significant difference between the rate of reported positive
culture results among negative controls and the XMRV/P-
MLV cohort subjects {p-value = 0.43, table $8].

Finally, serology was performed by four laboratories (/7).
Although plasma with human antibodies to XMRV/P-MLVs
was not available to produce spiked controls for serology, all
four laboratories performed their own internal controls (/7).
Three assays --a Western blot test using purified XMRV
(CDC) (/19) and two chemiluminescent immunoassays using
recombinant XMRV gp70 and p15E (Abbott Diagnostics)

(20)-- failed to detect positive results for any of the coded
replicates prepared from the 30 clinical samples. A flow
cytometry-based serologic assay run by two laboratories
(NCI/Ruscetti and WPI), utilizing mouse cells expressing the
spleen focus-forming virus (SFFV) envelope as employed in
the origina] Lombardi et al. study, reported a number of
positive results on samples from both the XMRV/P-MLV
cohorts and the negative-plasma controls. The NCI/Ruscetti
laboratory reported 13 positive samples, including eight
(53%) from 15 known negatives and five (33%) from 15
XMRV/P-MLV cohort subjects (table 1) (table 2). None of
the positive results from the XMRV/P-MLYV cohorts or
controls were reported for more than one of the uniquely
coded replicates, despite the fact that every sample was
represented in the panel in duplicate or triplicate (table 2).
There was no significant difference between the proportions
of negative controls and XMRV/P-MLYV cohort subjects
identified as serology-positive (p-values >0.20 regardless of
how positivity was defined [supporting online text, table $97).

Among all serologic replicates tested, the WPI detected 22
positives, including 10 reactive results among the negative
controls, and six each in the subjects previously reported as
positive by WPI and by FDA/Lo (table 1) (table S7). Three of
the six known negative controls with a positive serology
result had at least two of three replicates positive (table 2).
All five patients previously identified as P-MLV positive by
FDA/Lo had a replicate called serology positive, but only one
had both replicates reported as positive. Similarly for the 10
subjects previously identified as XMRV positive by WPI,
four subjects had one of two replicates reported as serology
positive, while both replicates from one patient were reported
positive (table 2). There was no significant difference in the
rates of positive WPI serology results between negative
controls and XMRV/P-MLV cohort subjects (p-value = 0.27).
There was no statistical agreement between the samples
reported as serology positive by the NCI/Ruscetti and WPI
laboratories, despite the fact that they used similar assays
(supporting online text, tables 89, $10). Kappa values were
calculated for each criterion and for all subjects combined
using standard procedures (/7, 2/). The Kappa values for
level of agreement of results between these two laboratories
ranged from -0.20 for WPI XMR V/P-MLV-positive subjects
(no agreement) to 0.21 for all negative controls combined
(fair agreement). However, the most telling Kappa value
between the WPT and NCi/Rusceiti seroiogy resuits is the one
computed for all subjects combined, which is 0.0! indicating
no agreement.

In summary, our study demonstrates that no XMR V/P-
MLV assay in any of the nine participating laboratories could
reproducibly detect XMRV/P-MLYV in fifteen subjects
(fourteen with CFS) who had previously been reported as
XMRV/P-MLV-infected usually at multiple time points and
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often by multiple assays (2, 4). The two laboratories (WPI
and NCI/Ruscetti labs) that reported positive results in this
study reported similar rates of reactivity among XMRV/P-
MLV subjects and known negative control donor samples.
The results from both laboratories were inconsistent when
their assays were performed in parallel on replicate sample
aliquots derived from individual subject specimens. There
was also no agreement of reactivity when comparing results
between these two laboratories for the 30 blinded XMRV/P-
MLYV cohorts and control samples. In contrast, assays
developed by FDA (Lo and Hewlett), CDC, NCI/DRP,
Abbott Diagnostics, Abbott Molecuiar and Gen-Probe, all of
which have been designed to detect XMRV and relevant
MLVs with high sensitivity and specificity, failed to detect
evidence of viral infection in any of the previously positive
subjects, including CFS patients, or negative control
specimens represented in the study.

Altogether, 15 XMRV/P-MLYV cohort subjects were
represented in this study, the maximum number of subjects
who could be recruited by the cohort investigators (2, 4).
Since most patients were selected based on having previously
tested positive for XMRV/P-MLV 1-3 years ago, it is
possible that levels of viremia and/or antibody could have
waned by the time samples were drawn in our study;
however, this is contradictory to Lo et al.’s finding that 4 of 5
patients retested positive 15 years later (4). The inconsistent
reactive results from the two laboratories that previously
reported detection of XMRV (NCI/Ruscetti and WPI) and the
negative results from all other laboratories, including the
laboratory that previously reported detection of P-MLV
(FDA/Lo), strongly suggest that the positive reactivity in this
study represents false positive results due to assay non-
specificity or cross-reactivity (e.g. to other endogenous or
exogenous retroviruses). However, we cannot definitively
exclude the possibility that the levels of XMRV/P-MLV
markers in blood may be at or below the limit of detection of
all assays and/or fluctuate over time as recently described in
experimentally infected macaque studies (22).

Based on these findings, we conclude that currently
available XMRV/P-MLV assays, including the assays
employed by the three participating laboratories that
previously reported positive results on samples from CFS
patients and controls (2, 4), cannot reproducibly detect direct
virus markers (RNA, DNA, or culture) or specific antibodies
in blood samples from subjects previously characterized as
XMRV/P-MLV positive (all but one with a diagnosis of CFS)
or healthy blood donors. Finally, our findings are reassuring
with respect to blood safety and indicate that routine blood
donor screening for XMRV/P-MLYV is not warranted at this
time.
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Table 1. All XMRV/P-MLYV assay results from all laboratories.

Sample type

Negative WPI Loetal Spiked
Test Laboratory Controls* XMRV/P- XMRV/P- Controls*
MLV MLV
Subjects* Subjects*

010 e O/

FDALo 0/15 0/10 0/5 5/5

NCI/Ruscetti  6/15

Rl A
WPI 6/15 5/10 5/5% N/A
*Nl_u.nber positive/number tested. A single reactive replicate out of 1, 2, or 3 tested for a given individual was considered
positive
‘TAbbott-M, Abbott Molecular; Abbott-D, Abbott Diagnostics; WB, whole blood; N/A, not applicable
1No significant association was seen when the reactivity rates of control negatives and XMRV/P-MLV cohort subjects were
compared [P values are discussed (supporting online material text)]
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SUMMARY

In February 2007 an outbreak of Nipah virus (NiV) encephalitis in Thakurgaon District of
northwest Bangladesh affected seven people, three of whom died. All subsequent cases developed
illness 7-14 days after close physical contact with the index case while he was ill. Cases were more
likely than controls to have been in the same room (100% vs. 3:5%, OR undefined, P <0-001)
and to have touched him (83 % vs. 0%, OR undefined, £<0-001). Although the source

of infection for the index case was not identified, 50% of Pteropus bats sampled from near the
outbreak area 1 month after the outbreak had antibodies to NiV confirming the presence

of-the virus in the area. The outbreak was spread by person-to-person transmission. Risk

of NiV infection in family caregivers highlights the need for infection control practices to limit

transmission of potentially infectious body secretians.
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INTRODUCTION

In Bangladesh, Nipah virus (NiV) was first identified
as the cause of an outbreak of encephalitis in 2001
in- Meherpur District {1, 2]. Four additional out-
breaks were identified between 2001 and 2005 [i-4],
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Infectious Disease and Vaccine Sciences; Health System and
Infectious Disease Division, ICDDR,B, 68, Shahid Tajuddin
Ahmed Sharani, Mohakhali, Dhaka-1212, Bangladesh.
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Antibodies reactive to NiV antigen have been de-
tected in pteropid bats in both India and Bangladesh
1, 5J.

Person-to-person transmission of NiV infection,
following human infection directly from the environ-
ment, was noted in previous outbreaks in the Indian
subcontinent. In a NiV outbreak in Siliguri, India
in 2001, 45 patients (75%) had a history of hospital
exposure to other patients with NiV infection [6].
In Faridpur District, Bangladesh in 2004 NiV case-
patients in Faridpur were seven times more likely than

non-patients to have had close contact with one of the
NiV patients [odds ratio (OR) 67, 95% confidence
interval (CI) 2-9-16-8, £ <0-001] [2].

On 9 February 2007, a physician at Rangpur Medi-
cal College Hospital, one of 10 hospitals involved in
active NiV encephalitis surveillance in Bangladesh,
reported a cluster of fatal encephalitis involving a
husband and a wife residing in the Haripur Upazila
(subdistrict) of Thakurgaon District. Both patients
had similar symptoms and died within an interval
of 2 weeks. A collaborative team including the Insti-
tute of Epidemiology Disease Control and Research
(IEDCR) and the International Centre for Diarrhoeal
Disease Research, Bangladesh (ICDDR,B), began an
investigation on 10 February 2007. The objectives
of the investigation were to identify the cause of the
outbreak and the risk factors for developing illness.

METHODS
Case definition and jdentification

We defined suspected case-patients as persons having
fever with altered mental status or new onset of
seizures (severe illness), or persons having fever with
headache or cough (mild illness), residing in the out-
break area with an onset of illness between 15 January
and 28 February 2007. The team visited the outbreak
village and asked the community health workers and
community residents if they were aware of any patient
who was suffering from fever with seizure or altered
mental status, or who had died from these symptoms
in their neighbourhood. We also asked them about
case-patients suffering from fever with headache and/
or cough. The team then visited the local hospital
in order to identify suspected case-patients. Team
members also investigated all the deaths in the out-
break village between January and February. We ob-
tained a history of illness and general information
about exposures for each suspected case-patient. We
asked the local health authority of the affécted sub-
district to report to the IEDCR if they identified
any further suspected case-patient having fever and
altered mental status or seizures who sought treat-
ment in the local subdistrict health complex during
February.

The team collected blood samples from living sus-
pected case-patients, which were centrifuged in the
field and transported on wet ice to JEDCR, where
they were stored at —70°. Samples were tested with
an immunoglobulin M (IgM) capture enzyme-linked
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immunosorbent assay (ELISA) that detects IgM
antibodies specific for NiV antigens [7].

We defined a confirmed case of NiV infection as a
suspected case-patient with detectable IgM to NiV.
The team defined a probable NiV case-patient as a
patient with fever and altered mental status who lived
in the same village as a confirmed case-patient during
the outbreak period, but from whom serum was not
available because the patient died before a specimen
could be collected.

Qualitative study

A team of experienced anthropologists conducted
in-depth interviews and informal discussions with
available confirmed and probable case-patients, their
family members and friends, and other residents in
these communities with the goals of exploring poten-
tial exposures to NiV and identifying appropriate
proxy respondents for deceased cases or cases that
were too sick to interview. The anthropologists also
collected information about symptoms of the disease,
caregiving practices and health facility utilization by
persons affected by the outbreak.

Case-control study

We conducted a case-conirol study to investigate
exposures associated with NiV infection, including
person-to-person transmission. Probable and con-
firmed case-patients were enrolled as cases. We selec-
ted three controls for each case-patient. Controls
were selected starting from the fourth closest house to
the case-patient where no members were ill during
the outbreak. The household resident closest in age
to the case-patient was eligible to participate as a
control, Participation was voluntary. If the selected
household resident declined to participate, a resident
from the next closest house was asked to participate.

The qualitative team selected proxy respondents
for each case-patient who had died or was unable to
respond. The proxy respondents included family
members and friends of the case-patients who were
most knowledgeable about their activities and prob-
able risk exposures in the preceding 1 month before
illness. Multiple proxy respondents were common.
The investigation team used a standardized question-
naire to collect information on demographics, symp-
toms of iliness, and possible risk factors associated
with NiV transmission including history of con-
sumption of date palm juice prior to illness, exposure
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to animals and exposure to ill patients, including

rgnrhmo :f:!\nnn in the same room, feed'r‘g sharmg a

bed or cleaning body secretions of a NiV paiient.

Bat survey

A team of veterinarians from [CDDR,B with assist-
ance from the Consortium for Conservation Medicine
located two bat roosts which were ! km and 15 km
distant from the outbreak village. Bats were captured
using mist nets and were anaesthetized during sample
collection and released at the point of capture after
sampling from 24 February to 9 March 2007. All
the captured bats from which blood samples were
collected were P. giganteus.

All bat blood samples were kept on ice until the
end of each day when serum was separated and stored
in liquid. nitrogen. At the end of each day, blood
samples were transferred to liquid nitrogen and
transported to ICDDR,B where they were stored at
—70 °C and then shipped on dry ice to the Australian
Animal Health Laboratory for laboratory diagnosis.
All the blood samples were assayed for antibodies
against NiV using a serum neutralization test.

Statistics

We analysed socio-demographic and clinical profiles
of the case-patients using descriptive statistics. For
the case-control study, we used ORs to estimate the
association of each exposure with disease and calcu-
lated 95% ClIs around the ORs. We used the x? test
when expected cell sizes were >5 and Fisher’s exact
test when expected cell sizes were < 5 and considered
association to be statistically significant if the P value
was <0-05. We used an unmatched analysis because
neighbours were chosen ‘as controls to ensure that
controls and case-patients were representative of the
same population and not to control for confounding
factors. Because the primary hypothesis was that the
index case was the source of NiV transmission for
the subsequent cases, we excluded the index case, but
none of the controls in the analyses of person-to-
person transmission.

Ethics

All human study participants gave informed consent
for participation in this investigation. The Ethical
Review Committee at [CDDR,B reviewed and ap-
proved a protocol for encephalitis surveillance and
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outbreak investigation. Bat capture and sample col-
lection was conducted under 2 nrotoes! annrove by

lection nducted under a protoco! approved

the Institutional Animal Care and Use Committee.

RESULTS
Descriptive epidemiology

Eleven serum samples were collected from 13 sus-
pected case-patients. Five suspected case-patients
had IgM antibodies against NiV by capture ELISA
and were thus confirmed cases. Two suspected case-
patients had fever and altered mental status, but died
before samples could be collected and were categor-
ized as probable cases. These two probable cases were
the index case and his wife. The remainder of the
analysis was performed on these seven confirmed or
probable case-patients. Five of these case-patients
(three confirmed and two probable) had fever with
altered mental status and three (60 %) of them died.
A total of five case-patients, including the two prob-
able cases, were hospitalized. The mean age of case-
patients was 24 years (range 19-30 years) and five
(71 %) were male. The median duration from onset
of fever to death was 5-6 days (range 5-7) (Table 1).
Fever (100%), altered consciousness (71%) along
with vomiting (71 %) and cough (71 %) were the most
common symptoms (Table 1).

Qualitative findings

The index case first developed fever on 21 January
2007 which progressed to headache, cough, breathing
difficulties, convulsions, loss of consciousness and
finally death 5 days later. In total 14 people who were
family members, relatives or friends had physical
contact with the index case when he was ill; six (43 %)
of them developed NiV infection. Five of the sub-
sequent cases had contact with the index case only
during the last 2 days of his illness (incubation period
7-14 days). The dates of illness onset for subsequent
cases ranged from 2 to 8 February 2007 (Fig. 1). None
of the caregivers of the subsequent cases developed
illness.

During the first 4 days of illness the index case was
cared for at home, primarily by his wife and sister-
in-law. They fed him, cleaned him and wiped froth
and saliva from his mouth. They also massaged oil on
his head and body to relieve him of pain. His wife
shared the same bed with him and provided care
throughout his illness. She became severely ill 14 days

~
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Fig. 1. Distribution of NiV cases by date of onset of illness, Hdl‘lpul’ Upazila (subdistrict), Thakurgaon District, Bangladesh,

January-February 2007. O, Alive; M, died.

Table 1. Characteristics of case-patients, Haripur
Upazila, Thakurgaon District, Bangladesh, February
2007

Characteristics . n=7 (%)
Age
Mean (years) 24
Median (range) * 24 (19-30)
Male 5(71)
Occupation
Student 2(29)
Housewife 1(149)
Businessman 2(29)
Driver . 2(29)
Clinical feature
Fever 7 (100)
Severe fatigue/weakness 6 (86)
Headache 3(43)
Vomiting 5(71)
Cough 5(7)
Respiratory distress 4(57)
Altered mental status 5(7)
Muscle pain 457
Restlessness 4(57)
Unconscious 2(29)
Joint pain 1(14)
Case fatality 3(43)
Onset of illness to death (n=3), 56 (5-7)

mean (range)

- after the husband’s illness began and died within

6 days of illness.

A day before his death, the index case developed a
severe cough and breathing difficulty. He was taken
to a local doctor accompanied by a friend and a
cousin. A chest radiograph of the index case taken

Fig. 2. Chest X-ray of the index case showing features of
acute respiratory distress syndrome.

during this period showed diffuse bilateral opacity in
both lung fields suggesting features of acute respirat-
ory distress syndrome (Fig. 2). The friend became ill
11 days later and died after 7 days. The cousin also
became ill 14 days after his physical contact with the
index case.

The day after his chest radiograph, the index.case
developed reduced level of consciousness, and was
admitted to a hospital where he died on the same day.
The driver of a micro bus who helped transport and
carry him to the hospital developed NiV infection
10 days after exposure.

While the index case was hospitalized, his wife’s
sister and one of his friends visited him in the hospital
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Table 2. Bivariate analysis of risk factors for Nipah virus infection, Hartpur Upazila, Thakurgaon District,

Ravialadoch Fn‘\vﬂnnv 2007

sangiadesh, £

No. (%) of No. (%) of
cases with controls with
Risk factors this risk factor  this risk factor OR 95% Cl P value
Male sex 4(67 %) 8 (38%) 325 0-48-22 0:2
Climbed trees 1(17) 4(19%) 0-85 0-07-9-4 1-00
Physical contact with hvmg animal
Pig 0 (0%) 0 (%) Undefined
Fruit bat 0(0%) 0(0%) Undefined
Cow 4(67%) 13 (62 %) 1-23 0-182-833 1-00
Goat 2 (33%) 9(43%) 0-67 0-099-4-5 1-00
Ate any animal that had been sick 0(0%) 1(5%) Undefined 1-00
Drank raw date palm sap . 1 (17%) 0(0%) Undefined 022
Visited the index case in a hospital 6 (100%) 0(0%) Undefined . <0001
Touched the index case when he was sick 5(833%) 0(0%) Undefined <0001
Been present in the same room with the index 6 (100%) 2(95%) = Undefined <0001
case when he was sick
Been present in the same room with the index 6 (100%) 0{0%) Undefined 004

case when he was coughing

OR, Odds ratio; Cf, confidence interval.

and fed and touched him. Both of them developed
NiV .infection within 10 days of contact.

Case-control study

We used proxy interviews for the three dead case-
patients, but not for any controls. The mean age
for cases and controls was similar [mean age (+5.0.)
24+4 years in cases vs. 24+7 years in controls,

=—0:097, P=09]. Cases were more likely to be
males than controls but this could be due to chance
(67 % males in case-patient group vs. 38 % in control
group, OR 3-2,95% CI10-5-22, P=0-2).

NiV case-patients were more likely than controls
to have consumed raw date palm sap in the 15 days
prior to illness (29 % in case-patients vs. 0% in con-
trols, OR undefined, P=0-056). Two (29%) of the
case-patients including the index case who had con-
sumed raw date palm juice bought it from a vendor
in the local village market. Although there were
sick goats in the outbreak-affected community, none .
of the cases or controls had any contact with them or
any other sick animal within 15 days prior to illness.
Moreover, there was no report of contact with fruit
bats.

In the analysxs for person-to-person transmission,
case-patients were more likely than controls to have
been present in the same room with (100% vs. 95 %,
OR undefined, P=0-000) or touched (83% vs. 0%,
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OR undefined, P=0-000) the index case. In a sub-
analysis in those who stayed in the same room with
the index case, case-patients were more likely than
controls to be present in the same room whén he was
coughing (100% vs. 0%, OR undefined, £=0-04).
Only case-patients had hospital exposure to other
NiV case-patients (86% vs. 0%, £=0-000), with
all reporting visits to the index case in the hospital
(Table 2).

Bat study

The team captured and sampled 118 P. giganteus
bats; 29 of which were juvenile bats. Of the 67 bats
sampled i km from the outbreak village, 34 (51 %)
tested positive on serum neutralization test [median
titre 30, range 5 to >640]. Three of the 34 serum
neutralization test-positive bats had NiV antibody
titres >640. In the neighbouring village, 15 km away,
27/51 bats {53%) had serum neutralizing antibodies
to NiV [median titre 20, range 5-320]. Of the 61
pteropid bats that were seropositive seven were
Jjuvenile bats [median titre 15, range 5-20].

DISCUSSION

Several lines of evidence suggest person-to-person
transmission as the pritnary route of transmission in
this outbreak. The epidemic curve showing a gap of

12~18 days between the single primary case and the
secondary cases corresponds with the incubation
period of human NiV infection [8]. Many of the index
case’s contacts (43 %), who came in physical contact
with the index case when he was ill, subsequently
became ill. In the case-control study, case-patients
were significantly more likely to be in contact with the
index case and were significantly more likely to be
near him when he was coughing. As subsequent cases
were limited to close contacts of the primary case, and
none of the contacts of the subsequent cases devel-
oped illness, we conclude that the index case was the
only NiV transmitter in this outbreak.

Five (83 %) of the subsequent cases came in contact
with the index case only during the last 2 days of his
illness when he developed respiratory symptoms. NiV
has been isolated from human saliva, urine, nasal and
pharyngeal secretions [9, 10] and there is évidence
of spread of NiV infection from direct contact with
respiratory secretions or other body secretions of in-
fected pigs and humans [2, 11, 12]. The probability
of NiV transmission is probably amplified during
the last stages of illness when respiratory symptoms
become more prominent and perhaps the concen-
tration of virus in respiratory secretions increases. In
Bangladesh, as the level of physical contact with the
patient intensifies with the severity of the disease [13),
this further increases the risk of {ransmission.

The NiV neutralizing antibody prevalence was
>50% in the bats sampled from the outbreak area
which suggests that NiV has circulated in this popu-
lation of bats. The result is consistent with findings
in other pteropid bat populatiéns in Malaysia, India,
and Bangladesh (1, 5, 14, 15). The bat survey was

performed approximately 1 month after the onset of

illness in the index case, and it is possible that infected
bats were present in the colony around the time of the
first human infection. Furthermore, the index case

had no evidence of exposure to clinically ill domestic

animals. He also had history of drinking raw date
palm juice before his illness which has been associated
with NiV infection in a previous outbreak inves-
tigation [3]. These lines of evidence suggest that the
virus was probably transmitted directly from its
natural reservoir, rather than an intermediate dom-
estic animal.

A limitation of our study is its reliance on proxy
interviews for some of the case-patients. This may
have obscured some exposure information. However,
we started our investigation within 14 days of the
death of the index case, and collected information
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from several proxy respondents. thus reducing the
likelihood that we failed to collect information on
probable exposure to risk factors. Another limitation
is the lack of serological data from controls. There
is evidence of subclinical infection of NiV from
Malaysia {16] which could have reduced power to
identify association due to erroneous inclusion of
cases as controls. Even with this potential limitation
our results identified a biologically credible pathway
for transmission.

Findings from outbreaks in Siliguri and Faridpur
illustrate that human-to-human transmission has
occurred repeatedly in the Indian subcontinent. The
social norm in Bangladesh is that family members
and loved ones provide hands-on care to sick
patients [13]. Further, hospital healthcare workers in
Bangladesh are reluctant to provide hands-on care to
admitted patients which increases the risk of trans-
mission to family members and relatives who provide
care without any training or supplies to reduce the
risk of transmission [13]. Efforts to educate care-
givers of their risk especially at later stages of illness,
while maintaining sensitivity to cultural mores, and
promoting basic infection. control practices such as
washing hands with soap after handling patients and
avoiding close physical contact [2] could limit trans-
mission of NiV and other diseases in people who care
for sick patients.
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