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1. Case description

A 38year old asymptomatic male presented to the sexuzlly
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 severat 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
© wirus (HIV), hepatitis B virus (HBV) - comprising hepatitis B sur-
face antigen (HBsAg), antibody to hepatitis B core (anti-HBc) and

Abbreviations: Anti HBs antibodies, anti hepatitis B surface antibodjes; HBV,
hepatitis Bvirus; STI, sexually transmitted infection; HIV, humanimmunedeficiency
virus; HBsAg, hepatitis B surface antigen: Anti-HBce, hepatitis B core antibody: HCV,
hepatitis Cvirus;ALT, Alanine aminotransferase; HBeAg, hepatitis 8 e antigen; MSM,
men who have sex with men,

* Corresponding author at; Eccles 5S¢, Mater Misericordiae University Hospital,
Dublin 7, Ireland. Tel: +353 1 803 2000,

E-mail addresses: Janeaohalloran@hotmail.com (JA. O'Halloran),
cfbdeg@hotmail.com {C.F. De Gascun), linda.dunford@ucd.ie (L. Dunford),
Michael.carr@ued.ie (M. Carr), Joffconneli@ucd.ie (). Connell), r.howard@mater.je
(R Howard), ¢crid.office@ued ie (W,W. Hall), John.Jambert@ucd.ie (1.5. Lambert).

1 The NVRL is part of the School of Meditine and Medical Science.
Tel.: +353 1 7164401,

1386-6532/% ~ see front matter @ 2011 Elsevier B V. All rights reserved,
doiz10.1016f.fov.201 106,020

-11-

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 mIUfmL (Table 1). Abooster dose was admin-
istered and titres measured two months after this were 13 miU/mL
(Abbott Architect). Afurther boosterdose was administered and the
anti-HBs titre in November 2007 was 161 miUfmL and 62 m{UfmL
on the Biomerieux VIDAS and Abbott Architect anti-HBs assays
respectively. At that time, he was consideted to have mounted
a satisfactory response to vaccination due to the presence of an
anti-HBs titre of >10mIUfmL in two assays, [n Decemnber 2009,
the patient presented to his primary care physician feeling gen-
erally unwell, with non-specific symptoms including fatigue and
myalgia. 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 HBV infection
{Table 1), OF note, the patient’s anti-HBs tifre was now <10 miUfmL.
These results were confirmed on a follow-up sample five days
later, 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 gepome was
amplified and sequenced on both strands (Genbank accession num-
ber HQ378247).7 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
bathe adw4 serotype.? Further analysis of the S gene did noteveal
the presence of significant vaccine escape mutations suchias G145R
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 cbserved in the
basal core promater and precore regions of the genome respec-
tively, in keeping with the positive eAg serology.> The patient did
not receive anti-viral treatment at the time of initial presentation
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Fig. 1. Neighbour joining phylogenetic tree based on Kimura-two-parameter model on the complete genome of HBY genotypes A-H, Phylogenetic analysis was performed
using reference sequences from Genbank, indicated on the tree by their Genbank accession nuimbers, Woolly Monkey HEV 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 wasz built in PAUP' {Sinauer Assodates, Inc.
Publishers). The numbers at the nodes indicate the percentage bootstrap replicates (n =1000) higher than 70%.
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Table 1
Development of Hepatitis B serological markers from April 2006 through August 2010,

Date Vaccine Anti-HBs Status

03/04/2006 Megative: HBsAg

21J04/2006 <10 mlUfmL (architect)

22[01/2007 13.28 miUfmL (architect) Negative: HBsAg .

29/08/2007 62.79miUfmlL (architeet)161 miUfmL (Vidas) Negative: HBsAg, anti-HBc total

08/10/2007 ' Megative: HBsAg, anti-HBctotal

12{11]2007 <10 mlbfml {architect) 27 mIU/mL (Vidas)

22[10/2009 Positive weak: HBsAg
Negative: HBeAg, HBeAb, anti-HBc total, anti-HBec 1gM

17/12/2009 Not detected (architect) Positive: HBsAg, HBeAg, anti-HBe total, anti-HBe 1gM
Negative: HBeAb

22{12{2009 Positive: HBsAg, HBeAg, anti-HBc total, anti-HBec 1gM, DNA
(>170 000 000 [U/mL)
Negative: HBeAD

09/02/2010 Not detected (azchitect} Positive: HBsAg, HBeAg, anti-HBe total, anti-HBe lgh, DNA
(92589232 1UJmL)

- Negative: HBeAb

03[03/2010 Positive: HBsAg, HBeAg, anti-HEc total, anti-HBe [gM
Negative: HBeAb

26[08/2010 Positive: HBsAg, HBeAg DNA (>170000 000 [UfmL)

Negative: HBeAb, anti~-HEc IgM

and was followed up at 3 monthly intervals, Subsequent serological

. investigation in June 2011 confirmed HBeAg-positive chronic HBY

infection with a viral load of >170 000000 IU/mL.

2. Why this case is important

This report describes, what is 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 o >10 miU/mL,
the accepted threshold for protection? This finding suggests
this patient was not protected from chronic HBY 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 m{U/mL as a threshold to deter-
mine immunity and do not routinely recommend booster doses
of vaccine, whereas others (including [reland) requite higher lev-
els (>100 mlUfmL} 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.9-13

3. Other similar and contrasting cases in the literature

Primary HBV vaccine failure is not uncommon among adults™
with studies estimating that up to 10% ofimmune competent adults
do not respond to HBV vaccine.516 However, very few cases of

- vidccine failiire have been documented in immune competent indi-

viduals who have an adequate anti-HBs response,!?18 A previous
report described acute HBV genotype A infection 14 years post
successful vaccination,!? although arguably this report does not
constitute vaccine failure. On the contrary. the repert of Boot and
colleagues actually serves to demonstrate the long-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.”® It is known that in highly vacd-
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 reported herein, two years following seemingly successful vac-

”

_13._

cination, a young homosexual male presented with acute genotype
F HBV infection that progressed into chronicity. It is undear why
this patient should have developed chronic HBY infection, although
acknowledged the final anti-HBs levels remained relatively low
despite five doses of vaccine, )

4. Discussion

Current vaccination for HBV utilises a recombinant antigen,
targeting the immunodominant ‘a* 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, Eurape
and North America. However, sequence differences exist in this
region between HBV genotype F viruses and genotypes A and
D.!® Indeed, genotype F is one of the most genetically diverse
HBV genatypes. [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, whao reported multiple unprotected sexuat
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
level, Nevertheless; Pezzano and co-workers reported that geno-
type F was more commonly associated with acute than chronic
infection and therefore the current case is surprising.?? One paten-
tial alternative explanation for the case described is that the jnitial
anti-HBs results were incorrect. This is unlikely. Firstly, testing was
performed in an accredited laboratory using internal quality con-
trols to menitor assay performance: in addition, external quality
assurance distributions 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 aover a 4 month periad, 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 antibedy
are known to wane over time2? Indeed, post-vaccine screening
is typically performed 2-4months following completion of the
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course of vaccine to ensure accurate anti-HBs measurement before
waning ensues. To the authors' knowledge, this is the first report
of a patient developing chronic HBV infection with a genotype
F virus following an appatently adequate anti-tiBs 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 vaccine protects against chronic infection
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-
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.
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and Development (OCOD) (HFM-40), 1401 Rockville Pike, Suite 200N, Rockville, 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,

http://www.fda. gov/BielogicsBlood Vaccines/GuidanceComplianceRegulatoryInformation/Guida

nces/default.htm.

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

U.S. Department of Health and Human Services
Food and Drug Administration

Center for Biologics Evaluation and Research
November 2011

-17-



g AT

Iv.

VI,

VIIL

Contains Nonbinding Recommendations

Table of Contents

INTRODUCTION o cctitiistesssnsssisssstssesmorserissessiasssssssssssssssssssssssssonssssssassssssasassassssssssssassass 1
DEFINITIONS ....coorenniirninenasainens Shsessrainesissses ettt e e s R e b n et s s e nban 2
BACKGROUND....... O VTSN 3
Al Rationale for Donor Screening Using HBV NAT ....corevecrmereccisscscnnissccreneriensesens 3
B. Donor Requalification .........eee.. erteereeee st ear e s san e st e s n s R s e e e on 7
RECOMMENDATIONS ..ottt sssssssssssrisnssisnstsstssssessesssessssssness 7
Al Donor Screening Using HBV NAT ... 7
B Management of Doners and Units Based on Hepatitis B Test Results ... 9
C. Requalification Methods for Donors on the Basis of HBY NAT and HBY
Serologic Test Resuilts on the Follow-Up Sample......c.ccccervnvunnee . 12
LABELING .ovreeinenanessenniaas esreasnnsssreasa et se et sre e raataene . 15
Al Circular of Information for Whole Blood and Blood Components Intended
for Transfusion ..t ssn . 15
B. Blood Components Intended for Further Manufacture........cocceeeeeecirrisessanes 15
C. Reactive Units and Product DiSposition .......curimessniinniiesconeresnicssans 13
REPORTING CHANGES TO AN APPROVED APPLICATION...cncousrirnsrenssenns 16
A. Test Implementation.......ues rerebesseeisssssbienibseraas e se e e a e e e b sb e snaress 16
B. Labeling ....... creensssssmeisasiiesere et st asbae R s e ans s R aR e n s nens . 17
C. Procedures for Requalification of DONOYS .....cciccessssiniisereenssnsnisneniesnianiae 17
REFERENCES....... Chetreresmesearrre st st S a s R SO P eh e RS R AR be A OSSR S S S a bt aren 18
i

_18_



Contains Nonbinding Recommendations

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. If does not create or confer any rights for or on any person and
does not operaie 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.

I INTRODUCTION

| We, FDA, are providing you, biood establishments that coliect 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
HBYV. 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(a) 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 (o contribute to the safety of certain plasma products.
(Ref. 2). Plasma units that are untested, non-reaclive (NR), or repeat reactive (RR) for anti-HBc are currently
acceptable for the manufacture of plasma derivatives (Ref. 2). Consistent with § 610.40(h)(2)(v), recovered plasma

-19-~




Contains Nonbinding Recommendations

for testing blood donations, as well as data obtained following the implementation of HBYV NAT,
to make future recommendations on adequate and appropriate testing for HBV. :

FDA’s guidance documents, including this guidance, do not establish legally enforceable
responsibilities. Instead, guidances describe the FDA’s current thinking on a topic and should be
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.

1L 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-1 RNA or HBV DNA or HCV
RNA. Performing a Discriminatory NAT on a reactive sample is a required 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 CFR 610.40(b)),
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 donate again. Donor
reentry procedures may be used following a false positive test result and typically require the
passage of time to allow for possible seroconversion prior to the performance of additional
serologic testing and NAT.

HBYV NAT assay with a limited supplemental test indication: Some HBV NAT assays have
received a limited supplemental indication for repeatedly reactive HBsAg test results. If a
donation tests HBV NAT-positive for HBY DNA using an HBV NAT with such 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 such 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)

Minipool: A pool of donor samples on which NAT (minipool NAT or MP-NAT) is performed
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-HBc reactive may be used for further manufacture into plasma
derivatives. :
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III. BACKGROUND

Under § 610.40(a), establishments that collect blood or blood components must test each
donation of human blood or blood component intended for use in preparing a product, including
donations intended as a component of, or used to prepare a medical device, for evidence of
intection due to certain communicable disease agents, including HBV. In addition, under §
610.40(b), you must perform one or more such tests as necessary to reduce adequately and
appropriately the risk of transmission of communicable disease. .

Currently, all Whole Blood and blood components intended for transfusion and all Source
Leukocytes intended for further manufacture are routinely tested for HBsAg and anti-HBc in
order to reduce the risk of transmission of HBV (Refs, 1, 2, 3 and 5). In addition, all Source
Plasma collections intended for further manufacture into plasma derivatives are routinely tested
for HBsAg in order to reduce the risk of transmission of HBV in manufacturing pools of plasma
derivatives.?

In the preamble to the final rule entitled “Requirements for Testing Human Blood Donors for
Evidence of Infection Due to Communicable Disease Agents,” published in the Federal Register
of June 11, 2001 (66 FR 31146), we discussed the approved donor screening tests that we
considered, as of that date, to be necessary to reduce adequately and appropriately the risk of
transmission of HBV. We also stated that as technology advances, we intend to issue guidance
describing those tests that we consider to reduce adequately and appropriately 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 licensed by FDA for the screening
of blood donors for HBV DNA and have the ability to detect the evidence of infection at an
earlier stage than is possible using previously approved HBsAg and antibody to hepatitis 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 and chronic hepatitis,
cirrhosis and hepatocellular carcinoma (Ref. 6). Most primary infections in adults are
self-limited, the virus is cleared from blood and liver, and individuals develop a lasting
immunity. Fewer than 5% of infected adults develop persistent asymptomatic infections
(i.e., a carrier state). However, infants and young children have a much higher likelihood
of developing a chronic hepatitis B infection than do older children and adults.
According to data obtained in 2004 from the Centers for Disease Control and Prevention,
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
uluuuuubulupluilub'.::u because of their under 1y 111“ disease ano/or because of medications
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. Chronically infected subjects have 100 times higher risk of developing

hepatocellular 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 estirnated 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. HBYV 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 blood
(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.
HBYV 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-HBe. 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 HBV 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.e., 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 HBY NAT that uses pools of up to
24 donation samples), FDA did not recommend use of HBY 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 beneflt, in addition to scientific data on detection of HBV in donors. One of
FDA'’s reasons for not recommending HBV NAT at that time was the sensitivity of HBV
NAT in the available format, when compared to the available serologic testing, did not
provide sufficient additional safety to the blood supply to warrant recommending its use.
FDA’s reasoning was based on information that most blood establishments would have to
test pools of 24 samples (thus diluting the individual samples by 1:24), because 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-Probe, Inc., San
Diego, California), which uses up to 16 donation samples in a pool and
COBAS TagScreen MPX Test (Roche Molecular Systems, Inc.,
Pleasanton, California), which uses up to 6 donation samples in a pool.
These multiplex assay systems can simultaneously detect HIV, HCV and
HBYV in a single donation, thus improving the feasibility of routine NAT
testing for HBV. FDA has also licensed the UltraQualTM 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.)

With the recent advance in technology and increased automation enabling
the performance of NAT with smaller pools of samples and individual
samples, more sensitive HBV NAT testing of blood donations is now
possible, resulting in an increase in the number of window period HBV
DNA positive/HBsAg negative units that could be detected.

There is now more information available on the role of vaccination of
donors and recipients against HBV infection that indicates that protection
for the long term is not absolute (i.e., breakthrough infections can occur in
previously vaccinated individuals who are exposed to the virus) (Refs. 10
and 15). Breakthrough infections are characterized by HBY 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 and anti-HBc
development may be delayed or might not occur. Development is 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 donors compared to 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,
HBYV mutants appear to be more likely to be detected by HBY NAT than by HBsAg

assays (Ref. 10).

1MAranoo

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-IIBs positive/HHBsAg negative blood

(Ref. 25). Therefore, there can be no assumption of non-infectivity of units from donors

with breakthrough infections containing HBY 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 aiso 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 compenents intended for transfusion. However, because of

technological advances that have occurred since the time of the BPAC meeting in 2009, Y
we are recommending a sensitivity standard of 100 IU/mL for HBV DNA detection in an /
individual 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 HBY 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 1U/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.*>

At the July 21, 2005 BPAC meeting (Ref. 28), the Committee agreed with FDA’s
proposed requalification criteria for donors of Whele 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 [U = ~5 copies
of HBV DNA/mL].* Donors with negative resuits 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 I'V.C. :

IV. RECOMMENDATIONS

A. Donor Screening Using HBV 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, California): Triplicate testing using
the multiprep specimen processing procedure. See package insert.

Procleix® 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 transmisston of
communicable disease, including HBV.

1. 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 HI'V 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.

2. 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 HBY 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 appropriate 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 HIBV 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 compenents that are reactive for HBsAg and/or anti-liBc 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 HBYV NAT with a limited
supplemental test indication, and if that donation also tests HBsAg
repeatedly reactive in a screening test, the HIBsAg test result can be
recorded as HBsAg positive. [n this case, an HBsAg neutralization test
need not be performed. However, if a donation tests HBY 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.

Maragement of Donors and Units Based on Hepatitis B Test Results

Donor and Unit Management When the HBY DNA NAT Result is
Negative

a. [faunit tests negative by individual donation NAT (ID-NAT) for
HBYV 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.

c. 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
e
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Donor and Unit Management when the HBY DNA NAT Result is Positive

a. Inaccordance with § 610.40(h), except for autologous donations under
§ 610.40(h)(2)(i) 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).

c. 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-nositive, 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 1s 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
HBYV DNA NAT Result is Positive

Categary | HBV NAT Resulff HBsAg Result Anti-HBc Result Donor 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 Reaciive / | Repeat Reactive
Not Confirmed
4 Positive " Non-Reactive Repeat Reactive Discard unit;
Positive Non-Reactive Non-Reactive Indefinitely defer donor;
6 Positive Repeat Reactive / Non-Reactive Donor may be eligible
Not Confirmed for reentry
T Using a s¢reening test, as described in section IV.A. 1.
*#Using eitller an HBsAg neutralization test or an HBV NAT with a limited supplemental test indication, as
described ifi section 11 and section IV.A3.

d. Inaccordance with § 610.40(h), except where you have obtained
. FDA’s written approval for the shipment or use in accordance with §
610.40((2)(iD)(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 | through 3).

e. 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 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. Inaccordance with § 610.41, you must defer a donor who tests
reactive for tests for HBV, and in accordance with 21 CFR 630 you
must 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 [V.C.

11
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Table 2. Donor and Unit Management (Source Plasma for Further Manufacture)

et oo ol TTTME ™ AT TR A 2
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UdILIYE

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-Reaclive Discard unit;
Repeat Reactive / indefinitely defer donor,

3 Positive Not Confirmed Donor may be eligible

for reentry

T {sing a screening test, as described in section IV.A.2.

* Using either an HBsAg neutralization test or an HBV NAT with a limited supplemental test
indication, as described in section III, and section IV.A3.

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 TU/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 TU/mL at
95% detection rate), HBsAg and anti-HBc FDA-licensed assays.

a. If the new follow-up sample tests positive by FIBV NAT, regardless of

HBsAg and anti-HBc test results, we recommend that you permanently
defer the donor (Table 3, Category 1).

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.e., the
donor is eligible to donate in the future), provided the donor meets all
donor eligibility criteria in § 640.3 (Table 3, Category 2).

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

12
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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 [U/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 IV.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 components 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 [V.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. Ifanew 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 eligible 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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¢. 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 {Tablc 3, Catcgory 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 [V.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
IvV.Cz2

Table 3. Reentry of Donors of Whole Blood and Blood Compenents 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.

HBV NAT Result .
. HBsAg and/or Anfi-
Category |  (sensitivity of <2 | yp. Result (Anti-HBc Donor
(1} .
iUImL_at 95% 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 evé[uation, see
FDA guidance documents that
discuss donor testing for
HBsAg and anti-HBe.  Refs.
1,2and 3.)
3. Management of Donors and Units with Non-Discriminated Reactive Test

Results

[4
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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 NATS 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
[V.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:

“I icensed 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
HBYV.

C. Reactive Units and Product Disposition

NAT reactive units must not be shipped or used, except as provfded 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,”

™
ra

“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 HBYV 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
HBYV 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
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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)).

If you revise your labeling to include alternative statements, you must
report this change as a PAS labeling supplement in accordance with §
601.12(H(1).

C. Procedures for Requalification of Donors

L.

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), indicafing the date that the
revised standard operating procedures were implemented.

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 to 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.
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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 HCVY

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. vears (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 {=75
years) was estimated by the exponential model. BBV 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 HBY 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. Copyright ® 2011 5. Karger AG, Basel

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

1 A © 2011 5. Karger AG, Basel
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infection has been estirated 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 § 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 Population :

Japan is divided into 8 areas, along its north-to-south axis, ac-
cording to jurisdiction of the Japanese Red Cross Blood Center,
iy” Hokkaido, Tohoku, Kanto, Hokuriku/Tokai, Kinki, Chu-~

( 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 2606, 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 jnfection was determined.

(\ ichool 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 af 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
Sto 9 years. Designs and procedures of this investigation were ap-
proved by the Ethics Committee of Hiroshima University.

Simulation of HCY and HEV 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-
icprevalence of HCV in the individuals aged =75 years was sim-
ulated by an exponential function model; it was constructed on
the prevalence of MCV in each age group =50 years.
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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 a2 and b are coefficients.
The equation is transformed into:

},(x) - eaebx

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

group aged 0~4 years), since y(0) is equal to 2. By replacing x for

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

Y+ D= eby(x)

where e? is the slope of HCV prevalence increasing with age. Thus,
the HCV prevalence is multiplied by a factor e 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 areas in the individuals =75 years.

Prevalence of HBV in the individuals =75 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 hernag-
_glutination of the second generation with commercial assay kits
(HCV PHA; Abbott Laboratories, North Chicago, IIL., USA) with
a cutoff limit set at 25, as well as by particle agghutination with
commercial assay kits {HCV PA Test-1I; Fujirebip, Inc., Tokyo,
Japan). HBsAg was determined by reversed passive hemeggluti-
nation with reagents prepared by the Japanese Red Cross.

In examinees of periodical health check-ips, 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 immuncassay with commercial assay kits (AxSYM HCV
Dinapack-1II; Abbott Labaratories). Samples with high anti-HCV
titers contain HCV RNA, and therefore, anly those with low and
middle titers were examined for HCV RNA. HBsAg was deter-
mined by reversed-passive hemagglutination with commercial
assay kits (Institute of Immunology Co., Ltd, 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-HCV were considered

Tanaka et al.
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Fig. 1. Age-specific prevalence of HCV in Japan. The prevalence of HCV was determined in the first-time blood
donors aged from 15 to 68 years (blue dots) and examinees of periodical health check-ups aged from 39 to 73
years (red dots). Their ages were adjusted to those in the year 2005. Bars indicate ranges of 95% CI.

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

Undiagnosed HCV and HBV Carriers in
Japan :

Table 1. Age-specific prevalence of HCV in three different popu-
lations

Age in 2005 n HCV- Prevalence, %
positive,n {95% CI)
School children :

5-5 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)3\
30-34 408,814 1,089 0.186 (0.173-0,2005
35-39 278,024 1,180 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)
55-5% ‘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 (1.649-1.638)

# The prevalence in blood donors was based on an assumption
of HCV infection persisting in 70% of those with anti-HCV [5],
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Fig. 2. Age-specific prevalence of HCV in § jurisdiction areas in Japan. The prevalence of HCV is calculated in
each of twelve age groups notched by 5 years. The prevalence in five groups =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 =75 yearsin
the year 2005. To {ill 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 04 years was as-

surned 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 Intervirclogy 2011;54:185-195

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 2 high coefficient of determination between them,

Tanaka et al.
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Table 2. Regional and tota] HCV carxiers

in Japan Areas Population HCV carriers (95% CI} Caxrier 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%
Hokurikn/Tokaj 19,294,443 132,434 (114,216-154,446) 0.69%
Kinki 22,657,542 173,808 (147,548-207,173) 0.52%
Chugolku 7,650,977 53,296 (42,299-67,698) 0.70%
Shikokn 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%
Table 3. Age-specific prevalence of HBV. ) .
in three different populations Age in 2005 | 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% 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)
6569 1,268,304 12,406 0.978 (0.961-0.995)
70-74 1,057,468 9,545 0.903 (0.885-0.921)

with R? values ranging from 0.831 to 0.985 (p < 0.031 and
2 << 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 8 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 HBV was represented

190 Interviralogy 2011;54:165-195

by the prevalence in the group of 70-74 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 .

Figure 4 depicts age-specific prevalence of HBV in
2005. Tt was deduced from HBsAg in the first-time blood
donors (15-69 years) and examinees of periodical health
check-ups (39-73 years). Since 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. 4. Age-specific prevalence of HBV in Japan during 2002-2006. The prevalence of HBV was determined in
the firsi-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% CL.

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 periodica) health check-ups, the age-
specific prevalence of HBV did not diverge and stayed
within a 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.

Areq-Specific Prevalence of HBV in Eight Jurisdiction
~ Areas v

The age-specific prevalence of HBsAg varied widely
among 8 jurisdiction areas (fig. 5). HHBsAg 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 A

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.

5 Years (2000-2005) in Japan

Table 5 compares numbers of HCV and 1—IBV carrier
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.

Shift of Undiagnosed HCV and HBV Carriers durz'ng f '
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Fig. 5. Age-specific prevalence of HBV in 8 jurisdiction areas in Japan. The prevalence of HBY is calculated in
each of twelve age groups notched by 5 years. The prevalence in five groups =39 years was represented by the
first-time blood donors and that in seven groups =40 years by recipients of HCV screening, Bars indicate rang-

o es of 95% CI.

Table 4. Regional and total HBV carriers in Japan

Areas Population HBYV carriers {95% CI} Carrier rate
Hokkaido 5,620,813 80,573 (72,314—38,765) 1.43%
Tohoku 12,047,975 . 104,736 (97,742-111,816) 0.87%
Kanto 41,247,692 _231,799_(220,129-244,105) 0.56%
Hokuriku/Tokai 19,294,443 109,709-(101,722—-117,581) 0.56%
Kinki 22,657,542 144,965 (134,387-155,454) 0.64%
Chugoku 7,650,977 59,948 (52,705-67,121) 0.78%
Shikoku 4,083,698 29,776 (26,080-33,437) 0.73%
Kyushu - 14,662,313 141,639 (132,111-151,282) 0.96%

- Total 127,285,653 903,145 (837,189~-969,572) 0.71%
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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
aumber carrier rate number carrier rate number balance
estimated  in area® estimated  in area’ estimated
Shift of HCV carriers during 5 years from 2000 e 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 0.55% -26,993 ~62.1%
Kyushu 120,989 1.16% . 64,115 0.63% ~58,874 -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%
Tohokn - 104,923 121% 48,490 0.58% -56,433 -53.8%
Kanto 255,207 0.83% 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%
Shikokn 38,411 1.32% 18,162 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].
® 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 clinjcal 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,
60 and 70 years, by a 5-year national projectin Japan. The
target age range (40-70 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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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 § 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-
in a rather small Jand, 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 HBV, 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 Twate 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 haif 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
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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% C1 295,410-501,453) and that of
undiagnosed HBV carriers tobe 506,830 (95% CI1 398,115~
616,113). In the previous study [5], undiagnosed HCV and
HBV carriers aged 15-69 years in the year 2000 were as-
sessed to be §84,954 (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
Japan is verylow and estimated at 1.86 (95% CI 1.06-3.01)
or 2.78 (1.87-4.145) per 100,000 person-years [10]. De-
creases in undiagnosed HCV and BV 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 effect in
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 III, 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
HCYV 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-care 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

Tanaka et al.
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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
with ever-increasing morbidity and mortality along with
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Widespread distribution of hepatitis E virus
in plasma fractionation pools

S. A. Baylis, 0. Koc, 5. Nick & J. Bliimel
Paul-Fhrlich-institut, langen, Germany

Dear Editor,

We have investigated plasma fractionation pools, used in
the manufacture of plasma-derived medicinal products, for
HEV RNA and anti-HEV IgG. Plasma pools were obtained
from Europe, North 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 fn = 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 pools
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, which 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 currenily standardized. HEV
viraemia in blood donors can exceed 7 log,y 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 poels (GenBank, accession numbers JN257704-
JN257711) revealed that genotype 3 viruses were found in
Europe 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
zoonotic transmission in some cases.

The presence of anti-HEV 1gG in pools was determined
using enzyme immunoassays from MP Biomedicals (MP
Biomedicals Asia Pacific, Singapore) and Axiom (Axiom
Diagnostic, Biirstadt, Germanyj. Only Asian pools were
found 1o have anti-HEV IgG levels greater than the cut-ofl
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 pools for the presence of HEV
RNA

No. positive/
Source of pools no. analysed
Europe 3/34
Ewrope/North America 073
Narth America 1/4
Middre East /1
Southeast Asia 4/23
Overall 8/75

RT-FCR was perfprmed wsing tatal nucleic acid extracted using the COBAS
AmpliPrep instrument {Roche Diagnostics GmbH, Penzberg, Gerrmany). HEV
RNA was detected using the 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 agarose gel electrophoresis and sequenced directly
for genolyping 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, aithough
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 inaciivation and composi-
tion of the mairix [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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Dear Editor,

We read with interest the letter from Baylis er al, [1]
reporling on the delection 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 peols were HEV RNA positive and
discuss the transmission risk through the use of plasma-
derived medicinat 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-
sicn-associated transmission [2]. To ascertain [urther 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
lhepatitis 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 (0-79%) had delectable
HEV RNA. As expected, viral loads in the HEV RNA-
positive pools were low (< 2000 GEg/ml). Additional HEV
antibody (anti-HEV) testing found all & (100%} and 1/6
{17%) of the HEV RNA-positive pools to be anti-HEV [gG
and IgM reactive respectively. Of the 100 HEV RNA-nega-
tive pools tested, 72% and 0% were HEV IgG and IgM
reactive respectively.

The high incidence of asymptomatic infection with HEV
gives ample opportunity {or 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 occur per year’B}. It is therefore per-
haps unsurprising that our study demonstrates a high anti-
HEV IgG prevalence in the mini-pools {ested. The detection
of HEV RNA and anti-HEV IgM demonstrates current HEV
infections. In contrast, Baylis et al. {1] found HEV IgG only
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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 Burope but de 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-containing
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
~750% of UX 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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Distribution of parvovirus B19 DNA in blood compartments and
persistence of virus in blood donors

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

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

STUDY DESIGN AND METHODS: Two whole blood
{(WB) protocols (ultracentrifugation and a rapid RBC
lysis and removal protocol) were evaluated using guan-
titative real-ime 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 immunao-
globulin (Ig)M-positive stage of infection in blood donors
when plasma B18V DNA concentrations were greater
than 100 |U/mL, median DNA concentrations were
approximately 30-fold higher in WB than in plasma. In
contrast, when IgM was absent and when the B18V
DNA concentration was lower, the median WB-to-
plasma ratio was approximately 1. Analysis of [ongitudi-
nal samples demonstrated persistent detection of B18V
in WB but declining ratios of WB to plasma B19V with
declining plasma viral load levels and loss of Igh
reactivity.

CONCLUSIONS: The WB-to-plasma B13V 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 1gG is
present. Further study is required fo 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.
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he understanding of the natural history of
parvovirus B19 virus (B19V) infection is that in
most immunocompetent individuals (e.g., bloed
donors), viremia occurs approximately 1 week
after infection and persists at high titers in plasma for
approximately 5 days.! Immunogiobulin (Ig)M antibody
develops at approximately 12 days after infection and IgG
antibody follows within dayvs coinciding with precipitous
declines in plasma viremia levels. Subsequently, plasma
viremia disappears generally within weeks, IgM 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 ithas 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 DINA persisting for more than 6
months in conjunction with IgG antibody**
The receptor for B19V on marrow red blood cell (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 Bvaluation and Research; RADAR = REDS Allogeneic
Donor and Recipient Repository; TC = target capture; VL(s) =
viral [oad(s); WB = whole blood.

From the Blood Systems Research Institute, San Francisco,
California; Westat, Rockville, Maryland; the University of British
Columbia, Vancouver, British Columbia, Canada; and the Uni-
versity of California, San Francisco, California,

Address reprint requests to: Michael P. Busch, MD, PhD, 270
Masonic Avenue, San Francisco, CA 94118; e-mail: mbusch@
bloodsystems.org.
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circuiating RBCsin almost all individuals, with the excep-

B19‘\f {0 mature RBCS is known to occur and has been
exploited in development of RBC BL9V antigen agglutina-

I ATels] assays. 10 'Tlnrc-' it ig rhanmrmqﬂw nnes:hln that a sub-
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stantial proportion of B19V in blood is adsorbed to or
persists within RBCs from the infected erythroblast phase
and that B19V DNA concentrations will consequentdy
differ in plasma and cellular blood compartments. Aiso, it
is unknown if the partitioning of B19V between plasma
and celluar 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 [WBCs), or 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 f{ractionation.'?
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 individual 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 impoitant if policies evolve
toward further testing.

This study’s major ohjective was to establish the rela-
tive concentrations 0f 19V DNA in plasma versus WB 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 samples. 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 uliracentrifugation protocol; 2)
spiking high-titer B19V standards into fresh and frozen
WB to establish the partitioning of exogenously spiked
BigV 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 owr standard plasma
‘TC-PCR and this novel WB protocaol 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.

B19 COMPARTMENTALIZATION AND PERSISTENCE

MATERIALS AND METHODS
Standard B19V assays
Piasma BigV PCR assay

Tlain noomer An o Amamviliad Anvar? Ha Y
1115 assay has Lucuuumy been described in detail.™ It

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 Bi9V genome. Assay
sensitivity was established as a 50% limit of detection of
1.6 [U/mL (95% confidence interval [CI), 1.2-2.}) and a
95% limit of detection of 16.5 ITJ/mL (95% CI. 10.6-33.9).
When run against a standard curve, the assay can also
be used to quanify BI9V DNA with the lower limit
of quantitation at 20 IJ/ml. Alternately, in in vitro
spiking studies a difference in cycle threshold (i.e, 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 f[or the presence of B19V IgG
and IgM antibodies against a recombinant VP2 protein
with Food and Drug Administration (FDA)-licensed
test kits (Biotrin, Dublin, Ireland). Due to sample volume
considerations, testing was performed in singlicate
{(rather than in duplicate as stated in the package insert}
by accessing a 0.25-1mnl 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.'*1®

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 WRB-spiked
controls at serial twolold 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; http://www.lags.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 2017 TRANSFUSION 1897
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Validation of the ultracenirifugation protocol using
pldsma 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 rermoved and the pellet
digested with proteinase K (20 mg/mL) overnight; these
samples were processed by B1SV TC and amplified using
our real-time PCR protocol. The results from the uliva-
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 WB

Fresh WB, spiked with B19V to achieve a concentration of
100,000 1U/mL (derived from a high-titer plasma dona-
tion that tested negative for B19 IgM and IgG 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, Ieaving 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 KC],
0.01 M Tris Base pH 8.3, 0.0025 M MgClGH0) and
Solution B (10 mM Tiis, plf 8.3, 2.5 mM MgCL61H,0, 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 156 minutes. Both
pellets and supernatants were tested for B19V DNA by TC

" and real-time PCR amplification. -

Separation of WB into compartments after incubalion
with B18V

Plasma containing B18 virions was spiked into freshly
drawn WB to achieve a concentration of 100,000 IU/mL
followed by incubation at room temperature for 24 hours.
After incubation, the WB was centrifuged at 833 x g for 5
minutes t0 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 compariments.

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

1898 TRANSFUSION Volume 51, September 2011
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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 cells 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 presurnably bound viral particles, was col-
lected into a tube and subsequently ultracentifuged. The
pellet was washed again {o ensure no residual lysis sotu-
tion remained. The RBC supernatant and the wash solu-
tions were ultracentrifuged at 50,377 x g (Sorvall Stratos,
Thermo Scientific) 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
ultracenirifugation 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

WE preparations

To address the problem of processing WB [or detection of
both plasma and cell-associated nucleic acids without
use of ultracentrifugation, we developed a new method
for rapid RBC lysis and removal of hemoglobin (Hb) and
other possible inhibiters of TC and PCR processing
(FlemoBind WB processing protocol). An equal volume
of 6 molar guanidine-I1Cl-0.2 mol/L ethylenediaminetet-
raacetat lysis buffer (pH 8.0) was added to 0.5 mL of frozen-
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 remainin the guaniding
lysate supernatant. One milliliter of HemoBind buffer was
added to 1 mL of the lysate supernatant, along with 20 pL
of proieinase 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 {or plasma TC was followed. As with the
plasma protocol, the WB samples were amplified with
internal controls, Results from samples with positiveinter-
nal controls were deemed valid. Valid results with less or
equal to 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
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The National Heart, Lung, and Blood institute RADAR
repositony was establishied 10 Investigate possible
transfusion-transmitted 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 enrolied subjects gave informed consent
for frozen storage of their specimens and for subsequent
testing of these specimens for possible (ransfusion-
transmissible infections. There was no restriction on how
inany 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 specimens 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
macle additional repository donations which had not yet
been evaluated for B19V DNA. We found that of the 149
PCR-positive donors, 43 had sampies 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 BI19V PCR using the HemnoBind protocol, and B19V
'IgM and IgG antibody assays. Quantitative results frorh
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 plasma B19V PCR and antibody results
from previous studies rather than performing these tests
again due to 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

ArramtiFativn Antantisae lHenis oF an l’TT.'mI Bi1ovV DNA worn
YyuaniudtiVE GGLECLGHA LMt Gx v ol wlEy

assigned a value of 10 IU/mL.

Donation andf/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. Adonor was classified as
recently infected if a2 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
IgG 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 piasma
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 plasina was performed.

RESULTS

Recovery of B19V DNA from spiked plasma 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 {(Cy) difference cor-’
responds to a twofold difference in starting concentration
of the target nucleic acid, these ACr results indicate that
the B19 virion particle-associated DNA recovery using the
ultracentrifugation protocel was greater than 98% (i.e.,
only 1/2°ta 1/2' 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 note, the Cr 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 real-time PCR assay
(Table 1 and Kleinmen et al.'§).

Frozen WB samples spiked with 100,000 IU/mL ofB19
virions were then tested to determine the recovery of B19V
DNA by the ultracentrifugation protocol. The Cr vatues of
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ultracentrifugation protocol

TABLE 1. Recovery of spiked B19V DNA spiked into plasma using the

of B19 virus or DNA is associated with
cellular constituents and one-third with
plasma, similar to the resuits derived

B12V DNA spike (fU/mL} Pellet Cr  Supernatant Cr ACT Yo recovery in pellet with the ultracentrifugation protocol
1000 30.5 - 87 6.5 98.9 . . .

500 315 41 9.5 09 8 using spiked WB preparations, but that
250 325 40 7.5 99.5 this binding is weak and reversible.

125 33 39 6 984

62.5 34 50 16 100

real-ime PCR amplifications were compared between the
uktracentrifuge pellets and supernatants. In four experi-
ments, the ACr between the pellet (Cr = 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 IU/mL 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.

The results 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 Bi9V 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 B19V 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 plasma. 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 vitio spiking experiments reported above, high
concentrations of virus (100,000 IU/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 yielded no detectable B19V DNA
after ultracentrifugation and TC-PCR. Because the ultra-
centrifugation protocel had low viral recovery at the low
end of the WB standard curve, we created 2 new protoco)
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 celivlar
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-titne PCR in parallel with plasma standard controls.
InFig. 2, the Gy of real-time PCR ampilifications 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 WBJ,
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-
{erential Cr's of only approximately 0.5 cycles.

Comparison of B19Y DNA in 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

Vi
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Fig. 1. Distribution of B19V DNA in compartments of WB samples after incubation with B19 virus steck at 100,000 I{/mL. The rela-
tive concentrations of recovered B19V DNA are plotted on the y-axis using the concentration in the plasina sample as a refercnce
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 BI9V 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 sampies 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 IU/mL, this median ratio
was 19.5, whereas thie 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).

B19Y DNA WB-to-plasma ratios at different
infection stages

In Fig. 4, B19V DNA WB-to-plasina ratios for 74 blood
donations with gquantitative (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-puositive, IgG-positive
recent infections, the mean ratio was 66.1, with a median
of 17.4 and arange of 0.8 to 824.3. For 54 remote infections
{IgM negative, IgG positive), 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 B13V DNA of
greater than 100 [U/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 DINA and antibody resuits from one represen-
tative B19-viremic blood donor with recent infection (IgM
positive) that evolved to chronic persistent infection. This
donor had repository samples from donations made
during both the early and the later stages of B19Vinfection

Volume 51, September 2011 TRANSFUSION 1901

...63...



LEE ET AL.

TGC-PCR vs UitraCentrifuge-PCR
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Fig. 2. Viral recovery from uitracentrifugation and HemoBind
TC protocols. The y-axis shows mean G;s (n = 4) with ﬁ},‘SD
error bars of real-time PCR amplification. The B19 viral input
is plotted on the x-axis in base 2 log (2") format since PCR
amplicons theoretically double in quantity per ampiification
cycle. The control standards are serial twofold dilutions (1000,
500, 250, 125, 62.5, and 31.25 1J/mL}. TC-HemoBind WB (M)
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. UltCig-Plasma
{A) and UltCfg-WB (X) refer to protocols using ultracentrifu-
gation and real-time PCR amplification.

as evidenced by serial donation samples with decreasing
IgM reactivity in paralle] with increasing IgG 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
donors 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
TgM antibody in the initial PCR-positive donation (eight
cases shown in Fig.5B; four cases not shown}. Thiee
donors with BI9V 1gG antibody but without detectable
B19V DNA on their initial donation showed detectable
low-level B18V DNA on their follow-up donation; this may
represent either intermittent low-Ievel viremia or a limita-
tion of our assay in consistently detecting such low BI9V
DNA levels (Fig. 5B, and not shown). Finally, we found one
antibody-negative donor with a low level of B19V DNA in
both plasma (132 IUfmL) and WB (15 IU/mL); on a sub-
sequent donation given altmost 6 months later, this donor
tested B19V DNA negative but did not demonstrate anti-
body serocenversion (case not plotted in Fig. 5B).

DISCUSSION

Because B19V is known to infect and replicate in erythro-
blasts in the marrow and because matwe 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 cells and hence viral DNA concentra-
tions might differ in WB and plasina. In addition, previous
work with other viral agents had demonsirated that for
some viruses that exhibit significant plasma viremia (e.g.,
human immunodeficiency virus [H1IV], 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
particles to celludar constituents of blood, including PLTs
{for HIV and Dengue)'*? and RBCs {for HIV and WNV). 22

Before evaluating cases of natural B19V infection, we
began our study by evaluating different laboratory proto-
cols for BI9VWB 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 pg/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 bath
at the TC and amplification steps.®*7 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 B19VVLs 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 [U/moL (median, 20 IU/mL). In the midrange of VL (>20-
100 /L, n = 24), the mean WB VL was 100.63 IU/mL (median, 63.2 10/ml). At the high end, when the plasma VL was greater than

- 100 [U/mL (n = 22}, the mean WB VL was 3.48 x 10° IU/mL (median, 9193 (UfmL}). (B) WB-io-plasma VL ratio rejative to piasma 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 1U/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
ihe plasma VI, was greater than 100 1U/mi, the WB-io-plasma ratio range was from 0.15 to 1332, with a median of 19.47 and mean

of 103.52.
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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 thatless than one-third of B19Vspiked into WB
was present in plasma, with the remainder in the cellular
compartments and primarily in the RBC compartment.

When this ceffular 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 cellutar preparation. We speculate that the
explanation for these results is loose binding of spiked
B18V 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

WB-to-plasma VL ratio vs. antibody status . ™
B19 particles/mL of plasma for positive results. 282

110° . . The above spiking and recovery studies were per-
formed using a high concentration of B19V. Further

experiments demonstrated that the ultracentrifugation

07 . protocol was not efficient in recovering B19V when lower

cancentrations 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 particles or microbeads to facilitate B19V
recovery at low spiking levels could potentially overcome
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 protocol 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

10°4

WE Vi/plasma VL0

10" T T
gM+f IgG + Ight+f 1gG+
Antibody status

Fig. 4. Box-and~-whisker plot of the BI9V DNA ratios of WB
samples to plasma samples based on IgM and IgG status, IgM
positive and IgG positive (IgM+/1gG+; 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).

TABLE 2. WB-to-plasma ratios for units with quantitative B19V DNA results of greater than 20 1U/mL.
. WEB-to-plasma DNA ratio
1gM positive IgM negative

Plasma DNA concenliration Number Mean Median Number Mean Median
>20-100 ] 443 2.15 18 2.19 1.06
=100 14 1373 29.7 8 44.4 2.64
Total* . 20 974 13.9 26 ’ 15.2 1.82

* Data for 58 IgM donations with DNA results that were negative or less than 20 IU/mL are not included.

»

Fig. 5. B19V distributions in blood compartments and persistence in infected RADAR donors. (A) B19V DNA concentration and
serologic status over time for a blood donor with chronic persistent BI19V infection. IgM (¢} and IgG (W) signal-to-cutoff (5/CO)
ratio is plotted on the feft y-axis, while the corresponding plasma (A) and WB (@) B19V DNA concentrations In fU/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 resuits for all tested donations from 29 donors with at least one donation ata
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 plasma samples (¥, V). The closed symbols denote samples with detectable B19V DNA results and the open symbols
denote negative B19V DNA results, [gM-positive donations are indicated by boxed symbols.
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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 vielded 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 demeonstrated 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 Igh immune com-
plexes, more BI9V 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 B19V 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 could circulate for several months har-
boring B19V and account for the differential partiticning
of DNA during the convalescent phase of infection.
Further experiments that wili 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 B19V detection analyses.

Although B19V infection had been classically consid-
ered to resultin an acute transient infection, recent studies
have established that chronic asymptomatic as well as
symptomatic persistent B19Vinfections occurin a propor-
tion of infected persons.*” Such infections are character-
ized by prolonged periods with low [evels 0f B19V DNA in
blood of IgG-seropositive donors and patients. The rate of
occurrence and determinants of persistent B19Vinfections
are poorly understood. A few patients have been reported
to have asymptomatic persistent B19 viremia forup to 3 to
5 years using highly sensitive PCR assays. Prolonged per-
sistence of low-levé]l 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 virernia and seroconversion,®
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In this study, using a highly sensitive B19V DNA assay,
we demonstrated that persisternt B19V infection occurred
in 88% of evaluable blood donors who had given at least
one sample more than 6 months after plasma B13V 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 blood
donor studies reported recently from Germany and
Fapan.®" In addition, we found that BL9V DNA persistence -
could also be detected by our WB assay, but without incre-
mentat detection relative to plasma; this is explained by
the low titers of virus and absence of [gM 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 1gG
antibody, which is contrary to the usual high viral loads
(VLs; >10° [U/ml) that are detectable prior to antibody
seroconversion. In addition, this donor did not serocon-
vert to 1gG on a follow-up sample as would be expected. Tt
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
results 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
levels 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 reportéd 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 nonviral agents, including those
that are internal to RBCs (e.g., malaria or babesia para-



sites) or that partition with WBC fractions (e.g., Trypano-
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Variability of parvovirus B19 genotype 2 in plasma products
with different compositions in the inactivation sensitivity by
liguid-heating

M. Tsujikawa, H. Nishigaki,! M. Yashikawa, R. Furuki,' K. Takahashi,’ ). Adan-Kubo,"? Y. Shimamura,' T. Urayama,’*
S. Hattori," K. Sakai,” M. Yunoki'? & K_ kuta?

"0soko Research Loboratory, Research ond Development Division, Benesis Corporation, Osoka, Sopan

*Department of Virology, Rescarch Institute for Microbial Diseases, Oseko University, Osoko, Jopan

Background and Objectives Our previous report showed that parvovirus B19
genotype 1 in different solutions 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 [ and
the other genotype 2 DNA were used. Four process samples collected immediately
before the heat treatment step in the mamufacture of albumin, immunoglobulin,
haptoglobin and antithrombin preparations were spiked with B19 and subsequently
treated at 60°C for 10 h. A low pH immunoglobulin solution was also spiked with
B19 and treated at room temperature for 14 days. Infectivity was then measured.

Vox Saélguiﬁis

Results B19 genotype 2, similar ta 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 soju-
tions also resembled that of genotype 1.

Conclusion Both genotypes 1 and 2 of B19 varied in sensitivity to liquid-hcating

Received: 13 Februory 2011, and low pH among different plasma preparations.

revised 28 May 2011, Key words: genotype 2, heat & pH sensitivity, parvovirus B19, plasma products,
accepted 36 Moy 2011 viral inactivation.
Introduction DNA sequence had been regarded as extremely stable, with

variation of only approximately 1-2%. However, new vari-

Human parvovirus Bi9 {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 hurn pathogen
in the genus Erpthrovirus in the family Parvoviridae (1]. Its
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ants {V9, A6 and Lali) have been reported to differ from
genolype 1 by approximately 10% [2-4]. Genotypes 2 and
3 seem to have similar virulence 1o genotype 1 [5]. Servant
et al. (6] proposed classifying human erythroviruses into
genotypes | [prototype Au), 2 {Lali-like) and 3 (V9-like).
Genotype 1, the major form of B3, has spread worldwide.
Genotype 2 has been reported mostly in Europe and North
America. At present, only small numbers of donor plasma
samples are helieved to contain high fevels of genotype 2
[7). In genotype 1, the structural proteins of the capsid con-
sist of approximately 96% VP2 {58 kDa) and 4% VPI
{84 kDa). VP1 differs from VP2 only in a unique N-terminal
region (VP1u), where it has an additional 227 amino acids
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[8]. However, there have been no reports on morphological
structure and protein compostiion in genotype 2.

B13 genotype 1 DNA has been detected by PCR in plasma
products, such as coagulation factors [9, 10]. Genofype 2
DNA has also been detected in 2:5% of coagulation factor
concentrates [i1]. Despite measures taken against viral
contamination, including improved testing and inactiva-
tion and/or removal steps during the manufaciuring pro-
cess, the potential for B9 transmission through plasma
products remains. B19 genotype @ has been shown to be
sensitive to liquid-heating than other animal parvoviruses
such as canine parvovirus (CPV) and porcine parvovirus
(PPV) [12-15]. We have alse 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-
vaiion 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 lo 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 isclate
derived from rejected donor plasma containing BI9
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 Fi5 and F27, respectively, were used. Each sample
was converted 1o serui by the addition of calcium chloride.
The amount of genome in F15 and F27 was quantified as
11-2 and 110 Log o IU/ml, respectively (Artus™ Parve 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)- 172 [gG, hepatitis B virus (HBV) surface antigen,
anti-hepatitis C virus (HCV) 1gG and anti-Bi9 Ig 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

1n this study, we used a 25% albumin preparation contain-
ing sodium caprylic acid/acetyl tryptophan, a haptoglobin
preparation containing glycine, an antithrombin prepara-
tion containing sodium chloride/tri-sodium citrate dihy-
drate and an IVIG preparation containing p-sorbitol,
respectively, as stabilizers. To mimic the manufacturing
process conditions, test samples were collected immediately
before the heat treatiment of the albumin, haptoglobin and
antithrombin preparations {Albumin25%;y, -gengsis, Hapto-
globing v 2000uusnenssis 8nd  Neuart®py, respectively;
Benesis Corporation, Osaka, Japan). To avoid interference
with the infectivity assay by neutralizing aniibody against
B19 during heat or low pH treatments, an immunogiobulin
sample derived from anti-B19 [gG-negative plasma was
prepared under the same manufaclturing conditions as
Venoglobulin®!H5W;y, {Benesis Corporation). The samples
were collected immediately hefore the heat or low pH treat-
ment.

For neutralization assays, a commercial product, intrave-
nous immunoglobulin  (IVIG, Venoglobulin®IH5%;+,
including anti-B19 JgG), was used.

Inactivation and neutralization of viruses

The process samples described above were investigated by
liquit-heating as described previously [13-15]. The sam-
ples spiked with B19 were divided into aliquots and heat
ireated 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 KU812 cells. The
infectivity remaining in each sample was measured by the
subsequent detection of spliced B19 mRNA in cultured
cells, as described [i3, 14]). Two independent inactivation
experiments were performed. The viral titre (log,s} in one
experiment was determined by non-detectable end-point
dilution [13] and in the other experiment by tissue culture
infectivity doese 50% (TCIDsp) according te the Kirber
method [14], respectively.

The forward primers and the reverse primers were
defined as follows, The primer set of B13-25 [nt 1897-

"1916; 5-GTCGGAAGCCCAGTITCCTC-3" as 5 sense) and

B19-11 [nt 2962-2943; 5-TGCACCAGTGCTGGCITCTG-2
as 3" antisense] was used for the non-detectable end-point
dilution method, and another primer set of B19-21 [nt
1961-1980; 5"-TGGCAGACCAGTTITCGTGAA-3" as 5 sense)

© 2011 The Author(s)
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and BI19-22 (nt 2886-2866; 5'-CCGGCAAACTTCCIT-
GAAAA-3" as 3 antisense} was used for TCID«.

Both viruses were also fested for inactivation at low pH.
The viruses were incubated in 1VIG sample [pH 4-15), [VIG
buffer withowi fgG (5% Sorbitol, pH 4-15) or cell culiure
medium at room temperature for a preset period. The low
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 were also performed, and infectivity was then mea-
sured In the non-cytotoxic range as described above.

Neutralization ritres of [VIG samples against Bi9 viruses
were measured as previously reported [15].

Cloning and sequencing of the B19 genotype 2
genome

Reslriction enzymes, the DNA polymerase [ Klenow frag-
ment and a DNA Ligation kit, Ver. 2 (Takara Bio Inc., Shiga,
Japan), were used for cloning. Viral DNA was extracted
from F27 without amplification using Smitest Ex-R&D
(GenomeScience Laboratories Co., Fukushima, Japan}. The
DNA was cleaved by cuiting inverred rterminal repeats
{(ITRs) it half with BssHII, treated with the Klenow fragment
to fill the 3’-end, and ligated into the Hindl site of pUC1S.
The ligated DNA was transfected into competent DH5¢« cells
{Toyobo 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 bas been deposiled in the DDBJ/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 g for 3 h. The precipitate was resuspended with
PBS, and the viral fraction in the suspension was purified
by caesium chloride density gradient ultracentrifugation at
210 000 g for 26 h. The fractions were collected, and the
amount of B19 DNA in each was quanfified using an
Artus™ Parvo B19 TM PCR kit {Artus GmhbH).

For transniission electton microscopy (TEM), the Bi9
DNA-rich fractions were dialysed in 50 um ammonium ace-
tatc overnight and 8% paraformaldehyde in 50 um ammo-
nium acetate added to a final concenfration of 2% to
inactivate the virus. Specimens for negative staining were
made as follows; inactivated samples were applied to

© 2011 The Authorfs)

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 siained with 20
{w/~] 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 Dawm Ltd., Tokyo,
Japan). Whole micrographs were digiiized as 8-bit images
using a scanner (GF x800; Seiko EPSON Co.. Nagano,
Japan) and then analysed with the software EMAN (version
1.8, htip:/fblake.bem.tmeedufemanfemant/) and [magel
(version 1.36h, htip://rsh.info.nih.gov/ijfindex.htmi).

The B19 DNA-rich fractions were precipitated with 10%
(w/v) trichloroacetic acid, and the precipitates were solubi-
lized in a buffer containing 2% SDS, 5% {v/v) 2-mercaplo-
cthanol, 0-01% {w/v} bromophenol blue and 20% [w/v)
glycerol for 3 min at 100°C. Aliquots were eleciropharesed
in 10% polyacrytamide gel (Bio-Rad Laboratories, K. K,
Tokyo, Japan) and subjected to Coomassie brilliant blue
{CBB) staining. ’

Results

Inactivation of B19 genotypes I and 2 during
liquid-heating

The infeclivity of B19 genotype 2 {F27 isolate) in each sample
was measured by detecting B19 spliced mRNA in infected
KUB12 cells. The B19 genotype 2 virus was rapidly inactivated
at 60°C in the 25% albumin and immunoglobulin prepara-
tions by at least 4-6 [ogs (Fig. 1a, b}. It was slowly inactivated
in the haptoglobin preparation (Fig. 1c). The virus was only
partially inactivaled, i.e. 2:6 logs in the anfithrombin prepara-
tion even after 10 h at 60°C (Fig. 1d). 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
were inactivated below detectable limits, i.¢. by >3 logs at day
I (Fig. 2). Both B19 viruses in the IVIG sorbito] buffer, used as
a control, were also inactivated beyond detection at day 7.
B 19 infectivity was retained in the run control study (data not
shown). The kinetics demonstrated that genotypes 1 and 2
showed similar sensitivity to low 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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anfi-B19 genotypes | and 2 neutralizing igG was conlained
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Cloning and sequencing of the genome of isolate
F27 :

The viral genome of F27 was cloned. The nucleotide and
amino acid sequences were compared with those of strains

(genotype 2; GenBank accession No. AY064475) and V&
{genoiype 3; GenBank acvessiun Nu. AX003421). 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 VPT and VP2 were highiy conserved {97-4%
and 98-6%) hetween F27 and Au.

[t has been reported that four basic regions in VP 1u exist
among animal parveviruses [CPV, PPV and minute virus of

Au (genotype 1; GenBank accession No. Mi3178), A6 mice (MVM)] [19]. The overall percentage of basic amino
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Fig. 1 The kinetics of heat-induced inactivatien of B19 genotypes during the manufacturing process. Samples spiked with B13 were collected immediately
before and afier heat treatment at 60°C using 25% albumin (a), immunogfobulin prepared from anti-B19 immunoglobulin-negative plasma (b}, haptoglobin
{c} and antithrombin (d) preparations. The infectivity remaining in each sample of B19 was measured by non-deleclable end-point dilution [genolype 1(®)
and genotype 2 (&), solid lines} and by TCIDs, [genotype 1{O) and genotype 2 {A), dashed lines], respectively, as described in Materials and Methods. The
solid and dotted horizentat lines represent the detection limits 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 pracess,
The infectivity remaining in each sample of the immunoglobulin preparation [pH 4-15) derived from-anti-819 lgG-negative plasma (@), 5% sorbitol buffer
control {pH4-15; &) and culture medium pHZ () was measured by non-detectable end-point dilution with two independent experiments. The dashed
harizantal lines represent the detection limit. '
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Table | Neutralization of B19 genotypes with intravenous immunoglobulin

Genotype Genotype

Total 1gG/ Total 1DNA 2DNA

Dilution reaction antibody {97 log {9-7 log
[fold) (ug) titre (1L} copies) copies)
1 2500 1390 - -

830 4-63 - -
q 280 1-54 -
27 90 051
a1 30 017 + +

+, Infectious 1o KU812 cells; — non-infectious to KUs12 cells,
fotal reaction vofume was 0:6 mf,

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 VP1u 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 parlicles were of similar
shape: mostly hexagonal and sometimes pentagonal. Mean
diameters were measured at the shorter axis and were
220 + 119nm (=155 and 225+ -5 nm (# = 242),
respectively.

Nalive particles were also subjecled to SDS-PAGE in a
10% gel, followed by staining with CBB [Fig. 4). Both geno-
type 1 and 2 particles also comprised the major 58-kDa
protgin VP2 and minor 84-kDa prolein VP1. Western

.

Table 2 The numbers of basic aming acids and basic regions within the VP
region of three animal parvoviruses and parovirus B15 genotypes 1 and 2

Basic amino acids/total Number of

aming acids basic regions

VP1u VP2 VPiu VP2
cPv 29/167 (17-4) 43/584 (4] 4 2
PPV 29170 {171} 38/579 (66) 4 0
MyM 24,142 (169) 447587 (7-5) 4 1
B9 genotype 1 20,227 [88}) 42/554 [7-B) ] 0
B19 genotype 2 20/227{88) 427554 (7-6} 0 0

The GenBank accession numbers of the five isofates are M19295 (CPV;
strain CPV-NJ, DD0OB23 [PPV; strain NADL-2], J02275 [MVM; strain
MVM(p)), M13178 (B19 genotype ) strain Au) and AB550331 (B19 gena-
ype 2 isulate F27),

The values in parentheses are shown as percentages,

CPV, canine parvavirus; MVM, minute virus of mice; PRV, percine parvovirus.

© 2011 The Author(s)

bletting using the anti-B19 polyclonal 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 B19 genotype 2 varied in different solutions during
liguid-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 io heat, B19 gepotype | 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 Ymited B19 ipactivation occurs in some products
during liquid-heating. Therefore, to Ffurther improve the
safety of plasma products, different or additional methods
of inactivation and/or removal are desirable [20]. In our
albumin, IVIG, haptoglobin 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 | and 2 particles to be 22:0 and 225 um,

" respectively. Previous studies have shown that filtration of

a haemoglobin solution resulted in a more than 6-log
reduction in B19 genotype 1 [21]. Given the similarity in
size, the 15-nm filter would be effective for the removal of
genotype 2 as well as genotype I particles. B19 genotype 1
also showed heat resistance properties in sodium chlo-
ride/tri-sodium citrate dehydrate 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, BI1g
heat sensitivity during heat treatment should be evaluated
for in each process condition to avoid an over estimate of
the fevel of B19 inactivation.

Recently, information on the mechanisms by which
viruses are inactivated during liquid-heating has been
obtained using B19 and MVM. The genomes of B19 and
MVM were released with increasing temperature and subse-
quently only empty capsids remained. Interestingly, B19
was released at a lower temperature than MVM. This phe-
nomenon seemed to be related to the heat inactivation
kinetics of B19 and MVM {22, 23]. In addition, the VP1u
region of B19 or MVM seemed to remain inaccessible in the
capsid before heat treatment, because an anti-Bi9 VP1u
antibody could not bind to viral particles, whereas it could

Vox Sanguinis © 2011 International Saciety 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 nm. Inlet skows isolated particles. Each rectangle is 108 nm wide and 87 rm high.

kDa M o1 2

Fig. 4 Coomassie brilliant bive staining of the structural proteins of
native particles af 819 genolypes 1 and 2. Purified viral pasticles were
reduced and subjected lo SD5-PAGE Lanes M. 1 and 2 show the molecular
marker, genotype 1 slrain F15 and genolype 2 slrain 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 amine acids (arginine and lysine], which is typical
of many DNA-binding proteins [19]. The percentage of basic
amino acids in the major capsid protein VP2 of CPV, PFV
and MVM was 6-6-7-5%. That in VP Iu was around 17%.
Although absolute molecular sizes were not clarified, we
confirmed that VP1 and VP2 of B12 genotype 2 were simi-
lar in size to genotype 1 by SDS-PAGE of viral particles.
Interestingly, the percentages of basic amino acids in VP 1u
between B19 genotypes and animal parvoviruses were sig-
nificantly different. The basic region in VP1u and binding
with viral DNA in animal parvoviruses may be involved in

the stabilization during heat inactivation. Therefore, the
different properties of the binding of VP 1u with viral DNA
may influence the heat sensitivity of B19.

The inactivation kinetics of genotype 2 at low pH was
almost the same as that of genotype 1. Bliimel et @l [16]
also reported similar properties. The inactivation mecha-
nism at low pH was also considered, 1o be similar to that for
heat treatment [21-23].

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

In conclusion, 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 parveviridae, 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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The testing of biological products at different stages of the manufacturing process currently involves-.
quantitative polymerase chain reaction (Q-PCR)-based assays. Q-PCR techniques are able to detect not
only the viral genome in viral particles but also fragments of degraded genome in samples. The ability
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. Although the filtered
samples showed no infectivity, viral DNA was detecied by Q-PCR. Interestingly, approximately 90% of
the total viral genome in 15-nm filtrates had a detectable size of less than 0.5kb by the Q-PCR and
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
careful design of primers is heeded 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 (usually in mini-pools)
has contributed to reductions in viral load during the manufacture
of plasma puols (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 B19
(B19) and hepatitis A virus (HAV), as well as enveloped viruses.

Abbreviations: B19, parvovirus B19; BMM, Bemberg Microporous Membrane;
HAV, hepatitis A vicus; HBV, hepatitis B virus; HCV, hepatitis C vitus: HIV, human
immunodeficiency virus; IVIG, intravenous immunsglobuling LRE, Logio reduction
factor; PCR ELISA, polymerase chain reaction enzyme-linked immunosarbent assay;
Q-PCR, quantitative polymerase chain reaction.

+ Carresponding author.
*% Corresponding author, Present address: Pathogenic Risk Management, Benes:s
Corporation, Osaka, Japan,

E-maif addresses: Tsujikawa.Muneo@mc.mt-pharma.co.jp,
Tsujika@taupe.plzla.orjp {M. Tsufikawa), Yunoki.Mikthiro@mk.mt-pharma.co jp,
yunoki.mikihiro@maia.eonet (M, Yunoki},

D166-0934/% — see front matter © 2011 Elsevier BV, All rights reserved,
doi: 10,1016/ jvisromer,2011.08.009

Manofiltration has been applied to the manufacturing of various
plasma products (Burnouf and Radesevich, 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
fevel 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 {f
the evaluation of virus removal over 15 and 19 nm filters using B}
as mode] virus. The study revealed the presence of B19 in sample.
that were found positive by Q-PCR but which was not infectious,
implying that this Q-PCR signal could be derived from DNA frag-
ments 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 i-positive plasma sample (termed Fi5) was
used in these studies. The plasma was collected by a licensed estab-
lishment in the USA according to local regulations. The number of
genomes in F15 was quantified as 11.2 Logq International Unit (IU)
(Saidanha et al., 2002)/mL (Artus™ Parve B19 TM PCR Kit, Artus,
Hamburg, Germany). F15 was also 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-B19gG in enzyme immunoassays. [n addition, HIV-RNA, HAV-
RNA, HBV-DNA and HCV-RNA were below the limit of detection
using nucleic acid amplification tests. All plasma samples were
converted to serum by the addition ofa 1:20 volume of 4% CaCl; fol-
lowed by incubation at 32 °C for 30 min. Fibrin clots were removed
with a Blichner 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,
Haptoglobiny, and Venoglobulin®IH 5%y, respectively; Benesis
Corp., Osaka, Japan) were used. These products have been man-
ufactured using source plasma derived 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 alt
were negative. In addition, B19 virus antigen was screened using a
receptor-mediated hemagglutination assay (Sakata er al., 1999).

f" 2.3. Removai 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-um filter
(SLGVO033RS, Millipore Corp., Billeria, MA). For IVIG 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 antibody in IVIG 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 antithrombin 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
Medicat, 192 nm, 0.001 m? medule). Conditions for the filtration
mimicked (i.e. appropriately down-scaled} the manufacturing con-
ditions for each product according to published guidelines {ICH,
1997; EMEA, 1996; MHLW Japan, 1599). The filtration of each
preparation was performed in two runs.

2.4. Infectivity assay of B19

The infectivity assay for B19 utilised cell culture followed by
a PCR detection of spliced mRNA as described previously (Hattori
et al., 2007). The infectivity of 19 in the samples was titered using
KU812 celis (JCRB0104; Health Science Research Resources Bank,
Tokyo, Japan) and subsequently viral mRNA expressed in infected
wells was detected by RT-PCR. Briefly, 5.3 Log,g cells were inocu-
lated with 0.1 mL of 10-fold serial dilutions of samples and cultured
in RPMI-1640 medium containing 10% fetal bovine serum, 6 1U/mL
of erythropaietin (Sankyo Co., Ltd., Tokyo, Japan), 100 UfmL of peni-
cillin, 100 pg/ml of streptomycin (Invitrogen Corp., Carlsbad, USA),
1 mL of sodium pyruvate (Invitrogen Corp.), and an ITS-X supple-
ment (Invitrogen Corp.) for 4 days. Wells were monjtored for the
presence or 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 (Logyq dilution} was
determnined by end-pojnt dilution and the result was considered

TSU}lknwa et al, / fournal of Virologicel Methods xxx (201‘ 1) Xoxx-xxx

positive when the amount of B19 genome determined with the
Artus Kitwas more than 5.3 Logy IU/mL(4.3 Logq o IUfwell). Control
runs, with the same experimental conditions but without filtration,
were also performed. Cvtotoxicity 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 QlAamp viral RNA mini kit (QIAGEN Inc., Valencia, CA) and
quantified using a quantitative PCR assay kit (Artus™ ParvoB19TM
PCR Kit). The kit was used in accordance with the manufacturer's
instructions using the Applied Biosystems 7500.real-time PCR sys-
tein (Applied Biesystems, Foster, CA). Briefly, the reaction mixture
that consisted of 30 L of Master Mix and 10 L of purified DNA
was brought up to a final volume of 50 p.L with distilled water. The
reaction profile was as follows: 95 °C for 10 min, then 45 cycles of
95°Cfor 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 resuits were expressed
in international units {IU) (Saldanha et al,, 2002) per milliliter, The
range of linearity was from 10U to 6 Log;gIU/reaction and the
detection limit was 4 [U/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, Japan), following the manufacturer's instructions.
Five volumes of protease solution were added to 1 volume
of sample and incubated at 55°C for 30 min. 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'-CAAAAGCATGTGGAGTGTGAGG-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 oligonuclectide, probe B
{nt 3310-3339; 5'-TAGCTGCCACAATGCCAGTGGAAAGGAGGC-3),
in which nt numbers refer to the Au sequence (GenBank Accession
No, M13178). This hybrid was immobilized on a streptavidin-
coated microplate and detected with a peroxidase-conjugated
anti-digoxigenin antibody and the colorimetric substrate 2,2'-
azino-bis(3-ethylbenzthiazoline-6-sulphonic 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 10l of 50mM Tris-HC) [pH 7.5)
buffer containing 100 mM NaCl and anealed at 60°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 >4.0kb). DNA
was extracted from each section using a QlAquick Gel Extraction
IGt (QIAGEN) in accordance with the manufacturer's instructions.
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Tabla 1
LRF of B19 infectivity and Q-PCR signals by three filtration processes.

TR
RN

Preparations pore size Antithrombin {5Snm

Haptoglobin 19 nm

VG 19nm

Method Infectivity {NDP) Q-PCR(LogypUftul) Infectivity (NDPF) Q-PCR (Logyg 1U/mL) Infectivity (NDP) Q-PCR{Log:p IU/miL)
re 5.0/6.0 9.8/0.8 4.0/4.0 837/8.7 <1.0f<1.0 8.8/84
Post <1.0{<1.0 5053 <1.0/<1.0 5.3/5.4 <1,0f<1.0 G.3/62
LRF =40{=5.0 45/45 >3.0{=3.0 3.4{3.3 o 2522

LRF, log reduction factor; NDP, non-detectable end-point; *, ceuld not be calculated.

Briefly, three volumes of Buffer QG were added to 1 volume of gel
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 1 min.
MNext, 0.75 mU of washing Buffer PE was added, and the spin coluran
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 [it.

3. Results
3.1. Removal of B12 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 Logyg reduction factor (LRF) in three
different steps. The infectivity in filtrates of the antithrombin and
haptoglobin samples was shown to be below the detection limit
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 Bi19 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

genome size using agarose gel electrophoresis. The B19 DNAin 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 leng chain (>4.0 kb fraction} including the
full-length genome (approximately 5.6kb) and less than 0.3% of
the short chain {<0.5kb fraction). In sharp contrast, the proportion
of short chain B19 DMNA were significantly increased to 84.8/93.3%
in the sample after 15 nm filtration of the antithrombin sample,
reflecting an enrichment of shorter chain fragments following fil-
tration. The majority of the B19 DNA in the 19-nm fltrates of
the haptoglobin and IVIG preparations was less than 1.0kb. ]
percentage of the long chain B19 DNA in the antithrombin, ha
toglobin, and IVIG sample after filtration was 2.0/0.5,19.9/24.1, ant.._
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 calculated from the amount of B19 DNA 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 B19 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 [VIG sample,
the LRF in the <0.5kb and 0.5-1.0kb fractions was approximately
zero, and the LRFs in the more than 1.0 kb 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

A B Cc
100 100 ~ 100
89 80 } 80
60 | 6O | 60
= R =
40 | 40 40
20 20 20 |
[4 + "} + : - )]
<0% 05~1.0 1.9~20 2.0~49 >40 <05 05~1.0 1.0~20 20~40 »40 <05 0.5~1.0 1.0~20 20~40 >4.0
100 100 100
80 80 |
60 } 60 |
ES £ ®
40 40 r
20 b 20 ¢
0 0
<05 05~10 1.0~20 20~4.0 40 <05 0.5~1.0 1.0~20 20~40 >40 <05 05~10¢ 1.0~20 20~40 4.0

B19 DNAsize (Kb}

B19 DNAsize (Kb}

B18 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 IVIG products in duplicate. The 15-nm filtratien of antithrombin {A), 19-nm Altration of haptoglobin (B), and 19-.nm filtration 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 different DNA size fractions on three virus removal filtration steps.
DNA size <0.5 05-1.0 1.0-2.0 2,0-40 4.6 kb
Auniliiuogin Fre F3T.0 7.5)7.2 1.5(7.4 8.5/8.5 9.8j9.7
15nm Post 49/5.2 3.9/3.8 3.5/3.6 32133 3.3/3.0
Reduction 2.4/1.7 3.6/3.4 4.0/3.8 5.3/5.2 6.5{6,7
Haptoglohin Pre 5.8/G.3 6.5/G.G 67169 7.8/7.7 8.718.7
19nm PPost 4.8/4.8 47149 45147 318/4.2 46/4.8
Reduction 1.0/1.4 1.8/1.7 2322 49034 4.1/39
VIG tre 3.715.2 G.1/5.8 6.7/6.2 78/73 8.7/8.3
19nm Post 5.8/5.7 6.0{5.9 5,553 49/4.8 5.0/59
Reduction -0.1/-0.4 0.1/0.0 1.2/0.8 29/25 37/34

B19 genome values are shawn as Log g I/mE [Loga{ genome amounts in neat x (values in Fig, 1/109))].

antithrombin, haptoglobin and IVIG sample were 6.3/6.7, 4.1{3.9
and 3.7/3.4, respectively.

4, Discussion

The removal andfor inactivation of viruses during the manu-
facturing of biologicai preducts has been evaluated mainly using

. infectivity assays (ICH, 1997; EMEA,-1996; MHLW [apan, 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 alone 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 Logyp IU/mL. The detection
limit of the infectivity assay was approximately 4 Log; Iower than
that of the Q-PCR assay. Therefore, whether the genomes detected
by Q-PCR in fiitrates are derived from full-genomes in infectious
particles or degraded fragments of the genome was examined.

In this study, the size distributions af 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 sampie 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 DNAin 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 notshown).
The detection limit for the short chain of B19 DNA by PCR ELISA was

2 Logs, g lower than that of the long chain (data 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
Logs;o higher than that for un-fractionated samples by Q-PCR. Gn
the other 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 tonger DNA are currently under investigation in
our laboratories. A primer set capable of amplifying approximately
1 kb 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
filirates of three process samples, a PCR system capable of quanti-
fying approximately 1 kb of DNA might be effective for evaluation
of viral removal. Therefore, attention should be paid to des:gnmg
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 MNMNVR website (hiep :fwww.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 between 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 (L.e., HIN1, HIN2, and H3N2} ().
Generic 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 iflness caused by swine-origin influenza
A (F3N2) viruses idencified on August 19 and August 26,
2011, and the current investigations. No epidemiologic link
between the two cases has been identified, and although
investigarions 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 (matrix
[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 (HIN1) virus that 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 Laboratories 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, diarrhes, and sore throaton July 23, 2011.
He was brought to 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 treatment 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 Laboraroties, 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 caretaker.

Patient B. On Auguse 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 gitl, who had received influenza
vaccine in September 2010, experienced acute onset of fever,
noenproductive 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 gitl
has completely recovered from chis 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
laboratory 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 girl was reported to have visited an
agricultural fair where she -had ditect exposure to swine and
other animals. No additional illness in the gitl’s family or close
contacts has been identified, but illness in other fair attendees

MMWR / September9, 2011 / Vol.60 / No.35 1213
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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 Seprember 2, 2011, no epidemiologic link berween
patients A and B had been identified, and no addirional cases
of confirmed infection with the identified strain of swine-origin
influenza A (H3N2) virus had been identified. Surveiltance
dara 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 surveillance for addisional human cases is being
implemented in both states.

Preliminary genetic characterization of these two infiuenza
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, bur not idenrical
to each other. Seven of the cight gene segments, including
the hemagglutinin (HA) and neuraminidase (INA) genes, are
similar to those of swine H3N2 influenza viruses circulating
among U.S. pigs since 1998 (2) and previously idencified 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 (H1N1) virus, replacing
the classical swine M gene present in the prior eight swine-
origin influenza A (H3N2) virus infections in humans.

Although reassoriment between swine influenza and 2009
influenza A (H1N1) 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.T Analysis of data submitted to GenBank via the U.S.
Department of Agriculture (USDA) Swine Influenza Virus
Surveillance Program subsequent to this case identified two
addirional influenza A (HH3N2) isolates from swine containing
the M gene from the 2009 influenza A (HIN1) virus. Genome
sequencing is underway to completely characterize the generic
composition of these two swine influenza isolates. (USDA
Agricultural Research Service and USDA Animal and Plant
Healch Inspection Service, unpublished data, 2011).

*Addittonal information is available ar hup:/fwww.cde.goviflufweekly/
pastrepares.fitm. .
¥ Avzilable ar hogp/ fwww.nchi.nlm.nih.gov/igenbank.
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The viruses in these two patients are resistant to amantadine
and rimantadine, but are susceptible 10 the neuraminidase
inhibitor drugs oseleamivir and zanamivir. Because these viruses
carry a unique combination of genes, no information currently
is available regarding the capacity of this virus to transmic
efficiently in swine, humans, or berween swine and humans,
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Editorial Note

To detect human infections with animal influenza viruses
more 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 Iaboratories have had the capability 1o
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
year. [n 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 facrors also mighr 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 (FH1N1) virus infection, eight cases with
swine-origin influenza A (HH3N2) 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
to 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 either
case, but contact with ifl 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, siate and local public health 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 concact with an infected person
has been observed in past investigations of human infections

_91_

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 respirarory illness
who have been near pigs. Clinicians who suspect influenza
virus infection in humans with tecent exposure to swine should
obtain a nasopharyngeal swab from the patient, place the swab
in a viral transport medium, contact their state or local healch
department to facilitate transport and timely diagnosis at a state
public health laboratory, and consider empiric neuraminidase
inhibitor antiviral treazment (). 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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BLGOD DONORS AND 5L0OD 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 Uéhida, Shunya Momose,
Satoru Hino, Masahiro Satake, and Kenji Tadokoro

BACKGROUND: In the spring of 2009, the novel
swine-origin influenza A (pandemic [H1N1] 2008) virus
emerged and spread globally. Although no established
cases of transfusion-fransmitted influenza have been
reported, the widespread outbreak of pandemic (H1N1)
2009 caused serious concemn regarding the safety of
blocd 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 (H1N1) 2009 by blood trans-
fusion, we searched for the viral genome in such prod-
ucts using nucleic acid ampiification technology.
STUDY DESIGN AND METHODS: Between June and
December 2008, blood components were collected from
579 blood donors who were diagnosed as or strongly
suspected of having pandemic (H1N1) 2008 within 7
days after donation. Viral RNA was extracted from
plasma and red blood 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)
20089 virus.

RESULTS: A total of 565 plasma and 413 RBC prod-
ucts from the 579 blood donots were available. No viral
RNA of the pandemic (H1N1) 2009 was defected in any
of the blood samples from the 579 blood donors.
CONCLUSION: No viremiz of pandemic (H1N1) 2009
was demonstrated in any of the 578 bleod donors who
had most likely donated blood during the incubation
period. It is considered that the risk of transmitting
pandemic (H1MN1) 2008 by bleod transfusion is
extremely low.

_93_

he novel swine-origin influenza ‘A (pandemic

[HIN1} 2009) 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
infliuenza 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 1570s have shown the
viremia of seasonal influenza. Most data were obtained
from blood samples that were collected aiter the onset of
sympioms.®!* 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 viremia of seasonal influenza has been dem-
onstrated >3 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 (H1N1) 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 bloed donots 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 (HIN1) 2009 within 7 days.
From May 2009 io March 2010, the JRCBCs asked
bleod donoss to provide postdonation information (PDI)
on diagnosis of pandemic (F1N1) 2009 in additon 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,
andi itwas diagnosed as pandemic (FI1N1) 2009 in medical
institutions, they were requested to contact the JRCBCs. I
the PDI indicated a possible pandemic (F11N1) 2009 infec-
tion after the donation was given to the JRCBCs, the supply
ofblood products from such blood donors 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 untit 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
denatonto collection, thesa blood products were stered at
the stipulated temperatures (plasma, —20°C; RBCs, 4°C).
Informed consent to tests for infection was obtained from
all blocd donors at the blood coellection sites,

All blood donors in this study were diagnosed as
having pandemic (FH1N1} 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

1850 TRANSFUSION Volume 51, September 2011

diagnosis of pandemic (H1N1) 2009 infection. Laboratory-
confirmed cases refer to those diagnosed as having
pandemic (HIN1) 2009 by the reverse anscription-
polymerase chain reaction (RT-PCR) using respiratory
specimens in public health institutes. Suspected cases
refer to those diagnosed as having pandemic (HIN1) 2009
infection by the rapid diagnostic kits for influenza A infec-
tion 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
Repott published by the Japanese National Institute of
Infectious Diseases (NIID), the pandemic (H1N1} 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."* Therefore,
suspected cases in this study were expected to be cases of
either pandemnic (HHIN1) 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 determined
by quantitative RI-PCR, using synthesized RNA molecules
of the matrix (M) gene as standards. The synthesized RINA
was obtained from the cloned M gene inserted into
plasmid DNA (TOPO TA cloning kit, Invitrogen, Carlsbad,
CA) by transcription using T7 RNA polymerase (Roche

- Diagnostics, Indianapolis, IN). The transciibed RNA was

purified using a commercially available kit (RiNeasy Plus
Mini Kit, Qiagen, Gaithersburg, MD), and its quantity and
quality were checked using a capillary electrophoresis
system (Agilent 2100 Bicanalyzer and RNA 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
(H1N1) 2009 virus was spiked into plasma and RBC
samples from healthy volunteers, at inoculation doses
from 20 to 2 x 10° genome equivalents (geql/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 (H1N1) 2008 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 detecdon limit.

NAT for detection of pandemic (HiN1) 2009 virus

Viral RNA was extracted from plasma and packed RBC
samples using. a kit for automated purification of viral

‘-
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DNA and BNA (QIAamp Virus Riorohot MDy kit, Qiagen)
and a viral nucleic acid purification kit (High Pure Viral
Nuclelc Acid Large Volume Kit, Roche Diagnostics),
s ootz b v ler TIRTA mmamnsmlon warmeon Seemmma n Afm s aTae ceebofmmen A
lEopCLLIVELY. UYL SOALILPAGS vWELC LIS UWIAITLY JUPJeLLltil W
thereal-time RT-PCR of the M and HA genes of influenza A
with a sequence detection system (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-CCMAGGTCGAAACGTAYGTTCTCTCTA
TC-3' and 5-TGACAGRATYGGTCITGICTTTAGCCAYTC
CA-3', respectively, for M gene and 5-AGAAAAGA
ATGTAACAGTAACACACTCTGT-3" and 5-TGTEFTCCACAA
TGTARGACCAT-3", respectively, for HA gene, The TagMan
probes for M and HA genes were 5-ATYICGGCT
TITGAGGGGGCCTG-3' and 5-CAATRTTRCATTTACC-3,

. tespectively. 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 pL of plasma
or 100 pL of RBC samples was used for each test. The real-
time RT-PCR conditions comprised a 30-minute RT step at
60°C, a 10-minute initial PCR activation 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 pandernic (H1N1) 2009 virus'particles in
the viral culture supernatant as a positive control, and
plasma and RBC samples obiained from healthy volun-
teers as negative controls were included in each assay.

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, nausea, hypotension, anaphylactic reac-
tion or shock, dyspriea, and neuropsychiatric symptormns.
If the blood products had already been released when the
PDI indicating possible pandemic’ (H1IN1) 2003 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-like symptorns such as fever, respiratory syrnp-
toms, or sysiemic inflammatory reactions for a period of 7
days after transfusion.

RESULTS

Characteristics of blood donors

Betwezen June and December 2009, the blood components
were collected from 579 blood doners (314 male and 265
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Fig. 1. Age distribution of the blood donoxs who had symp-
torns of pandemic (H1N1) 2009 after donation. Laboratory-
confirmed cases (black bar) were diagnosed as pandemic
(F{1N1} 2009 by the RT-PCR method using respiratory speci-

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

diagnostic kits or on the basis of the symptoms of influenza-
like illness, without perfbrming RT-PCR. Sixty-one percent of
the blood denors whe showed symptoms of influenza after
donation belonged to the young age group and were less than
30 years of age. '

fernale). A total of 366 blood donors (190 male and 176
female) had laboratory-confirmed pandemie (H1N1) 2009
infection, and 213 blood donors (124 male and 89 fermnale)
had suspected pandemic (H1N1) 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 16- 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 denated in 2009 in Japan. In
each age group, there were no significant differences in
the ratios between sexes (data not shown).

The tiine Iag between the dopation 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 s,
321 (55.4%) blocd donors showed symptoms of influenza
within 3 days after donation.

The Infectious Agents Surveiifance Report published
by NIID indicated that the fall wave of pandemié (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 showm)- )

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
symptomns, Laboratory-confirmed cases (black bar) were diag-
nosed as pandemic (HI1NI) 2009 by the RT-PCR inethod. Sus-
pected cases (gray bar) were diagnosed by rapid diagnostic
kits or on the basis of the symptoms of influenza like illness,
without performing RI-PCR. More than half of bloecd donors
(55.4%) showed symptoms of influenza within 3 days after
donation. It was speculated that many blood donors gave
blood during the incubation petiod of the pandemic (IT1N1)
2009 virus.

2000 geq/mL. The detection probabilities were 85 and
75% at 200 geq/mL and 50 and 15% at 20 geq/mlL 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 geg/mL. The
detection probahilities were 80 and 65% at 2000 geq/mL
and 15 and 5% ar 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 geg/mlL (95% confi-
dence interval [CI], 116-3287), corresponding to 57 géq
per reaction (95% Cl, 23-658) for the M gene, and
528 geq/ml. (95% CI, 256-2368), corresponding to 106 geq
pes reaction (95% CI, 51-474) for the HA gene (Fig. 3A).Fox
the RBC samples, the 95% detection limit of the NAT was
calculated to be 3444 geq/mL (95% Cl, 1784-12,697), cor-
responding to 344 geq per reaction (95% CI, 178-1270) for
the M gene and 5292 geq/mL (95% CI, 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 RBC
samples obtained from 578 blood donors who showed
symptoms of influenza within 7 days after donation. The
samples consisted of 362 plasma and 271 RBC samples

from the 366 blood donors who had laboratory-confirmed

pandemic (11N1) 2009 infection and 203 plasma and 142
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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) 2002 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 blood recipients

In the Iookback 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 syrnptoms 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 iransfusion.

DISCUSSION

In this study, we examined blood samples from 579 blood
donors who were diagnosed as or sirongly suspected of
having pandemic (HIN1) 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 (H1N1) 2009 virus-
infected individuals were 5 to 24 years old; only 1% were
65 vears of age or older.!” In this point, pandemic (HiN1)
2009 markedly differs from seasonal influenza. The ratio of
the age groups of the blogd donor cohoert invelved in this
study reflected the ratio of the age groups of the pandemic
(H1N1) 2009 virus-infected individuals reported in Japan
and abroad !

Int this study, 10 blood donors showed symptoms 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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Fig. 3. Sensitivities of the NAT for plasma samples (A) and RBC samples (B). The quantified culfire supernatant of the pandemic
(H1N1) 2009 virus was spiked into the plasma and RBC samples from healthy volunteers, at doses from 20 to 2 x 10° geq per mL,
and the NAT for the M (—) and HA (- - -} genes was performed 20 times for each concentration, The relationship between NAT posi- |
tivity and pandemic (H1N1) 2009 virus concentration was analyzed by probit analysis. The 95% detection limit of the NAT for the
plasma samples was calculated to be 283 geq/mL for the M gene and 528 geq/mL for the HA gene (A). For the RBC samples, the 95%
detection limit of the NAT was calculated to be 3444 geq/mL for the M gene and 5292 geq /mL for the HA gene (B).

TABLE 1. Results of detection of pandemic (H1N1} 2009 virus RNA in plasma or RBCs drawn from blood doners

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 27 0 0 0 0
Suspectad caset 213 203 - 142 [+] 0 1] o
Total &79 565 413 o] - ¢ [ o

without performing RT-PCR.

* Pandemic (H1NT} 2009 was diagnosed by the RT-PCR methed using respiratory spacimens.
1 Pandemic (H1N1) 2009 was diagnosed by the rapid diagnostic kits for influenza A of on the basis of the symptoms of influenza-like illness,

period of the pandemic (HI1N1) 2009 virus is reported to
be 1 to 7 days, with a mean of 2 days.5*® Therefore, it is
speculated that many of the 579 blood donors gave blood
during the incubation period of the pandemic (HINI)
2009 virus. NAT was performed using specimens of this
donated blood. No RNA of the pandemic (FH1N1) 2009
virus was detected in any of the blood samples; no viremia
of pandemic (HIN1) 2009 before clinical onset was dem-
onstrated. Inthis stiny, however, some donozs includedin
the 213 suspected cases were diagnosed by physicians on

the basis of the symptoms of influenza-iike iiiness without .

performing RT-PCR or rapid diagnostic tests. The possibil-
ity that donors with noninfluenza illness were not com-
pletely excluded from the suspected cases would weaken
the power of this study.

Although influenza epidemics oceur 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

.—97_

seasonal influenza has been demonstrated yet.’>* In both
pandemic (FIIN1) 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 (HINI) 2009 was 1.84x108

copies/mlL, the virus was detected in none of the blood
specimens obtained at the same time™ In addition to
these data, we detected no viremnia of pandemic (HINI)
2009 in the present study. It thus seems that the occur- |
rence of pandemic (FHIN1) 2009 viremia before the onset
of illness is exttemely 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 bloed donation was per-
formed. It is thus considered that the risk of the transmis-
sion of the pandemic (FHINI1) 2009 virus by blood
transfusion is extremely low.

The 95% detection lmit of NAT for the plasma
samples was calculated to be 283 geq/mL for the M gene
and 528 geq/mU. for the HA gene, whereas that for the RBC
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Fig, 4. Time lag between donation of blood implicated in look-
back study and onset of symptoms. Thirty-six PLT products
{black bar) and 34 RBC products (gray bar) likely donated
during the incubation period of the pandemic (H1IN1} 2009
had already been used for transfusion to 70 recipients when
the PD] was acquired. In the lookback investigation, no
influenza-tike 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 structuxe 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 samples 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 ttansmem-
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
endacytosis.®? HA cleavage is required to activate virus
infectivity, and the activating proteases are mainly distrib-
uted in the respiratory organs and intestine in humans, 2
so that it should be difficult for influenza viruses to
acquire infectivity in blgod. In theory therefore the risk of
the direct transmission of influenza via blood is consid-
ered to be extremely low. In fact, we showed, in this study,
that the transfusion of 36 PLT and 34 RBC products flom
the blood dorors 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 Iintroduction of a screening test for
donated bload, but there is still residual risk caused by

Ppathogens that are excluded fromn targets of the current

screening test or newly spread in hurnans. The influenza
virus is one of the potendally unrecognized pathogens in
the blood supply. This study showed that the viremia of
pandemic (HI1N1) 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 infecdon 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 (Ff1N1) 2002 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 transmission by transfi-
sion. The HA protein of highly pathogenic avian influenza
virus can be cleaved by proteases that are produced in
many different dssues. As a resulis, these viruses can rep-
licate in many organs of the bird, not just the respiratory
organs.?” In severe cases of highly pathogenic avian influ-
enza A (H5N1) virus-infected humnans, viremnia 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), including xenotropic-
MLV-related virus (XMRY), 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 subjecis 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 z biinded
fashion to nine laboratories which pexformed assays
designed to detect XMRV/MLYV nucleic acid, virus
replication, and antibody. Only two laboratories reported
evidence of XMRV/MLYs; however, replicate sample
results showed disagreement and reactivity was similar
among CFS subjects and negative conirols. These results
indicate that current assays do not reproducibly defect
XMRV/MLY in blood 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 (7). 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 XMRYV 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 CFS were reported to
harbor MLV-related virus sequences, but not XIMRYV, in
PBMC and plasma (). 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 befweeri.,
XMRY/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 cell culture assays for virus (§—/ 7). Several additional
findings raised uncertainty about the high rates of XMRV/P-
MLV in patients with CFS that had been deseribed in the two
seminal papers: (i) clinical samples and PCR reagents were
found to be contaminated by XMRV and mouse DNA
containing endogenous MLVs (/2); (il) XMRV and P-MLV
lack the sequence diversity that would be expected to arise
following transmission, infection, and repeated cycles of
replication of a retrovirus in humans {13, 74), and (iil)
evidence was presented which strongly suggested that XMRV
originated in the early 19%0s 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 X\MRV contamination of
laboratories and reagents (/35).

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 XMRYV, were aliquoted into
replicate tubes and assembled into coded panels together with
replicates of experimentally prepared positive conirol
sampies. 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 81 to §5) 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, ). All nine laboratories used
XMRV/P-MLV 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 DINA 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 [deseribed in supporting
online material (1 7}], all of whom were previcusly reported to
be XMRV/P-MLV-positive by at least one method (table S6}
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 infroduction 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 phlebotomists, shipped to the
central laboratory (/7), and processed into coded PBMC,
plasma and whole blood (WB) aliquots. Similarly, fifieen
control specimens from blood donors (n=12) or laboratory
controls (n1=3) that had been established as negative for
KMRYV 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 22Rv!1 (135, 18) 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 (77). The WPI
laboratory did not report culture assay results because their
target cells had become contaminated with mycoplasma,
Other than this, ali sites reported results on all distributed and
coded sample aliquots to the central [aboratory, 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 sampies (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
ot 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 XMRYV derived from
22Rv] (supporting online text). A clinical PBMC sample,
derived from one of the nine WPI CFS patients, was also
positive in WPI’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 WPL All positive samples tested
negative for mouse DNA contamination as assessed by mouse
mitochondrial DNA PCR (40. Reactivity rates did not
significantly differ between samples from negative controls
and the XMRV/P-MLYV cohorts (p >0.05) (supporting online
text, table S10).

Ii 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 iarget
prostate cell lines with either patient PBMCs or plasma (2, 3).
Although culture results were not reporied by WP in the
present siudy, 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 (I.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 NCY/Ruscetti laboratories, and hence viral culture in this
laboratory 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/mi). 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 {17). 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 SI). There was no
significant difference between the rate of reported positive
culture results among negative controls and the XMRV/P-
MLV cohort subjecis {p-value = 0.43, tabie S8).

Finally, serology was performed by four laboratories (/7).
Although plasma with human antibodies to XMRV/P-MLVs
was not available to preduce spiked controls for serology, all
four laboratories perforrned their own internal controls (77).
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 original 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/Ruscefti
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-MLV 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 regardiess
how positivity was defined [supperting online text, table 89};.
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 (1able 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 previoijsly identified as P-MLYV positive by
FDA/ILc had a replicate called serology positive, but only one
had both replicates reported as positive. Similarly for the 10

_ subjects previously identified as XMRYV positive by WP,
“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-MLYV 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 $9, $10). Kappa values were
calculated for each criterion and for all subjects combined
using standard procedures (/7, 21). The Kappa values for
level of agreement of results between these two laboratories
ranged from -0.20 for WPI XMRV/P-MLV-positive subjects

{no agreement) to 0.21 for all negative controls combined

(fair agreement). However, the most telling Kappa value
between the WP and NCI/Ruscetti serology resuits is the one
computed for all subjects combined, which is 0.01 indicating
no agreement.

In summary, our study demonstrates that no XMRV/P-
MLV assay in any of the nine participating laboratories could
reproducibly detect XMRV/P-MLV 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 resulis
between these two laboratories for the 30 blinded XMRV/P-
MLV cohorts and control samples. In contrast, assays
developed by FDA (Lo and Hewlett), CDC, NCI/DRP,
Abbott Diagnostics, Abbott Molecular 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 WP]) 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 (¢.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) ar specific antibodies
in biood samples from subjects previcusly 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-MLV 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*
NAT/Plasma Abbott-MT 015 0/10 /5 5/5

/A

"NAT/WB

B 8 S R %wgllf%m%wg%&”

6/15
*Number 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
INo 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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Table 2. Results of replicates for assays with posnwe results (number reactive/number replicates tested).

Sample Assay
T f Subject  WPI WPL WPl NCI/Ruscetti NCI/Ruscetti
yp NAT/Plasma NAT/PBMC Serology Serology Culture

Negatwe Controls
e L e e

NT, not tested.

1The kappa for the serology for the negative controls between NCI/Ruscetti and WPl is 0.21.

1The kappa for the serology for the WPI XMRV/P-MLV subjects between NCI/Ruscetti and WPI is —0.20.
§The kappa for the serology for the Lo et al. XMRV/P-MLYV subjects between NCI/Rusceiti and WPI is 0.00.
[1The kappa for the serology for all cohort subjects between NCI/Ruscetti and WPI is —0.08.
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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
likeiy than controls to have been in the same room (100% vs. 9:5%, OR undefinéd, P <0-001)
and to have touched him (83 % vs. 0%, OR undefined, P <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 secretions.

Key words: Bangladesh, Nipah virus, person-to-person transmission.

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].

* Author for correspondence: Dr N. Homaira, Programme on .

Infectious Disease and Vaccine Sciences; Health System and
Infectious Disease Division, ICDDR,B, 68, Shahid Tajuddin
Ahmed Sharani, Mohakhali, Dhaka-1212, Bangladesh.

(Email : nhomaira@icddrb.org)

-111-

Antibodies reactive to NiV antigen have been de-
tected in pteropid bats in both India and Bangladesh
(1, 5] .
Person-te-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) 6-7, 95% confidence
interval (CI) 2-9-16-8, P <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 identification

We defined suspected case-patients as persomns having
fever with altered mental status or new onset of
seizures (severe iliness), 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 affected 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 IEDCR, where
they were stored at —70°. Samples were tested with
an immunoglobulin M (IgM) capture enzyme-linked

Person-to-person transmission of NiV.~ 1631

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 [gM 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, '

Qualitaﬁve 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-control 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 selécted proxy respondents
for each case-patient who had died or was unable to
responnd. 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 illness, and possible risk factors associated
with NiV transmission incfuding history of con-
sumption of date palm juice prior to illness, exposure
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to animals and exposure to ill patients, including
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bed or cleaning body secretions of a NiV patient.

Bat survey

A team of veterinarians from ICDDR,B with assist-
ance from the Consortium for Conservation Medicine
located two bat roosts which were 1 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 weye P, giganteus.

All bat blood samples were kept on ice until the
end of each day when serum was separated and stored
in liguid. 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
apainst 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% Cls around the ORs. We used the x* test
when expected cell sizes were >S5 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

Al human study participants gave informed consent
for participation in this investigation. The Ethical
Review Committee at ICDDR,B reviewed and ap-
proved a protocol for encephalitis surveillance and
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outbreak investigation. Bat capture and sample col-

tard rmd od
tection was conducted under a protoco! approved by

the Institutional Animal Care and Use Committee.

RESULTS
Descriptive epidemiclogy

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) (Tabie 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 te 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, Haripur Upazila (subdistrict), Thakurgaon District, Bangladesh,

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

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

Characteristics n="T7 (%}
Age
Mean (years) 24
Median (range) 24 (19-30)
Male 50D
Occupation
Student 2(29)
Housewife 1(14)
Businessman 229
Driver ) 2029
Clinical feature
Fever 7 (100}
Severe fatigue/weakness 6 (86)
Headache 3(43)
Vomiting 50
Cough 571
Respiratory disiress 4(57)
Altered mental status 5(71)
Muscle pain 4 (57
Restlessness 4 (57)
Unconscious 2(29)
Joint pain 1(14)
Case fatality 3 (43)
Onset of illness to death (1=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 conscicusness, 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 fo 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, Haripur Upazila, Thakurgaon District,

Bangladesh, February 2007
No. (%) of No. (%) of
cases with controls with
Risk factors this‘risk factor  thisrisk factor OR 95% CI P value
Male sex 4 (67 %) 8 (38%) 325 0-48-22 0:2
Climbed trees . 1 (17) 4(19%) 0-85 0-07-94 1-00
Physical contact with living animal
Pig 0(0%) 0 (%) Undefined
Fruit bat 0 (0%) 0(0%) Undefined
Cow 4 (67%) 13 (62 %) 123 0-182-8-33 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%) ~ Undefired 1-00
Drank raw date palm sap 1 (17%) 0 (0%) Undefined 022
Visited the index case in a hospital 6 (100%) 0(%) Undefined <0001
Touched the index case when he was sick 5(83-3%) 0{0%) Undefined <0-001
Reen present in the same room with the index 6 (100%) 2 (95 %) Undefined < (-001
case when he was sick .
Been present in the same room with the index 6 (100 %) 0 (0%) Undefined 0-04

case when he was coughing

OR, Odds ratio; CI, 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 (£s.D.)
2444 years in cases vs. 2447 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% C1 0-5-22, P=0-2).

NiV case-patients were more likely than controls
to have consumed raw date paln 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 2 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 analysis for person-to-person transmission,
case-palients were more likely than controls to have
been present in the same room with {100 % vs. 9-5%,
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 when he was
coughing (100% vs. 0%, OR undefined, P=0-04).
Only case-patients had hospital exposuire 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. giganfeus
bats; 29 of which were juvenile bats. Of the 67 bats
sampled 1 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,
27451 bats (53 %) had serum neuiralizing antibodies
to NiV [median titre 20, range 5-320]. Of the 61
pteropid bats that were seropositive seven were
juvenile bats [median titre 15, range 5-201.

DISCUSSION

Several lines of evidence suggest person-to-person
transmission as the primary 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 iilness, 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 evidence
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 transmission.

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 populations in Malaysia, India,
and Bangladesh [1, 5, 14, 15]. The bat survey was
performed approximately I 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

Person-to-person transmission of N1V 1635
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 (ransmission 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] conld limit trans-
mission of NiV and other diseases in people who care
for sick patients.
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Introduction

Adenoviruses, first isolated in the 1950s from explanted adenoid
tissue, are double-stranded nonenveloped DNA viruses that
naturally infect many vertebrates, including humans and nonhu-
man primates. The human adenoviruses in the Mastadenovirus
genus, comprised of all mammalian adenoviruses, are classified
into 7 species A-G, and at least 51 different serotypes (and 3
proposed types, HAdV-52 to HAdV-56} have been described to
date [1,2]. Adenoviruses are the cause of an estimated 5-10% of
febrile illnesses in children worldwide [3]. Some serotypes, such as
human adenovirus type 14 (HAdV-14}, have been associated with
severe and potentially fatal outbreaks of pneumonia in residentiat
facilities and military bases {4]. Adenoviruses have also been
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assaciated with other clinical syndromes including conjuncivitis,
hepatitis, and diarrhea [3]. In nonhuman primates, most
epidemniclogic studies of adenoviruses have focused on their
identification in fecal samples from asymptomatic animals [5,7,8].
Overt respiratory disease associated with simian adenoviruses has
also been observed ~[9]. Although adenoviruses are significant
pathogens, genetically modified strains are being actively explored
a3 polential veclors for vaccines and gene therapy {10].

Infection by adenoviruses has generally been thought to be
specics-specific. Human adenoviruses do not usually replicate in
monkey cells in the absence of helper viruses {1f], and do not
productively infect rodents (and vice versa) [12]. Studies of sera
from animal handlers and zoo workers exposed to chimpanzees in
captivity fail to detect antibodies te chimpanzee adenoviruses
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.[13,14]. However, recent serological surveys have found antibod-
ies to New World and Old World monkey adenoviruses in donor
human sera from regions where the monkeys are endemic [14,15].
In addition, phylogenetic analyses of adenoviruses from greater
apes reveal that they fall precisely into “human™ adenoviral species
B, C, and E [7]. The high degree of sequence relatedness within
members of cach species suggests that at least some adenoviral
strains may be capabie of infecting both nonhuman primates and
humans.

Beginning in May of 2009, a deadly outbreak of fulminant
pneumonia and hepatitis occurred in a closed colony of New
World titi monkeys of the Calficebus gerius at the California
Mational Primate Research Center (CNPRC). Routine microbi-
ological testing for an infectious etiology was negative. We
previously developed the Virochip (University of California, San
Francisco) as a broad-spectrum surveillance assay for identifying
viral causes of unknown acute and chronic illnesses
[16,17,18,19,20,21,22]. The Virochip, a pan-viral microarray
containing ~19,000 probes derived from all viral species in
GenBank (n~2500) [21,23], has been previously suecessful in
detection of novel outbreak viruses such as the SARS coronavirus
(22,24] and the 2009 pandemic HINI influenza virus [23]). Here
we apply the Virochip to identify a novel and highly divergent
adenovirus as the cause of the titi monkey ocutbreak. In addition,
we present clinical and serological evidence that this virus may
have infected a researcher at the CNPRC and a family member,
thus demonstrating for the first time the potential for cross-species
infection by adenoviruses.

Results

An outbreak of fulmmant pneumonia in a titi monkey
colony

In carly 2009, the CNPRC housed B5 titi monkeys in one
quadrant of an animal building. The index case, a healthy adult
liti monkey, presented on May 14, 2009 with cough, lethargy, and
decreased appetite (Fig. 1A, T1). Despite aggressive treatment with
incravenous fluids and antibiotics, the animal developed severe
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respiratory distress and was humanely euthanized 5 days later. A
second case preschiied 4 weeks laier near the entraince 1o he
building (Fig. 1A, T54). In the interim peried, 3 healthy titi
mankeys had been relocated from a separate building {Fig. A, T2,
T3, and T19), with 2 of the 3 monkeys placed into the cage
formerly occupicd by the index case, reflecting a total at-risk
poputation of 68. Over the ensuing 2 months, 21 additional
monkeys, including one of the relecated monkeys, presented with
clinical signs similar to those shown by the index case (atrack rate
=23/68, or 34%) (Figs. 1A and 1B). Clinical signs in affecred
animals included cough, lethargy, poor appetite, tachypnea, and
abdominal breathing. These symptoms progressed 1o overt
respiratory distress and death or humane euthanasia within an
average of 8 days. Chest radiographs typically revealed diffuse
interstitial pulmonary changes and bronchoealveolar conseiidation
indicative of pneumeonia, with right middle lobe predominance
(Fig. 1C). Animals displaying clinical signs were quarantined and
aggressively treated by veterinarians with supplemental oxygen,
anti-inflammatory medications, brenchodilaters (nebulized albu-
terol), broad-spectrum antibiotics, and antivirals (oseltamivir and/
ar ribavirin). In total, 19 animals died or were euthanized due to
the ifllness during the outbreak (case fatality rate = 19/23, or 83%).
Only 4 monkeys survived, even though the majority of sick
animals (17/23, or 74%) consisted of apparently healthy adults
and juveniles, Interestingly, none of the 133 rhesus macaques
(Macaca mulatta) housed in the same building became sick during
the outbreak, and neither did any of the Old World monkeys from
surrounding cutdoor colonies of rhesus and cynomeolgus macaques
(Macaca fascicularts).

Gross necropsy findings were similar in all titi monkeys and
were characterized primarily by diffuse, consolidated pneumonias,
with occasional evidence of fibrinous pleuritis, pericardial/plesral
edema, and hemorrhage (Fig. 1D-1). Some livers, spleens, and
lymph nodes were found to be abnormally enlarged. Hepatic
necrosis and hemorrhage, along with ascites, were occasionally
appreciated. On histologic examination, the normal cellular
architecture of the lung and trachea was destroyed, and prominent
intranuclear inclusion bodies were observed in the liver, lung, and
trachea (Figs. 1D-2 and 1D-3}.

A rtoutine microbiological workup for infectious causes of the
outbreak, including bacterial, mycoplasma, and fungal cultures,
was negative, Respiratory viral testing failed 10 detect evidence of
respiratory syncytial virus, adenovirus, influcnza virus A and B,
human metapneumovirus, and parainfluenza virus types 1, 2, and
3. '

Virochip identification, PCR screening and electron
microscopic (EM) confirmation of TMAdV

Given the clinical presentation of a severe acute viral respiratory
iliness and the appearance of intranuclear inclusion bodies on
histological examination, we strongly suspected that a virus that
had ¢luded detection by conventional assays was the cause of the
titi monkey outbreak. Nasal, lung, and liver swab samples collected
during necropsy were analyzed using the Virochip [21,23].
Microarrays were analyzed using ranked Z-scores to assess the
highest-intensity viral probes [18]. From a lung swab sample from
an affected monkey, 4 of the top 80 probes on the Virochip
corresponded o adenoviruses, Other viruses or viral families with
=4 probes among the op 80, including chimpanzee herpesvirus
(Herpesvinidae), bovine viral diarthea virus (Flavivirides), and
endogenous retroviruses (Refroviridas), were regarded as less likely
to cause fulminant pneumonia and hepatitis, so were not pursued
any further. The 4 adenovirus probes mapped to 2 different gene
regions corresponding to the DINA polymerase and penton base
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Figure 1. Clinical and epidemioclogic features of the titi monkey outbreak, (A) Map of the titi monkey cages situated in one quadrant of a
building, showing the locations of asymptomatic, at-risk monkeys {(brown or green), affected surviving monkeys (black}, and maonkeys who died from
their illness {skeleton). 3 monkeys were moved into the building {arrows pointing down and to the left) and 4 monkeys out of the building {arrows
pointing up and to the right} during the 3*d week of the outbreak. The upper left photograph shows an image of an adult male titi monkey and his
infant. The upper right inset shows the location of the titi monkey cages relative to other rhesus monkey cages in the building. Asymptomatic
mankeys with positive serum antibody titers to TMAdAVY 4 months after the outbreak are shown in green. (B) Epidemic curve of the outbreak, with the
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number of cases in blue and cumulative attack rate in red. {C) Anteroposterior chest radiograph of an affected titi monkey, showing bilateral basilar

va #mn fralla mallamen timmn

infittrates and a prominent right middle lobe consolidation. (D) 7 - gross photograph of lungs at necropsy; the lungs fatled to fully collapse upen
opening the chest, and a single ~1.5 cm focus of dark red discoloration (hemorrhage) can be seen in the left caudal lobe. 2 ~ photomicrograph of
HRE stained lung tissue showing a severe diffuse necrotizing bronchopneumonia characterized by the presence of hemarrhage and intranuclear

inclusions (arrows). 3 - photomicrograph of H&E stained liver tissue showing a multifocal necrotizing hepatitis with numercus intranuclear inclusions

- 2ol — +
{arrows). 4 — Wonsmission clectron micrograph of an affected lung alveslus {scale bar =1 um) il

=01 pm}. -
doi:10,1371/journal.ppat.1002155.9001

(Ftg. 2A). Interestingly, the 4 viral probes were derived from 2
different Adenoviridae genera (SAdV-23, simian adenovirus 23,
PAdV-A, porcine adenovirus A, and HAJV-5, human adenovirns
%, in the Mastadenouirus genus; FAAV-D, fowl adenovirus 1D, in the
Aviadensuirus  genus), suggesting the presence of a divergent
adenovirus that was not a member of any previously known
species.

To confirm the Virochip finding of an adenovirus, we used
consensus primers to amplify a 301 bp fragment from the hexon

gene by PCR [25). The fragment shared ~86% nucleotide ’

identity with its closest phylogenetic Telatives in GenBank, SAdV-
18, an Old World vervet monkey adenovirus, and the human
species D adenoviruses. The newly identified adenovirus was
designated TMAJYV, or titi monkey adenovirus. Specific PCR for
TMAdV was then used to screen body flutds and tissues from
affected monkeys (Table 1). PCR resuits were positive from post-
necropsy liver and lung tissues as welt as from sera, conjunctivat
swabs, oral swabs, and nasal swabs collected at time of quarantine
in 8 different affected monkeys, but were negative from a throat
swab from an asymptomatic animal whose other 5 cage maics had
become sick. In addition, nasal swabs were negative in 3
asymptomatic, minimal-risk titi monkeys housed in a separate
building. To confirm the presence of virus in discased tissues, we
examined lung tissue from affected monkeys by transmission
¢lectron microscopy, revealing abundant icosahedral particles
-characteristic of adenovirus filling the alveoli (Fig. 1D-4).

Next, 10 assess persistent subclinieal infection from TMAdAV, we
analyzed serum samples from at-risk asymptomatic or affected
surviving monkeys 2 months after the outbreak (n=41}. All post-
outbreak serum samples were negative for TMAdV by PCR
(Table 1). To assess potential TMAdVY shedding, stool samples
collected from all cages housing titi monkeys 2 months post-
outbreak were analyzed by PCR (n=27), and were found to be
ncgative. In addition, we checked for TMAdV in rectal swab
samples from rhesus macaques housed in the same building as the
titi monkeys (n=26) and in pooled droppings from wild rodents
(n=12) living near the titi monkey cages. All macaque and rodent
fecal samples were negative for TMAdV by PCR.

We also sought to determine whether PCR assays commonly
used to detect human adencviruses in clinical or public health
settings could detect TMAdV. Adenovirus POR. was performed on
a TMAdV-positive clinical sample, 2 TMAdV culture, and a
human adenovirus B culture {as a positive centrol} using an
additional 5 pairs of primers, according to previously published
protocols [26,27,28] Three of the 5 primer pairs, designed to
detect human respiratory adenoviruses B, C, and E, failed to
amplify TMAdV {27}. The remaining 2 pairs of primers, both
derived from highly conserved sequences in the hexon gene
[26,28], were able to detect TMAAV in culture as well as directly
from clinical material.

Whole-genome sequencing, features, and phylogenetic

analysis of TMAdV
To facilitate whole-genome sequencing of TMAdV, decp
sequencing of & lung swab from one affected titi monkey and
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4 _ transmission clection microoranh of an afforted lung alveolus (scale bar =1 um) filled with adencyvirus-tike particles (inset, scale bar

lung tissuc from another affected monkey was performed. Out of
~11.% million high-quality reads, 2,782 reads and 3,767 reads
aligned to the SAdV-18 genome by BLASTN (Fig. 2B, blue) and
TBLASTX {Fig. 9B, transparent blue), respectively, with reads
mapping 1o sites across the genome. De nose assembly of the
complete TMAdV genome from reads that aligned to SAdV-18
was not possible due to insufficient sequence coverage (<46%).
The poor apparent coverage was the result of high sequence
divergence of the TMAdV genome from SAdV-18, which
hindered the identification of most of the 16,524 actual deep
sequencing reads derived from TMAdV (Fig. 2B, red). Thus, after
partial assembly of TMAdV using overlapping reads aligning to
the SAdV-18 genome, remaining gaps were closed by specific
PCR. The complete genome of TMAdV was found to be 36,842
base pairs in length, with a base composition of 20.8% A, 29.8%
C, 298% G, and 19.6% T, and a GC content of 55.6%,
comparable to that of adenoviral species Groups C, D, and E in
the Mastadenovirus genus, The deduced genomic structure of
TMAdV was also similar to that of other mastadencviruses and
consists of 34 open reading frames (Fig. 2C).

Whole-genome phylogenetic analysis placed TMAdV in an
independent species group separate from the known human
adenoviral species A-G (Fig. 3). Among all 95 fully-sequenced
adenovirus genomes in GenBank, the closest simian adenoviral
relatives to TMAV were SAAV-3, SAJV-18, and SAdV-21, with
pairwise nucleotide identities ranging from 54.0% to 56.3%
(Fig. 4). The closest human adenoviral relatives were the species D
adenoviruses, which share 54.3% to 55.1% identity to TMAdV,
with human adenoviruses of other species slightly less similar
(51.1%—54.6%). The placement of TMAdV into a separate group
by phylogenetic analysis was also observed when looking
individually at the hexon, polymerase, penton base, and fiber
genes (Fig. S1). Scanning nucleotide pairwise identity plots
revealed that, among the major adenovirus genes, the DNA
polymerase and hexon are more conserved, whereas the EIA and
fiber are more divergent (Fig. 4). The significant overall sequence
divergence of TMAdJV from known human and simian adenovi-
ruses is highlighted by the finding that PAdV-A (porcine
adenovirus A), a non- primate mammalian adenovirus, shared
only a slightly less similar whole-genome: pairwise identity to
TMAdV of 47.0% (Fig. 4). In fact, in the DNA polymerase gene,

. TMAJV shared a pairwise identity with PAdAV-A of 67.2%,

comparable to its pairwise identities with the other human
adenoviruses, 53%-71.7% (Figs. 4 and §1). Although TMAdV
was found to be highly divergent [rom other adenaviruses,
different isolates of TMAdV from 3 affected 'titi monkeys were
remarkably conserved, sharing 1G0% identity across the full-length
hexan gene {data not shown).

The high level of sequence divergence in TMAdV held true at
the amino acid level as well, with amino acid identities relative to
other mastadenoviruses ranging from 20.8% to 27.5% for the
fiber, the most divergent protein, to 58.7%--78.2% for the hexon
{Table 2). Although bearing low sequence similarity to other
adenoviruses, the penton base of TMAdV contained an RGD
motif that presumably binds o, integrins. By both nucleotide and
amino acid comparisons, the closest phylogenetic relative to
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Figure 2. Discovery and whole-genome characterization of the novel adenovirus TMAdV. (A) The locations of the 4 Virochip probes
derived from adenovirus sequences and used to detect TMAAV are mapped onto the ~37 kB genome. The 4 Virochip probe sequences are also
aligned with the corresponding sequence in the TMAY genome, with mismatches highlighted in pink. (B} Coverage map of deep sequencing reads
corresponding to TMAAV using BLASTN (blue} and TBLASTX (transparent blue) alignments to SAdV-18. The actual coverage achieved by deep
sequencing as determined by alignments to the fully sequenced genome of TMAV is much higher (red). (C) Genome organization of TMAdV.
Predicted protein coding regions are shown as boxes. Boxes above the central black line represent open reading frames (ORFs) that are encoded on
the forward strand, while boxes underneath the black line represent reverse-strand encoded ORFs. Early region ORFs are shaded in gray. The x-axis
refers to the nucleotide position along the ~37k genome of TMAdV. Abbreviations: FAdV, fow! adenovirus; SAdV, simian adencvirus; PAdV, porcine
adenovirus; HAQV, human adenovirus, TMAdY, titi monkey adenovirus.

doi10.1371/journal.ppat.1002155.9002
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Table 1. PCR screening for TMAGV.

PCR Result Date Presenting with Clinical Signs Pate of Necropsy

5/19/2009
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T27 throat swab (h=1)*

at-risk titi
YT
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minimal-risk titi

minimal-risk titi

human serum (n=15) - N/A N/A

For titi monkey cage designations {TXX}, please refer to Fig. 1.
$initial case.

*#coltected prior to outbreak,

Teollected during outbreak.

*collected 2 months after outbreak,

“collected 4 months after outbreak,
doi:10.137 1/journal ppat.1002155.t001

TMAJV in GenBank overall was SAdV-3 (Fig. 4; Table 2). This obscrvaiion suggesied that cross-neutralization of TMAY
Bootscanning analysis revealed no evidence for re¢ombination of ~ with sera reactive against other human/simian adenoviruses is
TMAdV with other adenoviruses at either the whole-genome or  unlikely.

individual gene level (Fig. 52).

The main neutralization determinant for adenoviruses, the  Cultivation of TMAdY in human and monkey cells
epsilon determinant (g}, is formed by loops I and 2 in the hexon We next attempted to culture TMAdV in an A549 (human fung
protcin  [29]. The epsilon determinant of TMAdV was  adenocarcinoma) cell line, a BSC-1 {African green monkey kidney
significantly divergent from that of other mastadenoviruses, epithelial) cell line, and PMK (primary rhesus monkey kidney} cells
with amino acid identities in loop 1 varying [rom 30.6% to (Fig. 5). Direct inoculation of cell cultures with a fung swab sample
44,8% and in loop 2 varying from 54.4% to 67.0% (Table 2). from an affected titi monkey produced a weak initial cytopathic
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Figure 3, Whole-genome phylogenetic analysis of TMAdV. The whole-genome nuclestide phylogenetic tree is reconstructed from a multiple’
sequence alignment of all 95 unique, fully-sequenced adenovirus genomes in GenBank and TMAdV. Both rectangular cladogram and radial tree
layouts are displayed. The branch corresponding to TMAdV is highlighted,in boldface red. Abbreviations: HAdY, human adenovirus; $AdV, simian
adenovirus; MAdV, mouse adenovirus, FrAdV, frog adenovirus; TAdV, turkey adenovirus; SnAdV, snake adenovirus; DAV, duck adenovirus; OAdV,
ovine adenovirus; BAdV, bovine adenovirus; PAdV, porcine adenovirus; TSAdV, tree shrew adenovirus; CAdY, canine adenovirus,

doi:10.137Hjournal.ppat.1002155.g003

effect in macaque BSC-1 and human A549 cells at day 7.
However, despite multiple serial passages, we were unable to
propagate the infected cell culture supernatant in either BSC-1 or
PMK cells. In contrast, propagation in human A549 cells resulted
in viral adaptation by passage & and generation of a fully adapted
strain of TMAdV by passage 10 that was able to productively
infect all 3 cell lines. Thus, culturing and propagation of TMAdV
were successful in 2 human A549 cell ling, but not in established or
primary monkey kidney cell lines.
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An influenza-like itiness in a researcher and family
members during the titi monkey outhreak

In hindsight, only one individual at the CNPFRC repoited
becoming ill during the titi monkey outbreak, the researcher in
closest, daily contact with the animals. Symptoms began near the
onsct of the outbreak, although whether they began prior to or
after identification of the index case is unclear. The researcher,
with a past medical history of multiple sclerosis, initially developed
symptoms of a viral upper respiratory infection (URJ), including
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Figure 4. Scanning pairwise alignment of representative adenoviruses with TMAdV. The scanning nucleotide pairwise jdentities of TMAdY
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Table 2. Amino acid identity of TMAdV relative to other adenoviruses,
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fever, chills, headache, and sore throat, followed by 2 dry cough
and “burning sensation in the lungs” that was exacerbated by a
deep breath or coughing. The researcher endorsed a history of
recurrent upper respiratory infections, and did not regard the
illness as related to the titi monkey outbreak. Although symptoms
persisted for 4 weeks, at no time did the researcher seek medical
care, and no antibiotics were taken during the illness.

We carried out contact tracing to identify family members and
other individuals in close contact with the researcher. Interestingly,
two family members in the household also developed flu-like
symptoms about 1-2 wecks after the researcher initially became
sick. Their symptoms — fever, cough and muscle aches — appeared
milder than those of the researcher and complerely resolved within
2 weeks. Neither individual sought medical care for these
symptoms, and notably, neither had ever visited the CNPRC.

Seroprevalence of TMAdVY in monkeys and humans

To explore a potential link between the outbreak and associated
illness in humans, we blindly tested available sera from titi
monkeys {n=>59), rhesus macaques housed in the same building
{n=236), CNPRC personnel and close contacts (n=20), and
random human blood denors {n=81) for evidence of recent or
prior infection by TMAdV by virus neutralization (Fig. 6).
Nineteen serum samples from 15 at-risk affected (symptomatic}
titi monkeys were tested. Among 3 affected titi monkeys surviving
the outbreak, 2 monkeys mounted a vigorous neutralizing Ab
response to TMAdV, with negative pre-outbreak Ab titers (< 1:8)
but antibody titers 2 months after the o of > 1512, while |
monkey exhibited a positive but much weaker response. Affected
titi monkeys who dicd during the outbreak exhibited a wide range
of neutralizing Ab titers, from <1:8 to >1:512 (those without Ab
likely died before mounting a response).

To investigate the possibility of subclinical infection by
TMAdV, we also examined serum samptes from asymptomatic
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The amino acid sequences of selected TMAAV proteins and the epsilon determinant of the hexen (e: L1, loop 1, and &: L2, loop 2) are compared to the corresponding

*For each protein, the entry cortesponding 1o the adenoviral species with the highest percentage identity relative to TMAdY.

titi monkeys (n=40) and nearby rhesus macagques (n=36),
collected 2 months after the outbreak, Fourteen of 40 asymptom-
atic titi monkeys tested (35%) had antibody to TMAJV, indicating
that the incidence of subclinical infection was significant (Fig. 1A;
Fig 6). In fact, one of the 14 asymptomatic titi monkeys with
positive Ab titers was located in the minimal-risk building. In
contrast, only 1 of 36 rhesus macaque samples was positive, with
an Ab titer of 1:16. The | antibody-positive rhesus serum sample
was negative by specific PCR for TMAdV {data not shown), as was
stool from the cage in which the rhesus monkey was housed
(Table 1).

Approximately 4 months after the outbreak, serum samples
were collected from CINPRC personnel in direct contact with the
titi monkeys. Serum samples were also collected from the two
family members of the clinically il CNPRC rescarcher 1 year after
the outbreak. Only two samples were found positive for
neutralizing Abs to TMAdV: (1) Ab titers for the clinically ill
researcher were 1:32, and (2) Ab titers for one of the family
members of the clinically ill researcher were 1:8.

Among 81 random blood donors from the Western United
States, 2 individuals (2/81, 2.5%) had positive Ab titers of 1:16 and
1:8. Pooled rabbit sera containing antibodies to human adenovirus
serotypes 1 through 35, representing species A-E, were unable to
neutralize TMAdV (data not shown). Thus, the results of cur
serological survey appear unlikely to be due to nonspecific cross-
reactivity from prior exposure w0 known human adenoviruses.

Discussion

In this study, we employed 2 pan-viral microarray assay, the
Virochip, to identify a novel adencvirus associated with a
fulminant pneumonia outbreak in a colony of New World titi
monkeys. Despite the absence of an animal modei, which
precludes a strict fulfillment of Koch’s postulates, there are several
tines of evidence implicating this novel adenovirus, TMAdV, as
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Figure 5. Growth and propagation of TMAdV in cell culture. The flow chart displays 10 passages (P1-P10) of TMAdV cultured in human lung
adenocarcinoma (AS49, orange), primary rhesus macaque kidney (PMK, brown), or established African green monkey kidney (BSC-1 green) cells.
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the cause of the outbreak. First, conventional testing for other
pathogens, including other viruses by Virochip, was negative, and
affected monkeys .did not respond to empiric therapy with
antibiotics or antivirals (ribavirin and oseltamivir in anecdotal
use are not effective against adenoviral infections) [30]. Second,
the clinical presentation of pneumonia and hepatitis is consistent
with the known spectrum of disease associated with adenoviral
infections. Third, TMAdV sequence was recovered by PCR in
various body fluids and tissues from affected monkeys, including
blood, respiratory secretions, and lung/liver tissue (Table 1}
Fourth, the finding of intranuclear inclusions in diseased tissues, as
well as direct visualization of adenaviral-like particles (TMAdV} in
iung aiveoli by electron microscopy {Figs. iD-2 to 1D-4), support a
primary role for TMAdV in the pathogenesis of tissue injury in
affected monkeys. [‘ina]]y, there was a significant neutralizing Ab
response in sumvmg animals, with 2 monkcys having titers
undetectable prior to the outbreak but rising to >1:512 at
convalescence (Fig. 6).

Although TMAdV retains the core genomic features common
to all adenoviruses (Fig. 2C), phylogenetic analysis clearly places
TMAdV within a separate branch, with no closely related
neighbors {Figs. 3 and S1). A phylogenetic distance of >10%
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combined with the lack of cross-neutralization defines TMAdAV as
a new species [31]. Since emerging adenovirus strains such as
HAdV-14 and HAdV-D22/H8 (otherwise known as HAdV-D53)
are known to arise from recombination events among related
ancestral strains [32,33], we performed bootscanning analysis to
look for such events in TMAdVY. The bootscanning analysis,
however, failed to show evidence of recombination, likely because
closely related and/or ancestral strains to TMAdV have not yet
been identified.

Entry of adenoviruses inio cells involves an initial attachment of
the fiber knob 1o the cell receptor, followed by internalization via a
sccondary interaction of the penton base with e, integrins [34,35].
The presence of an RGD} motif in the TMAJY penton base
implies that the virus uses o, integrins for internalization [33].
However, the high sequence divergence in the fiber protein (Table
2), as well as the absence of fiber motifs conserved among
adenoviruses that bind CAR [36,37) (coxsackievirus-adenovirus
receptor) or CD46 [38,39,40] {data not shown), suggest that
neither of these two human adenoviral receptors may be the
attachment receptor for TMAdV, Further studies will be necessary
to identify the preferred cellular attachment and internalization
receptors for TMAdV.
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Figure 6. Seroprevalence of TMAdV in humans and monkeys. Sera from titi monkeys (circles}, rhesus macaques (squares), and humans
{triangles) were tested for antibodies to TMAV by vitus neutralization. Arrows designate pre-outbreak and post-outbreak serum samples from the
same individual monkey. Pre-outbreak serum samples were previously banked in 2007. Sera from CNPRC personnel and close contacts (orange
triangles) were collected 4 months post-outbreak, except for the two family members of the dlinically Il researcher, whose sera were collected 1 year
post-outbreak. *, clinically ill researcher; **, family member of the researcher, who was also sick. Abbreviations: CNPRC, California National Primate

Research Center; NEG, negative,
doi:10.1371/journal.ppat.1002155.9006

Despite its isolation from affected titi monkeys, we were unable
to propagate TMAAV in both established (BSC-1} and primary
(PMK) monkey kidney cells {Fig. 4). The virus, however, grew
efficiently in 2 human A549 lung adenocarcinoma cell line. One
explanation for this finding is that TMAdV may be unable to
preductively infect cells” derived from CGld World monkeys (c.g.
rhesns and African green monkeys). An alternative possibility is
that successful propagation of TMAdV may depend on infection
of a specific host cell type, such as A549 lung, and not BSC-1 or
PMEK. kidney cells. Nevertheless, after 10 passages in human A549
cells, the fully adapted strain of TMAdV exhibits an extended host
range with the ability to productively infect both monkey and
luman cells. This observation implies that TMAdV possesses an
inherent capacity to cross the species Barrier and infect both
humans and nonhuman primates. Efforts to identify host range
and cell tropism of TMAAV, as well as the specific sequence
changes responsible for adaptation to growth in cell culture, are
currently underway.

The virulence of TMAdV in healthy and apparently immuno-
competent titi monkeys (83% case fatality rate) is highly unusual for
infections by adenovirus. In humans, deaths due to adenovirus
infections or outbreaks are generally low {up to 18% for pneumonia
associated with HAdV-14 [4]). Furthermore, severe infections from
human adenoviruses are more commonly associated with older age,
immunosuppression, and chronic underlying conditions such as
kidney failure [4,41]. Young, healthy individuals are in general
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much less likely to succumb to adenoviral-related illness. The
severity of TMAdV-related illness in affected titi monkeys suggests
that this species of monkey may not be the natural host for the virus.
The failure to desect fecat shedding of TMAJV in convalescent or
asymptomatic animals also suggests that the virus does not normally
infect titi monkeys (Table 1).

Although the exact origin of TMAdV remains unclear, we can
speculate on several possibilities. One possibility is that a cross-
species “jump” from captive macacues to a suscepiible colony of
titi monkeys precipitated the outbreak. As there have been no new
introductions of monkeys into the closed colony for the past 2
years, this conjecture relies on asymptomatic infection and
transmission of TMAdV in the captive rhesus/cynomelgus
macagque population at the CNPRC. CNPRC personnel who
visited macaque areas would occasionally enter titi rooms with no
change i personal protective cquipment, thus providing a
potential route of transmission for the virus. In addition, specific
antibodies were detected in 1 of 36 (2.8%) asymptomatic rhesus
macaques housed in the same building {Fig. 6), indicating that
TMAAV- has the capacity to infect this species of Old World
monkey. Notably, the closest identificd phylogenetic relative to
TMAdV among the complete genomic sequences available in
GenBank is a rhesus monkey adenovirus, SAdV-3 (Fig. 4; Table
2).-Furthermore, serological evidence for cross-species adenoviral
transmission events between different nonhuman primate species
has been previously reported in the literature [42).
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Although we failed to detect TMAdV in rodent droppings
found near tri monkey cages {Table 2), it is still possible that the
virus arese from an unknown animal reservoir. In this regard, the
high sequence divergence of TMAdV relative to the known
human/simian adenoviruses (Fig. 3), and comparable sequence
similarity in the polymerase gene 1o a porcine adenovirus (Figs. 3
and 51} are striking. The four-week interval between the index
case and the second case appears overly long given a typical
incubation period for adenovirus infections of no more than 1
week [43]. This may be explained. by our finding of a high rate of
subclinical infection by TMAdV in asymptomatic titi monkeys
(35%), but may also be due to separate introductions of TMAdV
into the colony from an as-yet unidentified reservoir. '

Our study data also support the potential for cross-species
transmission of TMAdV between monkeys and humans. The
researcher’s fever, cough, and pleuritic symptoms (“burning
sensation in the [ungs”) are consistent with the development of a
prolonged viral respiratory illness. Interestingly, pleurisy has been
specifically reported in association with certain human adenovirus
infections [44]. The clinical presentation, time of illness concurrent
with the onset of the outbreak, and presence of neuiralizing Abs in
convalescent serum all strongly point to primary infection of the
researcher by TMAJV. The detection of weakly neutralizing Abs
(1:8) in a serum sample from a sick family member of the
researcher also suggests that TMAdV may be capable of human-
to-human transmission. The decreased levels of nentralizing Abs
to TMAdYV in the researcher (1:32) and a family member (1:8)
relative to theose in infected titi monkeys (up to >1:512} are
consistent with a recent study showirg much higher levels of
neutralizing antibodies in chimpanzees than in humans with
adenovirus infections, possibly due 10 more robust adenovirus-
specific T-cell responses in humans than in monkeys {45].

Several lines of evidence support the contention that the direction
of TMAdV transmission was zoonotic {monkeys to humans) rather
than anthroponotic {humans to monkeys). First, the closest known
relative to TMAAV in GenBank is S8AdV-3, an Old World monkey
adenovirus {Fig. 3; Table 2). Second, our results show that PCR
assays for human adenoviruses in common use are capable of
detecting TMAdY. Although sequencing of PCR. amplicons for
human adencviruses is not performed routinely in diagnostic
virclogy, TMAdJV would presumably have been detecied previously
in large-scale studies of hexon sequencing of Ad field isolates if it
were circulating in the community [46,47]. Finally, the available
sequence data in GenBank is heavily biased towards human
adenoviruses, and much less is known about the potential diversity
of the simian adenoviruses. We also cannot formally exclude the
possibility that the outbreak arose from anthreponotic transmission.
In ocur study, 2 of 81, or 2.5% of random adult blood donors
exhibited borderline titers of neutralizing antibody to TMAdV,
indicating either a low prevalence of TMAdV in the human
population or cross-reactivity to 2 related virus {although no
evidence of cross-reactivity was found with HAdV serotypes 1
through 35). Future large-scale studies of TMAdAV seroepidemiol-
ogy will be needed to better understand transmission of TMA4V
between monkeys and humans. Nevertheless, our discovery of
TMAJV, a novel adenovirus with the capacity to cross species
barriers, highlights the need to monitor adenoviruses closely for
outbreak or even pandemic potential.

Materials and Methods

Ethics statement
This study was carried out in strict accordance with the
recommendations in the Guide for the Care and Use of
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Laboraiory Animals of the National Institutes of Health. The
use and care of all animals followed policies and guidclines
established by the University of California, Davis Institutional
Animal Gare and Use Commiitee JACUC) and CNPRC {(Animal
Wellare Assurance #A3433-01). The protocol for the mainte-
nance and breeding of the titi monkey colony was approved by the
University of California, Davis JACUC (Protocol #15730). No
specific animal research protocol was drafted for this study, as only
excess clinical samples were analyzed for diagnostic purposes.
Animals in extreme respiratory distress were humanely euthanized
by veterinarians. Extensive veterinary care was provided to al
animals affected by the outbreak in order to minimize pain and
distress.

Serum samples from stafl at the CNPRC, close contacts, and
random adult blood donors were collected under protocols
approved by mstitutional review boards of the University of
California, Davis (Protocol #200917650-1} and University of
California, San Francisco (Protocol #£H49187-35245-01). Specif-
ically, written informed consent was obrained from stall at the
CNPRC and close contacts for analysis of their samples. Any
potentially igeniifying information has been provided with the
explicit permission of the individuals involved,

Sera from random blood donors were obtained from the Blood
Systems Research Institute (San Francisco, CA); sera were derived
from affiliated donor banks in California (Blood Centers of the
Pacific, San Francisco, CA), Nevada (United Blood Service, Reno,
NV), and Wyoming {United Blood Services, Cheyenne, Wyoming)
and de-identified prior to analysis.

The California National Primate Research Center (CNPRC)
The California National Primate Research Center (CNPRG),
which houses over 5,000 nonhuman primates, is a part of the

‘National Primate Research Centers Program and is accredited by

the Association for the Assessment and Accreditation of Labora-
tory Animal Care, International (AAALAC). At the beginning of
2009, the CNPRC maintained a colony of 74 titi monkeys
(Callicebus cuprens) and a colony of over 4,500 rhesus macaques
(Macaca mulaita). No new animals have been introduced into either
colony for over 2 years. All titi monkeys are maintained in small
social groups, while rhesus macaques are maintained in small or
large social groups. All animal facilities are maintained in
compliance with United States Department of Agriculture
specifications.

Eighty-cight percent of the titi monkey population {n = 65) were
housed in [ quadrant of an indoor animal building, and all titi
monkeys demonstrating clinical signs originated from this building
(i.e. “atrisk” room) (Fig. 1A). Rhesus macaques {n=133) were
housed in the other 3 quadrants of this same building, and
surrounding the building were outdoor housing units with rhesus
macaques and cynomolgus macaques (Macace fasiculoris). Three
additional titi monkeys were moved into the at-risk room less than
2 weeks after presentation of the index case, reflecting a total at-
risk population of 68 animals. The remaining & titi monkeys were
housed in an indoor animal building greater than 500 yards from
the at-risk population {(i.e. “minimal-visk” room).

Outbreak investigation and microbiological testing

The outbreak lasted approximately 3 months from May 1o
August of 2009. Affected titi monkeys died from 3-24 days afier
appearance of clinical signs, with an average time to death or
humane euthanasia of 8 days, Clinical and epidemiological data,
including daily census reports, were tracked and recorded by
veterinary and management stafl. All personnel entering the titi
monkey rooms (both at-risk rooms and minimal-risk rooms)
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needed to pass within approximately 20 feet of macaque
enclosures prior 1o entry. CNPRC personal protective equipment
(PPE) policy requires a change of PPE between entrance/exit off
animal rooms housing different species. Stafl compliance of this
policy may have been compromised. Measures have since been
taken by CNPRC management to ensure compliance with existing
policies.

Bacterial, mycoplasma, and fungal cultures were performed at
the CNPRC. Clinical samples were also sent to an outside
laboratory (Focus Diagnostics, Cypress, CA) for respiratory viral
testing by centrifugation-enhanced sheil vial cuiture followed by
direct fluorescent antibody staining for 8 viruses (respiratory
syncytial virus, adenovirus, influenza virus A and B, parainfluenza
virus types 1, 2, and 3, and human metapneumovirus).

Gross, histopathological, and ultrastructural analyses

Gross and histopathological analyses of post-mortem tissues
were performed by a board-ceriified veterinary pathologist
specializing in nonhuman primate/laboratory animal medicine,
a branch of Primate Services at the CNPRC. At necropsy, tissue
samples from the 1rachea, lung, and liver were collected and fixed
in 10% formalin. Tissues were routinely processed and embedded
in paraffin. 3-pun sections were stained with hematoxylin and eosin
{HE) and examined by light microscopy. For transmission electron
microscopy, tissue fragments (2 X2 mm) were excised from paraffin
blocks of lung, deparaffinized, and processed as previously
described [48].

Nucleic acid extraction and cDNA library preparation

Total nucleic acid was extracted from body fluid or swab
samples using commercially available kits (Qiagen, Valencia, CA).
200 pL of sample were passed through a 0.22 um filter (Millipore,
Temecula, CA) to remove bacteria and cellular debris and then
treated with Turbo DNase {Ambion, Culver City, CA) to degrade
host genomic DNA prior to extraction. For tissue samples, lung or
liver tissue was homogenized in a 15 mL Eppendosf tube using a
disposable microtube pestle {Eppendorf, San Diego, CA) and
scalpel, and RINA extraction was then performed using TRIzol LS
(Invitrogen, Carlsbad, CA), followed: by isopropanol precipitation
and two washes in 70% ethanol. Extracted nucleic acid was
amplified using a randem PCR method to generate cDNA
libraries for Virochip and deep sequencing analyses as previously
described [18,21].

Virochip analysis

The current 8x60 k Virochip microarrays used in this study
contain 19,058 70mer probes representing all viral species in
GenBank, and combine probes from all previous Virochip designs
{17,18,21,23]. Four probes derived from 2 different Adenoviridas
genera (SAdV-23, PAAV-A, HAAV-5, and FAdV-D) yielded an
adenovirus signature on the Virochip that was found to be
TMAdY. With the exception of SAdV-23, these highly conserved
probes are part of the core Virochip design and were derived from
all available adenoviral sequences in GenBank as of 2002 [21].
Onc explanation why more high-intensity probes to simian
adenoviruses were nat seen by Virochip analysis is that the
genomes of many simian Ads, including SAdV-3 and SAdV-18
{the two closest phylogenetie relalives to TiiAdV in GenBank),
were not sequenced until after 2004 [7,49], and thus their
genomes are not as well-represented on the Virochip microarray.

Virochip analysis was performed as previcusly described
[21,23]. Briefly, samples were labeled with Cy3 or Cy3 fluorescent

- dye, normalized to 10 pmol of incorporated dye, and hybridized

overnight using the Agilent Gene Expression Hybridization kit
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{Agilent Technologies, Santa Clara, California). Slides were
scanned at 3 um resolution using an Agilent DNA Microarray
Scanner. Virochip microarrays were analyzed with Z-scorc
analysis [18], hierarchical cluster analysis [50], and E-Predict, an
automated computational algorithm for viral species prediction
from microarrays [51]. Only Z-score analysis, a method for
assessing the statistical significance of individual Virochip probes,
yielded a credible viral signature on the microarray.

PCR screening

We initially used consensus primers derived from a highly
conserved region of the hexon gene to confirm the Virechip
finding of an adenovirus by PCR [25]. After recovering the full
genome sequence, we then designed a set of specific PCR primers
for detection of TMAdV, TMAdV-F {3'-GTGACGTCA-
TAGTTGTGGTC) and TMAdV-R {5’-CTTCGAAGGCAAC-
TACGQC). The TMAdV-specific quantitative real-time PCR. was
performed on a Stratagene MX3005P real-time PCR system using
a 25 pl. master mix consisting of 18 pL of water, 2.5 puL of 10X
Tag buffer, 1 uL of MgCly (30 mM), 0.5 pL of deoxynucleoside
triophosphates (dNTPs; 12.5 mM), 0.5 uL of each primer
(10 pM), 0.5 pL. SYBR green, 0.5 puL of Tag polymerase
{Invitrogen, Carlsbad, CA), and 1 pL of extracted nucleic acid.
Conditiens for the PCR reaction were 40 cycles of 94°C for 30 s,
55°C for 30 5, and 72°C Tor 30 s. Amplicons were purified on 2
2% agarose gel, cloned into plasmid vectors using TOPO TA
(Invitrogen, Carlsbad, CA), and sent to an outside company (Elim
Biopharmaceuticals, Hayward, CA} for Sanger sequencing in both
directions using vector primers M 13F and M13R.

To assess linearity and limits of sensitivity for the TMAJV PCR.
assay, 12 serial log dilutions were made of 2 standard plasmid
constructed by cloning the 157-bp TMAdV amplicon into a
TOPO plasmid vector. Purified plasmid clones at cach serial
dilution were quantified using a Nanodrop specirophotometer and
then spiked into negative serum, stool, or oral swab sample matrix,
cach matrix consisting of a pool of 10 sera, 10 stool samples, or 3
oral swabs, respectively. For each sample type, a standard curve
for the TMAdV PCR assay was calculated from 3 PCR. replicates
at cach dilution of nucleic acid extracted from the spiked matrix
(data not shown). To determine limits of sensitivity for the assay,
probit analysis of resubs from 6 PCR replicates of 7 serial log
dilutions (from a starting concentration of ~1.2 x10° copies/mL)
was performed using SPSS 16.0 (SPSS Inc., Chicago, IL). By
probit analysis, the 95% limit of detection for TMAdV was 781,
377, or 35 viral genome equivalents/mL for serum, stool, or orat
swab samples, respectively (data not shown).

Whole-genome segquencing

To facilitate whole-genome sequencing of TMAdV, we
prepared amplified cDNA/DNA libraries for deep sequencing
from lung tissue and a lung swab sample from 2 different monkeys
using previousty published pratocols [23,52]. Briefly, randomly
amplified libraries were cleaved with a Type iIs restriction
endonuclease (Gsuf) and truncated adapters were ligated on the
resulting strand ends. Full-length adapters containing strict G-nt
barcodes were added wia an additional 15 cycles of PCR.
Amplified libraries were size-selected on a 2% agarose gel at
approximately 350 bp average length and then sent to an outside
company (Elim Biopharmaceuticals, Hayward, CA) for deep
sequencing on an Illumina Genome Analyzer Ilx (Illumina, San
Diego, CA). Paired-cnd rcads were sequenced for 73 cyeles in each
direction. Paired-end reads were subsequently filtered to climinate
low-complexity sequences with, a Lempel-Ziv-Welch (LZW)
compression ratio below (.4 [33], split into individual reads,
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classificd by barcode, and stripped of any remaining primer
sequences using BLASTN alignments {word size=1l, E-val-
ue = 1 %1073, Afier low-complexity filtering and barcode/primer
trimming, 11,950,557 sequence reads remained, with each read
consisting of 67 nucleotides, for a total of ~800 megabascs of
sequence. Reads were then aligned using BLASTN (word
size = 11, E-value=1x107" and TBLASTX (word size=[1, E-
value = 11073 1o the genome sequence of SAAV-18 (Fig. 2B).
Overlapping reads aligning to SAdV-18 were used to assemble
porticns of the TMAdV genome with Geneious software (version
3.6.5) [54], employing the SAdV-18 genome as a reference
sequence and requiring a 20-bp minimum overlap and 95%
overjap identity. Aligning reads were also used to design PCR
primers to close remaming gaps in the TMAdV genome.
Amplicons derived from specific TMAdV PCR primers were
gel-purified, cloned, and sequenced as described above. The 5°
end corresponding to the inverted ierminal repeat (ITR} of
TMAdV was obtained by PCR using a forward degenerate
consensus primer and a reverse TMAdV-specific primer. The 3’
end was recovered using a forward primer near the 3' end of the
genome and a reverse primer derived from 5'-ITR sequence.

Structural features and phylogenetic analysis

To identify predicted coding regions in the TMAdV genome,
we used. the fully annotated genome sequence of SAdV-21 in
GenBank as a reference. First, we aligned the two genomes and
idenrified all ORFs that were present with Geneious [54]. We then
selected the candidate ORF that best matched the corresponding
ORF in the annotated reference genome. For adenovirus genes
that are spliced (e.g. E1A), the identification of a GT-AG intron
start-stop signal was used 1o pinpeint the correct ORF. To confirm
the accuracy of the coding sequence, the sequence of each
identified ORF was aligned 1o a database containing all adenoviral
proteins in GenBank by BLASTX.

To generate whole-genome and individual gene nucleotide
phylogeny trees, all 95 {ully sequenced unique adenovirus genomes
were first downloaded from GenBank. Multiple sequence
alignments were then performed on a 48-core Linux system using
ClustalW-MPI [55]. Trees were constructed after bootsirapping 1o
1000 replicates by the neighbor-joining method (based on Jukes-
Cantor distances) in Geneious {54,56]. Pairwise alignments were
calculated using Shuffle-LAGAN (window size, 400 bp; step size
40 bp; translated anchering), a glocal alignment algorithm that is
able to calculate optimal alignments by using both local alignments
and global maps of sequence rearrangements {e.g. duplications of
the fiber gene in adenovirus genomes with 2 fibers) [57]. Sliding
window analysis of the Shuffle-LAGAN pairwise alignments was
performed using the online mVISTA platform [58]. More
accurate alignments were obtained with Shuffle-LAGAN than
with either ClustalW-MPI or Geneious (data not shown). Boot-
scanning amnalysis was performed according to the Kimura 2-
parameter method using 1000 replicates with Simplot (version
3.5.1) [59]. Pairwise amino acid amino acid alignments between
predicted TMAdV proteins and corresponding proteins in other
adenoviruses (Table 2) were performed using Geneious [54}.

Virus cultivation

A549 (human lung adenocarcinoma) and BSC-1 (African green
monkey kidney epithelial) cell lines as well as PMK (primary
rhesus monkey kidney} cells are routinely maintained at the Virai
and Rickettsial Disease Laboratory (VRDL) branch of the
California Department of Public Health. Media consisting of
Hank’s medium (for A549 cells) or Dulbecco’s modified Eagle’s
medium (DMEM) (for BSC-1 cells) were supplemented with
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1 xnonessential amino acids (Invitrogen, Carlsbad, CA), 10% fetal
bovine scrum, 100 U of penicillin/mL and 100 pg of streptomy-
cin/mL. PMK cells were maintained in tubes containing growth
media and antibodies to SV-40 and SV-3 polyomaviruses
(Viromed, Pasadena, CA). Clinical samples were clarified by
centrifugation for 10 min %4000 g and passaged through a 0.2-um
filter, Cell culture passages were subjected to 3 freeze-thaw cycles
and clarified as above. After achieving 80-90% confluency, ccll
culture media were changed to maintenance media with 2% FBS
and were inoculated with 200 pL. of clinical sample or 100 pL of
passaged viral supernatant. Viral replication was monitored over
14 days by visual inspection under light microscopy [or cytopathic
effect (CPE}. To confirm the generation of infectious virus, viral
supernatants were quantitated by an end-point dilution assay.

Virus neutralization assay (human and monkey sera)

A virus stock of TMAAV (passage 7) was produced on human
A549 cells, aliquoted, and quantitated by end-point dilution. To
perform the virus neutsalization assay, 55 pL of viral supernatant
at a concentration of 100 TGID5g and 35 pL of serum {starting at
a 1:8 dilution) were mixed and incubated for 1 hour a1 37°C. As a
contro! for each serum sample, 55 PL of culture media and 55 pL
of serum were mixed and treated in an identical fashion, While
mixtures were incubating, A549 cells grown in T-23 plates were
trypsinized and 4,000 cells in 100 pL of media were added to each
well of a 96-well plate. After incubation, 100 UL of mixture were
inoculated into appropriate wells containing 4,000 cells per well
and the entire plate was placed in a 37°C 5% COy incubator.
Cells in the plate wells were observed for evidence of CPE every
other day for | week. For wells that showed inhibition of viral
CPL, the corresponding serum samples were diluted in six 2-fold
steps and then retested. The reciprocal of the highest dilution that
completely inhibited viral CPE was taken as the neutralizing
antibody titer.

Virus neutralization assay {rabbit typing sera)

To assess cross-neutralization of TMAdV by known human
adenoviruses, 7 pools of in-house reference sera ar the VRDL
(vabbit hyperimmune sera) and collectively containing antibodies
to human adenovirus scrotypes 1 through 35 were available for
testing. For each pool, 55 uL of rabbit sera and 53 pL of viral
supernatant at a concentration of 100 TCIDgp were mixed,
incubated for 1 hour at 37°C, and inoculated onto A549 cells in
wells of a 96-well plate as described above. Cells in the plate wells
were observed for evidence of CPE every other day for [ week.

Microarray and nucleotide sequence accession numbers.

All Virochip microarrays used In this study have been submitted
to the NCBI GEO database {study accession number GSE26898;
microarray accession numbers GSMG62370-GSM662391; micro-
array design accession number GPLI1662). The annotated,
whole-genome sequence of TMAdV has been submitted to
GenBank (accession number HQS13600). Deep sequencing reads
have been submitted to the NCBI Sequence Read Archive
(accession number SRA031285).

Supporting Information

Figure §1 Phylogenetic analysis of the hexon; polymer-
ase, penton base, and fiber genes of TMAAV. A multiple
sequence alignment of selected genes from all 95 unique, fully-
sequenced adenovirus genomes in GenBank and TMAdV is
performed and the results displayed as a radial phylogeneiic tree.
The branch corresponding to TMAdV is highlighted in beldface
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red. Abbreviations: HAdV, human adenovirus, SAdV, simian
adenovirus; PAdV, porcine adencvirus; FAdV, fow! adenovirus,
(TIF)

Figure 52 Bootscanning recombination analysis of
TMAdY. Bootscanning analysis was initially perforrned with alt
95 unique, fully-sequenced adenovirus genomes in GenBank (data
not shown). After removal of similar viral genomes, bootscan plots
of the whole genome and individual genes from a subset
representing human/simian adenoviruses in species A-G and all
non-primate vertebrate adenoviruses were generated. The window
size is 400 bp with a step size of 40 bp for the whale genome, and
200 bp with a step size of 20 bp for the individual genes. The x-
axis refers to the nucleotide position. For definition of abbrevia-
tions, please refer to Fig. 3.
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Measles And Water-Borne Disease Outhbreaks “o--omme oo

in Horn Of Africa And Kenya Worries World sl

Health Organization CCDR Weekly

Latest Issues
The numbers of people becoming infected with measies and water-borne diseases  Archived Issues
is growing at an alarming rate in the Horn of Africa and some neighboring ;
countries, says WHO (World Heaith Organization). Cases of severe diarrhea in
Kenya and Ethiapia are a serious concern, the organization adds. Severe drought Latest Issues
in the Horn of Afiica and Kenya is making millions of people move t0 other areas, LT
an important factor in the spread of communicable diseases. WHO predicts the Archived Issues
roblem will get worse. The Horn of Africa, also known as Northeast Africa or the s
gomali Peninsula is in northern east Africa, it is a peninsula that sticks out Additional Resources
hundreds of miles intc the Arabian sea. The Horn of Africa has approximately 100  Chronic Diseases in
i‘IIon people, and includes Ethiopia, Somalia, Eritrea and Djibouti, The affected Canada
Cuntries have low immunization rates, a shortage of clean water, poor sanitation FITJWatch# T
and extremely poor health care systems. e

T
Source: Medical News Today 17 July 2011 S
http://www.medicalnewstoday.com/articles/231242.php _Influenza
Respiratory Virus

First Adenovirus to Jump Between Monkeys  Pefections In Canada
and Humans Confirmed West Nile Virus

A novel virus that spread through a California monkey colony in late 2009 also infected a human researcher and
species to another and remaining contagious after the jump. In a study by the UCSF Viral Diagnostics and
Discovery Center, which identified the new virus at the time of the outbreak, researchers confirmed it was the
same virus in the New World titi monkeys and the two humans. They also confirmed that the virus is highly
unusual in both populations, suggesting that it may have originated from a third, unidentified species. The
direction in which the virus spread, however -- from monkeys to humans or vice versa -- remains a mystery,
Findings appear in the July 14 issue of PLoS Pathogens, a weekly journal of the Public Library of Science. The

........

was devastating, causing an upper respiratory iliness that progressed to pneumonia and eventually Killed 19 of
the 23 monkeys (83 percent) that became sick, including healthy voung adult monkeys. Around the time of the
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outbreak, a researcher who was taking care of the sick monkeys also developed an upper respiratory infection,
with fever, chills and a cough that lasted four weeks, as did two members of the researchers' family who had no
contact with the monkey colony. All three recovered fully without miedical treatment. The primate center called
Chiu when the illness spread through the colony to help identify the pathogen and prevent its spread to other
animals. The UCSF Viral Diagnostics and Discovery Center specializes in using a microarray Virochip technology
developed at UCSF to identify viruses affecting humans, animmals, insects or plants.

Because the researcher's illness was not reported for several months, the virus could no longer be detected
directly, so Chiu worked with the California Department of Public Health to conduct antibody testing on the
monkeys, the researcher and two of the researcher's family members who also reported having been sick.
Antibodies are a product of the body's immune response to pathogens and generally remain in the bloodstream.
for several months after infection. As a result, they serve as a marker of whether a person was exposed to a
specific virus. Both the monkeys and researcher tested positive for antibodies to the TMAdV virus, as did one of
the two family members, No other humans at the center were found to have been infected. The UCSF team
found that the new virus clearly belonged to the adenovirus family, yet was unlike any adenovirus ever reported

- to infect humans or monkeys, including from large-scale studies by public health agencies such as the U.S.

Centers for Disease Control and Prevention. The new virus was so unusual, in fact, that it shares only 56 percent
of Its DNA to its closest viral relative,

Source! Sclence Dally News July 15 2011
http://www.sciencedaily.com/refeases/2011/07/110714191427.htm
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Novel érenav.ms infection in
Humans, United States

Mary Louise Milazzo, Grantt.. Campbeill, and Charles F. Fulhorst

fmmunoglobulin G against Whitéwater AToyo Virus or
lymphaocytic choriameningitis virus was found in 41 (3.5%)
of 1,185 persons in the United States who had acute
cenfral nervous system disease or undifferentiated febrile

© Hinesses. The results of analyses of antibody titers in paired

sefum samples suggest that a North American Tacaribe
serocomplex virus was the causative agent of the flnesses
in 2 persons and that lymphocytic choriomeningitis virus
was the causative agent of the ilnessesin 3 other antibody-
positive persons in this study, The results of this study
suggest that Tacaribe serocomplex viruses native to North
America, as well as lymphocytic choriomeningitis virus, are
causalive agents of human disease in the United States,

The arenavirases  (family  Arenaviridee, genus
Avrenavirus) known to cccur in Morth America inchude
Whitewater Amoyo virus (WWAV), 7 other members
of the Tacaribe serocomplex (Table 1), and lymphocytic
choriomeningitis virus (LCMYV, the prototypic member of
the lymphoeytic choriomreningitis—t.assa serocatiplex).
Specific members of the ordér Rodentia are the principal
hosts of the aremaviruses, for which mataral host
relationships have been well characterized. For example,
the hispid cotton rat (Sigmodon hispidus) in Florida is the
principal host of Tamiami virus (6,7), and the ubiquitous
house mouse (Mus museulus) is the principal host of
LCMV (5,

Five Soutlh American members of the Tacaribe
serocomplex, LCMV, and Lassa virus are etiologic agents
of severe febrile illnesses in bumans (10,17). The buman
Author affliations: University of Texas Medical Branch, Galveston,
Texas, USA {M.L, Milazze, C.F. Fulhorsf); and-Centers for Disease
Control and Prevention, Fert Coliins, Colorado, USA (G.L.
Campbeltl} ’

DOI: 10.3201/eid1708.110285

bealth significance of (he North American Tacaribe
serocomplex virnses has not been rigorously invesligated
(2.

Studjes since the mid-1990s have shown that Tacaribe
serocomplex viruses are widely distributed in the United
States and Mexico-and that woodrats (Neotoma spp.) and
other members of the family Cricetidae are natural hosts
of these viruses (/—3,8,13,14). The purpose of this stody
was fo investigate whether humans have been infected with
North American Tacaribe serocomplex viruses,

Materials and Methods .

Samples of seram (o = 1,305), plasms (n = 2), and
cerebrospinal fluid (n = 70) from 1,185 persons in the
United States with acute central nervous system disease
or undifferentiated febrile illnesses were tested for
imwmoglobulin (Ig) G against the WWAV prototype
strain AV 9310135 and LCMV strain Armstrong by using
an ELIBA as described (I5). The samples were diagnostic
specimens submitted to the Arbovirus Diseases Branch,
Division of Vector-Bome Infectious Diseases, Centers for
Distase Control and Prevention (CDC) (Fort Collins, CO,
USA) during 1989-2000 by public health laboratories in
the United States. The samples had been fested selectively
by CDC laboratorians for evidence of infection with St,
Louis encephalitis virus, westemn equine sncephalomyelitis
virug, and other arthropod-bome agents of himan disease.
These tests had not yielded a specifie diagnosis for any of
the cases in this study. :

Information about cach case was limited to patient
age, sex, date of illness onsef, and state from which the
samples were submitted. Most (634 [33.5%]) of the 1,185
case-patients were male. Ages at illness onset ranged from
0.2 months to 93 years {median 35 years), and 982 (82.0%)
of the case-patients were >10 years of age at illness onset.
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Table 1. Natural hosts and geographic distribution of the North American Tacaribe seroconiplex viruses

Virus Naturail host(s) Location Reference
Bear Canyon Large-eared woodrat (Neoforna macrotis), California mouse California, USA (7}
{Peromyscus californicus)

Big Brushy Tank . White-throated woodrat (M. afbigula) Asizona, USA @
Catarina Southern plains woodrat (V. micropus) Texas, USA (3
Rio Catorce White-toothed woodrat (N, leucodon) San Luis Potosi, Mexico {4
Skinner Tank Mexican vwodrat (N, mexicana} Arizona, USA &
Tamiami Hispid cotton rat (Sigrmodon kispidus) Florida, USA 6,7
Tonto Creek White-throated woodrat (V. albiguia) Arizona, USA e
Vhitewater Arroye White-throated woodrat (M. albigula) New Mexico, USA {8)

The period between illness onset and sample collection
ranged from 0 days to 10.1 years (median 31 days). At
least 1 sample from each of 580 case-patients was collected
before the end of week 4 of illness; for 108 case-patients
multiple samples, representing different time points, were
available. Cases were geographically distributed as follows:
New England, 72 cases; Mid-Atlantic, 50; South Atlantic,
141; East North Central, 96; West North Central, 73; East
South Central, 78; West South Cenlral, 42; Moundain, 177;
Pacifie, 96; and unknown, 360.

A 1:80 dilution and 1:320) dilution of each sample was
tested against the WWAV mtigen, LCMYV antigen, and
corresponding comparisont (negative-control) anligens.
The adjusted optical density (AOD) of a sample-antigen
resclion was the optical density of the well coated with the
test antigen minus the optical densily of the well coated
with the corresponding control antigen. A sample was
considered positive if’ the AQD at 1:80 was >0.230, the
ACD at 1:320 was >0,250, and the sun of the AQD at 1:80
and ACD at 1:320 was >0.750. Endpoint lilers against each
antigen were measured in fhe positive samples by using
serial 2-fold dilntions from 1:320 through 1:40,960. The
antibody titer of a positive sample was the reciprocal of the
highest dilution for which the AOD was>0.230. Titers <320
were 160 in comparisons of titers to WWAYV and LCMYV in
individual samples. The appatent homologous virus in an
antibody-positive sumple was the virus associated with the
hiphest titer if the absolute value of the difference between
the titers o WWAYV and LCMV was >4-fold,

Resulis

We detecied antibody againstan arenavirus in41 (3.5%)
of the 1,185 case-patients. Of the antibody-positive case-
patients, most (27 [65.9%]) were male. Ages ranged from
4 vears to 85 years (median 39 years). Antibody-positive
~ samples were stbmilted from Florida, Massachusetts, and
Wyoming (3 samples each) and Arizona, Idaho, Kansas,
Maryland, Michizem New Mexico, MNew York, North
Carolina, Ohio, Rhode Island, Tennessee, Waghington,
and Wisconsin (1 sample each). For 19 samples, state of
submission was tnkndwn

1418

Twelve persons-had positive test resulls for WWAV
but not LCMV; 28 for LCMV but not WWAV; and 1 for
WWAYV and LCMV (Table 2). o the positive samples,
endpoint Gters against WWAYV and LCMV ranged from
<320 to 10,240 and from <320 to 20,480, respectively, The
apparent homologous virns was WWAY in 10, LCMV in
24, and indeterminate in 7 of antibody-positive persons
(Table 2).

Ages of the 10 persons - whom WWAV was the
apparent homologous virus ranged from 5 to 70 years
(median 43 years). Samples from these persons were
subitted. from. Arizona, New Mexico, and North Carolina
{1 sample cach) and Florida and Wyoming (2 samples
each);, for 3 samples, state of submission was unknown.

The ELISA included paired samples from 8 antibody-
positive persons. Time from onset of illpess to the fArst
sanples from these persons ranged from 0 to 47 days. In
side-by-side iests, the endpoint titer to WWAYV in the second
sample was >4-fold higher than that to WWAY in the first
sample in paired samples fom 2 persons, and the endpoint
titer to LCMYV in the second sample was >4-fold higher than
that to LCMV in the first sample in paired samples from 3 of
the 6 other antibody-positive persons (Table 3).

Table 2. Antibody (immunoglobuiin G) titets against WWAV and
LCMV in 1,185 cases of acute central nervous system disease or
undifferentiated febrile illnesses, United States™

Antibody titer Apparent -
No. cases VWAV LCMY homologous virus
5 : : 540 <320 WAV
1 1,280 «320 AANSY
3 2,560 <320 WAV
1 10,240 <320 WAV
7 <320 640 LCMV
3 . <320 1,280 Lomv
5 <320 2,560 LCHY
4 <320 5,120 LOMY
2 <320 10,240 LCMVY
3 <320 20,480 LCMV
2 320 <320 Indeterminate
1 6540 1,280 [ndeterminate
4 <320 320 Indeterminate
1.144 <320 <320 None

WAV, whilewalter Aroyo vimes, LCMY, [ymphecyfic choriomeningitis
ViFUS. :
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Table 3. Anfibody mmunoglobulin G) against VWVAY and LCMV in paired sefum samples frem humans with acufe centrat nervous

system disease of unidinerentiated fedrile iinesses, United States®

Antibody titer, LCMV

Case-patient Age, v, at Days after illness onset Antibody titer, WWWAV Apparent
no. iliness onset S1 &2 S1 82 51 52 homologous virus
1 32 14 44 <320 640 <320 <320 WINAY

2 &5 15 &1 <320 2,560 <320 <320 WIWAY

3 33 14 33 <320 <320 5,120 5,120 LCMV

4 51 2 68 <320 <320 320 20,480 LCMV

5 59 24 38 <320 <320 320 5,120 LCMV

8 72 o] 5 <320 <320 <320 B840 LCMV

7 - 12 25 33 <320 <320 320 320 indeterminate
[+] 25 47 123 <320 <320 320 320 Indeterminate
SAWNWVAY, Whileveater Arroyo virus, LOMY, ymphotytic ehoriomentingitis virus; S1, first sample; 52, second {lest) samiple in paired semples.

Biscussion

Previously, antibody to Tamiami virus was found in
5 (3.8%) of 131 Seminole Indians sumpled in southern
Florida {16), and antibody to a Tacaribe serocomplex virus
was found in 2 {0.24%) of 829 persons who had worked
with cricetid rodents in North America (1 3,47}, The results
of our current study strengthen the dotion that Tacaribe
serocomplex vimses enzootic in North America are
infections in humans. The inerease in antibody titer against
WWAYV in cases | and 2 in this study (Table 3) sugpests
that a North American Tacaribe serocomplex vims caused
the illnesses in these persons.

The WWAV strain AV 9310135 was originally
isolated frorn a white-throated woodrat (V. albiguin)
captured in northwestern New Mexico (8). A recent study
demonsirated a high level of diversity among the amino acid
sequences of the struetura)l proteins of the North American
Tacaribe serocomplex viruses (5). Hypothetically, hmunan
IgG against some North American Tacaribe serocomplex
viruses is not strongly reactive against WWAYV in ELISA.
If 50, the prevalence of antibody to Tacaribe serocomplex
viruses in this siudy actually might be >3.5%. ’

The severity of human disease caused by LCMV
ranges from mild febrle illness to severe encephalitis and

disseminated disease (I8). The results of this study sugpest

that the illnesses in case-patienis 46 (Table 3) were
caused by LOMYV, Whether samples from these 3 persons
were tested for anti-LCMY antibody (IgM or 1gG) by
" ¢linical laboratories could not be determined from records
maintained at CDC. .

Specimens from 33 of the antibody-posilive persons
in this study were Iimifed to single specimens. Perhaps
these {llnesses were cansed by a North American Tacaribe
serocoinplex or by LCMV. The antibody titer to WWAV
in the antibody-positive person from New Mexico was
10,240 in a serum sample collecied on day 22 day after
illness onset. .

Future studies on the relevance to human health of
the North American Tacaribe serocomplex vifuses should
inglnde defining the clinical speetrum and epidemiology
of buman disease caused by these viuses, Some of these

Emerging infectious Diseases « wwawv.cde.govieid - Vol. 17, No. 8, August 2011
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viruses may cause aseplic meningilis, encephalitis, or
meningoencephalitis. Thus, hunan disease cansed by North
American Tacaribe serocomplex viruses may be eonfused
with severe encephalitis cansed by LCMYV, especially in
persons who report recent expasure to dents,
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Likely source of Serratia contamination identified
FOR IMMEDIATE RELEASE

CONTACT:
Mary Mclntyre, M.D. ( '
(334) 206-5325 ’ \

The Alabama Department of Public Health and the Centers for Disease Control and Prevention
- have determined that the Serratia marcescens bacteremia in 12 hospiialized individuals who
received TPN {total parenteral nutrition) has the same genetic fingerprint as the crganism
isolated from a container and stirrer used 10 mix the powdered amino acids, from the tap water
spigot used for rinsing the container, and from the TPN.

A bag of compounded amino acids used in the production of TPN has also grown Serratia
marcescens. Genetic Tingerprint results are pending on the compounded amino acids.

The Alabama Department of Pubiic Heailth is aware of 19 cases of Serratia marcescens in
patients in six Alabama hospitals. Of these cases, 12 samples from individuals were matched
with the bacterium found at Meds 1V Pharmacy in Birmingham. Of the remaining seven cases in
question, six have ho sampies available to test for a genetic match and one case is pending.

A failure-in a step of the sterilization process in the compounding of TPN was most likely the
cause of contamination. Use of these contanmiinated products led to a bacterial bloodstream
infection in these 19 patients.

On March 16, ADPH was ﬁotified that an outbreak had occurred in two hospitals among patients (
receiving TPN. CDC's initial investigation identified TPN produced by Meds IV as a potential
common source and determined that six hospitals received TPN from this pharmacy.

Ihness with Serrétia marcescens bacteremia occurred in approximately 35 percent of patients
receiving TPN from Meds IV during March. Seventeen cases were reported in March, and two
additional cases were retrospectively identified during the investigation, one in January and one
in February. :

The individuals affected are in the age range from 38 to 94 years; 8 males and 11 females were
infected. The numbers of cases and deaths by hospital are as follows: Baptist Princeton, 7
cases, 4 deaths; Baptist Shelby, 5 cases, 2 deaths; Medical West, 3 cases, 1 death; Cooper
Green Mercy, 1 case, no deaths; Baptist Medical Center Prattville, 1 case, 1 death; and Select
Specialty Hospital of Birmingham, 2 cases, 1 death.

Meds 1V was notified and informed its customers of the possibility of contamination. ADPH has
been informed that impacted hospitals immedialely stopped using TPN received from this

-144-



* pharmacy and that the pharmacy discontinued all praduction. On March 24, Meds IV recalled alf
of its IV compounded products.,

ADPH continues an ongoing investigation of the outbreak of Serratia marcescens bacteremia in
coliaboration with the CDC, the U.S. Food and Drug Administration, the Alabama Hospital
Association, and the State Board of Pharmacy. At this time, there have been no reports of
contaminated TPN, from any other pharmacy, sent to hospitals in Alabama or any other state.
As more information becomes available, ADPH will provide updates.
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Germany has a well established broad statutory sur
vefllance system for infectious diseases. In the con-
text of the current cutbreak of bloady diarrhoea and
haemelytic wraemic syndrome caused by Shiga toxin/
verotoxin-producing Escherichic coli in Germany it
hecame clear that the provisions of the routine sur-
veillance system were not sufficient for an adeguate
response, This article describes the timeline and con-
cepts of the enhanced surveillance implemented dur
ing this public heatth emergency.

On Thursday, 19 May 2011, the Robert Koch iInstitute
{RKD was informed about a cluster of cases of haemo-
lytic uremic syndrome {HUS) due to Shiga toxin/vero-
toxin-producing Escherichic coli (STEC/VTEC) O1o04:Hg
in the area of Hamburg, Germany. An RKI investiga-
tion team visited the affected area the following day.
In the face of rapidly rising case numbers, a need
for enhanced surveillance was identified on 23 May.
We describe here the fimeline and concepts of the
enhanced surveillance implemented during this mas-
sive outhreak of bloody diarrheea and HUS in May and
June 2011 in Germany.

Routine surveillance system

In Germany, STEC/VTEC and HUS have been statuto-
rily notifiable since 2001 according to the Protection
against Infection Act (Infektionsschutzgesetz, IFSGhD).
While STEC/VTEC surveillance is based on laborztory
analyses, HUS surveillance relies on physicians. Heads
of 1aboratories and physicians must report cases to the
lacal health authorities within 24 hows. The incem-
ing dafz is validaied by the local hezlth authorities
and documented electroniceliy. Cases fulfilling the
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surveillance case definition as issued by RKI {2] are
transmitted in anonymous form to the state health
authorities by the third working dzy of the follow-
ing week. The state heaith autherities again validate
incoming cases and transmit the data to the RK[ within
the following week. Hence, transferring information on
a case from the local to the national health authority
may take from a few days up to 16 days.

Epidemiological information is fed back from RKI at
least weekly to the siakeholders, e.g. responsible
aguthorities, physicians and laboratories. Information
exchange includes tfeleconferences, reporis in the
RKI’s weekly Epidemiological Bulletin and the internet
database SurvStat [3].

Enhanced sprveillance system

in the context of the outhreak it became immedi-

ately clear that the provisions of the routine surveil-

lance system were not sufficient for an adequate

response. Hence, the following amendments were

implemented:

« Centralising the epidemiological Information
exchange,

¢ Accelerating the data flow to the national level,

¢ Implementing @ syndromic surveillance system for
bloody diarrhoea in emergency depariments,

» Assessing the capacities for HUS-treatment in
Germany,

= [nitiating active laboratory surveillance.

An overview of routine and newly implemented surveil-
lance systems is given in Figure 1.



Centralising the epidemiological

information exchange

On 23 May 2011, the ‘Lagezentrum’ at the RKl was acti-
vated as & central emergency operations cenire. Alarge
number of RKl staff was involved in coordinating the
collection of epidemiologic information znd organis-
ing the public health response. From 23 May enwards,
teleconferences were conducted almost daily with the
responsible state, national and international authori-
ties. Starting on 24 May, epidemiological reports were
distributed daily to the responsible authorities, physi-
cians and laboratories to feed back relevant informa-
tion. Several puthreak-related articles were published in
Evrosurveillance [4,5] and the German Epidemiological
Bulletin. The public was regularly informed about the
outbreak situation via the RKI website starting on 23
May, press releases were issued on 3 and 10 june. The
Federal Centre for Health Education {(Bundeszenirale

FIGURE 1

fir Gesundheitliche AufklBrung, BZGA), has provided
outbreak-related public heaith advice to the public
since 24 May.

Accelerating the data flow (o the national level
From 23 to 27 May 2011, state health authorities were
asked to transmit aggregaied data via email on a daily
basis to the RKL Concurrently, health authorities were
urged to enter and transmit the 56 data via the elec-
tronic surveillance system daily, so that case by case
reporting could overtake the aggregated reporting
on 27 May. A specific reporting form was published
on 26 May to facilitate notification of HUS cases by
physicians.

In addition, the existing RKI surveillance case defini-
tion was adapted to the gutbreak situation to ensure
systematic data collection. Modifications included

Data and information fiow 1o and {rom the Robert Roch instiiote during the period of enhanced sovveillance, STECG/HUS

etrthreak, Germany, spring 2013
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limitations of time {onset of disease from 1 May 2013),
) place {epidemiologicel link to Germany} and person
{e.g. consumption of & food item that was acquired in
Germany) concerning exposure as well as inclusion of
suspecied cases [6].

- One challenge was counting outhreak-related cases of
STEC/VTEC Qi04:Ha separately from other STEC/VTEC
cases, of which a mean of 992 cases annually had been
reporied to the RKI between 2oo01 and 2010. In the
absence of comprehensive laboratory data for a major
ity of reported cases, the case definition was revised in
a way that listed as exclusion criteria all specific labo-
ratory test results that were not consistent with the
characteristics of the outbresk strain.

As of june 12, a total of 3,228 STEC/VTEC and HUS cases
in Germany have been associated with the outbreak
{Figure 2}. The majority of cases (51%) fell ill between
18 and 25 May. The place of exposure was suspected
to le in north-western parts of Germany far most cases
{Figure 3). Of the 781 reported HUS cases, 6% were
female and 88% were 20 years of age or older. Overall,
22 notified HUS ca-ses have died. Among all 2,447
STEC/VTEC cases, 59% were Female and 87% were
20 vears of age or older. Thirteen notified STEC/VTEC
cases have died, -

Figure 4 shows the transmission delay in days from
the local to the national level during the STEC/HUS
outbreak period among HUS cases. Among the 740
HUS cases {g6%) with known date of notification to
the local health authorities, the median transmission
delay was two days {25th-75th perceniile: 1~4 days,
minimum-maximum: o—18 days). The first HUS-case
was reporied to the RX!I through the electronic sur-
veillance system on 18 May. Another three HUS cases
were reported on 23 May. Thereafier, the accelerated

FIGURE 2
Reported STEC/VTEC and HUS cases, by dale of onset of
diarrhoed®, Germany, May-June 2011 {(n=2,694)

220 STEC (h=2694)
061w HUS (n=720)

Number of casas

c:'.cr,. up‘.us :G:us 23: [+]3 3ufu§ uﬁ‘.u(x
Onset of diarrhoga

..D Emergency deparliment FUS: haemolviic uraamic syndrome;
: & Luxin-gredacing Escherkonio coi,
505 with z notified date of onsel sinte 1 May zo1%.

data fiow became evident, for instance, 47 HUS cases
were reporied to the RKI on 24 May, 50 HUS cases on
25 May, 100 HUS cases on 26 May and 116 HUS cases
on 27 May.

ioplementing 2 syndromic sdﬁ’exﬁmcc system

for bloody diarrhoea in cmergency departments
Since STEC patients often present with bloedy diar-
thoea, emergency departments {ED) constitute appro-
priate facilities for the assessment of the temporal
trend of an STEC-outbregk, We implemented the sur-
veillance of patients with and without bloody diarrhoea
in ED on 27 May. '

Participating ED were located in all federzl states of
Germany, both in areas affected and not affected by
the STEC/HUS outbreak {see Figure 4). Data collection
covered the total number of new patients in partici-
pating ED and the number. of patients presenting with
bloody diarrhoea by sex and age group ((20 years, 220
years). The data were transferred to the RK! by email or
fax every day.

FIGURE 3

Cnmulative incidence af FUS cases per suspecied
county of exposure and emergency depariments aclively
cipating in 1he syndromic suy veiilance systern,
Germany, an’ Fune 2011
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As of 12 June, a total of 74 ED have participated in
the syndroemic surveiliance system; 27 of which were
located within affected areas, The number of ED
aciively reporting varied from day 10 day. Thus resuits

PGURE &

Date of netification of HUS ceses to local health authority
in refation 0 date of veceptiun 2t Robert Kock Institine,
Germany, May-lune 2013
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may change as further, re~tro-spective, reports are
received from ED. Between 28 May and 12 June, 4.7%
(744/15,884) of all patients presenting to £D in affected
regions were reported as having bieody diarrhoea
(Figure 5); this proportion was 0.8% (464/55,255) in
non-affected regions. Figure 5 shows the sex and age
distribution of patients with B as well as the number
of participating ED in zffected areas. Women were
affected more often than men, with a decreasing pro-
poriion of female cases observed after 30 May. Since
6 lune, the proportion of all patients with bloody diar-
rhoea among the patients presenting fo emergency
departments has remained on an average of 3.6%.

Assessing the capacities for treaiment of
haemolytic uracmic syndrome in Germany

From 30 May onwards, the German Society for
Nephrology collected data on the HUS treatment
capacities in Germany and reported these regularly via

e mail to the RKl. During the outbreak period, 79 hos-
~

pitals, located in 15 of the 16 federal states, provided
almast daily information: all but two confirmed having
sufficient capacities for treating HUS patients.

Initiating active Jaboratory surveillance

Since 25 May, the RKI has asked four laboratories for
daily data transfer per email or telephane. As of 12
June, a total of 195 (6%) of all 3,228 STEC/HUS cases
have been confirmed through the routine mandatory
system as caused by the outbreak strain STEC/VTEC
0104, whereas the active system provided evidence
that at least 335 patient samples were related to the
outbreak strain.

Reports to the European Union and

the World Health Organization

Following international law, Germany informed the
turopean Union (EU) of the STEC/MUS outbreak via

Proportions of patients with bloody diarrhoea among sll patients presenting lo emergency departments, by age and sex, §
areas affected by the STEC/HUS cutbreak, Germany, Mov-June 2013 {n=744) .
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the Early Warning and Response System (EWRS} on 22
May 2011, and notified the event as z potential public
health emergency of international concern within the
framewsork of the International Health Regulations (JHR)
2005 on 24 May. The RKI sent updates on the situation
ta EWRS, the Epidemic intelligence infarmation System
(EPIS) and the World Health Organization (WHO) on 2
dzaily basis.

Both the European Centre for Disegse Prevention and
Control (FCDCO) and the WHO immediately supported
the outbreak investigations by staying in close con-
tact with Germany and other countries and reporting
imported STEC/HUS cases (in {ravellers} associated
with the outbreak,

Conclusions

Germany has a well established broad statutoery sur-
veillance system for infectious diseases. However,
the rather long time limits permitted for communi-
cating information on cases from the local to the
state/national level led o delayed recognition of this
outbreak: The first report at the national level was
received on 18 May 2011, while the first outbreal-asso-
ciated cases fell ill on 1 May, with & sharp increase in
case numbers on g May. This is a limitation requiring
further evaluation. In this specific putbreak situation,
the mandatory surveillance system required enhance-
ment that was rapidly and effectively implemented.
Physicians, laboratories, local and state health author
ities supported the acceleration and extension of the
system extraordinarily well. Feedback to the public,
the responsible authorities, physicians and laborato-
ries was ensured daily, e.g. by updates on websites,
teleconferences and reports.

The additional surveillance instruments were voluntary
and allowed for more timely monitoring of this public
health emergency. laboratory surveillance permit-
ted assessment of the actual number of taboratory-
confirmed outbreak cases parficularly in the early
stages. Monitoring capacity for treating HUS patients
in German hospitals allowed us to evaluaie whether
or not international help would be needed. Syndromic
surveillance in ED permitted us to foliow the tempo-
ral trend of bloody diarrhoea patients as a proxy for
potentially new STEC/VTEC cases.

We conclude that infecticus disease surveillance in
Germany can rapldlv be adapted to specific outhregk
situations. Nevertheless, data flow within the statutory
surveillance system should be accelerated, e.g. by use
of an electronic notification system hy physicians and
laboratories, and a common central data base. We rec-
ommend continuing syndromic surveillance in ED for at

least the nex{ three months to ensure timely detection”

of possible new trends,
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‘Morbidity and Mortality Weekly Report (MMWR)

Legionellosis --- United States, 2000--2009

Weekly
August 19, 2011 / 60(32);1083-1086

Legionnaires disease (LD), a serious, sometimes lethal pneumonia, and Pontiac fever (PF), an
influenza-like, self-limited illness, are the two most common forms of legionellosis, which is caused
by Legionella bacteria. Legionellosis cases are reported to CDC through the National Notifiable
Disease Surveillance System (NNDSS) and a Supplemental Legionnaires Disease Surveillance System
(SLDSS) designed to manage surveillance data on travel-related cases and enhance outbreak
detection. For this report, cases reported to NNDSS during 2000--2009 from the 50 states and the
District of Columbia (DC) were assessed, and crude and age-adjusted incidence rates per 100,000
persons were calculated. U.S. legionellosis cases reported annually increased 217%, from 1,110 in
2000 to 3,522 in 2009, and the crude national incidence rate increased 192%, from 0.39 per 100,000
persons in 2000 to 1.15 in 2009. Because NNDSS is a passive surveillance system dependent on
health-care providers and laboratories reporting cases, the actual incidence of legionellosis in the
United States likely is higher. Although NNDSS does not record legionellosis cases by type, 99.5% of
the legionellosis cases reported to SLDSS during 2005--2009 were classified as LD and 0.5% as PF.
Legionellosis surveillance was added to the population-based Active Bacterial Core surveillance
(ABCs) system in January 2011 to assess reasons for these increases in numbers of reported cases.
The rise in reported cases reinforces the need for health-care providers in all parts of the United
States to test and treat adults with severe community-acquired pneumonia for LD, to be vigilant for
health~care--associated LD, and to report legionellosis cases to public health authorities.

NNDSS receives reports of cases of nationally notifiable diseases from state health departments,
including data on case demographics, the earliest date associated with the patient's illness in public
health records (i.e., the date of symptom onset, date of diagnosis, date of confirmatory laboratory test,
or the date of the report of the case to the county or state, whichever is earliest), the date of report to
CDC, the case status (i.e., confirmed, probable, or suspected}, and whether or not the case is part of
an outbreak. NNDSS data for 2000--2009 were used to describe legionellosis case demographics,
assess seasonal patterns of legionellosis infection, and, using denominators from the 2000 U.S.
standard population (1) and U.S. Census Bureau estimates, calculate crude and age-standardized
incidence rates for the entire United States (excluding U.S. territories) and for each of the nine U.S.
Census divisions.* Only cases considered confirmed under the 2005 Council of State and Territorial
Epidemiologists’' (CSTE) legionellosis case definitions are described in this report.™ To be classified as
confirmed, cases must be clinically compatible with legionellosis (i.e., fever, myzalgia, cough, and/or
clinical or radiographic evidence of pneumonia} and meet at least one of the confirmatory laboratory
criteria (i.e., recovery of Legionella sp. in enlture, detection of Legionella pneumophila serogroup 1
antigen in urine, or fourfold or greater rise in L. pneumophtla serogroup 1-specific serum antibodies).

States also are encouraged to report cases to SLDSS to enhance detection of travel-related outbreaks
and to provide information on additional legionellosis case variables not captured by NNDSS.§
Legionellosis cases ideally should be reported to both NNDSS and SLDSS. SLDSS collects
information related to case demographics, diagnosis, diagnostic testing, hospitalization, outcome,
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outbreak involvement, nosocomial classification, and recent travel history. In addition to the reports
of cases among U.S. residents received from state health departments, SLDSS reports occasionally
come from cruise lines, health-care providers, and private citizens. Those additional reporis are
verified with the relevant state health departments before inclusion in the SLDSS database. Foreign

public health authorities also report cases to SLDSS, usually among travelers to the United States. In .

2505, CSTE issued a po
SLDSS, but such reporting is not mandatory, and case follow-up varies by state and county based on
staffing availability and perceived public health importance. For this report, SLDSS data were used to
characterize diagnoses, diagnostic testing, outcomes, outbreak involvement, and recent travel.f
Because of potential differences in data received by SLDSS before and after the 2005 CSTE position
statement, separate analyses were conducted using cases with onset during 2000--2009 (NNDSS

data) and 2005--2009 (SLDSS data).

sition statement {2) requesting that all legionellosis cases be reported to

During 2000--2009, the 50 states and DC reported 22,418 cases of legionellosis to NNDSS. The crude
national incidence rate increased 192%, from 0.39 per 100,000 persons in 2000 to 1.15 in 2009, and
the age-adjusted incidence of legionellosis in the United States increased 170%, from 0.40 to 1.08
cases per 100,000 persons. In 2000, the age-adjusted incidence varied substantially by U.S. Census
division, from 0.09 cases per 100,000 persons in the West South Central division to 6.73 cases in the
Middle Atlantic division. This disparity increased absolutely over the decade (Middle Ailantic
division: 2.60 cases per 100,000 persons and West South Central division: 0.44 cases in 2009} (Table
1). All reporting divisions had an increase in age-adjusted legionellosis incidence from 2000--2001 to
2008--2009, ranging from a 101% increase in the West North Central division to 294% in the West
South Central division. Nationally, 16,595 cases (74%) were in persons aged =50 years, and 14,255
(64%) persons were male {Table 2). Legionellosis incidence increased for all age groups from 2000 to
2009, ranging from 8% for persons aged <9 years to 287% for persons aged =80 years.

Among the 18,392 cases (82%) reported to NNDSS with available information on race, 78% were
white, 19% were black, and 3% were American Indian/Alaska Native, Asian, or other (Table 2).**
Cases tended to oceur in the summer and early fall, with the June--October period accounting for
62% of the cases reported each year (Figure).

During 2005--2009, a total of 5,080 confirmed legionellosis cases among U.S. residents were
reported to SLDSS by 47 states,*" accounting for 35% of the 14,554 confirmed cases reported to
NNDSS during the same period by all 50 states and DC. An additional 82 confirmed legionellosis
cases were reported among foreign visitors to the United States. A total of 1,220 (24%) cases involving
U.S. residenis were travel-associated; 81% of these involved domestic travel only, and 5% involved
cruise ship travel. Travel-associated cases accounted for at least two thirds of the cases reported to
SLDSS from 21 states, 11 of which reported only travel-associated cases, suggesting a bias against
reporting nontravel-associated cases to SLDSS from some states. Of 3,872 {(76%) U.S. resident cases
with data available, 4% weré associated with a known légionellosis outbreak or possible cluster.
Information on clinical outcomes was available for 4,478 (88%) U.S. resident cases, 8% of which
resulted in deaths. Urine antigen tests were used to confirm 97% of U.S. resident cases reported
during 2005--2009. Only 5% of cases were confirmed by culture during this period, and <1% were
confirmed by either serologic or direct flucrescent antigen testing.

Reported by

Lauri A. Hicks, DO, Laurel E. Garrison, MPH, Respiratory Diseases Br, Div of Bacterial Diseases,
National Center for Immunization and Respiratory Diseases; George E. Nelson, MD, Lee M.
Hampton, MD, EIS officers, CDC. Corresponding contributor: Lee M. Hampton,

lhampton@cde.gov, 404-639-4722.
Editorial Note
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Reported legionellosis incidence rates increased nearly threefold during 2000--200g. In 2009,
NNDSS received 3,522 case reports, the most since legionellosis became a reportable disease in 1976
{3,4). Increased rates were observed across all age groups and geographic regions. The reported case
totals likely underestimate the actual disease burden; the most recent completed U.S. population--
based pneumonia etiology study estimated that 8,000--18, 000 persons are hospitalized each year
with LD (5).

An increasing population of older persons contributed to the increase in reported legionellosis cases.
Other factors that might have contributed include an increasing population of persons at high risk for
infection; improved diagnosis and reporting, possibly stimulated by the 2005 CSTE endorsement of
more timely and sensitive legionellosis surveillance; and increased use of urine Legionella antigen
testing. However, because increases in urine antigen testing began in the 1980s, its use is unlikely to
account for the entire increase in legionellosis cases since 2000 (3,4).

Urine antigen tests are easy to perform and provide timely, accurate results (sensitivity: 60%--80%;
specificity: »99%) for detecting L. pneumophila serogroup 1, the causative agent in 70%--80% of LD
cases (6). In contrast, culture of respiratory samples from possible LD cases (sensitivity: 20%--80%;
specificity: >99%) can detect all forms of Legionella but has a lengthy turnaround time, and its
sensitivity is highly dependent on the skill of laboratory personnel. Similarly, identifying legionellosis
through paired serology (sensitivity: 70%--80%; specificity: >95%) involves substantial logistical
challenges, whereas direct fluorescent antigen testing for LD (sensitivity: 25%--75%; specificity:
>95%) can be technically demanding and can result in false positives resulting from cross-reactions
with other bacteria. Only urine antigen and serology are useful for detecting PF, but the sensitivity of
these tests for confirmation of PF is substantially lower than for LD (7).

Similar to the findings of previous studies, males accounted for »>60% of cases, and increasing age
was a major risk factor for legionellosis (3,4). However, the finding that blacks accounted for a
disproportionately high number of cases relative to their 12% share of the population was unexpected.
Insufficient information is available to confirm whether these patterns might be the result of
differences in underlying risk factors or exposures to Legionella, and the high proportion of cases in
persons of unknown race limits the interpretation of the racial differences observed.

Legionellosis demonstrates seasonal and geographic variability. During 2000--2009, nearly all-
regions reported their highest proportion of cases during the summer and early fall. The reported
2009 age-adjusted legionellosis rate in the Middle Atlantic division was nearly six times higher than
the rate in the West South Central division. Whether these differences are related to the frequency of
testing or reporting is unclear; nonetheless, clinicians should be particularly vigilant for possible LD
during the summer and early fall and in geographic areas of relatively high legionellosis incidence.
Although use of a urine antigen test for Legionella is recommended for cases of severe community-
acquired pneumonia (8), collection of respiratory specimens for Legionella-specific culture also is
encouraged as a means to detect all species and subgroups of Legionella and enable strain
identification in the event of an outbreak. Urine antigen tests and Legionella-specific culture also are
recommended for suspected cases of health-care--associated LD (9).

The findings in this report are subject to at least four limitations. First, current passive surveillance
systems cannot determine whether the observed increase in legionellosis cases is actual or an artifact
of improved detection or reporting. Second, surveillance likely is biased toward capture of more
severe LD cases that are more likely to be tested for Legionella, missing those that have been
empirically treated with antibiotics active against Legionella spp. and those not requiring
hospitalization. Third, the nonspecific symptoms of and lack of good diagnostic tests for PF likely
result in substantial underdiagnosis of this form of legionellosis. Finally, the proportion of cases that
are potentially travel-associated likely is an overestimate resulting from a bias in many states toward

primarily reporting travel-associated cases to SLDSS.
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A better understanding of the disease burden and the epidemiology of legionellosis is important, but
current passive surveillance systems cannot provide all the information required. In January 2011,
active laboratory-based and population-based surveillance was launched in 10 ABCs sites around the
country.88 Data from this surveillance will be used to obtain population-based estimates of disease

incidence; further describe demographic, seasonal, and geographic variability; and evaluate and

3 - 1 3 M es 43 N W L +1 | 3A~A ) :
improve legionellosis prevention efforts, such as the guidance provided by the American Society of

Heating, Refrigerating, and Air Conditioning Engineers on preventing legionellosis associated with
building water systems (10). '
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* New England: Connecticut, Maine, Massachusetts, New Hampshire, Rhode Island, and Vermont; Middle Atlantic: New Jersey, New York, and
Pennsylvania; East North Central: 1llinois, Indiana, Michigan, Wisconsin, and Qhio; West North Central: lowa, Kansas, Missouri, Minnesota,
Nebraska, North Dakota, and South Dakota; South Atlantic: Delaware, District of Columbia, Florida, Georgia, Maryland, North Carolina, South
Carolina, Virginia, and West Virginia; East South Central: Alabama, Kentucky, Mississippi, and Tennessee; West South Central: Arkansas, Louisiana,
Oklahoma, and Texas; Mountain: Atizona, Colorado, Idaho, Montana, Nevada, New Mexico, Utah, and Wyoming; Pacific: Alaska, California, Hawaii,
Oregon, and Washington.

1 The previous case definition, in use during 1996--2004; also included detection of Legioneila pneumophila serogroup 1 through direct fuocrescent
antibody testing as a confirmatory laboratory test. The 2005 case definition is available at

http://www.cde.gov/osels/ph _surveillance/nndss/casedef/legionellosis_current.htm. The 1996 case definition is available at

hitp://www.cde.gov/osels/ph surveillance/nndss/casedef/legionellosis1g96.him.

§ A legionellosis case report form is available to state and local health departments at htip://www.cdc gov/legionelia/files/legionella case report.pdf.

9 A case of legionellosis was considered to be potentially travel-associated if the patien‘g reported spending at least one night away from home during the

2 weeks before illness onset.

** Data on the ethnicity of cases reported to NNDSS were not included because 39% of cases were in persons of unknown ethnicity,
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+t Nebraska, North Dakota, Wyoming, and DC did not report any confirmed legionellosis cases to SLDSS during 2005--2009. During this period, 2g--
40 states reported cases to SLDSS each year,

§§ Additional information is available at http://www.cde.gov/abes/index.html.

What is already known on this topic?

Thousands of cases of legionellosis occur each year in the United States as either Legionnaires
disease, an often severe form of pneumonia, or Pontiac fever, an influenza-like, self-limited illness.

What is added by this report?

The incidence of reported legionellosis in the United States nearly tripled during 2000--2009, from
0.39 per 100,000 persons to 1.15. The reasons for this increase are unknown, but increases in the
number of older persons and persons at high risk for infection and increased case detection or
reporting might have played a role. Incidence increased with age and was highest in the Northeast.

What are the implications for public health practice?

Active, population-based legionellosis surveillance is needed to better assess the epidemiology and
apparently increasing incidence of legionellosis in the United States. The rise in reported cases
reinforces the need for health-care providers to test adults with severe community-acquired
pneumonia or health-care--associated pneumonia for Legionnaires disease and report legionellosis
cases to public health authorities.

TABLE 1. Age-adjusted incidence of reported legionellosis cases, by U.S. Census
division* and year, 2000--2009

U.S. Census | Annual incidence per 100,000 population

division
2000 |2001 |2002 |[2003 |[2004 {2005 |2006 (2007 |2008 |2009

New England | 0.38 0.48 [0.81 0.79 0.71 1.00 1.20 1.04 |1.43 1.21

Middle 073 |0.67 |088 |141 |125 |174 |221 [186 |2.33 |2.60
Atlantic

East North 0.64 0.68 |0.64 0.97 1.03 0.96 (126 1.24 1.34 1.44
Central ‘

West North 10.35 0.27 [0.33 0.37 0.38 0.49 0.40 0.54 |0.66 0.60
Central

South 0.40 |0.42 |o42 |o0.97 |o72 |o73 |0.81 o074 |o790 |o0.93
Atlantic

East South 0.25 0.31 0.26 0.57 0.53 0.47 0.59 0.53 0.6t 0.73
Central

Q
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WestSouth jc.0¢ (o1 (012 (0.27 (055 (0.24
Central

Mountain 0.24 6.31 0.31 0.49 0.49 0.49 0.62 0.52 |0.46 0.68

Pacific 0.18 0.16 |o0.17 0.24 0.19 0.26 |o0.28 0.32 |0.48 0.43
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Total 0.40 !0,41 !0,45 0.74 ’0.70 0.75 |0.91 !0.86 '0,99 !1.08
* New England: Connecticut, Maine, Massachusetts, New Hampshire, Rhode Island, and Vermont; Middle Atlantic: New Jersey, New York, and
Pennsylvania; East North Cantral: lllinois, Indiana, Michigan, Wisconsin, and QOhig; Wagt Noarth Confral: lowa, Kansag, Miggouri, Minnesota,
Nebraska, Norith Dakota, and South Dakota; South Atlantic: Delaware, District of Columbia, Florida, Georgia, Maryland, North Carolina, South
Carolina, Virginia, and West Virginia; East South Central: Alabama, Kentucky, Mississippi, and Tennessee; West South Central: Arkansas, Louisiana,
g}f’l;éggtr;ar,l ;2?;}?-;{:; é'ﬁ?untain: Arizona, Colorado, Idaho, Montana, Nevada, New Mexico, Utah, and Wyoming; Pacific: Alaska, California, Hawaii,
TABLE 2. Demographic characteristics of legionellosis cases --- National Notifiable
Disease Surveillance System, United States, 2000--2000
Characteristic No. %) Average per 100,000 population*
Age group (yrs)

=9 79 (o) 0.02

10--19 : 125 (1). 0.03

20--25 516 (2) 0.13

30--39 1,473 (7) 0.36

40--49 3,622 (16) 0.81

50--5¢ 5,401 (24) 1.44

60--69 4,658 (21) 1.94

70--79 3,672 (16) 2.29

=80 2,864 (13) 2.66
Sex .

Male 14,255 | (63) 0.97

Female 8,018 (36) 0.53

Unknown 145 (1) -—
Race

American Indian/Alaska Native 66 (o) 0.21

Asian 206 (D 0.14

Black 3,422 (15) - 0.87

White 14,287 (64) 0.59

Other 411 (2) -—

Unknown 4,026 (18) -—
Toial 22,418 {100) 0.75
* Crude incidence rates, not age-adjusted.

FIGURE. Annual average percentage of legionellosis cases occurring annually, by
month and U.S. Census region* --- United States, 200¢--2009
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* Northeast: Connecticut, Maine, Massachusetts, Rhode Island, Vermont, New Jersey, New York, and Pennsylvania; Midwest: Indiana, [llinois,
Michigan, Ohio, Iowa, Nebraska, Kansas, North Dakota, Minnesota, and Missouri; South: Delaware, District of Columbia, Florida, South Carolina, West
Virginia, Kentucky, Louisiana, Oklahoma, and Texas; West: Colorado, Idaho, New Mexico, Montana, Utah, Nevada, Wyoming, Alaska, California,
Hawaii, Oregon, and Washington.

Alternate Text: The figure above shows the average percentage of legionellosis cases occurring in
the United States annually, by month and U.S. Census region during 2000-2009. Cases tended to
oceur in the summer and early fall, with the June-October period accounting for 62% of the cases

reported each year.
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character translation or format errors in the HTML version, Users are referred to the electronic PDF version
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ABSTRACT

BACKGROUND
Ehrlichiosis is a clinically important, emerging zoonosis. Only Ehrlichia chaffeensis
and E. ewingii have been thought to cause ehrlichiosis in humans in the United States.
Patients with suspected ehrlichiosis routinely undergo testing to ensure proper di-
agnosis and to ascertain the cause.

METHODS .
We used molecular methods, culturing, and serologic testing to diagnose and ascer-
tain the cause of cases of ehrlichiosis. :

RESULTS
On testing, four cases of ehrlichiosis in Minnesota or Wisconsin were found not to
be from E. chaffeensis or E. ewingii and instead to be caused by a newly discovered
ehrlichia species. All patients had fever, malaise, headache, and lymphopenia; three
had thrombocytopenia; and two had elevated liver-enzyme levels. All recovered af-
ter receiving doxycycline treatment. At least 17 of 697 Ixodes scapularis ticks coilected
in Minnesota or Wisconsin were positive for the same ehtlichia species on polymerase-
chain-reaction testing. Genetic analyses revealed that this new ehrlichia species is
closely related to E. muris.

CONCLUSIONS

We report a new chrlichia species in Minnesota and Wisconsin and provide sup-
portive clinical, epidemiologic, culture, DNA-sequence, and vector data. Physicians
need to be aware of this newly discovered close relative of E, muris to ensure appro-
priate testing, treatment, and regional surveillance, (Funded by the National Institutes
of Health and the Centets for Disease Control and Prevention.)

N ENGL) MED 365;5 NEJM.ORG AUGUST 4, 2011~

The New England Journal of Medicine
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EMERGENCE OF A NEW PATHOGENIC EHRLICHIA SPECIES

"% HRLICHIOSIS AND ANAPLASMOSIS ARE
~{ tickborne zoonoses caused by obligate in-
#ed tracellular gram-negative bacteria in the
family Anaplasmataceae.® Symptoms typicaliy in-
clude fever, myaigia, and headache, with rash in
rare instances. Severe disease may be associated
with gastrointestinal, renal, respiratory, and cen-
tral nervous system involvement and, in rare cases,
death.

In the United States, ehrlichiosis in humans is
caused primarily by infection with Ehrlichia chaffeen-
sis, which infects monocytes, and less commonly
by E. ewingii, which infects granulocytes: Anaplas-
ma phagoecytophilum is closely related to the ehr-
lichiae and canses human granulocytic anaplas-
mosis.»? E, ewingii and E. chaffeensis are transmitted
to bumans by the bite of an infected tick, Ambiy-
omma americanum, whereas A. phogocytophilum is
transmitted in the United States by the ticks Ixo-
des scapularis and I pacificus.®

Ehrlichiosis is a clinically important, emerging
zoonosis. E. chaffeensis, A. phagocytophilum, and
E. ewingii were first recognized as human patho-

gens in 1991,* 1994,5 and 1999,5 respectively. Since

then, E. canis and E. muris have been implicated as
causes of htiman illness in Venezuela and Russia,
respectively.”® However, only E. chaffeensis and
E. ewingii have been thought to cause ehrlichiosis
in humans in the United States.

METHODS

PATIENTS
EDTA-anticoagulated samples of whole blood ob-
tained from patients throughout the United States
with suspected ehrlichiosis or anaplasmosis were
submitted for polymerase-chain-reaction (PCR)
diagnostic testing for ehrlichia and anaplasma at
the Mayo Clinic in Minnesota. Patients with con-
firmed ehrlichiosis in Minnesota and Wisconsin
were interviewed by staff members of local and
state health departments according o a standard-
ized questionnaire to obtain demographic, clini-
cal, and epidemiologic information, and medical
records were reviewed.

All partictpants provided written informed con-
sent for collection and testing of additional blood
specimens. Research protocols were approved and
monitored by the institutional review boards at

the Mayo Clinic and the Centers for Disease Con-
trol and Prevention (CDC).

REAL-TIME PCR ASSAY

DNA was extracted from the blood specimens
(MagNA Pure Instrument, Roche Applied Sci-
ence) and tested for E. ewingii, E. chaffeensis, and
A, phagocytophilum DNA with the use of a real-time
PCR. assay® with primers and fluorescence reso-
nance energy transfer—labeled probes targeting a
conserved region of the GroEL heatshock pro-
rein operon. Polymorphisms in the sequence tar-
geted by the probes allowed for differentiation of
the three species by means of analysis of melting
temperature. Specimens with an atypical result
(melting temperature outside the predefined rang-
es) were tested with the use of a SYBR Green PCR
assay targeting the 16S ribosomal RNA gene (rrs)
of Anaplasmataceae,® a nested PCR assay of the
GroEL gene (groEL),** or broad-range rrs assays??
{see Table 1 in the Supplementary Appendix, avail-
able with the full text of this article at NEJM.org).

DNA SEQUENCING
Amplified DNA fragments were sequenced (3730
DNA sequencer, Applied Biosystems) and analyzed
(Sequencher software, version 4.2; Gene Codes).
New sequences were submitted to GenBank (acces-
sion nutnbers HM543745 for rrs and HM543746
for greEL). New, homologous sequences of infec-
tive bacteria and related bacteria were aligned
with the use of ClustalW software, and phyloge-
netic analysis was conducted with the use of Mo-
lecular Bvolutionary Genetics Analysis software,
version 4.0.12

CULTURE ISOLATION
Buffy-coat and erythrocyte fractions of the whole-
blood specimens were processed and inoeculared
into a tick cell line (ISEG, derived from L scapularis)
and a mammalian cell line (REFfGA, derived from
thesus monkey choroid retina; American Type Cul-
ture Collection number CRL-1780), according to
published protocols.** Mammalian cell cultures
were incubated in RPMI 1640 medium with 10%
fetal bovine serum at 37°C in 5% carbon dioxide,
whereas ISE6 cultures were incubated at 34°C in
sealed flasks.2s Cells were examined microscopi-
cally for intracellnlar morulae (bacterial clusters)
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of ehrlichia and anaplasma with the use of phase-
contrast or bright-field microscopy.

SEROLOGIC TESTING .
Serum and plasma specimens from patients with
an atypical groEL PCR product were tested for IgG-
class antibodies reacting to E. chaffeensis or A. phago-
eytophilum with the use of a commercial indirect
immunofluorescence assay (Focus Diagnostics).!®
Serum and plasma samples were also tested by
means of noncornmercial indirect immunofluo-
rescence assays developed and used at the CDC for
IgM- and [gG-class antibodies against E. chaffeen-
sis, A. phagocytophilum, and an ehrlichia species iso-
lated in this study®; antigens were derived from
canine monocytic DH82 cultures infected with
ehrlichia and human promyelocytic HL-60 cultures
infected with A. phagocyiophilum. A reciprocal titer
of 64 or higher was considered positive for both
assays. '

MORPHOLOGIC EXAMINATION OF PERIPHERAL-
BLOOD SMEARS -
Wright-stained peripheral-blood smears from each
patient with an atypical groEL PCR product were
screened for the presence of intracellular moru-
lae characteristic of ehrlichia species.

TICK COLLECTION AND DNA EXTRACTION

Ticks were collected in June and July 2009 by the
Wisconsin Division of Public Health, Medical Ento-
mology Laboratory, University of Wisconsin-Mad-
ison and the Minnesota Department of Health.
Tick collection was conducted by dragging a fab-
ric flag (1 m by 1 m) across vegetation at or near
residences of patients in northwestern Wisconsin
and northeastern, central, and northwestern Min-
nesota. DNA extraction from ticks was performed
with the use of a modified version of a published
protocol,1® with three to five nymphs from Wiscon-
sin processed at a time. DNA was tested with the
use of the groEL fluorescence resonance energy
teansfer assay and the rrs SYBR Green PCR assay.

RESULTS

REAL-TIME PCR ASSAY AND SEQUENCING
From June 1 through December 31, 2009, a total
of 4247 blood specimens from residents in 45 states
were tested by means of groEL PCR assay. Of the
1518 specimens obtained from Wisconsin and
Minnesota residents, 163 (10.7%) were positive for
A. phagocytophilum (35 from Wisconsin and 128

from Minnesota), whereas none were positive for
E. chaffeensis or E. ewingii. Three additional Wiscon-
sin residents and one Minnesota resident had
positive PCR tests with a melting temperature
that was outside the melting temperature range
for E. chaffeensis, E. ewfngii, and A. phagecytophilum
(Fig. 1 in the Supplementary Appendix). This atyp-
ical result was not found for the 2729 specimens
collected from the 43 other states.

The four specimens with an atypical groEL PCR
melting temperature also tested positive for Ana-
plasmataceae trs with the use of the SYBR Green
PCR, assay. The nucleotide sequences of the am-
plified rrs and groEL fragments were identical
among the four specimens and shared 98% se-
quence similarity with the homologous rrs and
groEL genes of E. muris (Fig. 1).

CULTURE ISOLATION -
Two ehrlichia species isolates (designated Wiscon-
sin 1 and 2) were cultured from blood specimens
obtained from one of the four patients 3 and
4 days before culturing in ISE6 and RF/GA cell
lines. Sequence analysis of the PCR-amplified por-
tions of rrs showed that they were identical to each
other and to the sequences obtained from the clin-
ical specimens with the atypical melting-temper-
ature results.

Morulae were detected with the use of phase-
contrast microscopy of live RF/GA cultures 5 weeks
after inoculation. Fixed and stained ISEG cells con-
tained one to three large morulae per cell, whereas
RE/GA cells contained numerous, small morulae
(Fig. 2).

SEROLOGIC TESTING
Of the four patients with atypical PCR results,
two (Patients 2 and 4) (Table 1) were tested by
means of the commercial indirect immunoflue-
rescence assay. Serum samples collected from
Patient 2 were negative for IgG antibodies to
E. chaffeensis (i.e., titer <64} on days 2 and 15 after
the onset of fever, whereas serum specimens from
Patient 4 were positive (i.e., titer 264) for IgG anti-
bodies on day 5 (titer of 256) and day 54 (titer of
1024} after the onset of fever.

In addition, serum and plasma specimens from
three of these four patients were tested by means
of the CDC indirect immunofluorescence assays.
At least one specimen from each patient tested
was positive for IgM or IgG antibodies reacting
to E. chafféensis, and the titers were even higher in
response to the new ehrlichia species. A speci-
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Flgure 1 Genetlc Relatlonshlps between the’ New
Ehrlu:hla Specnes and Related Bacteria. . Lo
“The-arros ‘o the right ofeach phylogenet:c tree mdl- .
wly dlscovered chrlichia spécies. (called

A"W|scl:msm") Panel A shows the phylogeny based on

The GenBank access:on num ber is ||sted at the end oF
each lsolate_n'ame L ‘

men obtained 15 days after the onset of illness
from Patient 2 had high titers of IgM and IgG
antibodies against the new ehrlichia species; in
a specimen obtained 188 days after onset, IgM and
IgG antibody titers were substantially reduced.
Patient 4 had 4 strong seroconversion with a high
IgG antibody titer 76 days after infection. No anti-
bodies reacting to A. phagocytophilum antigens were
detected (i.e., titer <G4) in three patients with the
use of the commercial or noncommereial assay.
Specimens from Patient 3 wete not available,

PATIENTS AND CLINICAL PRESENTATION
The four patients had an onset of illness between
June 8 and October 27, 2009, Their ages ranged
from 23 to 51 years; two were men (Table 2). All
four patients whose specimens were positive for
the newly discovered chrlichia species reported
fever, fatigue, and headache. Patient 2 also report-
ed nausea and vomiting. The interval between the
onset of iliness and the physician visit was 1 to
4 days. Laboratory findings included lymphope-
nia (in all four patients), thrombocytopenia (in
three), elevated hepatic aminotransferase levels (in
one of the three patients tested), and mildly ele-
vated alkaline phosphatase levels {in one of the
two patients tested). No morulae or other blood
patasites were detected in peripheral-blood smears.

98 1 Fhelickin muris U5527
Ehlichia muris Kh1550 GU3336592 {Russia)
Ehrlichia sp. Wisconsin HM543745
73 f—thrlichia sp. HF DQB47318
eChrlichia sp. HI.2000 AF3E0LAT
El'l(lICl‘lla sp. Anan ABO2831%
Ehrhchla sp. HF565 AB024923
*— Ehrlichia chaffeensis AF£16764
Candidatus Ehrlichia shimanensis ABO74459
Ehrltchla sp. Tibet AF414399
E.hrlfchm canis M73221
Ehr.l.'chm ewingii EEUI6436
Ehrllchla sp. EH727 A¥Y209970
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57 o plasma bovis 03775
29 Anaplasma phagocytophilum AY0S5469
95 Anaplasma platys MB280]
Neorickettsio kelminthoeca UL2457

To0 1 ENtor:-':kez:sia sennessy CPO00237
100 eorickettsio risticii CPOQ1431
folbachia pipientis AF173630
Rickelisia prowazekii M2173%

—

9

i3

100

0.02

Ehrlichio muns AS145 AF21045%
L0Q)Ehriichio muris Nov-Ip300 GU3586387

a7| |Ehrlichia muns Sv.40 GU358690
- Ehrlichia murris KR-1550 GUI58689
Ehlichia sp, Wisconsin HM543746 ~——
Ehrlichia sp. HF565 AB032712
Candidatus Ehrlichia ovata DQE72553
Ehrlichia sp. Anan AB032711
Ehelichia chaffeensis L10917
i Ehrfichia canis V36731

p Cardidatus Enrlichia shimanensis AB074462
] 60 Ehrlichia ewingii AFE95273
89 Efirlichia sp. Kh-Hj27 Fj966349

Ehrlichia neminantium U13633

Candidatus Neoehrlichia lotoris EF633745
100 . Candidatus Neoehrlichia mikurensis Fj96635
100L—=Candidatus Neoehrlichia mikurensis EL810406
Anapl p.lezys AY0?7621
100 l Anaplasia phagocytophil

0.02

78

AY279035

Two patients had previously received solid-
organ transplants and were taking immuno-
suppressive drugs at the time of diagnosis. One
patient had cystic fibrosis and had undergone
bilateral lung transplantation 2 years before the
onset of illness; medications received included
mycophenolate mofetil, cyclosporine, and pred-
nisone. This patient was hospitalized for 3 days
during the acute illness for management of an
infiltrate in the left lung and pleural effusion on
the left side for which a specific cause was not
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determined. The symptoms improved after ad-
ministration of ceftazidime and doxycycline. The
second patient had received a renal allograft
4 years before the onset of symptoms and was
receiving mycophenolate mofeti], tacrolimus, and
prednisone. This patient had acute kidney in-
jury (serum creatinine level, 2.2 mg per deciliter
(194.5 umol per liter] vs. z baseline of 1.2 mg per
deciliter [106.1 pmol per liter]) and was success-
fully treated with doxycycline. The two immuno-
competent patients had relatively mild illnesses
and were successfully treated with doxycycline.
The patient from Wisconsin received doxycycline
at 100 mg twice daily for 21 days, and the patient
from Minnesota received the same regimen for
10 days.

EPIDEMIOQLOGIC INVESTIGATION

All patients reported peridomestic (e.g., from mow-
ing the lawn) or recreational exposure to ticks or
wooded areas (Fig. 2 in the Supplementary Appen-
dix). The three Wisconsin patients resided in Bau

Claire or Burnett County, and one reported trav-
eling to Bayfield County in northwest Wisconsin
1 week before the onset of illness. The Minnesota
patient resided in Rice County and had traveled to
a wooded area in Pine County, Minnesota, within
30 days before the onset of symptoms.

TICK COLLECTION AND PCR ASSAY
A rotal of 697 ticks were tested. DNA from the
newly discovered ehrlichia species was detected in
16 of 534 I seapularis ticks (7 nymphs and 9 adults)
from Minnesota, as well as in 1 group of 5 nymphs
(of 154 total) from Wisconsin (where the mini-
mum infective rate is 6.5 infected nymphs per
1000 nymphs tested) (Table 2 in the Supplemen-
tary Appendix). No DNA from the newly discov-
ered ehrlichia species was detected in 9 I scapularis
adults from Wisconsin or 88 Dermacentor variabilis
adults from Wisconsin.

DISCUSSION

We have identified a new ehtlichia species (sub-
sequently referred to as ehrlichia species Wiscon-
sin} in blood from four patients living in Wiscon-
sin or Minnesota, by using molecular, culture, and
serologic methods. The presence of ehrlichia spe-
cies Wisconsin DNA in blood specimens from
these patients collected duzing the period of acute
illness suggests that this organism was the etio-
logic agent of their infection. This is supported
by the results of serologic testing with whole-cell
antigens of the Wisconsin isolate: IgM and IgG
antibody responses against the species were pos-
itive in the three patients tested, with consistently
higher titers than those to E. chaffeensis. All four
patients recovered after administration of doxy-
cycline, which is the antibiotic of cheice for the
treatment of ehrlichiosis.

The identification of ehrlichia species Wiscon-
sin in humans has important clinical and epide-
miologic.implications. Ehrlichiosis was not pre-
viously thought to be endemic in Minnesota and
Wisconsin and would not be routinely tested for
among patients from these areas. Also, commer-
cial tests for ehrlichiosis may fail to provide an
aceurate identification of this organism. The con-
siderable serologic cross-reactivity of the Wiscon-
sin isolate with E. chaffeensis could confound diag-
nastic and epidemiologic studies and may explain
the recent increase in the numbers of cases at-
tributed to E. chaffeensis infection in Wisconsin
and Minnesota on the basis of serologic testing
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" 'Table L Results of Tests for IgM and IgG Antlbodles agamst the New Ehrllchla Spe::les, Ehrlrchm chaﬁéensrs, and Anap!asma .
: phagocytaphr!um LR s : L I i . .
Days from
lliness Onset .
Patient  to Specimen Specimen
No.j Collection Type Reciprocal IgM and 1gG Titer, CDC Assay Reciprocal IgG Titer, Mayo Clinic Assay
MNew Ehrlichia
Species E. chaffeensis A. phagocytophilum  E. chaffeensis A, phagocytophilum
IgM IgG IgM 1gG g gG
1 198 - Plasd  256. . 128 . 256 <15 <16 <16 _NA - NA
2 2 Serum NA NA NA <32 NA <32 <64 <64
2 I8 Ul CSerunn . 512 0 0 2567 1256 .. .64 <16 <l . <64 T <64
¢ 2 133 Plasma 16 64 <16 32 <16 <16 NA NA
4 NA NA, NA NA 1024 <64
g S <:15 '”.j,.220l43, l<'1,5 i _f"“<16‘ SoNA . . . NA .
* Antibody titers were assessed with the use of a noncommercial indirect immunofluorescence assay at the Centers for Disease Control and
Prevention and with the use of a comemercial indirect immunofluorescence assay (testing for IgG antibody but not IgM antibody} at the &
Mayo Clinic. NA denotes not available.

~

i Specimens from Patient 3 were not available for testing,

only. In addition, PCR assays for E. chaffeensis and
E. ewingii may not detect ehrlichia species Wiscon-
sin because of lack of primer and probe homol-
ogy. The ehrlichia—anaplasma real-time groEL PCR
assay used in our investigation has the advantage
of providing differential detection of ehrlichia
species Wisconsin from E. chaffeensis, E. ewingii,
and A. phagecytophilum on the basis of differences
in DNA composition of the amplified fragment.?
Finally, detection of morulae in peripheral-blood
samples from infected persons is an unreliable
means of diagnosing infection with ehtlichia spe-
cies Wisconsin. Morulae are detected infrequently
in blood from patients infected with ehrlichia spe-
cies*? and were not found in bleod from our four
patients. '

Ehrlichia infections in the United States ate
commonly transmitted by A. americamim. However,
the northern range for A. americanum is not thought
to extend into Wisconsin and Minnesota, and pub-
lic submissions of A. americanum ticks to the Uni-
versity of Wisconsin—Madison or the Minnesota
Department of Health are uncommon. In contrast,
bath D. variabilis and L scapularis are abundant,
human-biting species in northwestern Wisconsin
and Minnesota. The presence of ehrlichia species
Wisconsin DNA in at least 17 L. scapularis nymphs
and adults, as well as the absence of ehrlichia
DNA in the D. variabilis ticks tested, suggests that
L scapularis is a vector for ehtlichia species Wiscon-

sin. Bxtended investigation and tick surveillance
are required to understand the distribution of this
agent in Wisconsin and Minnesota and to defini-
tively implicate a specific tick vector.

The new ehrlichia species reported in this study
is closely related to E. muris (with approximately
98% sequence homology), but its exact taxonom-
ic placement cannot yet be determined, because
only a few isolates and limited genetic data are
available. E. muris is considered to be an Old World
pathogen found in different ticks of the . persul-
catus complex ranging from Eastern Europe to
Japan.r20.2L E muris DNA has been detected in
the blood of small rodents and deer from these
areas,?? suggesting that these animals may be
reservoirs of E. muris and related organisms. We
are also aware of at least 2 PCR-confirmed and
84 serologically diagnosed cases in humans at-
tributed to E. muris infection in the Perm region of
Russia.*? Similarly, Japanese investigators report-
ed a 1.1% seroprevalence of antibodies against
E. muris among 1893 Tokyo residents, with an
even higher seroprevalence among rodents (6 to
63%)23; however, it is difficult to ascertain wheth-
er these antibodies in mice and humans are re-
lated to E. muris or to other antigenically related
organisms, because multiple ehrlichia agents have
been reported from the same region. 2%+

In summary, we have characterized a newly
discovered ehtlichia species with supportive clini-
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Table 2 Laboratory Test Results m the Four Patients Infected wrth the New Ehrhchla Spec1es, Shoniy o 4; b
after Presentatmn el e e . T
White-Cell Lymphocyte  Platelet Alkaline
Patient No, Age Sex Count Count Count AST ALT  Phosphatase
v xIO"’/hter U/liter

i 51 M- 34 043 -87 76 75 . NA

2 23 M 3.6 0.41 104 42 NA 134
i 50 - I 50 0.4 132 NA . NA O NA

4 50 F 36 0,54 212 16 NA 23
‘Normal range ‘ T E 5—105 . 0828 150~450 73;431-_, - 7SS sl .

* ALT denotes alanine ammotransferase, AST aspartate aminotransferase, and NA not available (nor performed or not reported),

cal, epidemiologic, culture, DNA-sequence, and
vector data. Further assessment of the ecologic,

epidemiologic, and clinical features of the infec--

tion caused by this species is required to facili-
tate its distinction from other known tickborne
infections in this region, To guide diagnostic test-
ing and treatment, physicians should be aware
that a novel pathogenic ehrlichia agent is present
in Minnesota and Wisconsin and that organism-
specific PCR and serologic testing can be used to
identify the cause of suspected infections.

Noteadded in proof: After this article was submitted, Telford etal.
reported findings of'an E. muris—like bacterium in Wisconsin I sczpu-
laris ticks collected during the 1990s.2
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2009 {nane WNV positive) and 14,786 In 2010 {2, 1.3% WNV positive), For
both the considered methods the need of 1est repetitior was low (unter 3%),
Discussion: WNV is a relatively new health threat in Iialy and his impact
on the National Blood svsiems is not predictable. Thus, the most effective
strategies: surveiliance, donoxs deferral, NAT screening wil have to be re-
evaluated over time. The rapid Intraducton of the WNV NAT assay ib
response 1o the notification, in 2009, of human neuro-invasive NWV in-
fections is an example of the ability of regulatory agencies, bloed testing
organizations, and test mavufacturers to respond guickly io emerging
-horne pathogens.

P-384
TRANSFUSION TRANSMITTED HUMAN GRANULOCYTIC EHRLICHIOSIS
Levientk Stezivar §°, Rahne Potakar U, Avsic Zupane T, Jereb M?

Biood Transfusion Centre of Slovenia, Ljubljana, Siovenia “Institute for
Microbiology and Immunology, Liubliana, Slovenia *Clinic for Infectious
Diseases, Ljubliana, Slovenia

Background: Human granulocytic anaplasitosis (HGA; previously known
as “human granulecytic chrilchiosis™) is a tick-bom zoonosis that is caused
by an obligate intraceflular bacterinm, Anaplasma phagocytophilivim.
Human infection is usuatly tick horpe.

Aims: A possible transmission of anaplasma acquired through a tUmpsfu-
sion of red blood cells is reponed,

Case report; Au elective caesarean section and cansecutive surgical revi-
sion vias performed on a 36-year-old woman, 6 unils of RBC and 2 units of
FFP were transfused 9 days later the patient developed a fever, which in
few days turned inte acule respiratory distress syndrome (ARDS). An in-
fection with HGA was confirmed, The only possible cause of infection
conld have been in the ransfusion of bleod commonents,

Methods: The dingnosis of the patienl was confirmed when Anaplasnia
phagorytophilum was detected using PCR. The PCR and IFA serology
testing for IpG Anaplasma phagocytophilumy was performed on the 8
transfused donations.

Results: Onc of the blood denor samples was retrospectively identified as
PLR positive and 1gh renctive [=-1:1024)

Table 1: Results of testing donmor and recipient for anaplasma phagocy-
tophilum '

Dayar
_tmnsfusii::n ;

+35 ddya

+49 daiys.

*25CEYE L F

Conclusions: We investigated and confuirmed the case of severe HGA with
ARDS transmitied by blood transfusior. The infection: occurmed after the
tansfusion of lencoreduced red blaod cells. The efficacy of Jeucoreduction
is probably simall. There were no other recipients of the disputable dona-
tion. A psoralen ipactivated unit of pooled platelets had already expired
and was not used for transfusion. The FFP was destroyed. This proven
trensission suppors the fadication for the temporary deferral of blood
tionors with a history of tick bites.

© 201} The Authors

P-385

SEN VIRUS INFECTION IN IRANIAN THALASSEMIC PATIENTS
Sharifi 2°, Mahmoordian Shovshiari M

‘iranion’ blood transfusion orgaxization, Research center, Tehran, Iran
Jravian Blood Transfusion Organisetion Research Center, Tehran, Iran

Background and objectives: SEN virus {SEN-V] js a biood-borne, sinple-
stranded, noo eovelaped DNA virus.

Beta-thalassemia is very commop in Imn and some Medilerrapean
conntries. Mos of these patients need bload transfusion which increases
the rick for hiood -borne viruses. The aix of this study was to investigate
the prevalence of SEN-V-D and-H viremiz among thalassemic patients,
Material and methods: Sera of 260 blood Hondrs and 40 thalassemic
patients,who were neffative for serum Hepatitis B surface antigen {HBsAg)
and third-generation HCV antihody {anti-HCV) were tested jor SENV-D
and -H DNA. DNA was exwracted from plasma samples and amplified by
seminested PCR.

Results: SENV-D viremia was detected in 4 {1,54%) and 2 [5%) of 260
blood donors and 4G thatnssernic pafieris respectively. SENV-H viremia
was detected in 47 (18.08%) and 18 {45%) of 260 blood donors and 40
thalassewic patients respectively, SENV-D or SENV-I viremia was iden-
tified in 60 {23.08%) and 19 {47.5%) of 260 blood donors and 40 tha-
lassemic patients respectively,

Conclusions: The prevalence of SENV-H is more than SENV-D. SENV
infection is higher In thalassemic Hepatitis than in bood denors. The high
frequency of SENV infection among thalassemnic patients coukd be asso-
ciated with blood transfusion

Key Words: Blond donor, Prevalence, SEN Virus, Thalagsemic patient

P-386

EFFICACY OF TEMPORARY EXCLUSION OF TRAVELLING BLOGD
DONORS

Prinsze F, Zaaijer HI.

Sonqguin Research, Amsterdam, The Netherlands

Buckground: Travelling dorors whe unknowingly impor! exotic infic-
tions endanger the safety of the blood supply. Duthreaks should be eval-
uated rapidly after the fest signals of an erlerging disease appear; only a
limited time frame is available for amalysis, decision making and im-
plementation of safety measures. Using deterministic calculations we es-
timzted io hindsight the threat of five emerging epidemics abroad, that did
{o = 3) and did not couse {n = 2} temporary deferrai of traveiling Puich
biood donors.

Method: Three outhreaks were avalysed that caused temporary exclusion

of donors returning from the area involved: (1) an outbreak of Wes! Nile

Virus {WNV) In LEmilia Romana-Ualy {78 ootified cases with hospitaliza-

tions); (21 WNV outbreak in West Macedonia-Greece (108 notified cases);

and (3} the Chikunguoya oufbreak in Thailand {12115 notified cases). Two
outhreaks without defersal of returning donors were analysed: {4 the

Saundfly Yever Sicilian Virus {SFSV) outbreak in the Ankars region-Turkey

(260 notified cases) and (5} the Hepatitis A outbreak in Latvia (2617 no-

tihed casts).

Sources of data and assumptions:

{1} Data on Duich lourisis were obiained from the Dutch Bureau of
Statistics. We assume that 5% of Dutch tourists are bloed donors.
Because donors are relatively healthy they are assumed to Lrave! twice
as much as the geoeral population. {2) Dutch tourists are assumed {o
vislt the same regions as ali tourists; as reporied by statistical offices in
the countries invelved, {3} The incidence among tourists {Le. per time
unit) is assumed to equal the reponted jncidence in the Jocal
populations.

Results: The estimated numbess of retning, infected Dutch blood donors

are as follows: (1) WNV outbreak in Emilia Remana resp. in Macedonia: 6.2

resp. 0.5 infecled reticning donors.

{2} Chikungunya outbresk in Thailand: 1.6 infected returning doners.

{3} Sundfly virus fever in Ankara region: 0.06 infected relwning donurs,

{4} Hepatitis A in Latvia: 0.6 infected returning donors.

Joumnal compilation & 20711 International Society of Blood Transfusion Ver Sanguinis (2011} 101 {Suppl. 1), 1-352
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1. [ZE&HIC

SqLRIEBRER CHIREOA—2D—B O Borrelia burgdorferi sensu lato B R B $A3TE 2 H(AATIEL 2 YA =YD
EYELZ R SMERLETHD, BEERIEEM (1, N1) . %1 () [SA B S, BHIZ18 1%k EHE AT (erythema chronicum
migrans; ECM) , B E MR Y OMEER., BHEREsE L, BT84 EEER R IS & (acrodermatitis chronica
atrophicans; ACA) , AR # 4 EF 2T 5, B HAIEECMAH L L BB RICH B ATEEISH ., <4 ZRIB OB EATHT., B
. SR T ROEN LSS EET, MEZHC. FENOBRLEOREELELT D, FEL2004FEFETITBINERRER
© MDA LFERRLY . ChIZABOREMOLY LEEDHEEHESNE, BEEFBEORBE~RILLEEI~4AD
SALFEEENERLTEY, LEEICREGANEBNIRIERETLHEEEL TS, LizAoT2010FETIC, dLEED 51 LRHE
EAI200EBIDEMERT D, CCTHRIBBEOSAABOERMBEEHERSRL. STLAROREDENESHTHEANLEL,

2. F1LRD—RHIEERF R & BHBRT 1 AFRDECM _ .
FALBOERRITRI (1L 1) . &3 D ICK RIS h, BITICHERT 5. ‘ 7

I_ﬂ (RIEH) :ECMIZ V4 IR S A BB E B CHaEY | BISHBAEAT 5. BEHE. FEH. HRA. B E DEEKE
2f=Y, BEE. Vo3 EEROADNHIEAHY | F4EREHFE .

I (RN (ECMATE iR ICH oY (TR BEEAR) . BB/ EZRIE, ERFERELTA-V block o EREEATRIZHE
B, T, EEREERE, PERE EEXATELA LN, AR~ #H Ak

M 45 (RIERD) Boh A ~ BT h =Y, ACA, BIEDBIER , TESEH . KEHO BB SR FEE - BB A KA N5,

Zh B~ OERAIEFICHRETIC, OERUNRO ER EEGRRE) A HEST D558, RICHBAREEES EECM
OFELTVEIEARETEIELH S BRTLEECMO LR EIL HIS0~T0% LD CWVA | BERF LS LROBE
ERRILTA0ET. FOEEIRI0%ITETZEODA TS, T, BRI TIERICHRBESIZECMEFRD BEEK M) CLEE
éa’“{ﬂ!iﬁ%u LLTICECMOESREER S,

ECMIZTH =i, M H~1h A RIS ER O ES R CHREY ., SGEITIHALTERRIZARY, B10emBl EI2/5, 51T M
BHEDTIETbull's eye [ EFRIWENHring-shaped erythema (FUKHLEE) A1 % <, homogeneous erythema (¥—HLHD) LEREATEL, FHlST

WYEBDRITAEY | hemorrhagic erythema ((HIM{EITHD) IS5 L5855, HISFBIELR T, AVKE. REEZHVLEERAED)
FEH2T 5. IHIZE1 ~2cmiBE Datypical stationary erythematTBIHEET B0 505 B RIEKILIR RV, BER, HIB-L
#9. BB 3G TIXIMREBEA 726 (64%) . B —HIBEAHT364 (329%) Chrotz, & = HIBEERIE 2 ILTRH, BEITIRTE, A EIES . KB
SMER ELCIXECMISHE->THRE, £ 525, FAE. A, ¥ TR OE{OBRRE. Yo A HEBEA#OND, TN TCIE5%
VTICEESREELE OMBERSALNHEEEENS,

3. BES1 LRISBIDRE

A TIL1BTEIC RS T BHRES) ShTLlk, EIThEE, FM hA AL T2000] Ll L O RERFIOFENEESI . FEH
BARLALERIX, EREARLUT (8 bugdorferi sensu o) BET ST AEBRATIEL2AYIRAZICBEh, 2OT82
RN CIFES1,000mEL EQINERHE LS LU, dUERGENESHBICER T AI-HEHESND, 2L VITE O TRTHE
burgdorferi sensu latoZH L TLVAPHIFTIEAL. 15~22%®1%ﬁ$'(’35% AREMIETS B OBEEEEENRELCNEIEN
LUK, Bk TR S SRR OB E1 /3RETh, CRIFHR T A XOMSHERICEDFBAZL BEAEIAEND
CHLT, HAEOL YR EOREILELASABRIZE DD, BRAICEYMEYRELFA XY, BEMAZHLOTO
fzibEERSN D, ‘

54LaﬁhW§':ﬂillﬂ57:ﬁ05515£0)<6L\0)§§f§.‘6%ﬁ?’éfJ\li’Fliﬁ'EE-:f:Jﬁi 1995~ 2000 M6 FHE [TiiFE D EILEETE I AF D
BEIERERE D OISR A SEEL-TH ZHIBES) (XT00H5HY . EDILECMARIEEL . KLU 7 EEBEH SO S MERIEB DS
A LIRTEER A561 (8.0%) THAHEM S, ML T HEERBITENOTE I ARNRETHHEEL T HIRED10%RFEEHES

B FAIZ198EIZ1HES) DS LBERELTRIE, ﬁﬁif;%f:it(zomﬁti’@lm 135 DEEFEEFL., TD5552{IEBSKI
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REQHGFRIZEFTHY., LFEEDTMLRFEITECMIZ ﬂzﬁénéﬂiﬁrﬁﬁ\i{?&f %H%ﬂuﬁmﬂilﬁﬁr#%gfﬁj(ao%)b 158-3
[SEEARUBEL, Ff-, £ 2 B EARELO L SEROHBEEL TN Th29f (26%) . 111(0.79%) EL MEEICHTERES
BIFC, —RITBEMNZL, T, BeRO BN A SN AL TBED Y YT FHRES A% ELEHITER —BiE0 EEA22
(199 2RO TNoOBEEITARICHTIREELS ECMDERBELEITERAGELT S =720, 1999 (2 MfHREE 4

SHEERARERLI>TEHESh I OB ERCRE L. EEDEEEEA3MS-10) (2.7%)I2ADh, HIEX) L8
BoRT=, TEHTIEH DA, BEIHESJarisch-Herxheimer B ii11) BSELATLELET A2 TH D, £, RiETHEALYOFESR
BHLNIERLHY, COEMNCIHBLYORHELSIABEEOFREE- TV (AS8<—USH),

EEICRBEINDIEABOTALFIMFLCRETHIERZ, RLUFTZOLOOFEEEOEN S, ABMERMEN, REEER
BIZERTIEFIR. vector THHIZ —OEWVEE, EHOERFMEES LTI EHEREND. A BERWIZH S L, BIEESA
LBETIX. MEEICIIBEEIERICDRST BER, £BOHRE. NERE, EEORENMETHREORBERNSEERETS
CERHEISR, BRERERNS 3 EMEELIBERLOENHF LI SEBEIE>TUWV . ShIZODTHRIEEMN OSSR
T. meta—analysis DFEE12) . 2006 F DISDA (Infectious Disease Society of America) DFH A E 51 Cldpost—Lyme disease syndrome
(PLDS) AHRISEN TV S, PLDSD AT DL TIHAEHED BN EAH YN ES Deontrolled trial A EN T, TS EREFREM
BWERLEof=, LA T, COXIGERMEEBLULGS R SEREEICRSABEE 10 —-A0HFEBNLTITL(ZETF RN
HOCEERBIZANT), FOBRIEERE(EZIETINTFYL-BRAMN TR/ — L) HERBEEN TS, B4 (LA

/S TRIBEEORSE. XY SRRSO MRA KRR, RS T APLDSEE DN AENE 1 PIRBLEOTES TS,
N
FEB: 415k, BiE

Mes. 20064E 108 204
FE:ETROLUN, BREE, S2m, S, §h1§

IRFEEE: 20065E6 A 8H., J:/[il BTOWCAETREYY —HlE. B9 TRELK, OB 1 aASRSBMAICEBEAEHEEL, kT3
HIREXREFHEHTDZL. MEIVTAITOAURITE. garind NG, IeMEDIZBE TS ARESESh, 2/ 419 B 555
1o $TBRITHB LA, Iﬁ‘@ﬂ?zﬁﬁ%i’) SREDZ L. 2EBRF RISV ORBTERME T, EdH{ET, BaEitE
{CABRBEERLELED, 2006511 Ao R HHICABRARE LT,

WE: £ THISHB R 01 cmOTER (7 ¥ =RIEE) &7 O LAICEHIRICIA> TROMIBEA RN S h iz,

ABRBSREERT R : (072 55T & IXWBG 5,700, Hb 13.7, PLT 23.575, GRP 0,37, RF 3.4, ASO 18, ALP 263 . CH50 53.1, AST 18,
ALT 10, LDH 17t, BUN 11.9, CRE 0.94, CPK 185&8%7{, KLU T Hifk042(EIA) . DEE, DZI—RELL. HLARRZEIZHLA A2,
. A33,B61, B44,DR9, DR13,

{ - FEERERE  PLDSEZBEMSA ABEEZ, 7N T7TH V022 BO SEE4EAMRSELE. TROBKEZLREL, 813t a05
hiadliofz, LinL. BERETROSEABEL . BREIZEBM BN EEHED E, RS 10) v ARERALE. 1hA
BHLERRE. TROME, £hNETLHE, RAOELEHY, E521HARIRL TARS L (2007.3.16),, L EADERSH
T ABMBEBT LS, TDE. 2HAITEEBER EI{3, TR TH5H(2008.1.184852), #ﬂﬂfgiﬁbt’hbuﬁa‘-')ﬂi{ﬁ
BLimof=.
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U.S. blood supply vulnerable to parasitic infection spread by ticks
To reduce risk, Babesia test is needed to screen blood donors

Babesia, a tickborne parasite of red blood cells, is being transmitted through blood transfusions, according
to results of a collaborative study, led by the Centers for Disease Control and Prevention, of data from the
past three decades. Transfusion—associated cases of babesiosis have been increasingly recognized since
1979, the year the first known case occurred.

The article about the study and an accompanying editorial appear today online in the Annals of Internal
adicine.

In the report, CDC and collaborators describe 159 transfusion—related babesiosis cases that occurred -
during 1979-2009, most (77 percent) from 2000 to 2009. No Babesia test approved by the Food and Drug
Administration is available for screening prospective blood donors, who can feel fine despite being
infected.

Babesiosis is a potentially fatal but treatable complication of transfusion. Severe consequences, such as
_multi—organ failure and death, are most often seen in persons without a spleen, the elderly, and those with
a weak immune system. The study authors say prevention strategies, including development of a screening
test, are needed. Some manufacturers are working with investigators at blood establishments to develop
FDA—approved tests for Babesia for donor—screening purposes.

“We want clinicians to become more aware of babesiosis, including the small possibility of transmission via
blood transfusion,” says Barbara Herwaldt, M.D., M.P.H., CDC medical epidemiologist, and lead author of
the article. “If a patient develops unexplained fever or hemolytic anemia after a transfusion, babesiosis
should be considered as a possible cause, regardless of the season or U.S. region.”

Recause babesiosis is spread most commonly by ticks, the risk of this disease is another reason for people

, prevent tick bites. People who unknowingly become infected through the bite of a tiny tick (about th(:(
size of a poppy seed) can transmit the parasite via blood transfusion. Therefore, prevention of tlckbom N
infection can help safeguard the blood supply.

Most U.S. tickborne Babesia cases have occurred in seven states in the Northeast and the upper Midwest
(in parts of Connecticut, Massachusetts, Minnesota, New Jersey, New York, Rhode Island, and Wisconsin),
particularly during the warm months of the year. However, transfusion—associatedBabesia cases have been
identified in 19 states and have occurred year—round.

Dr. Herwaldt points out that even severe Babesia cases, not just cases that are asymptomatic or mild, are
easily missed unless the diagnosis is considered. Even then, babesiosis often is mlstakenly diagnosed as
malaria, which also infects red blood cells.

In January 2011, babesiosis became a nationally notifiable disease, which means state health departments
are encouraged to share information about cases of babesiosis with CDC. More accurate information about
tickborne and transfusion—transmitted-cases of babesiosis will help CDC and its partners, including the
Food and Drug Administration, in their continued efforts to make the blood supply even safer.

Annals of Internal Medicine .
Article: htip://www.annals.org/content/early/2011/09/02/0003-4819-155-8-201110180-00362
Editorial: http://www.annals.org/content/early/2011/09/02/0003-4816-155-8-201110180-0036

http://www.cdc.gov/media/releases/2011/ pOQOG_péﬁr]égéi?:_infection.html 2011/10/04
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$2% links below for two government—sponsored events that focused on improving blood safety from
babesiosis risk.

Information on babesiosis: http://www.cde.gov/parasites/babesiosis/index.html

Information on the Babesia parasite: hitp://www.dpd.cde.gov/dpdx/HTML/Babesiosis.htm
Informiation on FDA piiblic workshop
Information on the Blood Products Advisory Committee meeting

" Information on ticks: http://www.cdc.gov/ticks/ ‘

For information on CDC’s roles in monitoring blood safety: http:/ waw.cdc.gov[. bloodsafety

A
- U.S. DEPARTMENT OF HEALTH AND HUMAN SERVICES

Historical Document: September 6, 2011
Content source: Qffice of the Associate Director for Communication, Division of News and Electronic Media

Notice: Links to non-governmental sites do not necessarily represent the views of the CDC.

Centers for Disease Control and Prevention 1600 Clifion Rd. Atlanta, GA 30333, USA o P
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BENESIS 2011-014

FDA Transmissible Spongiform Encephalopathies Advisory Committee (TSEAC)
23rd Meeting, Augusi 1, 2011
Gaithersburg, MD

Issue Summary

Donor Deferral/Ineligibility for Time Spent in Saudi Arabia to Reduce Risk of vCJD
Transmitted by Blood and Blood Products and by Human Cells, Tissues and
Cellular and Tissue-Based Products (HHCT/Ps)

Issue

FDA seeks advice from TSEAC on whether, based on three cases of vCJID in individuals
likely to have been infected with the BSE agent in Saudi Arabia, to modify current vCID-
related safety recommendations for donors of blood and blood components, including
_Source Plasma, and for donors of HCT/Ps, to recommend deferring of certain blood
donors or finding ineligible certain donors of HCT/Ps for time spent in Saudi Arabia.

AN

Background N

vCJD in recent Saudi immigrant to Canada. In March 2011 Health Canada described a
probable case of vCJID in a recent immigrant. The diagnosis of vCJD was supported by
results of a tonsil biopsy in Canada showing accumulation of abnormal prion protein
[26]. The patient is a young man, born in 1986, who spent most of his early life in Saudi
Arabia (12 yr) and, later, in neighboring Dubai, United Arab Emirates (4 yr) [4, 11]. He
first showed symptoms of vCID early in 2011 before emigrating from Dubai to Canada.
The probable time of food-borne infection with the BSE agent for individuals with the
patient’s prion-protein-encoding (PRNP) genotype (129MM) falls within the years he
lived in the Arabian Peninsula (estimated median incubation period of food-borne vCJD
for persons with the PRNP-129-MM genotype, estimated to be 12 to 13 yr [1, 18]).
Authorities at Health Canada [19] have concluded that the man, who has no history of
surgery or blood transfusion, was probably infected by dietary exposure to the BSE agent
while in the Arabian Peninsula, more likely in Saudi Arabia, where he spent most of his
early years, than in Dubai. It is much less likely, though not impossible, that he might
have been exposed to the BSE agent during a visit of two weeks to the UK in 1995 (near
the end of the UK BSE dietary risk period). He paid a second brief visit to the UK in
2002, six years after the UK dietary risk period is thought to have ended [25]. This is the
third case of vCID plausibly attributed to a dietary exposure to BSE agent in Saudi <
Arabia. ' '

vCJD in other persons born in Saudi Arabia. One previous case of vCID, diagnosed
by brain biopsy at the UCSF Hospital, University of California, San Francisco, and
briefly described by the CDC, occurred in a person living in Virginia who was a non-
Saudi Arabian national born and raised in Saudi Arabia [5]. That person’s family recalled
no history of travel to UK except for connecting flights. An earlier case of vCID in 2003,
never described in detail, affected a 33-year-old Saudi citizen who underwent brain
biopsy at a hospital in Saudi Arabia; vCID was diagnosed from a sample of the biopsy
sent to the Mayo Clinic, Rochester, Minnesota, and confirmed by the National Prion
Disease Surveillance Center, Case Western Reserve University, Cleveland, Ohio [1];
CDC noted that the patient “may have visited the UK, if at all, only for several days”
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(aithough he had visited France) and concluded that he was most likely to have been
infected in Saudi Arabia [5].

VAT ter Qoanads A wnhin Qaudi A;—akin hno mat v.or-nri'nd any case AFRQE +~ the inrld
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Organisation for Animal Health (OIE) [36]. BSE has very rarely been recognized in other
countries of the general region: two cases of BSE were reported in cattle imported into
Oman in 1989 [37] and one case in a native bovine in Israel was reported in 2002 [38].
However, Saudi Arabia was identified as having imported live cattle and beef products
from the UK during the period of concern (1980-1996) [24], and Saudi Arabia was
identified as a consignee of meat-and-bone meal (MBM) of UK origin; during the years
1988-1993 when MBM might have been contaminated with the BSE agent [23].

We have assumed, for the purposes of this analysis, that the major risk of human
exposure to the BSE agent in Saudi Arabia was from beef and live cattle of UK origin
exported to the region during the years of concern: 1980 through 1996. According to
Sanchez-Juan and colleagues [24], the UK exported to Saudi Arabia almost 1,000 live
bovines (1980-1990) and about 32,000 tons of carcass meat (1980-1996). Earlier
estimates of exports reported by a representative of the World Health Organization
(WIO) to TSEAC were roughly similar [23]. However, we cannot verify the accuracy of
those figures. We have also assumed that exports of live cattle, beef, MBM and other
bovine-derived products exports from the UK to Saudi Arabia ceased when the European
Comumission prohibited such exports both to Member States of the European Community
and to “third countries” in March 1996 [16]. Furthermore, the UK implemented an
enhanced prohibition of mammalian proteins in ruminant feed in 1996 and other controls
to enhance the safety of food for humans and animal feeds by the end of 1996 [25];
therefore, we conclude that the risk of exposure to the BSE agent in any products and live
cattle exported from the UK to Saudi Arabia after that time was small.

We acknowledge that other BSE countries (i.e., countries of Europe) might also have
exported beef to Saudi Arabia and neighboring countries both during the years 1980
through 1996 and afterwards, however (1) the much lower rates of both diagnosed BSE
and vCJD ecases in other countries relative to the UK suggest that the risk associated with
beef from those countries must be considerably less than for UK beef, and (2) we have
not been able to estimate imports of beef from non-UK countries into Saudi Arabia. We
are also unable to estimate cross-border sales of cattle or beef products in the region or
the possibility that BSE might have been introduced into native ruminants in Saudi
Arabia by the use of MBM—either imported or domestically produced—in animal feed
supplements. Saudi Arabia is estimated to have had about half a million cattle in 1998
and far larger numbers of camels, goats, and sheep [2]. While acknowledging the
theoretical possibility of BSE infections in local ruminants, we concluded that the risk of
such infections is probably much less than that of beef products from the UK and too
uncertain to consider unless and until reliable information becomes available.

Estimating the possible risk of diefary exposure to the BSE agent in US donors of
blood and tissues during residence in Saudi Arabia. Since 1999, FDA’s
recommendations regarding deferral of blood and ineligibility of donors of HCT/Ps
potentiaily exposed to the BSE agent in various countries—geographic deferrals—have
been based on rough comparisons of the estimated risk of oral exposure to the BSE agent
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in various groups of people compared to the risk of the UK population from the
beginning of 1980 until the end of 1996, when UK food/feed protections were fully
implemented. FDA, in 2001, announced a model that estimated the risk in most countries
of Western Europe assigned as a relative-risk compared to the UK. The risk of dietary
exposure to-the BSE agent wags assumed to be stochastic and directly (linearly) related to
the time spent in a country where the BSE agent contaminated beef products [6]. In
principle, the exposure of concern was consumption of beef products, but dietary
histories were unavailable and are probably unreliable, so donor days in country were
taken as a surrogate. Based on a number of other assumptions, the following relative risks
were assigned: UK=1.0, France=0.05 (i.e., 5% of beef in France assumed to have been
imported from the UK [3] and other countries of Western Europe=0.015 (extrapolating to
the rest of Western Europe the results of intensive surveillance of BSE in Switzerland)
[6]. For purposes of deferral policy, and in consideration of the absence of more detailed
information, vCID risk in Western Europe was taken as comparable to that in France as a
worst case. A risk relative to UK of 0.35 was assigned to US military bases that obtained
beef from the UK in various years using estimates of UK beef sourcing provided to the
FDA by the US Department of Defense (DoD} [9]. These estimated relative risk factors
are highly uncertain because of uncertain simplifying assumptions that underlie them. In
fact, the model appears to have predicted fewer cases of vCID than have been recognized
in France (25 to date or more than 10% of the UK per capita rate) and overestimated
cases in US military personnel and dependents (no cases to date among as many as 4.8
million active duty personnel and an unknown number of dependents and employees
[32]). At the time, FDA also attempted to predict the possible loss of otherwise suitable
blood donors that might result from various vCJD-related geographic donor deferral
policies, based on a trave] survey of donors in 12 bloed centers [6]. Insofar as limited
information has been available to us, we attempted a similar assessment of vCJD-related
risk in Saudi Arabia, an assessment of reduction in that risk by donor deferral policies,
and an estimation of the possible loss of otherwise suitable blood donors that might
result.

1) Estimates of relative prevalence of vCJID in various countries compared with
Saudi Arabia. We attempted to estimate vCJID risk in donors resident in Saudi
Arabia by comparing the crude rate of vCID attributed to residence in Saudi
Acrabia with rates for seven European countries currently on the FDA deferral list
that have had cases atiributed to infection within the country, not including three
cases attributed to infection during residence in the UK [27]. Information to date,
summarized in Table 1, suggests that the crude recognized prevalence of vCID
attributed to exposure to the BSE agent in Saudi Arabia to date (three casesina
total population estimated by the US Census Bureau earlier this year to be
26,132,000 [29]) resembles that in a number of European countries (somewhat
lower than estimated prevalences in Ireland and France, both of which have lower
rates than UK) for which FDA currently recommends geographic deferrals of
blood donors [9] and screening of HCT/P donors [8]. It is important to note that
the crude prevalence estimates provided in Table 1 have not been adjusted sither
for ages of the populations (younger persons being more often affected by vCJD
than older persons) in the different countries or for probable differences in vCID
case recognition and reporting.
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Z) Potentiai consumpiion of UK beel products by persons resident in Saudi
Arabia 1980-1996. In trying to estimate exposure to UK beef products, we
addressed two groups of residents,

(a) Estimated consumption of UK beef by the general population of Saundi
Arabia, including Saudi nationais and foreign residents. We considered two
factors affecting the risk of dietary exposure to the BSE agent: (i) estimated UK
exports of beef to Saudi Arabia during the years 1980 through 1996, and (ii)
estimated tofal beef consumption in Saudi Arabia. The latter adjustment was
based on published data reporting that residents of Saudi Arabia, on average,
consume considerably less beef than do residents of the UK and other Western
European countries. Published sources suggested that about 10% of beef imported
into Saudi Arabia during the years of concern might have originated in the UK
[24] [31] and that average annual per capita beef consumption in Saudi Arabia
was about a quarter of that in the UK (lamb and poultry being more popular) [2,
17, 30]. Taken together, these figures, aithough not validated and admittedly
uncertain, suggested that a reasonable average relative risk estimate for dietary
exposure to BSE agent in UK beef by persons resident in Saudi Arabia during the
years 1980-1996 might be 0.025 (i.e., 0.10 x 0.25) that of persons resident in the
UK. during the same period and not unlike the risk previously estimated for most
countries of Western Europe.

(b) US military personnel on bases in Saudi Arabia. We also considered
information provided to FDA by the Armed Services Blood Program Office,
DoD, about sources of beef supplied by the US Government to the US military
personnel stationed in countries of the Arabian Peninsula during the years of
concern (which include the years of the First Persian Gulf War). Information
about military beef was taken from a recent DoD review of procurement records.
Beef in field rations/“meals ready to eat” [MREs] during those years was all of
US origin. However, an uncertain but possibly significant amount of the beef sold
to and consumed by US military personnel living on US bases in Europe and
Saudi Arabia after 1980 originated in the UK, though such procurement decreased
after 1989. We cannot assume with confidence that the origin of beef consumed
on US bases in Saudi Arabia differed significantly from that on European bases
south of the Alps. Acknowledging the uncertainties, we therefore assumed that
the risk of dietary exposure to the BSE agent for US military personnel living on
bases in Saudi Arabia from 1980 through the end of 1996 was similar to that FDA
previously assigned to US military living on European bases south of the Alps,
taken to be about 35% of that for UK residents during the same period, Unlike US
military stationed on European bases, no military dependents lived in Saudi
Arabia. For the most part, US military contractors were not supplied with food by
DoD, purchased their food locally—" on the economy’™—and so are assumed to
have shared the general dietary risk of exposure to the BSE agent with other
residents of Saudi Arabia, '

Canadian deferral of blood donors resident in Saudi Arabia, Since November 2007,
Héma-Québec [21], a blood establishment operating in the Province of Quebec, has
requested deferral of blood donors resident in Saudi Arabia for any period of six months

4
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or more from 1980 through 1996 [20]. Since March 2011, Canadian Blood Services
(CBS) has required the same deferral [19]. Canadian blood donor deferral policies for
residents of Saudi Arabia do not include donors with history of biood transfusion in that
country. Table 2a compares current Canadian and US blood donor deferral policies for
vCJD risk. The policies, while similar, are not identical. We are not aware that any other
country has recommended blood doncr deferral for residents of Saudi Arabia.

Canadian assessments for determining suitability of donors of cells and tissues.
Health Canada requires that travel information be collected for cell and tissue donors and
some other questioning of donors or their proxies about vCID risk factors. There are,
however, no exclusion criteria based on risk factors associated with residence in or travel
to specific geographic areas [19]. US donor screening recommendations regarding vCJID
for donors of HCT/Ps are summarized in Table 2b.

FDA’s proposed response to reports of three vCJD cases in individuals likely to
have been infected with the BSE agent in Saudi Arabia. The reports of three cases of
vCJD attributed to residence in Saudi Arabia has implications for US blood safety
recommendations and for the safety of HCT/Ps, affecting the suitability of four groups of
potential donors: 1JS military personnel serving in Saudi Arabia, US guest workers who
were military contractors supporting US forces in Saudi Arabia, other US guest workers
employed as non-military contractors in Saudi Arabia and immigrants to the US who
lived in Saudi Arabia, during the years 1980-1996. Saudi Arabia is not curtently included
on the list of countries for which FDA has recommended deferral/ineligibility of donors

[S].

FDA is considering modifications to current suitability/eligibility recommendations to
include donors of blood and blood components, including Source Plasma and HCT/Ps
who spent any cumulative period of six months or longer as military personnel serving in
Saudi Arabia from 1980 through the end of 1996. This recommendation is similar to the
current recommendation to defer donors resident on US military bases in Europe during
years when they were supplied with UK beef (comprising an estimated 35% of the beef
supply through 1996 south of the Alps [9]). FDA is also considering modifications to
current suitability/eligibility recommendations to include any other donors of blood and
blood compenents, including Source Plasma and HCT/Ps who spent any cumulative
period of five years or longer living in Saudi Arabia from 1980 through the end of 1996.
This modification is similar to the current recommendation to defer donors resident in
France, except that, because of continuing reports of BSE affecting native cattle in
several European countries and a lack of reliable information regarding implementation
of food safety measures and cross-border trade-in beef products in Europe {7], FDA
continues to consider the period of potential dietary exposure to the BSE agent for France
and most cther European countries (except UK) to extend to the present. We have
assumed that the BSE risk for Saudi Arabia was associated with importation of live cattle
and beef from the UK and that the risk became negligible at the end of 1996.

We acknowledge that Saudi Arabia might have imported live bovines and beef from
other BSE countries afier 1996 [2], but we have not inciuded that assumption in
developing the proposed recommendations. Saudi Arabian authorities have assured FDA
that, since at least 1996, the Kingdom has prohibited the importation of live bovines and
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beef producis from couniries reporting BSE to the OIE, as suggested by public sources
[14]. As noted above, Saudi Arabia has reported no case of BSE to the OIE, and we
assume that native Saudi cattle have probably not been infected. The likelihood that BSE
infection was established in the substantial number of small ruminants (sheep and
goats—iar outnumbering cattle in Saudi Arabia [2, 17]) seems remote. We do not have
information regarding rendering and animal feeding practices in Saudi Arabia
(specifically on production of MBM and use of MBM in feeds) that would allow more
reliable assumptions.

Potential impact on US blood supply and on HCT/P supply resulting from
proposed deferral of certain blood donors or ineligibility of certain cell and
tissue donors resident in Saudi Arabia during the years 1980-1996

We considered four potential at-risk groups that would be affected under the proposed
recommendation for US donors with a history of residence in Saudi Arabia during the
years 1980-1996. The groups include: (1) US military personnel; (2) US guest workers
who were contractors to the US military; (3) US guest workers who were contractors but
not for the US military; and (4) immigrants from Saudi Arabia to the US (both Saudi and
non-Saudi nationals, regardless of current citizenship). Table 3 below summarizes the
predicted number of US donors and blood donations lost as a result of the proposed
changes to recommendations for determining suitability of blood and plasma donors
based on residence in certain countries. Because the more [imited available information
on donors and donations of HCT/Ps, FDA has not been able to analyze the p0551ble
impact of the proposed recommendation on the US supply of HCT/Ps.

US military personnel. Based on information provided to FDA by DoD, approximately
600,000 US troops were deployed to Saudi Arabia for a period > 6 months in the years
1980-1996; that number represents about 90% of total deployments to Saudi Arabia
during that period. Those persons would all be deferred from blood donations or
ineligible to donate under the proposed geographic risk factor recommendations.
However, DoD estimates that approximately 30% of this population are already deferred
from donating due to the vCJID European deferral and other reasons. In addition, a large
number of this population retired or left the military and may be donating to civilian
blood collection facilities.

US military contractor guest workers, Information from DoD indicated that
approximately 200,000 personnel including DeoD civilians and contractors were
employed in Saudi Arabia during the years 1980-1996. We assumed that all had
cumulative stays of = 6 months but less than 5 years. Under the proposed
recommendation, they would not be deferred from donating blood and would remain
eligible to donate HCT/Ps.

US non-military contractor guest workers. We assumed all US non-military guest
workers who lived in Saudi Arabia during the years 1980-1996 had cumulative stays > 6
months with an average length of stay of four years [10, 12, 13, 15, 22]. We further
assumed that 30% of UJS guest workers lived in Saudi Arabia for more than 5 yr [10, 12,
13, 15, 22] and thus woeuld be deferred from blood donaticn and ineligible to donate
HCT/Ps under the proposed geographic BSE risk factor recommendations. The Average
Arnual Number of US guest workers in Saudi Arabia wags estimated using data from the

6
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US State Department on the number of registered US citizens in Saudi Arabia in 1999
[35]. We used these data for the year 1999, extrapolated and summed each year to derive
the total number of US guest workers in Saudi Arabia during 1980 and 1996.

Immigrants. Cur estimates assume that all immigrants from Saudi Arabia since 1985
had stayed for = 5 yr in Saudi Arabia during the years 1980-1996, and they would be
deferred from blood donations or ineligible to donate under the proposed geographic BSE
risk factor recommendations. The 4verage Annual Number of persons emigrating from
Saudi Arabia to the US from.1985 to the present was derived from Immigration Statistics
1989-2010 released by the US Department of Homeland Security [34]. Our estimates do
not capture non-Saudi nationals immigrating to the US from Saudi Arabia as the last
residence of record and thus may somewhat underestimate the number of dosors and
donations in this category that would actually be lost.

Donor loss calculation. We calculated blood donor loss based on the assumption that
individuals who resided in Saudi Arabia during the years 1980-1996 have a 5% rate of
donation [28, 33], which is the donation rate for the general US population. Our
calculation for the potential loss of blood units assumes that each donor donates
approximately 1.7 units of blood each year [33]. The estimated potential impact on US
blood supply resulting from the proposed donor deferral recomimendation is summarized
in Table 3

Questions for TSEAC

Question 1. Do available data support the consideration by FDA to recommend deferring
donors of blood and blood components, including Source Plasma, and to determine fo be
ineligible donors of HCT/Ps, who

a) spent six months or more cumulatively in Saudi Arabia as US military
personnel from the beginning of 1980 through the end of 1996 or

b) otherwise spent more than five years cumulatively in Saudi Arabia from the
beginning of 1980 through the end of 19967

Question 2. Please discuss the likely contribution of those recommendations to the safety
of the products involved and the possible impact on supplies of blood, blood components,
plasma derivatives and HCT/Ps.

Question 3. Please comment on additional information that might better inform FDA’s
consjderation of the proposed or any further safety measures.

- -1l88-



Table 1.

Reported vCJD cases per estimated iotal populatmn 2011

4.670,849 |

65,102,719 3.7x107

10,760,305 1.9x107

16,847,007 1.8x107

46,754,657 1.1x107

B 2613E703 [ 7 Ldxd0T

61,016,804 33107

126,475,664 7.9x107

vCID cases are attributed to exposure in a country according to the conclusion of the CJD Surveillance Unit, Edinburgh
[27]. Cases resident for = 6 mo in UK are attributed to UK. Rates are not adjusted for differences in population age
profiles or for efficiency of case recognition and reporting in various countries.

*Population estimates for various countries were taken from the Web site of the US Census Bureau for mid-year 2011

{28].
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Table 2a

Comparison of Geographic vCID-related Blood Donor Deferral Policies
Recommended by FDA and Required by Canadian Blood Services

> 3 mo 1980-1996"

>3 mo 1980-1996°

> 1 mo 1980-1996

= 5 yr 1980-present

=3 mo 1980-96

>3 mo 1980-56

‘Other Westeri "
‘Europe (WE) . .

= 5 yr 1980-present

. a
> 28 countries

=5 yr 1980-present

12 countries’

= 6 mo 1980-present

- [+
12 countries

Saudi-Arabia

' Tf=ﬁ_iisfué_ion . | UK, France 1980- UK, France, WE UK, France, WE
history.. present 1980-present 1680-present
no deferral > 6 mo 1980-1996 2 6 mo 1980-1996

" Other couitries -~

no deferral

no deferral

no deferral

a US definition of United Kingdom = England, Northern [reland, Scotland, Wales, the Isle of Man, the Channel
Islands, Gibraltar, and the Falkland Islands

US definition of WE (excluding UK, France) = Albania, Austria, Belgium, Bosnia-Herzegovina, Bulgaria, Croatia,

Czech Republic, Demark, Finland, Germany, Greece, Hungary, Republic of Ireland, Italy, Liechtenstein, Luxembourg,
Macedonia, Netherlands, Norway, Poland, Portugal, Romania, Slovak Republic, Slovenia, Spain, Sweden, Switzerland,
and the Federal Republic of Yugoslavia ([sic] now Kosovo, Montenegro, and Serbia)

FDA also reconimends deferral of US military personnel who spent = 6 mo on certain military bases in Europe 1980-
1996 [9]

b Canadian definition of United Kingdom = England, Northern Ireland, Scotland, Wales, the Isle of Man, the Channel
Islands (excludes Gibraltar and the Falkland Islands). Canadian definition of WE (excluding UK, France) = Austria,
Belgium, Demark, Germany, Republic of Ireland, Italy, Liechtenstein, Luxembourg, Netheriands, Portugal, Spatn,
Switzerland

i-pent-donner-du-sang/creutzfeldt-jakob.en.html

¢ hitp://www.hema-
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Table 2b.

Geographic vCJD-related Cell and Tissue Donor Eligibility Policies
Recommended by FDA

R '
Residence in UK >3 mo 1980-1996

Residence in Other Westerii Europs -

& > 5 yr 1980-present

s ¢ -

> 28 countries®

B

Blood transfusion R L UK, France 1980-present
,Reéidence in Saudi A:rélbia R no current recommendation
‘Residence in Other Countries e no current recommendation

a US definition of United Kingdom = England, Northern Ireland, Scotland, Wales, the Isle of Man, the Channel
Islands, Gibraltar, the Falkland Islands

b US definition of Europe = Albania, Austria, Belgium, Bosnia-Herzegovina, Bulgaria, Croatia, Czech Republic,
Demark, Finland, France, Germany, Greece, Hungary, Ireland, Italy, Liechtenstein, Luxembourg, Macedonia,
Netherlands, Norway, Poland, Portugal, Romania, Slovak Republic, Slovenia, Spain, Sweden, Switzerland, United
Kingdom, Federal Republic of Yugeslavia (fsic] now Kosovo, Montenegro, Serbia)

FDA also recommends deferral of US military personnel who spent = 6 mo on certain military bases in Europe 1980-
1996 8]

Note: Health Canada requires that travel infonmation be collected and some donor other screening for vCID-related risk
factors. There are, however, no exclusion criteria for cell and tissue donors based upon risk faciors asseciated with
residence or travel history to specific geographic areas.
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Table 3.

Estimated loss of blood donors and blood donations resulting [rom proposed
recommendations to defer certain blood donors
with history of residence in Saudi Arabia during 1980-1996

US Military US Guest US Guest Immigrants
Personnel Workers Workers Non- to US Total
Military Military
Contractors Contractors
Average n/a n/a 36,000 920° n/a
annual
number
Population to 420,000° ¢ 45,900° 24.800f 490,000
be deferred
Blood donors 21,000 0 2,300 1,200 24,500
lost®
Blood units 35,700 0 3,910 2,040 41,700
lost®

Notes:

*Average annual number of US guest workers in Saudi Arabia: based on data {rom US State Department
for registered US Citizens living in Saudi Arabia in 1999 (htip://overseasdigesi.com/amcit_nu2.him).

®Average annual number of immigrants from Saudi Arabia: based on data from US Department of

Homeland Security, Yearbooks of Immigration Statistics 2004 and 2010
(hitp://www.dhs.gov/files/statistics/publications/yearbook.shtm).

“Number of military personnel to be deferred calculated by:

600,000 (total number of military personnel whe stay for > 6 months, DoD 2011} x 70% (percentage
individuals having already been deferred, DoD 2011)

“Total number of military contractors who stay for > 5 years, and thus to be deferred (DoD, 2011)

“Total number of US guest workers non-military contractors to be deferred calculated by:
(Average Annual Number of US guest workers x 17 years (from January 1, 1980 to December 31,
1996) / Average Length of Stay) x 30% (percent stay for > Syears)

"Total number of immigrants to be deferred, calculated by:

Average Annual Number of immigrants x 27 years (from 1985 to current)
¥Blood donors lost, calculated by:
Population to be deferred x 5% (donation rate)

"Number of blood units lost, calculated by:

Number of donors to be deferred x 1.7 (average number of donations per donor per year)
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ORIGINAL ARTICLE Transfusion transmitied disease

The risk of variant Creutzfeldt-Jakob disease among UK
patients with bleeding disorders, known to have received
potentially contaminated plasma products
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Summary, The risk of variant Creutzfelde-Jakob discase
(vCJD) from potentally infected plasma products
remains unquantified. This risk has been assessed for
787 UK patients with an inherited bleeding disorder
prospectively followed-up for 10-20 years through the
UK Haemophilia Centre Doctors’ Organisation
(UKHCDQ) Surveillance Study. These patients had
been treated with any of 25 ‘implicated’ clotting factor
batches from 1987 to 1999, which included in their
manufacture, plasma from eight donors who subse-
quently developed clinical vCJD. Variant CJD infectiv-
ity of these batches was estimated using plasma fraction
infectivity estimates and batch-manufacruring data.
Total potential vCJD infectivity received by each patient
has been estimated by cumulating estimated infectivity
from all doses received during their lifetime. Qf 787
patients, 604 {77%} were followed-up for over 13 years
following exposure to an implicated batch. For these

604 patients, the estimated vCJD risk is 21% for 5§95,
250% for 164 and 100% for 51. This is additional to
background UK population risk due to dietary expo-
sure. Of 604 patients, 94 (16%) received implicated
batches linked to donors who developed clinical vCJD
within 6 months of their donations. One hundred and
fifty-one (25%) had received their first dose when under
10 years of age. By 1st January 2009, none of these
patients had developed clinical vCJD. The absence of
clinical vCJD cases in this cohort to date suggests that
either plasma fraction infectivity estimates are overly
precautionary, or the incubation period is longer for this
cohort than for implicated cellular blood product
recipients. Further follow-up of this cohort is needed.

Keywords: haemophilia, inherited bleeding disorders, risk
assessment, UK plasma products, variant Creutzfeldt-
Jakob disease

Introduction

The bovine spongiform encephalopathy {BSE} epidemic
in UK cattle occurred from 1980 ro 1996. Evidence has
been presented that a distinct ¢linicopathological vari-
ant of Creutzfeldt-Jakab disease (vC]D), first described
in 1996 [1], is the human manifestation of BSE [2-4].
Concerns that vCJD may be transmissible by blood and

Correspondence: Frank Lill, Department of Haemartology, The
Childrens’ Hospital Foundation Trust, Steelhouse Lane, Birming-
ham B4 6NH, UK.

Tel.: +121 333 9842 or +121 333 9843; fax: +121 333 9841;
c-mail: frank hill@bch.nhs.uk

Accepted after cevision 17 Janvary 2011
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blood products, and actions taken to reduce the risk to
UK patients with an inherited bleeding disorder, have
recently been reported {5].°

The vCJD risks from plasma prodocts linked to
donots who later developed vCJD, remain unquantified.
Det Norske Veritas’s (DINV) risk assessment informed
the introduction of further public health measures for
recipients of UK-sourced plasma products in 2004 [6].
These recipients included patients with inherited bleed-
ing disorders who had been treated with UK-sourced
plasma products berween 1280 and 2001. On the advice
of the CJD Incidents Panel (CJDIP), and facilitated by
the Health Protection Agency (HPA), these patients
were informed of their risk by the UK Haemophilia
Centres Doctors’ Organisation (UKHCDO] via their
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Haemophilia Centres and asked to implement public
health measures to reduce che possible risk of vCJD
spreading to others [5].

The narure of the blood-associated vCJD agent and
the impact of processing technologies on the nature and
distribution of vCJD infectivity in human blood com-
ponents and plasma products were unknown. There-
fore, the DNV risk assessment was based on data from
published animal studies and a number of assumptions
[6]- Three options were developed: {i) the fractionation
step with the largest clearance of infectivity represents
the entire process, {ii) the reduction in infectivity when
separating blood into blood components and plasma
fractions is the only step that reduces infectivity when
producing plasma products, and (iii) the infectivity level
correlates with the protein content of plasma products,
Option (iii} was rejected as it was considered scientif-
icalily invalid. The CJDIP adopted option (ii) rather than
(i) on the basis that it was more precautionary and
becanse there were uncertainties around the clearance
values in option {i}.

This article presents the application of this risk
assessment to 787 bleeding disorder patients who have
received implicated clotting factor batches linked to
donors who later developed clinical vCJD. The identi-
fication of the abnormal prion protein associated with
asymptomatic vCJD postmortem in a patient in this
cohort has prompted this assessment [7]. The implica-
tions to inform further public health responses are
discussed.

Materials and methods

Implicated plasma product batches

In the UK, a total of 178 plasma product batches have
been linked to 25 plasma donations from 11 donors
who subsequently developed clinical vCJD [8). These
include 25 implicated clotting factor® batches linked to
18 plasma donations from eight donors that have been
used to treat 787 UK patients with inherited bleeding
disorders. The baiches had expired before the 2004
patient notification.

Calculation of infectivity of plasma products

Plasma from many thousands of donations is pooled
prior to fractionation. The DNV risk assessment
provided estimates of potential infectivity of different
plasma fractions. Infectivity was quantified using the
IDsq, where one [Dsg is the dose required to produce
infection in 50% of recipients.

!Factor concentrates arc made from pooled plasma and inctude
FVIIL, FIX, FVII, FXI, FXIII and prothrombin complex concen-
trates as well as antithrombin.

Haemophilia {2011}, 17, 931-937

In 2004, the HPA used a ‘Product Risk Calculator’
tool to estimate the infectivity of each implicated
batch {Appendix 1 Supporting information}. The tool
combined the DNV infectivity estimates wich fractio-
nators’ batch-manufacturing data. For each batch, it
calculates the dose estimated to contain 0.02 IDjq.
This represents a 1% risk of infection in addition to
the general background population risk from potential
dietary exposure. This is the level of risk the CJDIP
considered sufficient to warrant patient notification
and public health action [9}. The cumulated lifetime
infectivity received by each patient was estimated
using the dara on each batch and the total quantity
received.

Identification and management of patients with
bleeding disorders

A policy decision was taken that all bleeding disorder
patients treated with UK-sourced clotting factors from
1980 to 2001 (racher than just those who had received
implicated clotring factors) should be considered ‘at
risk’ of vCJD for public health purposes [5]. This
decision was made because: (i) a single dose of
implicated clotting facror was thought to contain
sufficient infectivity for a recipient to cross the 1%
addirional risk threshold (high risk plasma product),
and (i) ir was considered likely that further implicated

_clotting factors would be identified if future clinical

vCJD cases were found to have donated plasma.

Haemophilia clinicians used locally held or National
Haemophilia Database (NHD) records to identify all
recipients of UK-sourced plasma products from 1980 to
2001 and used product information from two UK
fractionators to identify patients who had received
implicated clotting factors. Patients notified as being ‘at-
risk’ of vCJD for public health purposes were able to
choose whether or not to find out if they had received
implicared clotting factors. Haemophilia clinicians were
eficouraged to report these patients (unless they had
withheld consent) to the NHD, for follow-up. This has
been in the UKHCDO vCJD Surveillance Study follow-
ing ethical approval from the London Multicentre
Ethics Comimittee (MREC/01/2/11).

- National haemothilia database

Data on product type and batch number of implicated
batches, total doses received and start and completion
dates of each treatment were collected by haemophilia
centres. The NHD is updated annually by individual UK
haemophilia centres with treatment data sets and
information about new diagnoses and deaths. All deaths
and causes of death are verified as patients are flagged
with the Office for National Statistics. Person-vears at
risk of vCJD were calculated by subtracting the date of

© 2011 Blackwell Publishing Ltd
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the first dose of an implicated batch from either 1st
January 2009 ot the date of death as appropriate.

Results

Patient population in NHD

A twtal of 8547 patients with inherited bleeding
disorders were registered on the NHD on 1st January
2002 (Table 1). Of these, 3735 have been identified as
having received UK-sourced clotting factors berween
1980 and 2001 and therefore are defined as ‘at risk” of
vC]D for public health purposes. Of these, 787 had
received implicared clotting factors batches (‘implicated
batch®} linked to donors who later developed clinical
vCJD. Aunditing notification data for each centre against
implicated batches supplied to them by the two UK

fractionators show that 11 million 1Us {about 50%} of

implicated barches remains unaccounted for [5]. As a
result of this under-notification, it is estimated that the
787 patients rcpresent approximately 50% of all
patients who had reccived implicated batches. The
following results/data concern these 787 implicated
batch recipients.

Outcome, deaths and autopsy-

No clinical cases of vCJD have been observed in these
patients as of 1st January 2009. Fifty-one (6.5%) deaths
were reported by 1st January 2009 but none was related
to vCiD. Only four autopsies have been performed in this
cohort. Abnormal prion protein, indicating vCJD infec-
tion, has been detected in a single postmortem spleen
sample of a haemophilia patient who died of causes
unrelated to vCJD 11 years after receiving 9025 IUs
{estimated vCJD infectivity [Dsg 0.21) from two impli-
cated FVII batches [7]. These batches were linked o two
plasma donations from a donor who developed vCJD
within 6 months of the second donation.

THE RISK OF VC]D AMONG.UK PATIENTS 933

Estimated infectivity of implicated baiches

Table 2 is the list of implicated batches showing the
quantities of each batch used with their estimated
infectivity, and the number of patients treated with each
batch. Two hundred and sixty threc (33%) patients
received >1 implicated batches and 229 (29%) patients
received implicated batches linked to >1 donors. A rotal
of 12.7 million IUs of implicated FVIII and FIX was
used to trear 787 patients from 1987 to 1999. On
average cach patient received 10 000 IUs (median)
(range 240-169960} and estimated vCJD infectivity
0.443 1Dsg {median) {range 0.010-9.593). A total of
773 (98%) patients received estimated vCJI infectivity
20.02 Dy (Fig. 1). Of 604 (77%). patierits who have
been followed-up for over 13 years, which is the
predicted incubation period of primary vCJD [10,11],
595 have 21%, 164 have 250% and 51 have 100%
estimated vC}D risk in addition to the background UK
population risks due to potential dietary cxposure.

Donors linked to implicated batches

Table 3 is the list of eight donors showing data on
implicated batches and the number of recipients linked
to ecach of them. These donors developed vCID
88 months {median) (range 6-143} following their last
donations. One hundred and forty-nine {19%) paticnts
received implicated batches linked to donors who
developed vCJD within 6 months of donation and 552
(70%) linked to donors who developed vCJD within
6 years of dopation. When estimated infectivity is
plotted against interval between donation and onset of
vCJID in donors the distribution of patients for these
parameters can be clearly seen (Fig. 2). The patient
in whom the abnormal prien protein associated
with vC]D was found at postmortem received two
implicated batches from donor 1 [7]. For one of these
batches, the interval between donarion and onset of
vCJD in the donor is 6 months but with a relatively

Table 1. Patients with inherired bleeding
disorders registered in the Nadonal Haemophilia
Database on Ist January 2009 by diagnesis and
subgroups at risk of vC]D for public health
purposes.

Number of patients with bleeding disorders by diagnostic

subgroups
von
Patient group and subgroups Haemophilia A Haemophilia 8 Willebrand Other Toral
Tétal registered in the National 3281 719 2996 1541 8547
Haemophilia Database {NHD}
Registered patients who are at tisk of 2246 562 58 409 3735
vCJD: {treared with UK sourced
plasma produces between 1980 and
2001)
Registered pariencs at risk of vCJD whe 3356 168 39 24 787%

are knawn to have received implicared
clotring factor batches

#1171 million IUs (about 50%) of implicated barches remain unaccounted for [3]. As a result of this
under-nocification, it is cstimated that the 787 paticnts represent approximately 50% of all patients
who had reccived implicared batches.

® 2011 Blackwell Publishing Ltd
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Table 2, Description of each implicated clotting facror batch used to trear 787 patients wich inherired biceding disorders.

Donor 1Ds Months herween Estimated roral Total number of
linked ro donation and  Estimared infectivity  Toral quancicies  infectivity {(IDsg)  patients regisrered

Batch Brand implicated clotting  onset of vCJD (IDgq) per IU {lUs) of each received from as rreated with
number nmne? fuctor batches” i donors for vuch batch bawch used eaci baweh each bneh (2 = 787}
FI1B4547% 8Y L 6 0.0000199 873 821 17.424 61
FHB459%6 /Y 3 31 0.000043 1054 410 45.340 923
FHCA42375 B8Y 1 46 0.0006472 983 977 46.444 117
FHB4189 8Y 8 112 0.0000486 735 723 3).756 71
FHB4419 8Y 3 15 0.0000584 656 600 38.343 55
FHB4116 8Y 2 3t 0.0000774 280 710 21717 34
FHCD362 3Y 8 139 0.000088 199 060 17.517 52
FHC02589 8Y 2 59 0.0000948 266 960 25.308 46
EHC0052 8Y 5 143 Q00011335 58 560 6.645 10
FHMA4054 High puricy F§ 8 127 0.0000662 304 500 20,1358 33
FHM3990  High purity F§ 8 134 0.0600738 169 05§ 12.476 11
FHE4544% Replenate 1 [} 0.0000246 965 400 23.749 88
FHF4625 Replenate 7 58 0.0000262 1 033 200 2714 47
FHE4336 Replenate 6 40 0.000029 1224270 35.504 97
FHE4437 Replenate 8 82 0.0000388 818 095 31.742 73
0304-70510 Z38 4 134 00009526 16 150 15.385 3
FJA4308 gA 8 94 0.0000343 379540 13.031 20
FIA4239B5 9A 1 46 0.0000548 41433 7.755 9
Fla0092 9A 2 59 0.0000735 923990 6.833 18
FjA0020 9A 5 143 0.0000948 88025 8.349 10
3502-70210 HT Defix 4 138 0.0001391 216220 30.083 26
FM4327 Replenine 8 98 0.0000226 1129913 25.336 80
FIN4625 Replenine 7 58 0.0000434 22145 0.961 4
FIM4437 Replenine 8 82 0.0000552 379380 22.459 2%
FIM4596 Replenine 6 31 0.0000604 592380 33.780 49

*These numbers have been assigned o anonymize the denoss for this study.

TSorted by brand name and estimarted infectivity per 1U.

*15 parients were rreared with the same batch of an implicated clorting Factor in more than one treatment episode. 256 patients were treared with different

batches of implicated clotting factors in maore than one sreatment episode.

$Four implicated clotring facror barches were linkexd to the donor whase donations were linked ro vCJT infection of a patient with bleeding disorder [7]. This

patient received implicared clotting factor barches: FHB4547 and FHC4237.

Fig. 1. Distriburion of patients with bleeding disorders by estimated life-
time cumulared vCJD infectivity received (n = 787).

low estimated infectivity dose. Others have received
higher estimated infectivity from the same donor and
the same donation, but none of them has developed
clinical vCJD.

Age al exposure and person-years at risk

The median age at which patients received their
first dose of an implicated batch was 22 years (range

Haemophilia {2011), 17, 931-937

0.3-87). 174 (22%) patients were under 10 years, 362
(46%) under 20 years, and 628 {80%) were under
40 years of age when they received their first dose, The
median age of patients who were alive on 1st-January-
2009 (n = 736) was 35 years (range 13-92). The median
follow-up time from the date of the first dose of an
implicated batch to Tst January 2009 or the date of death
was 15 years (range 2 days—-22 years) {person-years at
risk). Plotting the estimated infectivity against person-
years at risk reveals many patients with more event free
person-years at risk than the patient with known
abnormal prion protein [7] (Fig. 3).

Discussion and conclusion

This article reports the absence of clinical vCjD cases
among 787 patients with an inherited bleeding disorder
who have been treated with high risk® implicated
clotting factors. These include 604 (77%) patients who
have lived longer after receiving the first doses of
implicated clotting factors than the predicted incuba-
tion period of 13 years for primary vCJD [10,11]. Of
them, onc quarter {# = 164) have 250% estimared risk

A single dose of implicated clotting factor was thought 1o contain
sufficient inlectiviey for a recipient to cross the 1% risk threshold.

® 2011 Blackwell Publishing Ltd
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Table 3. Description of implicated donations, manufactured clotcing factors, known quantities used, the number of identified patients treated, average
quantities and infectiviry received by each paticor from individual donors.

Average quantities
(IUs) received by each

Number of hat-
ches of each

Months berween
denations and

Toral quantities

{IUs) of implicared Total number of Average vC|D infecrivity {[Dygp)

Donor  onset of vCJD  preduct linked to clatring factors linked  patients linked ro patient (median, range, received by each pariene
1Ds in a donor® a donor {# = 25} 0 & donor a donor (# = 787) quartiles) {median, range, quartiles)
1% 6% 46" BY 2 2963 633 257 2000 0.245
9A 1 260-96000 0.010-4.531
REPLENATE 1 3000-15700 0.118-0.481
2¥ 31, 59 Y 2 640 660 83 5500 0.483
9A 1 255-29820 0.024-2.527
1770-11000 0.145-0.914
3 15 8Y 1 656 600 55 9400 0.549
470-34990 0.027-3.211
4700-16000 0.274-(.943
4% 135, 138 HT DEFIX 1 232 370 29 5530 0.883
Z8 1 55248852 0.077-9.593
2760-8800 0.384-1.650
5 143 ;24 i 146 585 20 4800 0.502
9A l 240-35645 0.027-3.381
1928-9650 0.197-1.08%
o 31, 40 8Y 1 2 871 060 238 10000 0.373
REPLENATE 1 500-102960 0.015-3.851
REPLENINE | 733-15300 0.155-0.616
7 58 REPLENATE 1 1 038 045 51 13510 0.472
REPLENINE 1 265-57900 0.025-1.517
5150-30880 0.152-0.809
gt 82, 94, 98, 112, 8Y 2 4112 770 336 9700 0.376
127,134, 139 9A 1 460-100000 0.013-5.511
HPF VIl 2 3475-15343 0.178-0.660
REPLENATE 1
REPLENINE 2

*Median interval between donation and onset of ¥CJD in donors was 88 months. 149 (19%) of parents received implicated batches linked to donors who
developed vCJD within 6 months of donation and $52 (70%) linked to donors who developed vCJD within 6 years of donation.

TThe figures in the column do not add to 787 because of exposure to mubtiplesimplicated donors. 557 patients were treated with implicared clotting factor
batches linked to one donor, 182 to two donors, 45 to three donoss, two to four donors, and one to five donors.

Donors 1, 2, 4, 6 and 8 denated morce than onee.

$The vCJD infecred patient was treared with implicated clotting factor batches linked to cwo donations from this donor [7].
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Q) Received clotting facters not linked 1o **Doner-1 {n = 530)
O Received clotting faclors linked to Donor-1 (n = 256}
O Received clotting factors linked 1o Donor-1 and was vCJD infacted (7 = 1)

*253 patianis receivad more than one batch of implicated clotbng factars Fef them, the shortest intervsl batwesn donabion and onsal of
iYs in tnair donors has bean used B N . "
r-1: T2us daror has been linked 63 VGO infechan in a mopient of impieated choting factar batches (grean circle above} 7]

Fig. 2. Scatterplor showing escimated liferime cumulated vCJD infectivity of implicared clotring facrors received by patients with bleeding disorders by
interval benween donatien and onsez of symptoms in donors* (n = 787).

received clotting factors linked to:donors who devel-
oped vC]D within 6 months of their donation. The risk
to these patients was calculated using estimates from
the DNV risk assessment, and batch-manufacturing

(received 21IDsq) and 8% (m = 51) have 100%  risk
(received 221Dss} of vCJD in addition to background
UK population risk due dietary exposure. Forty-nine of
the 51 patients who have 100% risk were still alive on

1st January 2009. Thirteen of these 49 patients had

© 2011 Blackwell Publishing Ltd

data.
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Fig. 3. Scatterplot showing estimared liferime cumulated vC]D infectivity of implicated clotting factors received by patients wirth bleeding disorders by their

person-years of exposure (n = 787).

The incubation period of vCJD within this at risk
group may prove to be longer than the predicted
incubation period of primary vCJD and secondary
vCJD due to non-leucodepleted packed red cells trans-
fusion. The infective dose in the plasma and red cell
components is assumed equal but the implicared plasma
is diluted in the plasma pool and then distributed
between many vials. A large body of data from different
experimental approaches (including endogenous infec-
tivity models) consistently show that conventional
bio-separation processes used in plasma product man-
ufacturing are capable of removing prion agents to a
significant extent [12,13]. These data question whether
the highly precautionary approach as adopted in the UK
is still judged as appropriate. It is possible that the
infectivity clearance assumptions made in the DNV risk
assessment, and the option chosen by the CJDIP are
overly precautionary.

Other countries have adopted less precautionary
approaches. Authorities in France concluded that the
risk posed by implicated batches, even in the most
pessimistic scenarie, was very low. Consequently, they
decided to continue to fractionate plasma sourced from
domestic blood supply, introducing nano-filtration as
an additional step in the process [14]. Authorities in
Canada concluded thar the risk of transmission of vCJD
for patients.who have received FXI linked to UK donors
is in the range of i in 100 000 to 1 in 1 000 [15]. In
their risk assessment, the US FDA included infectivity
reductions associated with various processing steps in
the production of FVIII and has concluded that the risk
of vCJD infecrion s likely to be extremely low ranging
from 1 in 9.4 million to 1 in 15 000 [16].

Age dependent suscept‘ibility is required to fully
account for observed age distribution of primary vCJD
cases [11]. Age at treatment {8-10 years) with human
growth hormone has been found to be a risk factor for
secondary CJD in the UK [17]. If age dependent
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susceptibility s a risk factor for secondary vCJD, then
the 174 (22%) patients who received their first dose of
implicated clotting factors before 10 years of age may
have an increased susceprtibility to vCJD infection. The
median follow-up time from first exposure in this
subgroup is 16 years {range 12-22).

[t is of interést that a recent publication links
impaired scrapie agent neuroinvasion in aged mice with
effects of host age on follicular dendritic cell status [18).
If immune function affects vCJD neurcinvasion in man,
then it can be speculated that the immune modulation
and deficiency associated with blood borne virus infec-
tions in some of this cohort may make subclinical +CJD
infection more likely rather than clinical disease.

The dose response relationship has not been estab-
lished for TSE infections. Experimental estimation of
dose response relationship requires a large number of
experimental animals, particularly if the level of infec-
tivity is low. Unfortunately, there is very little data on
dose response relationship in TSE infections. The DNV
risk assessment considered different models on dose
response relationship in TSE infections wsing available
data and came up with the assumption that the dose-
response function for vCJD infectivity is linear without
any threshold [6]. More experimental data are required
to validate this assumption to improve the risk assess-
ment.

The DNV risk assessment assumes that risk from
regular equal doses of vCJD implicated plasma product
over a 1-year-period is additive, and it ignores doses
received after the first year. Where the patients have
received variable doses from different batches and/or
from different donors during scveral years with wide
variations in the estimated levels of infectivity, it is
difficult, and somewhat meaningless to calculate an
annual dose. Therefore, the CJDIP took a precautionaty
approach and decided to estimate cumulative lifetime
infectivity.

® 2011 Blackwell Publishing Ltd
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While the under reporting of implicated batch recip-
ients is a concern, it does not invalidate the descriptive
data on risk assessment. These may inform any future
risk assessment should vCJDr develep in a patient who
has recetved hmplicated batches of clotting factors.

Other factors, such as, prion protein genotype, age at
exposure, interval between donation and development
of vCJD in the donor, lifetime cumulative infectivity
received and the number of donor exposures may also
help assess the vCJD risk in this cohort. The continu-
ance of this surveillance study especially with improved
recruitment to its postmortem and biopsy arm may
provide valuable information that aids our understand-
ing of developing vC]D after exposure to implicated
clotting factor batches and allows more informed risk
counselling of patients.
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