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A hnked donor-recipient study to evaluate parvovirus B19 transrmssmn by blood

component transfusion

Steven H. Kieinman,'? Simone A. Glynn,? Tzong-Hae Lee,* Leslie H. Tobler,* Karen 5. Schiumpf,! Deborah S. Todd,!
Hannah Qiao,! Mei-ying W. Yu,® and Michael! P. Busch,*5 for the National Heart, Lung, and Blood Institute Retrovirus
Epidemilology Donor Study-1i (NHLBI REDS-II})
Westat inc, Rockville, MD; 2Department of Pathology, University of British Columbia, Vancauver, 8C; 3National Heart, Lung, and Blood Insfitute, Rockville, MD;

“Blood Systems Research Institule, San Francisco, CA; SDivision of Hematotogy, Center for Biologics Evaluation and Research, US Food and Dnug
Adminisyation, Bethesda, MD; and SDepartment of Laboratory Medicine, University of Catifornia, San Francisco

Parvovirus B19V infection can be a seri-
ous infection for hematelogy patlents with
uriderlying hemolysis or compromised
erythropoiesis syndromes. Although case
reports of B19V transmissjon by blood
component transfuston {as contrasted to
manufactured plasma derivatives) are
rare, no studies have systematicatly deter-
mined a rate of transmission to recipients
transfused with B19V DNA—-positive com-
ponents. We used a linked donor and
recipient repository and a sensitive, quan-
titative B15V DNA polymerase chain reac-

tion (PCR) assay to assess such transmis-
sion in Bi9V-susceptible (e, anti-B19V
immunoglebulin G [IgG) negative) recipi-
ents. We assessed 112 B15V DNA-positive
components from 105 doners {of 12 529
tested donations) transfused into a popu-
tation of surgical patients with a pretrans-
fusion B19V IgG seroprevalence of 78%.
We found no fransmission o 24 suscep-
tible reciplents from transfusion of com-
ponents with B19Y DNA at concentra-
tions less than 10%UW/mL (upper 95%
confidence interval, 11.7%). We found an

anamnestic IgG response in one pretrans-
fusion seropositive reciplent transfused
with a component containing greater than
10" IWmL B19V DNA. These findings
show either that transmission from com-
ponents with less than 10% IU/mL does
not occur, or, if it does, itis an uncommeon
event. These data do naot support the
need to routinely screen blood donations
with a sensitive B19v DNA nucleie acid
assay. {(Blood. 2009;114:3677-3683)

Introduction

Therc have been multiple reports of parvovirus B19 (BI9V)
transmission by pooled plasma products, including factor VIII
concentrate and solvent-detergent—treated pooled plasma, docu-
mented by recipient seroconversion in asymptomatic cases or, less
frequently, by clinical diagnosis of B19V-related disease in associa-
tion with positive B19V test results,” These cases, combined with
the potential for very high BI9V DNA concentrations (up to
102 TU/mL) in plasma donations* and the rclative resistance of
B 19V to inactivation methods,*S have Ied to B19V DNA testing of
plasma donations to ensure that manufacturing plasma pools

. destined for plasma derivatives have a B19V DNA concentration

Iess than or equal to 10¢ IU/mL, a limit proposed by the Food and

Drug Administration (FDA).™ The same limit for this so-called “in

pracess testing” is a European regulatory requirement for anti-D
immunoglobulin (Ig) preparations and plasma treated for virus
inactivation,'® To achieve this B19V DNA concentration in the final
plasma pool, B19V DNA screening of the plasma donations used to
make the pool is performed using assays (applied in minipool
format) with the ability to detect approximately 105 IU/mL in an
input unit of plasma.®

To date, no BI9V transmissions from pooled plasma products
have been documented when less than 103 (o 104 TUW/mL B19V
DNA is present in an infused product. 3432 The reason for this
lack of infectivity is not completely understood. It may be due to an
inadequate amount of infused infectious virions, a neutralization

cffect from B19V antibody present in other plasma units in the
plasma pool, or a combination of these {actors. Recipient factors
may also play a role beecause it has been rcported that B9V
antibody is protective against B19V reinfection, and most of the
adult population is B19V seropositive as a result of previous
infection.'?

Although concern for transmission of B19V from pooled
plasma products has resulted in BI9V DNA screening of input
plasma donations, less is known about the potential for B19V
transmission by transfusion of individua! blood components (eg,
red cells, platelets, plasma). There arc only 4 published clinical
cases of BI9V transmissions from blood component transfusion
(3 from red cells and 1 from platelets).'*'? An additional asymptom-
atic case has been reported from a recent prospective study of
wansfusion-transmitted viral infections.® In contrast, 2 studies
have reported a small number of negative results when patients
transfused ‘with B19V DNA—positive components were cvaluated
for faboratefy markers of B19V infection.!9? Nevertheless, given
the tropism for?! and potential pathophysiologic cffects of BI19V
infection on erythroid precursor cells, concem remains for
potential deleterious outcomes in fraquently transfused hematology
patients with underiying hemolysis or compromised erythropoiesis
syndromes.!?

Because the sensitivity of BI9YV DNA assays has improved,
Bi9V DNA prevalence in blood donors has been shown to be
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higher than initially documented. B19V DNA is detectable in 0.5%
to 0.99 of blood donations, with most.showing relatively low DNA
concentrations (< 100-1000 IU/mL).2% In addition, it has be-
come established that B19V infection is often persistent.2?" Thus,
some donors may cortinue to donate for many years. with B19V
DNA (and potentially infectious viriens) in their blood. These
observations suggest that the potential for recipients to be exposed
10 low levels of B19V DNA from blood component transfusmn is
greater than prewously thought.

To our knowledge, there have been no large-scale donor/
recipient-linked transfusion-transmission studies to evaluate the
rate of BI9V tansfusion transmission. Although it has been
assumed by extrapolation from pooled plasma transfusions that
single unit blood components with low-leve] BI9V DNA should be
noninfectious, this remains speculalive because the mechanism of
protection in the pooled plasma setting bas not been established and
may not apply to single unit transfusions.1213

We undertook this present study 10 systemalically evaluaie
whether transfusion of blood components with low or moderate
levels of B19V DNA (defined as < 108 IU/mL}) transmits infection
to BI9V-seronegative susceptible recipients.

Methods

Source of donor and recipient samples

Tested specimens were from the National Heart, Lung, and Blood Institute
(NHLBE) Rctrovirus Epidemiology Denor Study Allogeneic Donor and
Recipient (RADAR) repository, which was established to investigate
possible transfusion-transmitied infections and which has becen described in
dewil in a previous publication.®® Repository specimens were collected
from 2000 therough 2003 by blood centers and selfected hospitals at 7 geopraphi-
cully dispersed US locations. Repository specimens consisted of 2 frozen 1.8-mL
plasma aliquots and 2 1.5-mL sample of frozen ‘Whole blood. -

All enrolled donots and recipients gave informed consent for frozen
specimen storage and for subsequent specimen testng foe possible wransfusion-

“transmissible infections, in accordance with the Declaration of Helsinki. The
study protocol was approved by |he institutional review board of each participat-
ing institution.

The linked portion of this donor-recipicnl tcpository contuins pretrans-
fusion andor peritransfusion specimens and follow-up specimens, col-
fected at a & 10 12-momh interval, from 3575 enrolied recipients. 1t also
confains 13 201 donation specimens given by 12 408 distinct donors that
were transfused to these recipients. The RADAR cnroflment procedure
targeted recipients with expected high 1-year survival rates; 88% were
cardiac or vascular surgical patients, and the median recipient age was
63 years (range, 59-74 years). Recipients were not evaluated for coexisting
immunosuppression, but this is considered unlikely given the primary
diagnoses. The mean number of RADAR donation exposures per recipient
was 3.9, The distribution of component types transfused was 77% red cells,
13% whale-blood—derived platelet concentrates, and 10% fresh-frozen

plasma (FFP). In addition to receiving components with a stared donation-

specimen in the RADAR repository, these recipients also received 2 mean
of 3.1 components not linked to stored RADAR donations.
The RADAR repository alse contains 99 906 specimens from blood

donations that were not transfused b enrolled RADAR recipients; this -

supplementary tepositry served as a sample source during the assay
validation and donor prevalence phase of the sirdy, which has previously
been reported.

Se!ection and testing of donat:cns

All RADAR donations transfused to enrclled recipients were tested for
B19Y DNA, provided there was adequate specimen volume available™
Donations found reactive aa the B19Y DNA assay were subjected to DNA
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confirmatory and quantitative testing; confirmed positive donations were
also tested for B19V IgG and IgM.

Selection and testing of recipients

Cases were tecipients who were transfused with one or more B19V
DNA-positive components. Control recipients were selected to measure the
background rate of new infection as a result of factors other than transfusion

of a B19Y DNA~positive RADAR unit (ie, community-acquired infection
in the 6- to 12-month follow-up interval or a transfusion-acquired infectior ™

{rom a B19V DNA-negalive RADAR unit or a nontested, non-RADAR
unit}, A 1:2 case-control design was used to select control recipients
fulfilling the following criteria: all RADAR units received by the recipient
were B19Y DNA negative, cnrolfment occurred at the same participating
center in appraximately the same time frame (to control for community-
acquired infection), and age was within 10 years of the case recipient. Using
this control selection algovithm, we established that all comrols met
preestablished age and center criteria, and 94.4% received their transfusion
wititin 11 days of their matched recipient.

Enrollment speeimens from all case and control mcnpu:nl:s were tested
for BI9V [gG. DBefore knowledge of BI9V 1gG enrollment results,
postuansfusion follow-up specimens from alf cuases and conlrols were
tested for B19V FgG, IgM, and DNA (see “Assay methods™. A positive
B19V DNA or IgM result on the follaw-up specimen triggered additional
testing of the enrollment specimen for these analytes,

For analysis, case and control recipients withnegative BI19V JgG resulls
before transfusion werc subscquently classified as B19V susceptible, and
those with positive results were classified as B19Y nonsusceptible,

‘Protocol lor evaluating transfusion-transmission

B19V wansmission was defined as seroconversion to 1gG or IgM or new

detection of B19Y DNA. Because our previous experience with B19V,

antibady testing has shown that specimens near the cutefl could show

fluctuating resuits on different test muns, we required that seroconversion be-

independently shown by 2 labaratorics.

Assay_methods

BISVDNA PCR assay. The B19VY DNA polymerase chain reaction (PCR)
assay was originally developed by Chiron Corporation and subscquently
refined through eollaboration between Chiron and Blood Systems Research

Institute (BSRI). We previously reported data on assay performance on -

5020 plasma samples {rom the unlinked doner portien of the RADAR
tepository?! The assay had o 50% lirait of detection (LOD) of 1.6 1UfmL
(95% confidence imerval [CI}, 1.2-21TU/mL) and a 95% LOD of
16.5 IU/mL (95% CI, 10.6-33.9 IU/mL). We determined that the assay
could be vsed as a quantitative as well ag a qualitative assay; because
quantzalion might not be precise at the lower LOD, we cateporized all
specimens with quantitative DNA values of greater than 0 but less than
20 IU/mL as having a value of less than 20 IUMmL. ¢

The ‘assay, performed at BSRI, included 2 magnetic-bead B19V DNA
capture step followed by a TagMan real-time PCR assay targeling the YP1
region of the genolype 1 B19V genome. The assay was subscquently
validated as detecting geaotype 2 but does not detect genotype 3, which has
Been identified in Africa but which is very rare outside that continent.?® An
internzl control sharing homologous primer region sequances but with a
different internal probe binding sequence as the viral target was included in
each nssay tube. All captured target DNA from 0.5 mL input plasinz and the
spiked internal control was amplified in a single PCR reaction by using the
same primer pair. Amplification and detection occurred in a 96-well optical
plate by using dual-plexed TagMan PCR technology. BI19V target and
internal control DNA were detected aod distinguished by Auorophore-
tagged sequence-specific probes. Bach plate contained 2 known positive,

.2 blinded ncputive, and 2 blinded positive contrels and up to 90 study

specimens. A more detailed assay description is provided in the previous
publication.?*
Because the chosen assay cutoff of a cycle threshold (Ct) of less than

40 was designed to maxjmize assay sensitivity, an algorithre was developed
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B19V DNA Testing Algorithm
B19V PCR
C;>45 4D<C 545 Crs40
Urdefected
Y- 4 4
NEGATIVE  INDETERMINATE  REACTIVE

Internal Control

;545 Cp>45
Undetected
NEGATIVE INVALID
L 4 k4
CONFIRMATORY QUANTITATIVE TESTING
In duplicate ,
Cy: Cycle Threshold

Figure 1. B19V DNA testing algorithm.

for final test interpretation so as to avoid classifying nonspecific reactivity
on a single assay run as a confirmed positive result (Fignre 1). All initially
pusitive, indeterminate, and invalid specimens were retested in duplicate on
plates that included guantitative sun standards by wsing 2'separate 0.5-mL
subaliquots subjected to the full extraction, amplification, and detection
piocedure, This testing sesved both es confirmation and quantithtion. Final
interpretation was based on the resolts of the 3 assays (je, the initial
screening assay and the duplicate repeat assays). Specimens were classified
as B19V DNA positive if at least 2 of 3 tests showed reaclivity at a Cr
Tess than 40. .

For determining DNA concentration, duplicate quantitative run stan-
dards (containing B19V DNA at 10° 10 10% [UJ/mL) were placed on each
plate, and quantitative results were determined by comparing the specimen
Cr 1o the Cr of the known stapdards on the same test run,2* The assigned
quantitative value for each specimen was the average of the duplicate
quantitative assays (including zero for a negative test result). Specimens
with {ow Cr values (< 30) were diluted 1:10 and 1:100 and then run in
triplicate at each dilution. The quantifative result was the average of the
3 test results at the most appropriate dilution adjusted by the dilution factor.

Serologic assays, Testing for B19V IpG and IgM was directed against
a recombinant VP2 protein and was performed in duplicate by wsing
FDA-cleared fest kits (Biotrin) according to the manufacturer’s instruc-
tions, Testing was conducted at BSR1 and, for a large subset of samples, was
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repeated at a Center for Biolopics Evaluation and Rescarch/Food and Drug
Administration (FDA) laboratory. {Bethesda, MD). If results fell into the
equivocal zone, the assay was repeated in duplicale on a new aliguot, and
this repeat result was taken as the final result for the specimen.

Quantitative B19V [gG testing was performed by using a standaed curve
dilutional analysis method with the Woirld Health Orpanization First
Intermational Standard for B19V serum IgG (93/724) obtained from the
Nationz| Institute for Biological Standards and Control. 2 This testing was
applied to cnrollment and follow-up specimens of B19V IgG-positive
(“nonsusceptible™) recipients who had been transfused with the 5 highest
titer B19V DNA components identified through donor testing.

Statistical methods

On the basis of a review of donor B19 viremia and recipient B19V serologic
data from phase 1 of this study,* we determined that 1esting of the linked
donor and recipient RADAR repository specimens would have sufficient
statistical power such that a finding of zero documented transmissions to
susceptible rcipients would indicate with 95% confidence that the tue B19
transfusion—transmission rale was between 0% and 25%. In this current
study, StatXact (Cytel) was used lo generate upper 95% confidence Jimits
based on zero abserved infections® The upper confidence limit far
transmission was calculaled as a one-sided exact 95% confidence intesval
for the difference between the infection rate among susceptible cases and
susceptible controls, using StatXact (Cylel). ¥

Results

Of the 13201 linked blood donation repository specimens,
12 529 {95%) had adcquale volume for testing. BI9V DNA was
detectable. in 105 donations {or a prevalence of 0.84% (95% CI,
0.68%-1.00%). As shown in Table 1, 53%, 71%, and 93% of these
donations had B19V DNA concentrations below 20, 100, and
1000 TU/mL, respectively. The 2 denations with DNA concentra-
tions greater than 10§ IU/mL were negative for B19V-specific IgM
and JgG, whereas B19V IgG was detectable in 26% and B19V IgM
in 28% of the evaluable remaining B 19V DNA--positive donations.

These 105 B 19V DNA—positive donations came from 103 do-
nors, 2 of whom gave positive donations on 2 occasions. The
105 positive donations resulted in the transfusion of 112 positive
components to enrolled recipients. Four recipients received mul-.
tiple DNA-positive components such that a total of 107 distinct
recipients were {ransfused with one or more DNA-positve compo-
nents. Table 2 provides a description of the DNA-positive campo-
nents transfused to recipients, classified by the DNA concentration
of the component, by whether the recipients were susceptible to
BISY infection (ie, BI9Y IgG negative on their enrcllment

Table 1. Quantitative B19V PCR and antibody results on confirmed positive donations

No. {3:) B13V IgM negative

B19V DBNA concentration, No. of B19V No. (%) B19V igM No. (%) B19V IgM
1UfmL, In donation .DNA—posiilve donatlons and lgG positive negative, IgG positive and IgG negative
Lessthan20 _ 58 o 2 (4%} 52 (93%) 2{4%)
2010 less than 100 . 19 © 5 (28%) 13 (72%) - .. D
10%tolessthan 1P - ' 23 18 (78%)t 2 {g%} ’ 1 (4%)

10° 1o foss than 10¢ 4 4{100%) 0 T 0

* 10*pless than 105 : 0 0 0 0
10% o fess than 108 L 0 a 1 {100%})
Sublolat 108 29 (28%) 67 {66%) 4 (4%)
More than 105 . 2 0 1] 2
Tolab _ 105¢ . 29

67 8

The prevalance of 819V DNA-pasitive donations uﬁa 523 tested donations was 0.84%,

*Cne donor was not tested for B19V antibody; percentages have bgen caleulated sliminating that donar from both the numeraior and the denominator,

*1Two donors were IgM equivocal and IgG positiva,

$The 105 B19V DNA-positive donations came from 103 donors, 2 of whom gave positive donalions an 2 eccasions.
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Table 2. Transfusion of B19V DNA-positive components o reciplents

BLOOD, 22 CCTOBER 2009 « VOLUME 114, NUMBER 17

No. of B19V DNA-positve components

Tetal no. of B9V

Ne. of B18V DNA-positive components )
DNA-positive

Moo of B15V transfused to ptible ients" transfused to donsusceptible reciplents
B13V DNA conceniration, DMNA-positive - compenents
WmL, In donatlon donallons Redcells Flatelels Plasma Sublotal Redcells Platelets Plasma Subtotal transiused
Less than 20 56 15 0 1 16 a3 5 5 44 60
201oless than 100 . 19 3 a 0 3 9 5 3 17 20
107 1o Tess than 10° 23 3 1 0 4 16 3 2 21 25
10° lo less than 104 4 0 0 1 1 z [ 1 3 4
10%10 less than 108 [} 0 0 o 0 Q 0 .0
10%10 fess than 05 1 © 9 0 ? 1 o © 1 1
Subtatal 103 21 1 2 24 61 14 1 86t 110f
More than 105 2 . a 0 o 0 1 1 Q 2 -2
Total ) 105 P4l 1 2 24 62 . 18 1"

86t 12t

*All B18Y DNA-positive unrts!ransiused to suseeplibla recipients contalned B19V-specific }gG.
tFor 7 B19V DNA-positive denalions, more than 1 component was transfused; alse 4 nonsusceplitla racipieats recolved mors than 1 pusnhvg componanl

specimen), and the type of blood component. As per RADAR
repository design, the majordty (74%) of transfused DNA-positive

. components were red ccll concentrates. Twenty-four of the 112 com-
poneats (21%) were transfused into susceptible recipients. Among
the 214 control recipients (2 controls selected per case}, a very
similac percentage (20%) were susceplible. Six of the 7 DNA-

" positive components with the highest concentralions were trans-
fused to nonsusceptible recipients; these included all 3 components
with DNA concentrations greater than 10% 1U/mL.

The primary analysis of transfusion transmission was restricted
to the 24 susceptible (B19V IgG negative) cases (21 transfuscd
with red cells) and the 42 suscepiible controls, There were no B19Y
infections observed in these 66 susceptible recipients based on the
absence of B19V IgG, IgM, and DNA in the follow-up specimens.

. Thus, the transmission rate was 0% in both cases and controls, with
an upper 95% CI of- 11.7% in cases and 6.9% in controls, The
transfusion-transmission rate was therefore cstimated at 0.0%
[0.0% (cases} — 0.0% {(controls)], with an upper 95% CI of 11.7%,

Although TgG seroconversion could not be used as a criterion
for establishing transfusion-iransmission in nonsusceptible sub-

jects (those with precxisting BI19V IgG), the criteria of newly "

developed B19V DNA or IgM were still applicable. There were no
such findings in casc recipicots. However, one [gM seroconversion
was identified in a B19V TgG—positive (nonsusceptible) control
recipient who remained DNA negative. Because this recipient was
transfused with only 2 DNA-negative red cell units {and no
non-RADAR units), it is likely tbat the [gM seroconversion
represents a false-positive result or possibly a new community-
acquired infection. Testing also identified B19V DNA in follow-up”
specimens of 3 other control recipients. However, testing of their
enrollment specimens indicated that B19V DNA was present
before transfusion at approximately the same concenfration in all
3 cases. Furthermore, their enrollment and follow-up specimens
were positive for B19V IgG antibodies. Thus, this pattern indicated
persistent BI9V infection (existing before receiving RADAR
trans[usions) rather than recent B 19V acquisition.

To further evaluate whether transfusion with B19V DNA--
containing units elicited an immune response in subjects with
preexisting BI9V TgG, we performed guantitative BI19V I1gG
testing of enrollment and follow-up specimens of the 5 recipients
who were BI9V TgG positive at enrollment and who received the
highest titer DNA-positive components, reasoning that these would
provide the maximal stimulus for such an immune response.
Pretransfusion B19V IgG levels were highly variable, ranging from
7-t0 165 [U/mL.. As scen in Table 3, 1 of the 5 recipients, who
received the highest titer component (at a B19V DNA concentra-

tion of 2.9 X 10" [U/mL or a total dose of ~ 5.8 X 101 [ in the
20 mL plasma contained in the red blood cell component), showed
a 4-fold increasc in B19V IgG titer. This recipient had a relativcly
low pretransfusion titer of BI19V IgG (15 IU/mL). Of the other
4 recipients, 1 showed a 2-fold increase, 2 had unchanged titers,
and 1 showed an almost 2-fold decrease.

Discussion

In this study we identified donations that had a potential marker of
BI9V infectivity (ie, B19V DNA) through retrospective screening

of blood donations and subsequently tested recipients of compo--

nents from these donations for the development of new BI9V
infection, Qur approach was designed to systematically determine a
rate of transmission Trom all units with this potential infectivity
marker and to establish either the presence or absence of transmis-
sion when it was known that a susceplible (ie, B19V IgG negative)

recipient was transfused with-a potentially infectious (fe, BI19V ’

DNA positive) unit. This study design is in conirast to most gther
B19V studies in which investigations were structured to prove that
transmission occurred in a particular casc.

On the basis of our finding of nontransmission in 24 evaluable
susceptible (B19V seronegative) recipients of components with a
BL9V DNA concentration less than 106 [U/mL, we conclude that
the rate of (ransmission from such components ranges from 0% to
11.7% (which is the upper 95% confidence bound); thus, either
transtnission from such compenents does not occur, or, if it does, it
is a relatively uncommon event in comparison 1o most other
transfusion-transmissible viruses in which infection rates exceed
50% (eg, HIV, HCV),}

Table 3. Antibody quantitation studfes in recipients transfuzed with

-enmpenents with the highest B19V DNA concentrations

Transfused component results Retlplent resulls

B19V DNA concentration, B19VIgMAgG Enroliment 819V Follow-up B19V

WimL, In donatien status 1gG thter, IU/mL  IgG titer, HW/mL
29x {0@ -t~ 14.9 R
g2x 17 R T ' B4
43 105 T ’ 375 40.2

86 % 10° ++ X 15.3
18x 10 Can Test 1579

*Ope raciplent who received a componsnt with a DMA concenimlion of
31 % 1P ILmL {which was elsa positive for B19W IgM and 1gG) was notinduded in
this lable because the enrcliment and fdlaw-up spedEmens wem both B19V I9G

egaﬂve
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. 1

Qur study is the first to evaluate transmission in multiple

recipients who do not have preexisting B19V IgG and hence do not
have this mechanism for potential protection against acquiring
B19V infection. In a study from Africa, there was a single
documented case of Jack of B19V transmission to a susceptible
pediatric recipient transfused with a red cell unit that had a B19V
DNA concentration of 6 X 102 TU/mL in the presence of BI9V
Tg(3.2° There are somewhat more data about the lack of transmis-
sion to recipients with preexisting B19V IgG. In a study conducted
in an adult hematology service, 6 adult recipients with hematologic
malignancies (5 of whom underwent stem cell transplantation)
were identified as transfused with blood components that were
tetrospectively found to contain B19V DNA at less than 105 geg/
mL; in 4 of 5 evaluated cases, the DNA-positive component also
contained B19V 1gG. Each recipient was BI9V DNA negative
whben tested 3 to 18 days after transfusion,)’ and none showed
clinical symptoms of B19V infection on retrospective chart review.!?

The mechanism to explain lack of transmission to susceptible
recipients by B19V DNA~contzining units is unknown but could
be related 10 the Tack of a large enough inoculating dose of B19
virions to establish infection. This could he due to the ratic between
1nfectious dose and virion number {which is not known), the low
levels of translused intact and/or replication competent virions in
units with low DNA concentrations, or neutralization of otherwise
infectious virions either by antibody in the transfused unit or by
passively transfused antibody from other units.'? In support of the
latter explanations, we note that all DNA-positive units transfused
to susceptible recipients in our study contained B19V-specific IgG.
In addition,it is highly probable that all recipients of BI9V
DNA-containing components received some additional blood
components with B19V [gG; this is based on our previous findings
that 73% of donors who contributed to the RADAR repository had
B19V IgG* and that RADAR recipients wete transfused with an
average of 7 blood components.?®

QOur negative transmission findings are consistent with previous
publications (hat have shown that high plasma concentrations of B19V
DINA are required for transmission in the setting of transfused pooled
plasma products. The minimal infectious dose of B19V DNA decu-
mented to cause a symplomatic B19V infection in a recipient of factor
VIIT concentrale devoid of BI19V IgG was 2 X 1G*IU based on the
infusion of 3 vials of a product with a DNA concentration of
6.5 X 10° 1UAvial (e, 1.3 X 10° TU/mL when each vial was reconsti-
tuted in-a 5-mL volume)? Furthermore, we are aware of only one
comprehensive quantitative transmission study of pooled plasma prod-
ucts mamfactured from multiple donalions.!'?2 That study, conducted
approximately 10 years ago, was an open-label phase 4 trial of pocled
plasma, solvent detergent-treated (PLAS + SD produced by Vitex, now
defunct). One hundred B19V-seronegative volunieers were infused with
product from 17 different manufacturing lots. OF 19 subjects who
received the product from 3 lots that contained at Jeast 2 X 107 geg
B19V DNA (ie, 200 mL product infused at > 107 B19V DNA geg/ml),
18 seroconverted and 17 showed B19 viremia, Although the investiga-

" tors expressed their results in geq/mU, it has subsequently become

established that for BISV, an I and a geq are approximately equivalent.
In contrast, there were no seroconversions in 81 subjects who recefved
product from 1 of 14 lots containing less than 10% geg/mI. B19V DNA;
however, (he investigators did not more precisely quantitate the amount

. of B19V DNA in these nontransmitting lots.

In our study, which was designed to systematically study
transmissibility [fom BI9Y DNA-positive units with less than
106 TL/mL, we transfused only 2 components with high B19V
DNA concenirations (= 107 IU/mL) but were unable to directly
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evaluate their transmissibility in susceptible recipients, because
both were transfused to recipients with preexisting B19V IgG. We
used quantitative B19V antibody testing to investigate whether
exposure to this very high B9V DNA concentration could

- stimulate the recipient’s immune system to respond. Although not

definitive, a 4-fold boost in B19V IgG in the follow-up specimen
from one of these recipients suggests that a component with very
high B19V DNA concentration (~ 5.8 X 10 IIF B19V DNA
infused) can result in an anamnestic response (implying transient
active viral replication) in a previously exposed recipient when the
pretransfusion antibody titer is relatively low (15 IU/mL m this
recipient). Our results are consistent with similar 4-fold B19V 1gG
increases which were reported 1 month after transfusion in 2 of
2 B19V IgG-positive volunteers who remained asymptomatic afier
transfusion of 200 mL PLAS + 8D at a B19V DNA concentration
of 1.6 X 108 TU/mL.2 In addition, in the previously described
study of adult hematology patients, there was also one B19V
IgG-positive recipient of a red blood cell unit containing
2.2 X 109 geq/mL of BI9V DNA,; this recipient was positive for
B19V DNA st posttransfusion day 5, negative when retesied on day
35, and asymptomatic for B19V infection on chart review; B19V
IgG titer was not reported,’?

Despite the large size of our linked donor-recipicnt repository,
the use of a very sensitive BI9V DINA assay, and a rigorous testing
algorithm, lhis study was subject to several limitations. The
collection of recipient follow-up specimens 6 to 12 months alter
transfusion Hmited the laboratory technigues that we could use to
diagnose new B19V infection. In addition to our primary assess-
ment of the development of new B19V TgG formation, we also
tested for new appearance of BISV IgM and BI9V DNA.
However, the natural history of acute B19V infection predicts that
both of these markers would probably no longer be detectable at the
time our follow-up specimens were collected, unlcss the recipient
had developed a persistent infection.'3 Qur study was also limited
because most recipients (78%) of B19V DNA-positive units were
BI9V TgG positive before transfusion and thus presumably were
partially or totally protecled against B[OV reinfection. This limited
the statistical power of our negative result such that the upper 95%
CI could not yule out a (ransmission rate as high as 11.7%.
Furthermore, most of the 24 susceptible recipienis received compo-
nents with very low B19V DNA concentrations (<< 20 IU—/mL). We
identified only 5 transfused components with DNA ¢oncentrations
between 10% and 10 IU/mL; 4 of these were B19V IgM and 1aG
positive, and one of these {DNA level of 4.3 X 105 IU/mL) Jacked
BI9V antibody. Furthermore, only one of these components, a
plasma unit containing a total infused dose of approximately
7 X 10°1U in the presence of BI9V IgG, was transfiised to a
susceptible recipient. Similarly, although we identified 45 trans-
fused components with BISV DNA concentrations between 20 and
1000 TU/mL, only 7 were transfused to susceptible recipients.
Finaliy, although we obtained questionnaires from recipients at the
time of follow-up (6-12 months after transfusion) ard none of the
recipients had been diagnosed with B 19V disease, we were unable
to definitively assess nonspecific symploms that can occur with
B19V infection at such a long interval after transfusion.

We expressed our findings as the rate of transmission in
susceptible recipients because this allowed us to extrapolate our

‘findings to other transfused recipient populations; ie, it allowed us

to calculate a per unit risk. This per unit risk in our older surgical
recipients can then be applied to populations with a higher
susceptibility rate (eg, fetuses undergoing intrauterine transfusion,
young patients wilh sickle cell anemia oz thalassemia, patients with
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congenital or acquired hypogammaglobulinemia), based on the
assumplion that the equivalent dose of B19V transfused into a
B19V I[gG-negative hematology or surgical patient will result in
productive infection (ie, viral replication) at the samne rate. In our

opinion, it is unlikely that the infectivity of a B19V DNA-—positive -

transfused unit will be related either to the underlying disease or to
the overall immune status of a B19V seronegative recipient, even
though it is well accepied that the clinical manifestations of a B 19V
infection will be influenced by such host factors (ie, if infected with
BI9Y, an immunosuppressed patient or one with an underlying
hemolytic syndrome might have a warse clinical outcame).’

'We can also analyze our data on a population-wide basis; looked at
in this way, we did not detect any cases of definite B19V transmission
(with the exception of the one passible case of an anamnestic immune

. response) afer the transfusion of blood components from 12 529 B19V
DNA-tested donations into a recipient population with a pretmnsfusion
BI19V IgG prevalence of 78%.

As part of this study, we also generated a large body of blood
donor data. We found that B19V DNA prevalence in 12 529 tested
donations was 0.84%, consistent with our previous report of 0.88%
in 5020 donation samples from the same RADAR repository and
with higher end estimates in literature.?*% The large majority of
our DNA-positive donations had low or very low DNA concenira-
tions {53%, Ti%, snd 93% below 20, 100, and £000 IU/mL,
respectively), consistent with the interpretation that the increased
DNA prevalence found in recent donor studies is due to the use of
more sensitive nucleic acid testing assays. In contrast to the high
rate of overall DNA detection, our rate of detection of high-titer
DNA positives (> 108TU/mL) was approximately I in 6000,
consistent with both the newer and older literature.™*35 These
high-titer units are known to cccur in the acute phase of B19V
infection; thus, they lack both B19V IgG and IgM antibody as was
the cese in this study3' In contrast, 96% of the remaining
DNA-positive donations were B19V IgG positive, which is the
expected result in resolved or persistent infection.™=6

Current practices for blood donor screening for BISV in
developed counmies are almost exclusively confined to testing
plasma designated for fractionation for the presence of high B15V
DNA concentrations.®? There has been recent debate about
wheiher such screening should also be applied to transfused blood
components; this is currently not done because of the lack of
demonstrated adverse clinical ontcomes from B19V infection in
bleod component recipients and the considerable expense of such
testing. We are aware of only one country, Germany (which also
performs blood testing for Austria), in which some blood banks

“currently conduct B 19V DNA screening of blood donations and use -

the results to release blood components for transfusion.. Their
. testing is conducted in pools of 96 samples with an assay that can
reliably detect units with BI9V DNA greater than "10° TU/mL.
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Other German blood banks conduct B19V DNA testing retrospec-

tively after the red cell comporent has been transfused.?® In a recent
abstract, preliminary data indicate that B19V transmission (docu-
menied by a positive B19V DNA test in the transfused recipient)
from retrospectively tested red cell components occurred when the
BI19V DNA concentration was greater than 10° [U/mL but not
when the concentration was below this threshold, ™

Qur study results confirm that, if prospective, real-time B19V
DNA blood donor screening were to be performed, the assay
sensitivity used in Germany (ie, delection limit << 10° IU/mL) is
reasonable in that it ensures recipient sefety while preventing
unnccessary discard of a much larger number of blood components.
QOur findings do not support the need to use more-sensitive B19V
DNA nucleic acid screening assays. In conclusion, our data

indicate that blood compoﬁenls with B19V DNA less than J0STU/

mL (almost all of which contain B19V-specific anltbody) are
unlikely to transmit B19V infection.
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Abstract

Background:in October 2009 it was reported that 68 of 101 patients with chronic fatigue syndrome {CF5) in the US were infected
with a novel gamma retrovirus, xenotropic murine leukaemia virus-related virus {(XMRV], a' virus previously linked to prostate
cancer. This finding, if confirmed, would have a profound effect on the understanding and treatrnent of an incapacitating disease
affecting millions worldwide, We have investigated CFS sufferers in the UK to determine if they are carriers of XMRV,

Methodology: Patients in our CFS cohort had undergone medical screening to exclude detectable organic illness and met
" the CDC criteria for CFS. DNA extracted from blood samples of 186 CFS patients were screened for XMRV provirus and for.
the ctosely related murine leukaemia virus by nested PCR using specific oligonucleotide primers. To control for the integrity
of the DNA, the cellular beta-globin gene was amplified, Negative controls (water) and a positive control (XMRV infectious
. molecular clone DNA) were included. While the beta- globm gene was ampllﬁed in all 186 samples nenher XMRV nor MLV
sequences were detected

Condlusion: XMRV or MLV sequences were not amplified from DNA ongmatmg from CFs patlents in the UI( Although we
found no evidence that XMRV is associated with CFS in the UX, this may be a result of population differences between North
America and Europe regarding the general prevalence of XMRV infection, and might also explam the fact that two US
groups found XMRV in prostate cancer tissue, while two European studies did not .
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Introduction

A recemt study by Lombardi et al {1] describing a gamma-
retrovirus infection in 68 of 101 chronic fatigue syndrome {CES)

paticnts was notable not only for its claim of 2 new viral acticlogy of

a hitherto controversial discase, but also for the fact that proviral
DNA could be amplificd from the peripheral blood mononuclcar
_celis (PBMC) of 3.75% (8/218) of the healthy controls. This lollows
an carlicr claim that 1.7% (5/300) of healthy Japanese blood donors
carricd antibodics to the same virus [2]. The virus In question s a
rcecnly discovered retrovirus, Xenotropic Murine” Leukacmia
Virus (MLV)-Related Virus (MR V).

In the original identification of XMRV in prostatc cancer
stromal eclls, Urisman et ol [3) conlirmed by scquence analysis
that XMRV is not a laboratory contaminait, as is oficn the case
with claims of new retroviral associations with discase. It shares
>90% scquence identity in gag and emy (two of the three viral
structural genes) with other xenotropic MLV, ’

An association between XMRV and prostatc cancer was
strengthencd with the demonstration of XMRV protein expres-
sion in malignant cpithclial eclls [4]. However, these results have
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not been duplicated in studics conducted in Europe [5-7]. Both
prostate cancer and CFS have been linked to an Arg to Gin
mutation at codon 462 (R462Q)) in the RNascL gene, an
interferon-induced ribonucicase [8]. On activation, RNaseL
destroys single  stranded  ccllular and viral RNA, thercby
preventing viral replication, blocking protein synthesis, triggering
ccllular apoptosis and providing an innatc anti-viral Tcsponsc.
The two US studies arc of interest, not only because this would be

a further example of a virus association with cancer, but because,

they represent the first demeonstration of a2 gamma-retrovirus able
to infect human cclls, over-riding the intrinsic immune
mechanisms that were belicved to protect humans from MLV
infection.

The XMRYV scquences derived from prostate cancer tissue afe

identical to those from CFS patients, but differ [rom xenotropic

MLV scquences, endorsing a genuine cross-species transmission.
However, the claim that XMRV is preferentially found in prostate
tumours [rom paticnits homozygous for the R462(Q) variant [3] is
1ot borne out by the sccond prostate cancer study to find XMRV
in paticnts [4], nor was the genctic variant detected in CF3
paticnts carrying XMRV [5]. °
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The finding of Lombardi ef al. of a 67% XMRV infection ratc
among CFS patients, if confirmed, would have a scrious impact on
understanding the pathogenesis of this complex and debilitating
discasc and its treatment. Thercfore, it was important to determine
if CFS sulferers in the UK were carriers of XMRV. We have
screcned DNA extracts from the blood of CFS sufferers by PCRs
targeted at an XMRV-specific sequence and at a scquence
conserved amongst most murine retroviruses (MR V).

Methods

Patients
All patients gave written informed consent for the use of their
DNA 1o test actiological theories of CFS, and the study was
approved by the South London and Maudsley NHS Trust Ethics
Committce. The study recruited 186 paticnts (62% fcmale, age
range 19-70, mecan 39.6X 11.3ycars) from consccutive referrals to
the CFS dinic at King’s College Hospital,  London. All patients
had undcrgone medical screcning to cxclude detectable organic
illncss, including a minimum of physical cxamination, urinalysis,
full blood count, urca and clectrolytes, thyroid function tests, liver
function tests, 9 a.m. cortisol and ESR. Paticnis were interviewed
using a scmi-structured interview for CFS [9] to determine
whether they met international consensus eriteria for CFS. All
subjects met the CDC criteria [10]; paticnts with the Fukuda-
specified  exclusionary psychiatric disorders, or somatisation
“disorder (as pcr DSM-IV), were not included. The paticnt set
studicd is a well-characterised and representative sample of CFS
patients who have been described previously: all were routine
clinic attendees, referred within the UK National Health Service,
who had taken part in prior studics of ncurocndocrine functioning
[11] and/or of cognitive behaviour therapy [12]. As is typical of
the patients secn in this tertiary care centre, they were markedly
unwell. Few were working, and 19% werc members of patient
support groups for CFS/ME [12-14]. The levcls of [atigue in this
sample were high {mean Chalder Fatigue Scale, 26.3+5.4) [15], as
were levels of disability (mean Work and Social Adjustment Scale,
total scorc 28.2+7.2) [16]. The mean GHQ-12 score [17] was
19.7%8.1. Patients had been unwell for a median of 4.0 y (range
1-28 y). Of note was that 45% said their illness definitely refated
- to a viral illness and 45% said it might relate to a viral iliness.
Owerall, we conclude that this sample is typical of CFS patients
scen in specialist clinical services in the UK. We also know from
collaborative studies that our paticnts rescmble those scen in other
specialist CFS scrvices in the United States and Australia [18].
PCR detection of XMRY and MLV sequences. DNA was
extracted from EDTA wholc blood using a standard phenol-based
organic dcprotcinisation procedure {19]. DNA concentrations
were determined by absorbance at 260 nm (Aggg). Each sample
was amplified in three nested PCRs using primers targeted to an
XMRV-specific scquence, to a scquence conserved amongst most
MLV and, as a control for samplec addition and PCR-inhibition, to
a human beta-globin (hBG) scquence (Table 1). Each first-round
rcaction was performed in a 25 gl volume containing 0.5 units
TaqGold (Applicd BioSystems, Warrington, UK), 1 x TaqGold
reaction buffer (Applied BioSystems), 1.5 mM Mg®*, 200 mM
cach dNTP, 2.5 pmol cach primer to 'which 5 pl DNA extract or
control was'added. Reaction conditions were one cycle of 94°C, 8
minutes, 35 cycles of 94°C 30 scconds, 55°C 30 seconds, 72°C 30
- seconds and onc cycle 0f 72°C, 7 minutes. Sceond round reaction
mixes were identical to the first round and the sample was a 1 pl
transler- from the first round reactions. Second round' reaction
conditions were as for the first round over 30 -cycles. PCR
“amplicons were visualised on a 1% agaresc gel stained with
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Table 1. Oligonucleotide Primers.
Target Sequence Location
XMRV  Forward duter S'CATTCTGTATCAGTTAACCTAC 3 411-432"°
Reverse outer §° ATGATCTCGAGAACACTTAAAG 3' 606588
Forward inner 5* GACTTTTTGGAGTGGCTITGT 37 441-461"
Reverse inner §' ACAGAAGAACAACAA_;RACAAATC 3 566-544"
MLV Forward outer 5' GGATCAAGCCCCACATACAG 3° 2796-2847"
Reverse outer 5" CATCAAACAGGGTGGGACTG 3' 3179-3160"
Forw‘ard inner 5' AGAAGTCAACAAGCGGGTGG 3° 2926-2945'
Reverse inner 5' GGTGGAGTCTCAGGCAGAAA 37 3062-3043"
hBG  Forward outer 5° TGGTGGTCTACCCTTGGACC 3' 148-162*
Reverse outer 5 GAGGTTGTCCAGGTGAGCCA 3/ 296-277*
Forward inner 5' GAGG]TGTFGAGTCCT;ITGG 3 170-190°
REVE(se inner 5 CATCACTAAAGGCACCGAGCA 3° 273-2537
Locations in GenBank accessions 'EF185282, NMO0QS1B.A.
dok10.1371/journal.pone.000B519.t001

cthidium bromide. Each PCR run consisted of test samples, six
negative (watcr) and two positive controls. The positive .control
was 2 dilution of a plasmid with a full-length XMRV (isolate
VP62) inscrt, generously gifted by Dr R. Silverman. To validate
the scnsitivity of the PCR, an end-point dilution of the plasmid was
pedormed. To determine specificity of the PCR, a sample of
human DNA from thc LNCaP prostate cancer cell line (American
Type Culwure Collection, code CRL-1740) was amplified with the
XMRV and MLV primer scts. To cnsurc integrity of the DNA
cxtracts, three randomly selected samples were titrated to end-
point using the hBG PCR to determine if the PCR copy number
cquated with the Agge. To determing if the DNA extracts exhibited
low level non-specific inhibition of PCR, 10 samples were
subjected to 30 cycles of the first round hBG PCR (reaction mix
and conditions as above) followed by 40 cycles of a nested real-
time SYBR-green PCR using the SYBR-grecn Fast PCR kit
(Roche, Lewes UK) ‘according to the manufacturer’s instructions.

Results

Nested PCR Validation
Bascd on Aggg of the purified plasmld both primer sets

- (XMRV, MLV) were able to amplify a single target copy added to

the reaction. Amplification of 600 ng of LNCaP ccliular DNA
added to XMRV and MLV PCRs yiclded no non-specific bands
when viewed on an cthidium bromide-stained agarose gel.
Quantification of DNA samples from three randomly selected
test samples by end-point dilution PCR with the hBG primer sct
showed concurrence of the PCR-determined copy number with
Aggo, thus indicating integrity of the DNA preparations. Nested
rcal-time amplification of 10 samples showed no evidence of non-
specific inhibition as determined by the slope of the amplification
curves and the height of the signal platcau,

PCR Analysis of Test Samples ;

Input DNA ranged from 10 to 600 ng (1.6x10" to ] 1x10° cell
cquivalents) as determined by ‘Aggo of which 149 samples had an
mput of >100 ng and 106 samples >200 ng. None of the 186 test

" samples analyscd yiclded a specific PCR product with cither the
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XMRV or MLV primér sets and no non-specific PCR products were
observed. A specific hBG product was amplified from all 186 test
samples. The positive control was amplificd n cach run by the
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Figure 1. PCR products of the XMRV VP62 clone, Primers are
generic to MLV (lanes 1 and 2) or specific to XMRV (lanes 4 and 5). The
sizes of the respective fragments are shown. Lane 3-200 bp molecular
size ladder.

doi:10.1371/journal.pone.0008519.9001

XMRYV and MLV primer scts. A stained gel of the XMRV and MLV
PCR products is shown in figure | and a representative sample of our
results with CFS DNA and MLV primers is shown in figure 2.

Discussion

Unlike the study of Lombardi ef al., we have failed to detect
XMRV or closcly related MRV proviral DNA scquences in any
sample from CFS cases. There have been numerous claims for an
infective actiology to CFS over the years, not least because, as in this
sample, many patients report that their symptoms were triggered by
an infcctive cpisode. Prospective cpidcmiological studics have
confirmed that certain infective agents, for example Epstcin Barr
virus, arc uncquivocally associated with subsequent CFS [20], cven
if the mechanisms arc unclear and almost certainly multi factorial.
Nearly two decades ago, scquences from another retrovirus, the

_human T-lymphotropic virus typc ll, were amplified from the
PBMCs of 10/12 (83%) adult and 13/18 paediatric CFS paticnts,

but not from healthy control subjects [21]. Howcvcr, subscqucnt '

studics carried out on small numbers (20-30) of CFS paticits, failed
to conlirm evidence for HTLV (type | or ll) [22-25] or other
retroviruscs, including the closcly-related simian T lymphotropic
virustype ), the prototype {oamy virus, simian retrovirus, bovine and
feline leukacmia viruscs [26] and HIV-] [23]. .

The Lombardi paper is the first to study a significantly largcr
number of people than that in any previous study and to detect a
virus only rcccntly discovered. Our study resembles that of
Lombardi et al. in certain tespects, Both studics use: the widely
accepted 1994 clinical casc definition of CFS', Lombardi. ef af.
reported that their cases “presented with severe disability” and we
provide quantifiable cvidence confirming high levels of disability in
our subjects. Our subjects were also typical of those scen.in
sccondary and tertiary care in other centres.
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Qur own study also differs. from that of Lombardi in other
respeets. Firstly, the PCR operator was blinded to the provenance
of the DNA sampics. In fact, with the exception of the PCR
controls, all 186 DNA test samples originated from CFS patients,
Carc was taken to grow the XMRV plasmid in a laboratory in
which no MLV had been cultured and no MLV vectors used and
thc PCR was carricd out in a CPA-accredited Molecular
Diagnostics Unit which processes only human tissue. Multiple
{six) water {negative) controls were included in every run to detect
low level contamination and a PCR to amplify a sequence that is
conscrved in most murine leukacmia viruses was included in order
to exposc any circulating MLV contamination and to detect any
variant of XMRYV that might be circulating in the UK CFS
population.

Bascd on our molccular data, we do not sharc thc conviction
that XMRV may be a contributory factor in thc pathogcnesis of
CFS, at lcast in the UK.
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2002-2010 Influenza Season
Week 1 ending January 9, 2010

All data are prehmmary and may change as more reporfs are received.

Synopsis: During week 1 (January 3-9, 2010), mﬂuenza activity continued to decrease in the U.S.

o 139 (3.6%) specimens {ested by U.3. World Health Organization (WHO) and National )
Respiratory and Enteric Virus Surveillance System (NREVSS) collaborating iaboratories and
reported to CDC/influenza Division were posifive for influenza.

o All subtyped influenza A viruses reported.to CDC were 2009 influenza A (H1 N1) viruses.

o One human infection with a novel influenza A virus was reported.

.o The proportion of deaths atiributed to pneumonia and influenza (P&!) was below the
epidemic threshold. :

o Seven influenza-associated pediatric deaths were reported. Six deaths were associated with
2009 influenza A {H1N1) virus infection and one was assomated with an influenza A virus for
which the subtype was undetermined.

o The proportion of outpatient visits for influenza-iike 1I[ness (ILI) was 1.9% which is below the
national baseline of 2.3%. One of the 10 regions (region 9) reported IL1 above their region-
specific baseline.

o No states reported w;despread influenza activity, nine states reported regional influenza
activity, the District of Columbia, Puerto Rico, and 15 states reported focal influenza activity,
Guam and 24 states reported sporadic influenza activity, and the U.S. Virgin islands and two
states reported no influenza activity.

National and Rglioﬁal Summary of Select Surveillance Components

Dafta for current week Data cumutative since August 30, 2009 (Week 35)*
- oo | | | e
) ] e ris ons ) _
sumetonce | sen | postive | (000 | Ay | Aoy | SORE | e | ngiac | f Fodia
widespread type)¥

' ' activity§ . med)
Mation -1 Normal 3.6% 9 of 54 29 52 61,332 313 19,225 228 236
Region 4 Normal 3.0% 10f6 4 2 3,320 14 469 10 &
Region 2 Normal 4.9% 20f4 4 1484 |- O . 1,008 9 11
Region 3 Normal 2.8% 10f6 3 10,554 48 - | . 1,456 16 13
Region 4 Normal |1 6.5% |- 20f8 0 5 7,326 90 4,123 63 45
Region 5 Normal 31% G ofb 7 23 | 9,356 52 1,333 .15 33
Region6 | Normal 2.2% -1of5 o 3 3475 45 4722 41 &6
Region 7 Nomnal 3.0% Dof4 3 1 -3299 |° 3 769 3 8
Region 8 Normal 3.0% 0of6 6 - 2 9766 | 0 3,770 59 13
Region 9 Elevated 4.8% 20f5 0 4 8,175 47 1,167 10 31
Region 10 Normal 7.3% Oof4 2 1 4567 - 14 318 2 10

*Influenza season officially begins each year at week 40. This season data from week 35 will be included to show the trend of influenza activity before the oﬂ‘ cial start of the
2009-10 influenza season.
**HHS regions (Region 1 CT, ME, Ma, NH, R, VT; Region 2: NJ, NY, Pueio Rico, US Vigin islands ‘Region 3: OE, DC, MD, PA, VA, WV; Reglon 4 AL, FL, GA, KY, MS, NC,
SC, TN; Region 5: IL, IN, MI, MN, OH, W; Region 6: AR, LA, NM, OK, TX; Region 7: 14, K5, MO, NE .Region B: CO, MT, ND, SD, UT, WY; Region 9: AZ, CA, Guam, HI, NV;
. and Regmn 10: AK, ID, OR, WA). Use oflhe national baseline for regional data or regional baselines for state data is nof appropriate,
t Elevated means the % of visits for 1L is at or above the national or region-speciic baseline,
+ National data are for current week; regional data are for the most recent three weeks.
§ Includes all 50 states, the District-of Columbia, Guam, Puerto Rico, and U.S, Virgin Isands,
¥ Subtyping results for the majority of specimens in this category were inconclusive because of low vm.ls iiters,
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U.S. Virologic Surveillance: WHO and NREVSS collaborating laborat_ories located in all 50 states
and Washington D.C., report to CDC the number of respiratory specimens tested for influenza and
the number positive by influenza type and subtype. The results of tests performed during the
current week are summanzed in the table below.

' Week 1
Nao. of specimens tested - 3,886
No. of positive specimens (%) 139 (3.6%)
Positive specimens by type/subtype
" Influenza A ' 137 (98.6%)
A (2009 H1NT) 78 (56.9%)
A (subtyping not performed) 58 (42.3%)
A (unable to subtype)* ’ : 1 (0.7%)
A {H3) ' . 0(0.0%)
A (H1) 0 (0.0%)
Influenza B : : . 2 (1.4%)

*Suhtyping results for the specimen in this category was inconclusive because af low levels of viral RNA.

.‘During week 1, influenza B viruses co-circulated at low levels with 2009 influenza A (H1N1) viruses.
All subtyped influenza A viruses reported to CDC this week were 2009 influenza A (H1N1) viruses.

Influenza Positive Tests Reported to CDC by U.S: WHO./NREVSS Collaborating
Laboratories, National Summary, August 30, 2009-January 9, 2010

12,000 - _ ' A - 55
= A (2009 HINT)
R A (Unable to Subtype) - 50
o N A (H3)
c 10,000 4 _— A (H) . . 45
g === A (Subtyping not F'erformed)
£ A B
8 Percent Fositive - 40
Q 8,000 - : @
»n - 35 .2
2 4
= - 30 q
8 6,000 - =
o - 25 8
G- 2o
|... - 20 0
é 4,000 .
= - 15
=
2,000 - Ll - 10
SEH e - 5
o Al '; B i
= e A e+ 0

35 37 39 41 43 45 47 49 51 1 3 5 7 9 11 13 15 17 19
Week

2009-2010 Influenza Season —Week 1 ,' ending January 8, 2010
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Novel Influenza A Virus: One case of human infection with a novel influenza A virus was reporfed
by the lowa Department of Public Health. The case patient had onset of symptoms in September
2009, but did not require hospitalization and has fully recovered. The virus was identified as swine
influenza A {H3N2) and investigated in November 2009, No clear exposure to swine was identified,
"but no evidence of sustained human-to-human transmission with this virus was found. Early
identification and investigation of novel influenza A cases is critical to evaluate the extent of the
outbreak and possible human-to-human transmission. Surveillance for human infections with novel
influenza A viruses is conducted year-round.,

Pneumonia and Influenza Hospitalization and Death Tracking: The Aggregate Hospitalization
and Death Reporting Activity (AHDRA) system was impfemented on August 30, 2009, and replaces
the weekly report of laboratory confirmed 2009 H1N1-related hospitalizations and deaths that
began in April 2009.- Jurisdictions can now report to CDC counts of hospitalizations and deaths
resulting from ail types or subtypes of influenza, not just those from 2009 H1N1 influenza virus. To
allow junisdictions to implement the new case definition, counts were reset to zero on August 30,
2009. From August 30, 2009 — January 9, 2010, 38,454 laboratory-confirmed influenza-associated
hospitalizations and 1,779 laboratory-confirmed influenza-associated deaths were reported to CDC.
CDC will continue to use its traditional surveillance systems to track the progress of the 2009-10
influenza season.’ '

Weekly Laboratory—Conﬁrmed Influenza-Associated Hospitalizations and
Deaths Reported to AHDRA,
National Summary, August 30, 2009 — January 9, 2010
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Antigenic Characterization: CDC has antigenically characterized one seasonal influenza A
(H1N1), seven influenza A (H3N2), six influenza B, and 944 2009 influenza A (H1N1) viruses -
collected since September 1, 2009,

One seasonal influenza A (H1N1) virus was tested and is related to the influenza A (H1N1)
component of the 2009-10 Northern Hemisphere influenza vaccine (A/Brisbane/59/2007).

The seven influenza A (H3N2) viruses tested showed reduced fiters with antisera produced
against A/Brisbane/10/2007, the 2009-2010 Northern Hemisphere influenza A (H3N2) vaccine
component, and were antigenically related to A/Perth/16/2009, the WHO recommended influenza
A (H3N2) component of the 2010 Southern Hemisphere vaccine formulation.

influenza B viruses currently circulating globally can be divided into two distinct lineages
represented by the BfYamagata/16/88 and B/Victoria/02/87 viruses. The influenza B component
of the 2009-10 vaccine belongs to the BfVictoria lineage. The six influenza B viruses tested
belong to the BfVictoria lineage and are related to the influenza vaccine component for the 2009-
10 Northern Hemisphere influenza vaccine (B/Brisbane/60/2008). o

Nine hundred forty-two (99.8%) of 944 2009 influenza A (H1N1) viruses tested are related to the
A/California/07/2009 (H1N1) reference virus selected by WHO as the 2009 H1N1 vaccine virus.
Two viruses (0.3%) tested showed reduced titers with antiserum produced against
A/Californiaf07/2009. '

. Annual influenza vaccination is expected to provide the best protection against those virus strains
that are related to the vaccine strains, but limited to no protection may be expected when the
vaccine and circulating virus strains are so different as to be from different lineages. Antigenic
characterization of 2009 influenza A (H1N1) viruses indicates that these viruses are only distantly
related antigenically and genetically to seasonal influenza A (H1N1) viruses, suggesting that little to
no protection would be expected from vaccination with seasonal influenza vaccine. It is too early in
the influenza season to determine if seasonal influenza viruses will circulate widely or how well the
seasonal vaccine and circulating strains will match. -

2009-2010 Influenza Season — Week 1, ending January 9, 2010
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Antiviral Resistance: Since September 1, 2008, one seasonal influenza A (H1N1), eight influenza
A (H3N2), one influenza B, and 830 2008 influenza A (H1N1}.virus isolates have been tested for
resistance to the neuraminidase inhibitors (oseltamivir and zanamivir), and 2,096 2008 influenza A
(H1N1) original clinical samples were tested for a single known mutation in the virus that confers
oseltamivir resistance. [n addition, one seasonal influenza A (H1N1), 11 influenza A (H3N2), and
837 2009 influenza A (H1N1) virus isolates have been tested for resistance to the adamantanes
(amantadine and rimantadine). The results of antiviral resistance testing performed on these
vituses are summarized in the table below. Additional laboratories perform antiviral testing and
report their results to CDC and positive results from that testing are included in the footnote. -

>

Antiviral Resistance Testing Results on Sampies Collected Since September 1, 2009,

Resistant Resistant Resistant
Viruses Viruses, Vituses Viruses, Isolates Viruses,
tested (n). | Number (%) | tested (n) | Number (%) | tested (n) Number (%)
Oseltamivir Zanamivir Adamantanes
Seasonal
influenza A 1 1 (100.0) 0 0(0) 1 0 (0)
~(H1N1) : ' .
Influenza A : S
(H3N2) 8 0 (0) 0 0(0) - 11 9 (81.8)
Influenza B i 0(0) 0 0(0) N/A* N/A"
2009 - .
Influenza A 2,926 3g™* (1.3) 830 0(0) 837 834 {(99.6)
{(H1N1) -

*The adamantanes {amantadine and rimantadine) are nat effective against influenza B viruses.
© ¥Two screening tools were used 1o determine oseltamivir resistance: sequence analysis of viral genes and a neuraminidase inhibition assay.

} Additional laboratories perform antiviral resistance testing and report their resuits to CDC. Three additional oseltamivir resistant 2009 influenza

A (HiN1} virus has been identified by these taboratories since September 1, 2008, bringing the total number fo 42,

All of the subtyped influenza A viruses reported during week 1 were 2009 influenza A (H1N1)
viruses, and nearly all of 2009 H1N1 viruses tested since April 2009 have been resistant to the
adamantanes (amantadine and rimantadine).

{

Antiviral freatment with oseltamivir or zanamivir is recommended for all patients with confirmed or

suspected influenza virus infection who are hospitalized, are at higher risk for influenza

complications, or who have lower respiratory tract or progressive disease. Additional information on
antiviral recommendations for treatment and chetnoprophylaxis of influenza virus infection is
available at hitp://www.cdc.gov/H 1N1flu/recommendations.htm.

2009 influenza A (H1N1) viruses were tested for aseltamivir resistance by a neuraminidase
inhibition assay and/or detection of genetic sequence mutation, depending on the type of specimen
tested. Originai clinical samples were examined for a single known mutation in the virus that
confers oseltamivir resistance in currently circulating seasonal influenza A (H1N1) viruses, while
influenza virus isolates were tested using a neuraminidase inhibition assay that determines the
presence or absence of neuraminidase inhibitor resistance, followed by neuraminidase gene
sequence analysis of resistant viruses.

The majority of 2009 influenza A (H1N1) viruses are susceptible to the neuraminidase inhibitor
antiviral medication oseltamivir; however, rare sporadic cases of oseltamivir resistant 2009
influenza A (R1N1) viruses have been detected worldwide. A total of 52 cases of oseltamivir
resistant 2009 influenza A (H1N1) viruses have been identified in the United States since April
2009. While the total number of cases has not increased over the previous week, one previously
reported case was reclassified and one new case was identified. Forty-two of these specimens

2009-2010 Inflrenza Season — Week 1, ending January 9, 2010
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were collected after September 1.2009. The proport:on of oseltamivir-resistant 2008 H1N1 viruses
‘does not represent the prevalence of oseltamivir-resistant 2009 H1N1 in the U.S. Most cases were
tested because drug resistance was suspected. All tested viruses retain their sensitivity to the
neuraminidase inhibitor zanamivir. Of the 52 total cases identified since April 2009, 40 patients had
documented exposure to oseltamivir through either treatment or chemoprophylaxis, nine patients
are under investigation to determine exposure to oseltamivir, and three patients had no
documented oseltamivir exposure. Occasional development of oseltamivir resistance during
treatment or prophylaxis is not unexpected. Enhanced surveillance, an increased availability of
testing performed at CDC, and an increasing number of public health and other clinical laboratories
performing antiviral resistance testing increase the number of cases of oseliamivir resistant 2009
influenza A (H1N1) viruses detected. All cases are investigated to assess the spread of resistant
strains in the community. :

To prevent the spread of antiviral resistant virus strains, CDC reminds clinicians and the public of
the need to continue hand and cough hygiene measures for the duration of any symptoms of
influenza, even while taking antiviral medications

- (hitp:/iwww.cdc.gov/immwi/preview/mmwrhtml/imm5832a3. htm).

Pneumonia and Influenza (P&I) _Mort'ality Surveillance: During week 1, 7.3% of all deaths
reported through the 122-Cities Mortality Reporting System were due to P&I. This percentage was
below the epidemic threshold of 7.6% for week 1.

Pneumonia and Influenza Mortality for 122 U.S. Cities
Week ending 1/9/2010

12 4

L

-
[=]
IV P

Epidemic Threshold

% of All Deaths Due to P&I

(=]
P B S ST NP S T U S N S RO

Seasonal Baseline

1 2005 2006 . + 2007 2008 2009

49 50 10 20 30 40 50 10 20 B 40 5 10 20 B 40 50 10 20 30 40 50

Weeks

2009-2010 fnfluenza Season — Week 1, ending January 9, 2010

160



Influenza-Associated Pediatric Mortality: Seven influenza-associated pediatric deaths were
reported to CDC during week 1 (lllinois, Michigan, New York [2], Oregon, and Texas [2]}. Six
deaths were associated with 2009 influenza A (H1N1) virus infection and one was associated with
an influenza A virus for which the subtype was undetermined.. The deaths reported dunng week 1
occurred between October 11 and December 19, 2009.

Since August 30, 2008, CDC has received 236 reports of influenza-associated pediatric deaths that
occurred during the cutrent influenza season (43 deaths in children less than 2 years old, 26 deaths
in children 2-4 years old, 87 deaths in children 5-11 years old, and 80 deaths in children 12-17
years oid). One hundred ninety-five (83%) of the 236 deaths were due to 2009 influenza A (H1N1)
virus infections, 40 were associated with an influenza A virus for which the subtype is
undetermined, and one was associated with an influenza B virus infection. .A total of 255 deaths in
children associated with 2009 influenza A (H1N1) virus infection have been reported to CDC.

Among the 236 deaths in children, 121 children had specimens collected for bacterial culture from .
normally sterile sites and 39 (32.2%) of the 121 were positive; Strepfococcus pneurmoniae was
identified in 10 (25.6%}) of the 39 children and Staphylococcus aureirs was identified in 11 (28.2%)
of the 39 children. Two S. aureus isolates were sensitive to methicillin, eight were methiciliin
resistant, and one did not have sensitivity testing performed. Twenty-six (66.7%) of the 39 children
with bacterial coinfections were five years of age or older, and 14 (35.9%) of the 39 children were
12 ysars. of age or older. :

Laboratory-Confirmed Influenza-Associated Pediatric Deaths by Date and
Type/Subtype of Influenza.

' Influenza A- : I
: 2009 HIN1 | - o Seasonal
Pate influenza Subtype Influenza Total

Unknown

Number of Deaths REPORTED .
for Current Week - Week 1 | 6 1 0 7
(Week ending January 9, 2010) :

Number of Deaths OCCURRED

since August 30, 2009 195 40 1 236

Number of Deaths OCCURRED

since April 26, 2009 255 43 2 . 300

" 2009-2010 influenza Season — Week 1, ending Januvary 9, 2010.
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Number of Influenza-Associated Pediatric Deaths by Week of Death:
2006-07 season to present '
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Influenza-Associated Hospitalizations: [aboratory-confirmed influenza-associated
.hospitalizations are monitored using a population-based surveillance network that includes the 10
Emerging Infections Program (EIP) sites (CA, CO, CT, GA, MD, MN, NM NY, OR and TN} and 6
. new S|tes (1A, ID, MI, ND, OK and SD). '

Durmg September 1, 2009 — January 9, 2010, the following preliminary laboratory-confirmed overall
influenza assomated hospitalization rates were reported by EIP and the new sites (rates include
influenza A, influenza 8, and 2009 influenza A (H1N1)):

Rates [EIP (new sites)} for children aged 0-4 years and 5-17 years were 5.9 (9.7) and 2.5 (3.6) per
10,000, respectively. Rates [EIP (new sites)] for adults aged 18-49 years, 50-64 years, and = 65
years were 2.2 (1. 7) 2.9 (1.8) and 2.4 (1.7) per 10,000, respectively.

2009-2010 Influenza Season — Week 1, ending January 9, 2010 . ) 8
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EIP influenza Laboratory—Conﬁrmed Cumulative Hospitalization Rates,
2009-10 and: Previous Three Seasons*

3 2009-10 Network case count —— 2009-10 New sites rate
——2009-10 EIP rate ——2008~-09 EIP rate*
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* The 2008-09 EIP rate ended as of Aptil 14, 2009 due to the onset of the 2009 H1N1 season.
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Outpatient lliness Surveillance: Nationwide during week 1, 1.9% of patient visits repotted through
the U.S. Outpatient influenza-like liness Surveillance Network (ILiNet) were.due to influenza-like
iliness (ILl1}. This percentage is below the national baseline of 2.3%.

The increase in the percentage of outpatient visits for IL| during weeks 51 and 52 is likely.influenced
by a reduction in routine health care visits during the holiday season, as has occurred during
previous seasons. .

Percentage of Visits for influenza-like liiness (IL1) Reported by
the UJ.S. Outpatient Influenza-like lliness Surveillance Network (ILINet),
Weekly National Summary, October 1, 2006 - January 9, 2010

g

% of Visits for ILI

—e—% Ll . = = =National Baseline

On a regional Ieve[ the percentage of outpatlent visits for ILI ranged from 0.6% to 3.8% durlng

week 1. One of the 10 regions (Region 9) reported a proportion of cutpatient visits for ILI above its
region-specific baseline levels. Regions 1, 2, 3, 4, 5,6, 7, 8, and 10 reported ILI below their region- .
specific baselines. (Note: Use of the nat'.onal baseline for regional IL| data or regional baselines for
state-level data is not approprlate ) -

2009-2010 Infivenza Season — Week 1, ending January 9, 2010 ) ' 10
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Geographic Spread of Influenza as Assessed by State and Territorial Epidemiologists: The

" influenza activity reported by state and territorial epidemiologists indicates geographic spread of
both seasonal influenza and 2009 influenza A {H1N1) viruses and does not measure the severity of
influenza activity.

During week 1, the following influenza activity was reported:

* No states reported widespread influenza activity.

= Regional influenza activity was reported by nine states (Alabama, Georgia, Hawaii, Maine,
Nevada, New Jersey, New Mexico, New York, and Virginia).

» Local influenza activity was reported by the District of Columbia, Puerto Rico, and 15 states |
(Alaska, Arizona, California, Connecticut, Louisiana, Massachuseftts Mississippi, New
‘Hampshire, North Carolina, Oklahoma, Oregon, South Carclina, Tennessee, Texas, and
Washington).

= Sporadic influenza actlwty was reported by Guam and 24 states (Arkansas, Co[orado
Delaware, Fiorida, Idaho, lltinois, Indiana, lowa, Kansas, Kentucky, Maryland, Michigan,
Minnesota, Missouri, Montana, North Dakota, Ohio, Pennsylvania, Rhode Island, South
Dakota, Utah, Vermont, West Virginia, and Wisconsin).

= The U.S. Virgin Islands and two states (Nebraska and Wyomlng) reported no influenza
activity.

Weekly Influenza Activity Estimates Reported

by State & Territorial Epidemiologists*
W "Week ending January 9; 2010~ \Week:1
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"+ This map indicates geographic spread & does not measure the severity of influenza activity

A descrlptlon of surveillance methods is avallab!e at: hitp:/iwww.cdc. qov!ﬂu!weeklv!ﬂuactmtv htm
Report prepared: January 15, 2010.
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STOPLIGHT: Status of the ABC Blood Supply, 2008 vs. 2009
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EU Regulator Considers Relaxing Biood Donor Requirements for Flu Pandemic

The Blood Regulatory Committee of DG SANCO, the European regulator for blood requirements, is con-
sidering relaxing two of its rules to help assure sufficient blood supplies should an HIN1 Hu pandemic
create shortages, according to a summary report issued by the committee. Representatives from various
European countries and member states are concerned that a severe pandemic could result in a shortage of
blood components of up to 10 or 15 percent.

To address this possibility, the committee asked the European Blood Alliance (EBA), the association of
national suppliers and regional alliances in Europe, and the national regulators (the so-called “competent
authorities” for each European Union [EU} member state or country) to attend a meeting at the end of -
‘September to discuss the potential impact of the flu on supply, to consider which rules might be relaxed to
maintain an adequate supply, and to gather information from the member states on the measures and con-
tingency plans thcy are considering in case the blood supply is at risk because an NHIN1 influenza
pandemic affects both donors and the staffs of national blood services.

The Blood Regulatory Committee sets standards of quality and safety for the collection, testing,
processing, storage, and distribution of human blood and blood components. In advance of the meeting, it
prepared a working paper providing background information on the following points to be addressed. The
paper included: K

1. Anoverview of the potential impact of a pandemic on the blood supply in the EU;
2..  ldentification of the best ways to correct a potential impact and maintain supply; and
3. 'An analysis of the potential conflicts between these strategies and the minimum standards for

blood and blood components set by the European legislation.

Durmg the meeting, -participants were provided with several supportmg documents originating from ei-
ther member states or the EBA.

* (continued on page 14)
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EBA Standards (continued from page 13)

Two EU standards were identified as being levers to increase the blood supply on an exceptional and
temporary basis in case of a severe shortage. The first involves the deferral period afier a potential do-
" nor’s recovery from a flu-like illness. The EU directive requires that 14 days must elapse between the end
of flu-like symptoms in a prospective donor and the donation. Most member states said that reducing this
deferral to seven days would have a major effect on accepting donors during a pandemic.

The membér states and the committee agreed to request a risk assessment from the European Centre for
Disease Control and Prevention on the impact of reducing this deferral period from 14 days to seven or
- even five days. '

In terms of acceptable hemoglobin levels in donors prior to donation, current EU rules state thresholds of
12.5 grams per deciliter (g/dL) for women and 13.5 g/dL for men. There was a consensus among the del-
egates to the meeting that for a pandemic, these levels could be reduced to 12'and 13 g/dL, respectively,
without putting the health of the donors at risk.

FDA prefers to defer decisions. When a similar meeting was held earlier this year with officials from the
FDA Centers for Biologics Research and Review and representations of various blood organizations,
FDA said it preféred not to. address “theoretical” questions on donor criteria. It said it would consider
such issues as needed. (Source: Blood Reguiatory Committee, Summary Report, 9/29/09) 4

PEOPLE

Elizabeth G. Nabel will be leaving her current position as director of the
National Heart Lung and Blood Institute (NHLBI) at the National Institutes
of Health to become the next president of Brigham and Women’s Hospital
and Faulkner Hospital in Boston, the two medical centers announced on .-
Thursday. She will start the new job on January 1, 2010, when the hospit- . B
als’ current president, Gary Gottlich, becomes president and chief ]
executive of Boston’s Partners HealthCare, the parent organization of the . f
two medical centers and Massachusetts General Hospital. He is replacing
James Mongan, who. will be retiring at the end of the year. Nabel, a cardi-
ologist who graduated from Cornell University Medical College, has served
at Brigham and Women’s before: she completed her internship and residen-
cy in internal medicine there, as well as a clinical and research fellowship
in cardidvascular medicine. She served on the faculty at the University of
Michigan in the 1990s, and she joined NHLBI in 1999.

CORRECTION: An article in the Oct. 16, 2009, ABC Newsletter misstéted the relationship between -
Tom and Sue Zuck. She is his wife. We apologize for the mistake. &

Save the Date: FDA Workshop on-Emerging Arboviruses

The blood banking community has learned that the Food and Drug Administration will be holding a
workshop on emerging arboviruses and recipient safety on Dec. 14-15, 2009 at the National Institutes of
Health in Bethesda, Md. The official announcement will be made in the next few wecks. Pre-registration
for this free workshop will be required, and forms will be available at the time of the announcement.

109




