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A linked donor-recipient study to evaluate parvovirus B19 transmission by blood

component transfusion

Steven H. Kleinman,'? Simone A. Glynn,? Tzong-Hae Lee,* Leslie H. Tobler, Karen S. Schiumpt,’ Deborah S. Todd,!
Hannah Qiao,' Mei-ying W. Yu,% and Michael P. Busch,*5 for the National Heart, Lung, and Blood Institute Retrovirus
Epidemiclogy Donor Study-ii (NHLBI REDS-I1)
Westat Inc, Rockville, MD; 2Depariment of Patholagy, University of 8ritish Columbia, Vancouver, BC; National Heart, Lung, and Blood Institute, Rockville, MD;
“Blood Systems Research Instituts, San Francisco, CA; SDivision of Hematology, Center for Biclogics Evaluation and Research, US Food and Drug
Administration, Bethesda, MDD, and *Oepartment of Laboratory Madlcine, University of California, San Francisco )

Parvovirus B19V infection can be a seri-
ous infection for hematology patients with
underlyilng hemolysis or compromised
erythropoiesis syndromes. Although case
reports of B18V lransmissfon by blood
component transfusion (as contrasted to
manufactured plasma derivatives) are
rare, no studles have systematically deter-
mined a rate of transmission to recipients
transfused with B19V DNA-positive com-

tion (PCR) assay to assess such transmis-
sion in Bi3V-susceptible (le, anti-B19V
immunaglobulln G [IgG] negative) recipi-
ents., We assessed 112 B19V DNA-positive
components {rom 105 donors {(of 12529
tested donations) transfused into a popu-
lation of surgical patlents with a pretrans-
fusion B19V IgG seroprevatence of 78%.
We found no transmission to 24 suscep-

tible reclplents from transfusion of com- |

anemnestic IgG response in one pretrans-
tfusion seropositive reciplent transfused
with a component contalning greater than
10 1U/mL B1SV DNA. These findings
show either that transmission from com-
ponents with [ess than 10® [U/mL does
not occur, or, it it does, it is an uncommon
event. These data do not suppart the
need to routinely screen blood donations
with a sensitive. B19V DNA'nucleic acid
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) LOEN There have been multiple reports of parvovirus B19 (BISV)  cffcct from B19V antibody present in other plasma units in the

LC JiSqeEs transmission by pooled plasma products, including factor VII  plasma pool, or a combination of these factors. Recipient factors

- .,m FRY concentrate and solvent-detergent-treated pooled plasma, docu- may also play a role because it has been rcported that BI9V

. v 2 mented by recipient scroconversion in asymptomatic cases or, less  antibody is protective against B19V reinfection, and most of the

g R frequently, by clinical diagnosis of B19V-related disease in associa-  adult population is B19V seropositive as a result of previous

7 oy tion with positive B19V test results.”$ These cases, combined with  infection.!
& - 3 RN the potential for very high BI9V DNA concentrations (up to Although concern for transmission of B19V from pooled
& \.ﬂ = # .0 10'2TU/mL) in plasma donations* and the relative resistance of  plasma products has resulted in B19V DNA screening of input
- W .H T_,Hm V] BI9V to inactivation methods,*® have led 10 BI9V DNA testing of  plasma donations, less is known zbout the potential for BI9V
da by Wm plasma donations. to o.smcw.n that manufacturing plasma pools transmission by transfusion of individual blood components (eg,
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g < S > o 3 ess than or equal to 'mL, a limit proposed by the Food and  cases of transmissions from blood component transfusion
Mlmm m # R MW AN ﬁ ] 4_/# . .M %ujynu ﬁ Drug Administration (FDA).*® The same limit for this so~called “in (3 fromved cells and 1 from platelets).!*'7 An additional asymptom-
WX g @ »9& I -8 ., M " ﬂ\r I I3 process testing” is a mcqomou:. regulatory requirement for.anti-D  atic case has been reported from a recent prospective study of .
By - RS Ya v /m AN =z g o S S _.Saczom_og:: (Ig) preparations and plasma treated for virus  transfusion-transmitted viral infections.”® In contrast, 2 studies
458 A Py H LEY L AN .m o % inactivation.'® To achieve this BISV DNA concentration in the final  have reported a small number of negative results when patients
FERY) H’v v mm W8 N U ;+H - 4 = plasraa pool, BISV DNA screening of the plasma donations used to  transfused with B19V DNA-positive components were cvaluated
ATy & 2 mm WSO\ | LU el 1A make the pool is performed using assays (applied in minipool - for laboratofy markers of B9V infection.!*® Nevertheless, given
X 2 o 1 43 O Sy 4o m 47 format) with the ability to detect approximately 108 [U/mL in an  the tropism for?' and potential pathophysiologic cffects of BI9V
¥ N & Mv Bon o m IS # BN input unit of plasma.® infection on erythroid precursor cells,”? concern .remains for
,.m & E® |18 8 LR X kY m e U To date, no BISV transmissions from pooled plasma products potential deleterious outcomes in frequently transfused hematology
E & o lwE s CHERY < RSN have been documented when less than 10° to 10¢ JU/mL BI9V  patients with underlying hemolysis or compromised erythropoiesis
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higher than initially documented. B19V DNA is detectable in 0.5%
10 0.9% of blood donations, with most showing relatively low DNA
concentrations (< 100-1000 [U/mL).2-% In addition, it has be-
come established that B19V infection is often persistent.252 Thus,
some donors may continue to dopate for many years. with BI9V
DNA (and potentially infectious ‘virions) in their blood. These
observations suggest that the potential for recipients to be exposed
to low levels of B19V DNA from blood component transfusion is
greater than previously thought:

To our knowledge, there have been no large-scale donor/
recipient-linked transfusion-transmission studies to evaluate the
rate of BI9V transfusion transmission. Although it has been
assumed by extrapolation from pooled plasma transfusions that
single unit blood compoaents with low-level B19V DNA should be
noninfectious, this remains speculative because the mechanism of
protection in the pooled plasma setting has not been established and
may not apply to single unit transfusions, 1213

We undertook this present sludy to systemalically evaluate
whether transfusion of blood components with low or moderatc
levels of B19V DNA (defined as < 10° IU/mL) transmits infection
to B19V-seronegative susceptible recipients,

Methods

Source of donor and recipient samples

Tested specimens were from the National Heart, Lung, and Blood Institute
(NHUBI) Retrovirus Epidemiology Donor Study A Danor and
Recipical (RADAR) repository, which was established to investigate
possible transfusion-transmitted infections and which has been deseribed in
detail in a previous publication.® Repository specimens were collecied
from 2000 through 2003 by blood centers and selected hospitals at 7 geographi-
cully dispersed US lucations. Repository specimens consisted of 2 frozen 1.8-mL
plasma aliquots and a 1.5-mL sample of frozen Whole blood.

All enrolled donors and recipients pave informed consent for frozen
mvon::n: uSan Ea for subsequent specimen testing for passible transfusion-
) in d with the Declaration of Helsinki. The
stady protocol was approved by the institutional review board of each participat-
ing institution.

The linked portion 3. ::m donor-recipicnl repository nO:E:_v pretrans-
fusion -and/or peri i and foll P
lected at a 6- S 12-month ::2.5: from 3575 enrolled re
contains 13 201 donation specimens given by 12 408 distinct donors that
were transfused to these recipients. The RADAR enrollment procedure
targeted recipients with expected high 1-year survival rates; 88% were
cardiac or vascular surgical patients, and the median recipient age was
68 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% whote-blood—derived platclet concentrates, and 10% fresh-frozen

plasma (FFP). In addition to recciving components with a stored, donation-

specimen in the RADAR repository, these recipients also reccived a mean
of 3.1 components not linked to stored RADAR donations.

The RADAR repository also contains 99 906 specitnens from blood
donations that were not transfused 1o enrolled RADAR recipients; this
supplementary repository served as a sample sowrce during the assay
validation and donor prevalence phase of the study, which has previously
been reported.?

Selection and testing of donations

All RADAR donations transfused to enrolled recipients were _ﬂ_na for

B19Y DNA, provided there was adeq volume available.2!
Donations found reactive on the B19V DNA umwmv. were subjected to DNA
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confirmatory and quantitative (esting; confirmed positive donations were
also tested for BI9V 1gG and IgM.

Selection and testing of recipients

Cases were recipients who were transfused with one or more B9V
DNA-positve components. Control recipients were selected to measure the
background rate of new infection as a result of factors other than transfusion
of 2 B19V DNA-positive RADAR unit (ie, community-acquired infection
in the 6- to 12-month follow-up interval or a transfusion-acquired infection
from a B19V DNA-negative RADAR unit or a nontested, non-RADAR
unit). A 1:2 case-control design was used {o select control recipients
fulfilling the following criteria: all RADAR units received by the recipient
were BIGV DNA negative, enrollment occurred al the same par
center in approximately the same time frame (to control for community-
acquired infection), and age was within 10 years of the case rec
this control selection algorithm, we established that all controls met
preestablished age and center criteria, and 94,4% roceived their transfusion
within 11 days of their matched recipient,
Enrollment speeimens from all case and control recipients were tested
for B19V IgG. Before x:oion_r.m of BI9V 12G enrollment results,
ion foll P from all cascs and controls werc
tested for BI19V I5G, 1gM, Ea DNA (sce “Assay methods™). A positive
B19V DNA or IgM result on the follow-up specimen triggered additionat
testing of the enroliment specimen for these analytes.
For unalysis, casc and contro) recipients with negative BI9V JgG results
before transfusion were sub ly classificd as B19V susceptible, and

those with positive results were classified as B19V nonsusceptible.

Protocol for evaluating transfusion-transmission

B19V transmission was defined as seroconversioa (o 1gG or IgM or new
detection of BISV DNA, Because our previous experience with B19V
antibody testing has shown that specimens near the cutoff could show
fluctuating results on different test runs, we required thal seroconversion be
independently shown by 2 laboratorics,

Assay methods

B19VDNA PCR assay. ‘The BI9V DNA polymerasc chain reaction (PCR)
assay was originally developed by Chiron Corporation and subsequently
refined through collaboration between Chiron and Blood Systems Research

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

5020 plasma samples from the unlinked donor portion of the RADAR
repository.? The assay had a S0% limit of detection (LOD) of 1.6 U/l
(95% confideace interval [CI}, 1.2-2.1TU/mL) and a 95% LOD of
165 1U/mL (95% CI, 10.6-33.9 [U/mL). We determined that the assay
could be used as a quantitative as well as a qualitative assay; because
quantitation might not be precise at the lower LOD, we categorized all
specimens with gquantitaive DNA values of greater than 0 but less than
20 1U/mL as having a value of less than 20 TU/mL,
The ‘assay, performed at BSRI, included & magnetic-bead BISY DNA
. capture step followed by a TagMan rcal-time PCR assay targeting the VP1
region of the genotype 1 BI9V genome. The asssy was subsequently
validated as detecting genotype 2 but does not detect genotype 3, which has
been identified in Africa but which is very rare outside that continent.® An
intemnal control sharing homologous primer region sequences but with a
different intemal probe binding sequence as the viral target was included in
each assay tube. All capiured target DNA from 0.5 mL input plasma and the
spiked internal control was amplified in a single PCR reaction by. using the
saroe primet pair. Amplification and detection occurred in a 96-well optical
plate by using dual-plexed TagMan PCR technology. BI19V targe( and
internal coatrol DNA were detected and distinguished by fluorophore-
tagged sequence~specific probes, Bach plate contained 2 known positive,
2 blinded negative, and 2 blinded positive controls and up to 90 study
specimens. A more detailed assay description is provided in the previous
publication.?*
Because the chosen assay cutoff of 4 cycle threshold (Cr) of less than

40 was designed to ize assay

Yonad
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B19Y DNA Testing Algori
B19V PCR
Cr> 45 40<C 5485 Cr340
Undatectad

NEGATIVE INDETERMINATE  .REACTIVE

}

Internal Controf

"

Cr545  GCr> 45
Undetected

!

NEGATIVE INVALID

!

CONFIRMATORY QUANTITATIVE TESTING
in duplicate .

B19V TRANSFUSION TRANSMISSION BY 8LOCD COMPONENTS 3679

repeated at a Center for Biologics Evaluation and Rescarch/Food and Drug
Administration (FDA) laboratory. (Bethesda, MD), If results {ell into the
equivocal zone, the assay was repeated in duplicate on a new aliquot, and
this repeat result was taken as the final result for the specimen.

Quantitative B19V 15G testing was performed by using a standard curve
dilutional analysis method with the World Health Organization First
Intemationai Standard for B19V serum IgG (93/724) obtained from the
National Institute for Biological Standards and Control.?® This testing was
applied lo il and foll p sp of BI9V IgG-positive
{“nonsusceptible™) recipients who had been transfused with the 5 highest
tGter B19V DNA components identified through donor testing.

Statistical methods

On the basis of areview of donor B19 viremia and recipient B19V serologic
data from phase 1 of this study,®* we determined that testing of the linked
dooor and recipient RADAR repository specimens would have sufficient
statistical power such that a finding of zero documented transmissions to
susceplible recipients would indicate with 95% confidence that the true B19
transfusion—ransmission rate was between 0% and 25%. In this current
study, StatXact (Cylel) was used to generate upper 5% confidence limits
based on zero observed S?n:oam 0 The upper confidence limit for
tr was calculated as a ong-sided exact 95% confidence interval

Gyt Cycla Threshold
Figure 1. 815V DNA testing algscithm.

for final test interpretation so as to avoid classifying nonspecific reactivity
ona meF assay fun as a confimmed positive result (Figure 1). All initially

pasitive, ind ste, and invalid sp were retested in duplicatc on
v_u.ﬁ that included quantitative run mgauam by :m_:m w separate 0. ux_._._r
to the full and

procedure. This testing served both-as ooam:umcou and quantitation. Final
interpretation was based on’ the results of the 3 assays (ie, the initial
assay and the duplicate repeat assays). S were classified

as B19V DNA positive if at least 2 of 3 tests uroimm reachivity at a Cy
less than 40.

For determining DNA i dupli run stan-
dards (containing B19V DNA at 10° to 08 _C\EC were placed on nunn
plate, and ilative results were d ined by f the

Cyto the nq of the known standards on the same test run.2* The assigned
quantitative value for cach specimen was the average of the duplicate
quantitative ussays (including zero for a negative test result). Specimens
with low Cr values (< 30) were diluted 1:10 and [:100 and then run in
triplicate at each dilution. The quantitative result was the average of the
3 test results at the most appropriate dilution adjusted by the dilution factor,

Serologic assays. Testing for B19V IgG and 1gM was directed against
a recombinant VP2 protein and was performed in duplicate. by using
FDA-cleared (est kits (Biotrin) according to the manufacturer's instruc-
tions. Testing was conducted at BSR1 and, for a large subset of samples, was

for the difference between the infection rate among susceptible cases and
susceptible controls, using StatXact {Cytel).%

Results

Of the 13201 linked blood donation repository specimens,
12 529 (95%) had adequate volume for testing. B19V DNA was
detectable. in 105 donations for a prevalence of 0.84% (95% CI,
0.68%-1.00%). As shown in Table 1,53%, 71%, and 93% of thesc
donations had BI9V DNA concentrations below 20, 100, and
1000 [U/mL, respectively. The 2 donations with DNA concentra-
tions greater than 10¢ [U/mL were negative for B19V-specific IgM
and [gG, whercas B19V TgG was detectable in 96% and B1SV IgM
in 28% of the evaluable remaining B9V DNA~-positive donations.

These 105 BI9V DNA—positive donations camg from 103 do-
nors, 2 of whom gave positive dopations on 2 occasions. The
105 positive donations resulted in the transfusion of 112 positive
components to enrolied recipients. Four recipients received mul-
tiple DNA-positive components such that a total of 107 distinct
recipients were transfused with one of more UZ>.vomE<n compo-
nents. Table 2 provides a description of the DNA-positive compo-
nents transfused to recipients, classified by the DNA concentration
of the component, by whether the recipients were susceptibie to
BIOV infection (ie, BI9V IgG negative on their enrollment

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

B13V DNA concentration, No. of B1SV No. (%) B9V IgM No. (%) BI9V IgM No, (%] B19V IgM negative
1UfmL, In donation DNA~postive danatons and 1gG positive negatlve, IgG poshive and 1gG negative
Less than 20 56 2 (4%} 52 (93%) 2(4%)

2015 less than 100 19 5 {28%) 13 (72%) 0

102 fo lass than 103 . 23 18 (78%)t 2{5%} 1{4%)

107 toless than 104 4 4 (100%) ¢ . ]

10* to léss than 108 0 o 0 0

105to fess than 108 1 o ] 1{100%)
Subtotal 103* 29 (28%) 87 {66%) 4 (4%)

Mare than 10° 2 . [ [ 2

Tota) 105¢ . 29 87 8

The prevalence of B9V DNA-positive donations in 12 529 tesied donations was 0.84%,

*One donor was not tested for B18V antibody: hava bgen
*$Two donors wera 1gM equivocal and IgG pasitive.

minating that donor from both Ihe numeralor and the denominator,

$The 105 B18V DNA-positive donations cama from 103 donors, 2 of whom gave positive donations on 2 occasions.
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Table 2. Transfusion of B19V ONA-positive components ta reciplents

BLOOD, 22 OCTOBER 2009 - VOLUME 114, NUMBER 17

No. of B1SV DNA-positive components

No. of B19V DNA-positive components Total no. of B19YV

No. of B19V ; ionts® -posi
16V DNA concentrston, bt transfused to susceptible recipionts: u to ONA-positive
1W/mL, In donation donations Redcells Platelels Plasma  Subtotal Redcells Platolets Plasma  Subtotal transfused
Less than 20 56 15 0 1 16 % 5 5 44 0
20 0 less than 100 19 3 0 0 3 9 5 3 17 20
10210 less than 103 23 3 1 0 4 16 3 2 21 25
10% 10 fess than 104 4 0 4 1 t 2 0 1 3 4
1010 less than 105 0 o 0 0 4 0 [} 0 o 0
10810 fess than 108 1 0 0 0 0 1 0 0 1 1
Sublotat 103 21 i 2 24 61 14 " 86t 110t
More than 107 2 0 0 0 ° 1 1 0 2 2
Total 105 21 1 2 24 62 15 11 88t 112t

*All B19V ONA-positiva unfts to recipients contained B19V-specilic igG.
+For 7 B19Y DNA-posith jons, more than 1 was atsod rocipients revelvad more than 1 positive component.

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

. components were red cell concentrates. Twenty-four of the 112 com-
ponents (21%) were transfused info susceptible recipients. Among
the 214 control recipients (2 controls selected per case), a very
similar percentage (20%) were susceptible. Six of the 7 DNA-
positive components with the highest concentrations were trans-
fused to nonsusceptible recipients; these included all 3 cornponents
with DNA concentrations greater than 105 TU/mL.

The primary analysis of transfusion transmission was restricted
10 the 24 susceptible (B19V IgG ncgative) cases (21 transfused
with red cells) and the 42 susceplible controls. There were no BI9V
infections observed in these 66 susceptible recipients based on the
absence of BI9V IgG. 1gM, and DNA in the follow-up specimens.
Thus, the transmission rate was 0% in both cases and controls, with
an upper 95% C1 of 11.7% in cases and 6.9% in controls. The
transfusion-transmission rate was therefore estimated at 0.0%
£0.0% (cases) — 0.0% (controls)], with an upper 95% CI of 11.7%.

Although 1gG seroconversion could not be used as a criterion
for establishing transfusion-transmission in nonsusceptible sub-
jects (those with precxisting B9V 1gG), the criteria of newly
developed B19V DNA or IgM were still applicable. There were no
such findings in casc recipicnts. However, one IgM seroconversion
was identified in a2 B19V TgG-positive (sonsusceptible) 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 that the IgM 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 BI9V DNA was present
before transfusion at approximately the same concentration 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
transfusions) rather than recent B19V acquisition.

To further evaluate whether transfusion with B19V DNA-
containing units elicited an immune response in subjects with
preexisting BI9V JgG, we performed quantitative B19V 1gG
testing of enrollment and follow-up specimens of the 5 recipients
who were B19V 1gG 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-to 165 TU/mL, As scen in Table 3, | of the 5 recipients, who
received the highest titer component (at a B19V DNA concentra-

tion of 2.9 X 10' JU/mL or a total dose of ~ 5.8 X 10*' U 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 relatively
low pretransfusion titer of BI9V IgG (15 [U/mL). Of the other
4 recipients, | showed a 2-fold increase, 2 had unchanged titers,
and | showed an almost 2-fold decrease.

Discussion

I this study we identificd 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. Our approach was designed 1o systematically determine a
rate of transmission from all units with this potential infectivity
marker and to establish either the presence or absence of transmis-
sion when it was known that a susceptible (ie, BI9V IgG negative)

recipient was transfused with-a potentially infectious (ie, BI9V

DNA positive) unit. This study design is in contrast to most other
B19V studics in which investigations were struciured 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
B19V DNA concentration less than 106 IU/mL, we conclude that
the rate of transmission from such components ranges from 0% to
11.7% (which is the upper 95% confidence bound), thus, either
transmission from such components does not occur, or, if it does, it
is a relatively uncommon event in comparison 10 most other
transfusion-transmissible viruses in which infection rates cxceed
50% {eg, HIV, HCV).%!

Table 3. Antibody quantitation studies in recipients transfused with
components with the highest B19V DNA concentrations

Transfused component results

B13V DNA concentration, B19VIgMAgG Enroliment 813V Follow-up B19V
U/mL, In donstion status 1gG titer, IW/mL  igG titer, W/mL

Reclplent results

29 % !O‘° bl id 14.9 &1.1
8.2x 107 - 53.5 33.4
43 x 108 ~- 375 40.2
86x 109 ++ 7.6 15.2
1.8x 107 +i+ 165.1 157.9

‘One roclplent who received a componsnt with a DNA concantration of
3.1 x 107 IU/mt_ {which was also positive forBISV IgM and igG) was not Indluded in
this tatle because the enrcliment and follow-up specimens were both B19V IgG
negative, .
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Our 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 lack of BI9V wransmission to a susceptible
pediatric recipient transfused with a red cell unit that had a BISV
DNA concentration of 6 X 102 TU/mL in the presence of BISV
1gG. 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 scrvice, 6 adult recipients with hematologic
malignancies (5 of whom underwent stem cell transplantation)
were identified as transfused with blood components that were
retrospectively found to contain B19V DNA at less than 10° geq/
mL; in 4 of S evaluated cases, the DNA-positive component also
contained B19V IgG. Each recipient was BI19V DNA negative
when tested 3 fo [8 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-coataining units is unknown but could
pe related to the lack of a large enough inoculating dose of BI9
virions to establish infection. This could be due to the ratio between
infectious dose and virion number (which is not known), the low
levels of transfused 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 recipicnts of BI9V
DNA-containing components received some additional blood
components with B19V IgG; this is based on our previous findings
that 73% of donors who contributed to the RADAR repositary had
BI9V IgG» and that RADAR recipients were transfused with an
average of 7 blood components.?®

Our negative transmission findings are consistent with previous
publications that have shown that high plasma concentrations of BISV
DNA are required for transmission in the setting of transfused pooled
plasma products. The minimal infectious dose of B19V DNA docu-
mented to causc a symptomatic BI9V infection in a recipient of factor
VI concentrate devoid of B19V IgG was 2 X 104 TU based on the
infusion of 3 wials of a product with a DNA concentradon of
6.5 X 10° 1Ufvial (ie, 1.3 X {0P IU/mL when each vial was reconsti-
tuted in'a S-mL volume)? Furthermore, we are aware of only onc
comprehensive quantitative transmission study of pooled plasma prod-
ucts manufactured from multiple donations.!!32 That study, conducted
approximately |0 years ago, was an open-label phase 4 trial of pooled
plasma, solvent detergent-treated (PLAS + SD produced by Vitex, now
defunct). One hundred B19V-seronegative volunteers were infused with
product from 17 different manufacturing lots. Of 19 subjects who
received the product from 3 Tots that contained at least 2 X 10° geq
BI9VDNA (fe, 200 mL product infused at > 107 BJ9V DNA geg/mL),
18 seroconverted and 17 showed B19 viremia. Although the investiga-
tors expressed their results in geg/mlL, it has subsequently become
established that for B19V, an IU and a geq are approximately equivalent.
In contrast, there were no seroconversions in 81 subjects who received
product from 1 of 14 lots conlaining less than 10* geq/mL BI19V DNA;
however, the investigators did not more precisely quantitate the amount
of B19V DNA in these nontransmitting Jots,

In our study, which was designed to systematically study
transmissibility from B19V DNA-~positive units with less than
108 TU/mL, we transfused only 2 components with high BI19V
DNA concentrations (> 107 TU/mL) but were unable to directly
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evaluate their transmissibility in susceptible recipients, because
both were transfuscd to recipients with preexisting BI9V 1gG. We
used quantilative BI19V antibody testing to investigate whether
exposure to this. very high BISV DNA concentration could
stimulate the recipient’s immune system to respond. Although not
definitive, a 4-fold boost in BI9V IgG in the follow-up specimen
from one of these recipients suggests that a component with very
high BI9V DNA concentration (~ 5.8 X 101 TU BI9V 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 in this
recipient), Qur results are consistent with similar 4-fold BIOV 1gG
increases which were reported 1 month after transfusion in 2 of
2 B19V IgG-positive volunteers who remained asymptomatic after
transfusion of 200 mL PLAS + SD at a B19V DNA concentration
of 1.6 X 1081U/mL.3? In eddition, in the previously described
study of adult hematology patients, there was also one BI9V
IgG-positive recipient of a red blood cell unit containing
2.2 X 10° geg/mL of BI9V DNA; (his- recipient was positive for
B19V DNA at posttransfusion day 5, negative when retested on day
35, and asymptomatic for BI9V infection on chart review; BI19V
IgG titer was not reported. '

Despite the large size of our linked donor—recipicnt repository,
the use of a very sensitive B19V DNA assay, and a rigorous testing
algorithm, this study was subject to several limitations. The
collection of recipient follow-up specimens 6 to 12 months after
transfusion limited the laboratory techniques that we could use to
diagnose new BI19V infection. In addition to our primary assess-
ment of the development of new B19V IgG formation, we also
tested for new appearance of BI9V IgM and BI9V DNA.
However, the natural history of acute BI9V infection predicts that
both of these markers would probably no longer be detectable at the
time our follow-up specimens were collected, unless the recipient
had developed a persistent infection, 3 Qur study was also limited
because most recipients (78%) of BI9V DNA-—positive units were
B19V IgG positive before transfusion and thus presumably were
partially or totaily protected against B19V reinfection, This limited
the statistical power of our negative result such that the upper 95%
CI could not rule out a (ransmission raie as high as 11.7%.
Furthermore, most of the 24 susceptible recipients received compo-
nents with very low B19V DNA concentrations (< 20 IU/mL), We
identified only 5 tiansfused components with DNA concentrations
between 10% and 108 TU/mL; 4 of these were BI9V IgM and IgG
positive, and one of these (DNA level of 4.3 X 10° IU/mL) lacked
BI9V antibody. Furthermore, only one of these components, a
plasroa unit containing a total infused dose of approximately
7 X 10°TU in the presence of B19V IgG, was transfused to a
susceptible recipient. Similarly, although we identified 45 trans-
fused components with B19V DNA concenirations between 20 and
1000 TU/mL, only 7 were transfused to susceptible recipients.
Finally, although we obtained questionnaires from recipients at the
time of follow-up (6-12 months after transfusion) and none of the
recipients had.been diagnosed with BI9V disease, we were unable
to definitively assess nonspecific symptoms 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 (cg, fetuses undergoing intrauterine transfusion,
young patients with sickle cell anemia or thalassemia, patients with
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congenital or acquired hypogammaglobulinemia), based on the
assumption that the equivalent dose of BI9V transfused into a
B19V IgG-negative hematology or surgical patient will result in
productive infection (ie, viral replication) at the same rate. In our
opinion, it is unlikely that the infectivity of 2 B19V DNA—positive
transfused unit will be related either to the underlying disease or to
the overall immune status of a BI9V seronegative recipient, even
though it is well accepted that the clinical manifestations of a BI9V
infection will be influenced by such bost factors (ie, if infected with
BISY, an immunosuppressed patient or one with an underlying
hemolytic syndrome might have a worse clinical outcome).”

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

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

As part of this study, we also generated a [arge body of blood
donordata. 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 liternture. 2% The large majority of
our DNA-positive donations had Jow or very low DNA concentra-
tions (53%, 71%, and 93% below 20, 100, and 1000 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 (> 106 TU/mL) was approximately 1 in 6000,
consistent with both the newer and older literature,3% These
high-titer units are known to occur in the acute phase of BI9V
infection; thus, they lack both B19V IgG and IgM antibody as was
the case in this study?! In contrast, 96% of the remaining
DNA-positive donations were B19V IgG positive, which is the
expected result in resolved or persistent infection. 3336

Current practices for blood donor screening for BI9V in
developed countries are almost exclusively confied to testing
plasma designated for fractionation for the presence af high B19V
DNA. concentrations. 3> There has been recent debate about
whether such screening should also be applied to transfused blood
components; this is currently not done because of the lack of
demonstrated adverse clinical outcomes from Bi5V infection in
blood 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 B19V 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 component has béen transfused.?® In a recent
abstract, preliminary data indicate that BI9V transmission (docu-
mented by a positive BI9V DNA test in the transfused recipient}
from retrospectively tested red cell components occurred when the
B19V DNA conceritration was greater than 105 IU/mL but not
when the concentration was below this threshold.” :

Our study results confirm that, if prospective, real-time B19V
DNA blood donor screening were to be performed, the assay
sensitivity used in Germany (ie, detection limit < 105 1U/mL) is
reasonable in that it ensures recipient safety while preventing
unnccessary discard of a much larger number of blood componeats.
Qur findings do not support the need to use more-sensitive B19V
DNA nucleic acid screening assays. In conclusion, our data
indicate that blood components with BI9V DNA less than 108 JU/
mL (almost all of which contain B19V-specific antibody) 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 (CFS) in the US were infécted
with a novel gamma retrovirus, xenotropic musine 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 treatment 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 closely related murine leukaemia virus by nested PCR using specific oligonucleotide primers, To control for the integrity
of the DNA, the celluar beta-globin gene was amplified. Negative controls (water) and a pasitive control (XMRV infectious
molecular clone DNA) were included. While the beta-globin gene was amplified in all 186 samples, neither XMRV nor MLY
sequences were detected. : ;

Conclusion: XMRV or MLV sequences were not amplified from DNA originating from CFS patients in the UK. Although we
found no evidence that XMRV is associated with CFS in the UK, this may be a result of population differences between North
America and Europe regarding the general prevalence of XMRV infection, and might also explain the fact that two US
groups found XMRV in prostate cancer tissue, while two European studies did not. .

€8519, doi:10.1371/journal.pone,0008519
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Introduction

A recent study by Lombardi et al. {1] describing a gamma-
retrovirus infection in 68 of 101 chronic fatigue syndrome (CFS)

paticnts was notable not only for its claim of a new viral actiology of

a hitherto controversial discasc, but also for the fact that proviral
DNA could be amplificd from the peripheral blood mononucicar
cclls (PBMC) of 3.75% (8/218) of the hcalthy controls. This follows
an carlicr claim that 1.7% (5/300) of healthy Japancse blood donors
carried antibodics to the same virus [2]. The virus in question is a
recently discovered retrovirus, Xenotropic Murine Leukacmia
Virus (MLV)-Rclated Virus (XMRV).

In the original identification of XMRV in prostate cancer
stromal cells, Urisman et al. [3] confirmed by scquence analysis
that XMRV is not a laboratory contaminant, as is often the casc
with claims of new retroviral associations with discase. It sharcs
>90% scquence identity in gag and emy (two of the three. viral
structural genes) with other xenotropic MLV,

An association between XMRV and prostate cancer was
strengthened with the demonstration of XMRV protein expres-
sion in malignant cpithclial cells [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 Gln
mutation at codon 462 (R462Q) in the RNascL gene, an
interferon-induced  ribonuclease [8). -On  activation, RNascL
destroys single  stranded  cellular and viral RNA, thereby
preventing viral replication, blocking protein synthesis, triggering
ccllular apoptosis and providing an innatc anti-viral Tcsponse.
The two US studics arc of intcrest, not only because this would be

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

they represent the first demonstration of a2 gamma-retrovirus able
to infect human cclls, overriding the intrinsic immunc
mechanisms that were believed to protect humans from MLV
infection, :

The XMRV scquences derived from prostate cancer tissue afe

identical to those from CFS paticnts, but differ from xenotropic.

MLV scquences, endorsing a genuine. cross-specics transmission.
However, the claim that XMRV is preferentially found in prostate
tumours {rom’ patients homozygous for the R462Q variant [3] is
not borne out by the sccond prostate cancer study to find XMRV
in patients [4], nor was the genetic variant detected in CFS
paticnts carrying XMRV [5]. -
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The finding of Lombardi ef al. of a 67% XMRYV infection rate
among CFS patieats, if confirmed, would have a scrious impact on
understanding the pathogencsis of this complex and debilitating
diseasc and its treatment. Therefore, it was important to determine
if CFS sufferers in the UK were carriers of XMRV. We have’
screened DNA extracts from the blood of CFS sufferers by PCRs
targeted at an XMRV-specific sequence and at a scquence
conserved amongst mast murine retroviruses (MRV),

Methods

Patients

All patients gave written Informed consent for the use of their
DNA to test actiological theorics of CFS, and the study was
approved by the South London and Maudsley NHS Trust Ethics
Committee. The study recruited 186 paticnts (62% female, age
range 19-70, mean 39.6 = 11.3ycars) from consccutive referrals to
the CFS clinic at King's College Hospital, London. All patients
had undcrgone medical screening to exclude detectable organic
illness, including a minimum of physical cxamination, urinalysis,
full blood count, urca and clectrolytes, thyroid function tests, liver
function tests, 9 a.m. cortiso} and ESR. Patients were interviewed
using -a scmi-structured interview for CFS [9] to dctermine
whether they met international consensus criteria for CFS. All
subjects met the CDC criteria {10); paticnts with the Fukuda-
specified  exclusionary psychiatric  disorders, or somatisation
disorder (as per DSM-IV), were not included. The patient sct
studicd is a well-characterised and represcntative sample of CFS
patients who have been deseribed previously: all were routine
clinic attendeces, referred within the UK National Health Service,
who had taken part in prior studics of neuroendocrine functioning
[11] and/or of cognitive behaviour therapy [12]. As is typical of
the patients seen in this tertiary care centre, they were markedly
unwell, Few were working, and 19% were members of patient
support groups for CFS/ME [12-14]. The levels of fatigue in this
sample were high (mean Chalder Fatigue Scale, 26.3%£5.4) (15], as
were levels of disability (mean Work and Social Adjustment Scalc,
total score 28.2%7.2) [16]. The mean GHQ:12 score {17] was
19.7%8.1. Patients had bcen unwell for 4 median of 4.0 y {range
1-28 y). Of note was that 45% said their illness definitcly related
to a viral ilncss and 45% said it might relate to a viral illness.
Ovecrall, we conclude that this sample is typical of CF$ patients
scen in specialist chinical services in the UK. We also know from
collaborative studies that our paticits resemble those seen in other
specialist CFS services in the United States and Australia {18].

PCR detection of XMRV and MLV sequences. DNA was
extracted from EDTA whole blood using a standard phenol-based
organic deprotcinisation procedure [19]. DNA concentrations
were determined by absorbance at 260 nm {Aggo). 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 sample addition and PCR-inhibition, to
a human beta-globin (hBG) sequence (Table 1). Each first-round
reaction was performed in a 25 ul volume containing ‘0.5 units
TaqGold (Applicd BioSystems, Warrington, UK), 1 x TaqGold
reaction bufler (Applied BioSystems), 1.5 mM Mg®", 200 mM
cach dNTP, 2.5 pmol cach primer to which 5 ul DNA extract or
control was'added. Reaction conditions were one cydle of 94°C, 8
minutes, 33 cycles of 94°C 30 seconds, 55°C 30 scconds, 72°C 30
scconds and one cycle Of 72°C, 7 minutcs. Sccond round reaction
_mixes were identical to the first round and the sample was a 1 pl
transfer 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% agarose gel stained with
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Table 1. Oligonucleotide Primers.

Target Sequence Location
XMRV  Forward outer $'CATTCTGTATCAGTTAACCTAC 3' 411-432'
Reverse outer §' ATGATCTCGAGAACACTTAAAG 3’ 606-588'
Forward inner §' GACTTTTTGGAGTGGCTITGT 3¢ 441-461"
Reverse inner §5' ACAGAAGAACAACAAAACAAATC 3’ 566-544'
MLV Forward outer 5' GGATCAAGCCCCACATACAG 3 2796-2847"
Reverse outer §' CATCAAACAGGGTGGGACTG 3’ 3179-3160'
_ Forward inner 5’ AGAAGTCAACAAGCGGGTGG 3 2926-2945"
Reverse inner 5" GGTGGAGTCTCAGGCAGAAA 3° 3062-3043'
hBG  Forward outer 5' TGGTGGTCTACCCTTGGACC 3 148-162°
Reverse outer 5' GAGGTTGTCCAGGTGAGCCA 3' 296-277*
Forward inner 5" GAGGTTCTTTGAGTCCTTTGG 3' 170-190?
Reverse inner $5* CATCACTAAAGGCACCGAGCA 3' 273-2537

Locations in GenBank accessions 'EF185282, *NM000518.4,
doi:10.137 1/journal.pone.0008519.t001

cthidium bromide. Each PCR run consisted of test samples, six
negative (water) and two positive controls. The positive control
was a dilution of 2 plasmid with a full-length XMRV (isolate
VP62) insert, generously gifted by Dr R. Silverman. To validate
the sensitivity of the PCR, an end-point dilution of the plasmid was
performed. To determine specificity of the PCR, a sample of
human DNA from the LNCaP prostate cancer cell line (American
Type Culture Collection, code CRL-1740) was amplificd with the
XMRV and MLV primer scts. To cnsure integrity of the DNA
extracts, three randomly selected samples were titrated to end-
point using the hBG PCR to determine if the PCR copy number
cquated with the Aggg. To determine if the DNA cxtracts 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-green Fast PCR kit
(Roche, Lewes UK) according to the manufacturer’s instructions.

Results

Nested PCR Validation )

Based on Agg of the purificd plasmid, both primer sets
(XMRV, MLV) were able to amplify a single target copy added to
the reaction. Amplification of 600 ng of LNCaP cellular 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 sclected
test samples by end-point dilution PCR with the hBG primer st
showed concurrence of the PCR-determined copy number with
Aggo, thus indicating intcgrity of the DNA preparations: Nested
real-time amplification of 10 saniples showed no cvidence 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 ) 11 x10° cel
cquivalents) as detcrmined by Agge of which 149 samples had an
input of >100 ng and 106 samples >200 ng. Nonc of the 186 test
samples analysed yielded 2 specific PCR product with cither the
XMRYV or MLV primer sets and no non-specific PCR products were
obscrved. A specific hBG product was amplified from all 186 test
samples. The positive control was amplificd in 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.g001

XMRV 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 Jcast because, as in this
sample, many patients report that their symptoms were triggered by

-an infective cpisode. Prospective cpidemiological studics have

chﬁrmcd that centain infective agents, for example Epstein Barr
Virus, arc uncquivocally associated with subsequent CFS [20], cven
if the mechanisms are unclear and almost certainly multi factorial,
Nearly two decades ago, scquences from’ another ‘retrovirus, the
human T-lymphotropic virus type 1, werc amplificd from the
PBMCs of 10/12 (83%) adult and 13/18 pacdiatric CFS paticnts,
but not from healthy control subjects {21]. However, subscquent
studics carried out on small numbers (20-30) of CFS paticits, failed
to confirm evidence for HTLV (type | or 11) [22-25) or other
r?\roviruscs, including the closcly-related simian T lymphotropic
virus type |, the prototype foamy virus, simian retrovirus, bovine and
feline leukacmia viruscs [?6] and HIV 1 (23).

The Lombardi paper is the first to study a significanty largcr
number of people than that in any previous study and to detect a
virus -only recently discovered. Our study resembles that of
Lombardi ef al. in ccrtain respects. Both studics usc. the widcly
accepted 1994 chinical casc definition of CFS'. Lombardi et af.
reported that their cases “presented with severe disability” and we
provide quantifiable evidence confinning high levels of disability in
our subjects. Qur subjects were also typical of those seen . in
sccondary and tertiary care in other centres.
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Figure 2. Nested PCR from the DNA of 8 CFS patients. Products
of generic MLV pnmers {including XMRV) are shown. Lanes 1-8, CFS
patient DNA (2" round); lanes 9 and 10, XMRV 2™ round and 1*' round
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Our own study also differs. from that of Lombardi in other
respects. Firsdy, the PCR operator was blinded to the provenance
of the DNA samples. In fact, with the exception of the PCR
controls, all 186 DNA test samples originated from CFS patients.
Care was taken to grow the XMRV plasmid in a laboratory in
which no MLV had been cultured and no MLV veetors used and
the PCR was carried out in a CPA-accredited Molecular
Diagnostics Unit which processes only human tissue. Multiple
(six) watcr (ncgative) controls were included in cvery run to detect
low level contamination and a PCR to amplify a scquence that is
conserved in most murine leukacrnia viruscs was included in order
to cxposc any circulating MLV contamination and to dctcct any
variant of XMRV that might be circulating in the. UK CFS
population,

Based on our molecular data, we do not share the conviction
that XMRV may be a contributory factor in the pathogenesis of
CFS, at jcast in the UK.
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