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ABSTRACT

BACKGROUND
From the Bicod Systems Research In- The use of nucleic acid amplification tests of “minipools” of 16 samples to screen
stitute, San Francisco (M.P.B., LH.%.  blood donors for West Nile virus RNA began in July 2003. We report the yield and char-
S.H.KJ; the Deparlment of Laboratory st £ itive d ") dthei tal vield and saf £ lei id
Medicins, University of Califarnla, San Fran.  2Ctexistics of positive donations and the incremental yield and safety of nucleic aci
ciseo (M.P.B.); Blood Systems Laborate- amplification tests of individual donadens.

ries, Tempe, Ariz, (5.C., EF.R, LD.M.});

Blood Systems, Scottsdale, Ariz, (HK,PT); METHOBS

ii":::;jﬁ: Eé:lgf"(gasl'{ 2:;" tﬂ S:: Reactive minipools were analyzed to identify the individual reactive donations. For the
versity of British Columbia, Victoria, B.C, regions with the highest yield on minipool testing, retrospective nucleic acid amplifi-
Canada (5.H.K.). cation testing was performed on individual donations that were negative on minipool
N Engl) Med 2005,353:460.7, testing. Reactive donations were confirmed by alternative nucleic acid amplification

Copyright © 2005 Massachusetts Msdical Society. tests and IgM and IgG tests, and donors were followed to document seroconversion.

RESULTS

From July 1 through October 31, 2003, 677,603 donations wete prospectively screened
for West Nile virus by minipool testing, yielding 183 confirmed viremic donations
(0.027 percent, or 1in 3703 donations). Retrospective individual testing of 23,088 do-
nations from high-prevalence regions that were negative on minipool testing yielded
30 addidonal units with a low level of viremia, with 14 additional viremic units detected
by prospective testing of individual donations late in the 2003 transmission season. Of
all the viremic units detected, 5 percent were detected only by individual testing and
were negative for IgM antibody, 29 percent were detected by individual testing after
IgM seroconversion, and 66 percentwere detected by minipool testing. West Nile virus
infection was confirmed in both recipients of IgM-negative units that wete reactive on
individual testing, whereas neither recipient of antibody-positive blood components
that were reactive on individual testing was infected. In 2004, prospective testing of in-
dividual donations in regions that yielded donations that were reactive on minipool
testing resulted in a 32 percentincremental yield of units with a low level of viremia that
would have been missed by minipool testing.

CONCLUSIONS
Although nucleic acid amplification testing of minipools of biood donations prevented
hundreds of cases of West Nile virus infection in 2003, it failed to detect units with a
low level of viremia, some of which were antibody-negative and infections. These data
support the use of targeted nucleic acid amplification testing of individual donations in
high-prevalence regions, a strategy that was implemented successfully in 2004,
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SCREENING OF BLOOD DONORS FOR WEST NILE VIRUS

" EST NILE VIRUS, A MOSQUITO-
borne flavivirus, emerged as a cause
of meningoencephalitis in the United
States in 1999, and infections reached epidemic
proportions in 2002.%2 In 2002, West Nile virus was
shown to be ransmissible by transfusion, when 23
cases were docurnented.?* In late 2002, the Food
and Drug Administration (FDA), U.S. blood-collect-
ing organizatons, and test-kit manufacturers ac-
celerated programs to develop nucleic acid amplifi-
cation tests to screen blood donors for West Nile
viremia in an effort to implement such programs
before the 2003 transmission season.*? The result-
ing assays involved the testing of pools of 6 to 24
samples, or “minipools,” an approach that is now
also routinely used o screen blood donors for hu-
man immunodeficiency virus (HIV) and hepatitis C
vinus (HCY).B

We report the results of a large, muldcenter test-
ing progtam conducted during the summer and fall
of 2003 and of studies that compared minipool re-
sults with those obtained by nucleic acid amplifica-
tion tests of individual (undiluted) donations. Our
resulis allow an estimation of the number of in-
fections averted in 2003 by the implementation of
screening with minipool nucleic acid amplification
tests and zn estimation of the additional benefit of
screening individual donations in regions with sea-
sonal epidemics of West Nile virus infections. We
also summarize experience with implementation
of a targeted screening strategy involving nucleic
acid amplification testing of individual donadons
in 2004, a strategy that successfully identified units
with a low level of viremia that would have been
missed by minipool testing.

METHODS

Blood Systems Laboratories screens blood dona-
tions in two FDA-licensed laboratories in Tempe,
Arizona, and Bedford, Texas. Clients include 18
blood-collection facilities owned by Blood Systerns
(Scottsdale, Ariz.) and 59 other community-based
and hospital-based blood-collection programs.
The geographic areas covered by this client base
include much of the Southwest, the South, the Cen-
tral Plains, and parts of California. The annuat
testing volume is approximately 2.2 million dona-
tions, which represents approximately 20 percent
of the U.S. blood supply.

The West Nile virus Transcription-Mediated
Amplification system (Procleix WNV Assay, Gen-

Probe and Chiron) was used for nucleic acid am-
plification tests. This technique involves lysis of
viral pariicles in plasma, either from individual do-
nations or from a minipool of plasma specimens
from 16 donations and the isolation of West Nile
virus RNA with the use of probes bound to magnet-
ic beads, amplification with the use of RNA tran-
scription, and subsequent detection by a chemilu-
minescent probe.%¢ All samples within a reactive
minipool are then tested individually. The assay has
an angzlytical sensidvity of approximately 4 RNA
copies per milliliter when used for individual dona-
tions (50 percent limit of detection by probit analy-
sis of dilutions of West Nile virus standards) and
a sensidvity of approximately 45 copies per millili-
ter when used for minipool testing,1®

Individual specimens identified as reactive were
evaluated by means of a confirmatory algorithm
with the use of multiple assays for West Nile vi-
rus. 22 These tests included an alternative nucleic
acid amplification test (either a modification of
a TagMan polymerase-chain-reaction [PCR] assay
or another primer-based transcripdon-mediated
amplification assay, performed by Bayer Reference
Laboratory) and assays of plasma for viral IgM and
IgG antibody (Focus Diagnostics).*®?3 All donors
with reactive tests were promptly asked to enroll in
a follow-up study, involving return visits approxi-
mately every week. Follow-up specimens were test-
ed for West Nile virus RNA and for IgM and IgG
antibodies against West Nile virus. A confirmed pos-
jtive result was defined by the detection of viral igM
in either the index specimen or a follow-up speci-
men, the detection of viral RNA in the index speci-
men by means of the alternative nucleic acid am-
plification test, or the detection of viral RNA in a
follow-up specimen by means of a transcription-
mediated amplification zssay.’* Since the actual
times at which donors returned for follow-up var-
ied {resulting in intermittent blood collection}
and since seroconversion would have occurred in
the interval between the last seronegative and the
first seropositive result, median times (and inter-
quartile ranges) to IgM and IgG seroconversion
were estimated with the use of an analysis in which
data were censored in the intervals between vis-
its.24 The viral load in confirmed positive index do-
nations for which frozen plasma components were
available for analysis was evaluated by 2 kinetic PCR
assay based on target-capture TagMan techniques
{Chiron).*®

Blood Systems Laboratories also conducted geo-
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graphically and temporally targeted nucleic acid
amplification testing of individual donatdons in
2003 according to two protocols. The first protocol
involved testing of individual frozen specimens
from donations previously found to be negative on
nucleic acid amplification testing of minipools of
specimens from regions with a high prevalence of
West Nile virus infections. Donors whose speci-
mens wete retrospectively determined to be reac-
tive on individual testing were asked to enroll in the
follow-up study. In addition, in-stock blood prod-
ucts from these donors were retrieved, and in col-
laboration with the Centers for Disease Control
and Prevention (CDC}, recipietits of blood compo-
nents from donors confirmed to be positve for
West Nile virus on nucleic acid amplification test-
ing of individua) donations were evalnated to as-
certain whether transmission of West Nile virus
had eccurred.*s The second protocol was conduct-
ed in selected blood-collection regions that had
had a high number of reactive minipools on nucle-
ic acid amplification testing in the previous weeks.
Individual donations were prospectively screened
exclusively by nuclejc acid amplificadon testing
(i.e., minipoo! testing was not performed). Reac-
tive units were subsequently diluted 1:16 and re-
tested individually to determine what the results of
minipool testing would have been, No blood com-
ponents that were reactive on nucleic acid amplifi-
cation testing of individual donations were trans-
fused during this prospective study.

In June 2004 Blood Systems Laboratoties im-
plemented a targeted screening strategy involving
nucleic acid amplification testing of individual do-
nations (described elsewhere in detail*®) and real-
time tracking of the results of minipool testing.
Prospective nucleic acid amplification testing ofin-
dividual donatons was implemented in geograph-
ically defined zones if there were two or more re-
active donations on minipool testing and a rate of
more than 1 reactive minipool per 1000 tested, Test-
ing reverted to the minipool format when regions
had had no individual donations with reactive tests
for at]east seven consecutive days and had a weekly
rate of reactivity of fewer than 1 per 1000 dona-
tions.

All studies were approved by the FDA and the
relevantinstitutional review boards. Alldonors and
recipients gave written informed consent to under-
go screening and follow-up testing for West Nile
virus, Drs. Busch, Tomasnlo, and Kleinman and
Ms. Caglioti designed the studies; supervised data

collection, management, and analyses; and drafted
and revised the manuscript. Drs. Robertson, Tobler,
Linnen, and Shyamalz and Ms. McAuley supetvised
testing. Dr, Kamel supervised donor follow-up and
participated in “look-baclc” activities invelving re-
cipients of blood components. All authors approved
the manuscript, which was writen primarily by Drs.
Busch and Kleinman,

RESULTS

The results of minipoo] nucleic acid amplification
testing during the active West Nile virus season in
2003 are showi in Figure 1. Of 677,603 donations
tested between July 1 and October 31, 2003, 183 .
were confirmed to be positive, for an aggregate rate
of 0.027 percent (1 in 3703 donations). The high-
est rates occurred during a six-week period from
mid-July through mid-August,

Forty-seven additional viremic units were de-
tected on nucleic acid amplification testing of in-
dividual donations. Retrospective testing of 23,088
individual donations that had been negative on
minipool testing, collected from donor centers in
Texas, North Dakota, and South Dakota (i.e., cen-
ters with high rates of reactivity on minipool test-
ing during the summer of 2003), identified 30 ad-
ditional confirmed positive specimens. Prospective
testing of individual donations was subsequently
performed on 3964 donations collected in North
Dalkota and South Dakota in September 2003 and
identified 17 confirmed positive donations, of which
14 tested negative for West Nile virus with the use
of the transcripion-mediated amplification system
ata 1:16 dilution, indicating they would have been
missed by minipool testing. Thus, 186 units were
detectable by minipool testing and 44 units were
detectable only by nucleic acid amplification test-
ing ofindividual donations.

West Nile virus antibody status was determined
for 41 of the 44 donatons that were negative on
minipool testing and confirmed positive by individ-
ual testing (3 samples had insufficient volume for
testing). Thirty-one specimens (76 percent) had
detectable West Nile virus antibody: 10 were IgM-
positive, and 21 were positive for both IgM and IgG.
In contrast, only 16 of the 183 confirmed positive
donations detected by minipool testing (9 percent)
were positive for IgM antibody at the time of dona-
tion (P<0.001 by the chi-square test). Among 145
viremic donors who were initially seronegative and
who enrolled in the follow-up assessment, West
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