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ABSTRACT

BACKGROUND

West Nile virus first appeared in the United States in 1999 and has since spread through-
out the contiguous states, resulting in thousands of cases of disease. By 2002, it was
clear that the virus could be transmitted by blood transfusion, and by the middle of
2003, essentially all blood donations were being tested for West Nile virus RNA with
the use of investigational nucleic acid amplification tests; testing was performed on in-
dividual samples or on “minipools” of up to 16 donations.

METHODS

We analyzed data from the West Nile virus testing program of the American Red Cross
for 2003 and 2004 to identify geographic and temporal trends. In areas with a high in-
cidence of infection, individual donations were tested to increase the sensitivity of test-
ing. Donors with reactive results participated in follow-up studies to confirm the orig-
inal reactivity and to assess the natural history of infection.

RESULTS

Routine testing in 2003 and 2004 identified 540 donations that were positive for West
Nile virus RNA, of which 362 (67 percent) were IgM-antibody—negative and most likely
infectious. Of the 540 positive donations, 148 (27 percent) were detectable only by test-
ing of individual donations, but only 15 of the 148 (10 percent) were negative for IgM
antibody. The overall frequencies of RNA-positive donations during the epidemic pe-
riods were 1.49 per 10,000 donations in 2003 and 0.44 per 10,000 in 2004. In 2004,
52 percent of the positive donations were from donors in four counties in southern
California.

CONCLUSIONS
Rapid implementation of a nucleic acid amplification test led to the prospective iden-
tification of 519 donors who were positive for West Nile virus RNA and the removal of
more than 1000 potentially infectious related components from the blood supply of the
Red Cross. No cases of transfusion-transmitted infection were confirmed among re-
cipients of the tested blood.
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LTHOUGH WEST NILE VIRUS WAS FIRST
isolated in 1937 from a patient in Ugan-
da,* it was not seen in the Western Hemi-
sphere until 1999, when 62 cases of West Nile virus
encephalitis were reported.>3 Biggerstaff and Pe-
tersen estimated that, during the peak of the 1999
outbreak in Queens, New York, the maximal and
mean risks of transmission of West Nile virus by
blood transfusion were 2.7 and 1.8 per 10,000 units,
respectively.* In September 2002, the Centers for
Disease Control and Prevention (CDC) announced
that three of four recipients of transplanted organs
from a single donor had acquired meningoenceph-
alitis and were positive for West Nile virus. The
fourth recipient was subsequently confirmed to
have West Nile virus infection. The organ donor ac-
quired West Nile virus infection through the trans-
fusion of blood from 63 donors two days before
organ harvest.>° Subsequently, 23 cases of trans-
fusion-transmitted West Nile virus infection were
confirmed in 2002.7 As a result, on September 20,
2002, major blood organizations, diagnostic com-
panies, the CDC, the American Association of Blood
Banks, and the Food and Drug Administration
(FDA) agreed that blood-screening tests for West
Nile virus RNA were needed by the 2003 season of
West Nile virus infection. The FDA provided guid-
ance for the assessment of donor suitability and
the safety of blood and blood products in cases of
known or suspected West Nile virus infection in
October 2002,® with revisions in May 2003° and
April 2005.1°
In the United States, routine screening of blood
donors for West Nile virus RNA started in the sum-
mer (June through August) of 2003. We describe the
results of the American Red Cross program of lab-
oratory testing in 2003 and 2004 and compare the
yield in those years with the preclinical yield ob-
tained in 2002.** The dynamics of viral replication,
the serologic profiles of seroconverting donors,
and the associated clinical symptoms in infected
donors are reported in detail elsewhere.**1#

METHODS

SELECTION AND QUALIFICATION OF TEST KITS

In 2002, a total of 383 retrieved units of frozen plas-
ma, including plasma corresponding to blood com-
ponents transfused to 11 of the 23 patients with
confirmed transfusion-transmitted infection,” were
tested with the use of five different investigational
and research-based assays for West Nile virus RNA

and three research-based or FDA-cleared assays
for viral IgM antibody.® On the basis of these stud-
ies, the Gen-Probe Procleix West Nile virus assay
(Gen-Probe and Chiron) was deemed qualified for
routine screening of blood donations involving
“minipools” of 16 samples. In this test, West Nile
virus—specific RNA is amplified by transcription-
mediated amplification. Also on the basis of these
studies, the qualitative and quantitative polymer-
ase-chain-reaction (PCR) assays (National Genet-
ics Institute) and IgM antibody test (Abbott Labo-
ratories) were selected for use in confirmation and
follow-up studies.

SAMPLE COLLECTION AND LABORATORY TESTING
Plasma samples to be screened for West Nile vi-
rus RNA were obtained from the collected Plasma-
Preparation Tubes (Becton Dickinson) used for rou-
tine screening for human immunodeficiency virus
type 1 (HIV-1) RNA and hepatitis C virus RNA.16
Testing for West Nile virus was performed under
an FDA-approved Investigational New Drug appli-
cation. All studies were approved by the institu-
tional review board of the American Red Cross.

Routine screening for West Nile virus RNA of
minipools of plasma from 16 donations was im-
plemented on June 23, 2003, and is ongoing at five
American Red Cross laboratories. The testing pro-
cess is identical to that used for routine screening
of blood for HIV-1 and hepatitis C virus RNA.® Sam-
ples from reactive minipools were tested individ-
ually to determine which were reactive. Routine
nucleic acid amplification testing of individual do-
nations was substituted for minipool testing in
areas in which reactive donations exceeded the de-
fined threshold.*” In 2003, nucleic acid amplifica-
tion testing of individual donations was also ret-
rospectively performed on samples collected in
Nebraska that had been nonreactive on minipool
testing to determine whether any reactive dona-
tions had gone undetected with the use of minipool
testing.

All reactive samples and samples of the corre-
sponding plasma components manufactured from
the index donations were further tested for West
Nile virus RNA by transcription-mediated amplifi-
cation and PCR. Samples from the retrieved plasma
components from donors with reactive samples on
nucleic acid amplification testing in 2003 were test-
ed for IgM antibodies to the virus. Manufacture of
the Abbott IgM assay was discontinued in 2004; the
use of another test was necessary. Thus, beginning
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in 2004, FDA-cleared assays for West Nile virus
IgM and IgG antibodies (Focus Diagnostics) were
used.® Use of this IgM assay required multiplica-
tion of the cutoftvalue by a correction factor of 0.67
and coupling of the assay with the company’s IgG
assay so that sensitivity was similar to that of the
Abbott IgM assay. Donations that were positive for
West Nile virus RNA on minipool or individual nu-
cleic acid amplification testing were considered to
be confirmed if the index donation sample, retrieved
plasma-component sample, or donor follow-up
samples were reactive on repeated nucleic acid am-
plification testing (transcription-mediated amplifi-
cation or PCR), were positive for West Nile virus—
specific antibodies, or met both criteria. The viral
loads (expressed as the number of copies of West
Nile virus RNA per milliliter) of PCR-positive index
or follow-up samples were determined. According
to the manufacturers, the 50 percent detection rate
of transcription-mediated amplification is 3 to
4 copies per milliliter, and the sensitivity of the qual-
itative PCR is 5 copies per milliliter; the sensitivity
of quantitative PCR is 100 copies per milliliter.

APPROACH TO BLOOD DONORS, COMPONENTS,
AND RECIPIENTS

Donors with either confirmed positive or false pos-
itive results on nucleic acid amplification tests for
West Nile virus RNA were notified, and they were
prevented from making further donations accord-
ing to FDA guidelines.®° Demographic informa-
tion about these donors (including ZIP Code of
residence, sex, and age and whether they were first-
time or repeat donors) was collected for analysis.
Donors with reactive specimens who provided writ-

ten informed consent participated in the follow-up
study by providing additional blood samples for re-
peated RNA and antibody testing.

On identification of an RNA-reactive donation,
all components associated with the index donation
were quarantined and the plasma unit was retrieved
for further testing. We traced recipients of trans-
fused components from confirmed positive index
donations identified through retrospective nucleic
acid amplification testing of individual donations
in 2003.

STUDY DESIGN AND ANALYSIS

The authors are jointly responsible for the study
design, the integrity and analysis of the data, and
the content of the article. Data on nucleic acid am-
plification testing were collected and verified by an
independent clinical-research organization (Medi-
cal Marketing Consultants).

RESULTS

PREVALENCE OF WEST NILE VIRUS AMONG BLOOD
DONORS, 2002 THROUGH 2004

Studies conducted on samples collected in Septem-
ber 2002 from six areas with a high incidence of
West Nile virus infection yielded a confirmed pos-
itive rate 0f 0.095 percent, or 1in 1057 samples.**
This rate, even late in the 2002 season, remained
high and similar to the average risks of transfusion-
transmitted West Nile virus infection estimated by
the CDC for 2002 for the same metropolitan areas.*®
Table 1 shows the prevalence rates of West Nile vi-
rus infection in 2002 in comparison with the rates
in 2003 and 2004.

Table 1. Results of Tests of Blood Donations for West Nile Virus.*
Individual Minipool IgM or IgG Sept. 3-28, 2002 June 29-Dec. 1, 2003 June 16-Oct. 16, 2004
NAT NAT Antibody (N=48,620)7 (N=2,935,249) (N=2,386,630)
no. of confirmed positive samples
+ - - 0 10 5
+ - 16 283 64
+ 0 36 9
+ - + 30 107 26
Total 46 436 104
rate (no./10,000 donations)
9.46 1.49 0.44

* NAT denotes nucleic acid amplification test. Plus signs denote a positive result, and minus signs a negative result.
T Retrospective nucleic acid amplification testing was performed on frozen samples of individual donations from six high-

incidence regions.1!
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In 2003, the first confirmed positive donation
was identified on June 26 in Los Angeles from a do-
nor who had returned from a trip to Colorado on
the day before donation. The last positive donation
was identified on December 1 in Georgia. Overall,
436 confirmed positive donations were identified
from a total of 2,935,249 donations screened, for
a rate of 0.015 percent, or 1 in 6732 (Table 1). Of
these positive donations, 328 (75 percent) were col-
lected from Kansas and Nebraska residents, for a
combined rate of 0.68 percent, or 1 in 147, which
was 45 times as high as the systemwide rate.

The first confirmed positive donor in 2004 was
identified on June 16 in Phoenix, Arizona, and the
last was identified on October 16 in Los Angeles.
During this period, 104 confirmed positive dona-
tions were identified from a total of 2,386,630
screened, for a rate of 0.004 percent, or 1in 22,948
(Table 1). Of these positive donations, 54 (52 per-
cent) were identified from residents of four south-
ern California counties (Los Angeles, Orange, Riv-
erside, and San Bernardino), for a rate of 0.064
percent, or 1 in 1566, which was 16 times as high
as the systemwide rate.

Figure 1 shows the frequency of confirmed pos-
itive donors identified in 2002, 2003, and 2004, ac-
cording to week of donation. Although all positive

donors in both 2003 and 2004 were identified be-
tween June and December, the peak season for 2003
was from mid-August to mid-September, whereas
for 2004, the peak season started in late July and
continued through late September, but at a lower
frequency. The absence of any West Nile virus RNA—
positive donations during the week before the ini-
tiation of prospective screening in 2003 (from ret-
rospective testing of samples retained from the
prior week that had been frozen) suggests that the
onset of routine screening preceded the 2003 epi-
demic.

Our data indicate that the areas of highest inci-
dence of confirmed positive donors moved west-
ward from 2002 to 2004. The Cleveland and Detroit
metropolitan areas had higher rates in September
2002 than at any time during 2003 and 2004. Kan-
sas and Nebraska had higher rates in 2003 than in
2004, and southern California had the highest rates
in 2004. These findings are in agreement with the
pattern of clinical cases reported to the CDC.?°

DEVELOPMENT OF THE TRIGGER FOR NUCLEIC
ACID AMPLIFICATION TESTING OF INDIVIDUAL
DONATIONS

On the basis of data obtained in 2002, we found

that there was one potentially infectious (RNA-pos-

[ 2002 (N=105)
[ 2003 (N=436)
[ 2004 (N=104)
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Figure 1. Numbers of U.S. Blood Donors Who Were Confirmed to Be Positive for West Nile Virus RNA in 2002, 2003,

Data on 2002 totals are from Stramer et al.21 The weekly totals for 2002 were adjusted for the number of donations test-
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itive, IgM-negative) sample detectable only by nu-
cleic acid amplification testing of individual do-
nations for every four such samples detected by
minipool testing.* For 2003 and 2004, we therefore
chose to initiate testing of individual donations in
any blood-collection region after the identification
of four RNA-positive donations and consequent
calculation of a detection frequency of 1 in 1000
(the epidemic frequency documented in 200211,19),
on the basis of the date of collection of the first re-
active donation. Once nucleic acid amplification
testing of individual donations had been initiated,
a seven-day period with no RN A-reactive donations
was required before a collection region could revert
to the use of minipool testing.

NUCLEIC ACID AMPLIFICATION TESTING
AND IgM AND IgG TESTING OF INDIVIDUAL
DONATIONS

In 2003, 30,501 Red Cross donations from Kansas
residents (August 19 to September 27) and Nebras-
ka residents (August 25 to October 4) underwent
individual nucleic acid amplification testing. Pro-
spective testing identified 181 confirmed positive
donations. Of these, 96 (53 percent) were nonreac-
tive ata 1:16 dilution, of which 88 (92 percent) were
IgM-positive and 8 (8 percent) were I[gM-negative.
In addition, as requested by the FDA, individual
nucleic acid amplification testing was performed
retrospectively on frozen samples from 18,049 do-
nations collected from July 10 (the date of the first
confirmed positive donation identified by minipool
testing) to August 22 from donors who lived in Ne-
braska to determine whether donations that were
nonreactive on minipool testing and had therefore
been released for transfusion would be identified
as reactive on testing of individual donations. This
retrospective evaluation identified 21 additional
confirmed positive donations: 19 were [gM-positive
samples and 2 were IgM-negative samples. During
the same period, minipool testing had previously
identified 80 confirmed positive donations (or 79
percent of the total detected during this period):
7 were IgM-positive samples and 73 were IgM-neg-
ative samples.

Overall, 117 of the 436 confirmed positive do-
nations identified in 2003 (27 percent) were detect-
ed only by individual nucleic acid amplification
testing (although this may be an underestimate,
since not all donations were tested by this meth-
o0d), and of these 117, 10 (9 percent) were IgM-neg-
ative (Table 1). Of the remaining 319 donations

that were reactive on minipool testing, 283 (89 per-
cent) were IgM-negative (Table 1). For the 143 IgM-
positive donations, the median viral load was be-
low 100 copies per milliliter (range, less than 5 to
14,000), as compared with 5800 copies per millili-
ter (range, less than 5 to 580,000) for the 293 IgM-
negative donations (P<0.001 by the Wilcoxon rank-
sum test). Donations that were positive for West
Nile virus RNA and IgM were identified more fre-
quently as the season progressed (Fig. 2A).

In 2004, the trigger for nucleic acid amplifica-
tion testing of individual donations was reached for
collections tested by the Red Cross in three areas:
southern California (July 25 to October 8), Kansas
(September 12 to 27), and Arkansas (August 28 to
September 6), for a total of 92,460 donations test-
ed individually. No reactive donations were identi-
fied by individual testing of Arkansas donors. How-
ever, 48 of 54 confirmed positive donations from
southern California residents (89 percent) and 3 of
7 confirmed positive donations from Kansas resi-
dents (43 percent) were identified during the peri-
od of individual testing, for a combined positive rate
0f 0.056 percent, or 1in 1791 donations. Of the 51
confirmed positive donations identified by nucleic
acid amplification testing of individual donations,
31 (61 percent) were nonreactive on minipool test-
ing. These 31 donations represented 30 percent
of the total 104 positive donations identified in
2004; 26 (84 percent) were positive for IgM or IgG,
and 5 (16 percent) were negative for IgM and IgG
(Table 1). Figure 2B shows that the identification
of confirmed positive donations with IgM or IgG
antibody reactivity increased as the 2004 season
progressed; this increase was less than that ob-
served for 2003. For the 35 IgM- or IgG-positive
donations, the median viral load was below 100
copies per milliliter (range, less than 5 to 47,000),
as compared with 3200 copies per milliliter (range,
less than 5 to 160,000) for the 69 IgM- and IgG-
negative donations (P<0.001 by the Wilcoxon rank-
sum test).

In both 2003 and 2004, two thirds of all viremic
donors were negative for West Nile virus antibody,
according to two different IgM-antibody testing
strategies: the Abbott Laboratories IgM assay (Fig.
2A) and the Focus Technologies IgM and IgG as-
says (Fig. 2B).

DEMOGRAPHIC CHARACTERISTICS OF DONORS
Among the confirmed positive donors, as com-
pared with the group of donors with false positive
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Figure 2. IgM and IgG Antibody Status of Blood Donors Who Were Confirmed to Be Positive for West Nile Virus RNA
on Prospective Screening in 2003 and 2004, According to the Week of Collection.

In 2003 (Panel A), IgM antibody testing was performed by Abbott Laboratories; in 2004 (Panel B), IgM and 1gG antibody
testing was performed by Focus Technologies with the use of a reduced cutoff value (the standard cutoff value was mul-

results, there were more male than female donors
in 2002,1* 2003, and 2004 (Table 2). In 2003, 50
percent of the overall donor population of the Amer-
ican Red Cross was male. Combining the confirmed
positive donors from 2002 through 2004, 13 per-
cent were first-time donors, with a mean age of 46
years (range, 16 to 83). These observations did not

differ significantly from those observed for the do-
nors with false positive test results.

FOLLOW-UP OF DONORS AND RECIPIENTS

In 2003, 350 0f 415 confirmed positive donors iden-
tified prospectively participated in the follow-up
study, of whom 335 (96 percent) were IgM-positive
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Table 2. Demographic Characteristics of Blood Donors with Reactive Nucleic Acid Amplification Tests.
Period No. of Donors Male Donors 1st-Time Donors Age
Mean  Range
no. (%) yr
Sept. 3-28, 2002
Confirmed positive 46 24 (52) 9 (20) 438 17-77
False positive 52 23 (44) 10 (19) 427 17-73
June 29-Dec. 1, 2003
Confirmed positive 436 258 (59)T 43 (10)7 46.5 17-83
False positive 382 187 (49) 58 (15) 475  13-89%
June 16—Oct. 16, 2004
Confirmed positive 104 62 (60) 24 (23) 449 16-83
False positive 73 37 (51) 12 (16) 418  17-75

* Retrospective nucleic acid amplification testing was performed on frozen samples of individual donations from six high-

incidence regions.1t

T P<0.05 for the comparison with the false positive group during the same period.
i Frozen plasma was obtained from a 13-year-old repeat autologous donor.

or seroconverted during follow-up. Of 186 donors
who participated in long-term follow-up, 166 (89
percent) retained specific IgM reactivity for 100 days
or longer. However, of the 17 of 46 confirmed pos-
itive donors identified in 2002 for whom follow-up
data were available,* 10 (59 percent) had IgM re-
activity for more than 398 days, consistent with the
observations of Roehrig and coworkers.?* Of 104
confirmed positive donors identified in 2004, 82
(79 percent) participated in follow-up studies.
Only two recipients of donations confirmed to
be positive on retrospective testing of individual
donations in 2003 could be identified and con-
sented to follow-up studies. Both were seronega-
tive for West Nile virus and had had no reported
symptoms associated with West Nile virus infec-
tion during the year after transfusion. In the case
of both recipients, the transfused component was
IgM-positive and had an RNA level that was too
low to quantitate. In contrast, a 2002 recipient of
an IgM-negative unitwith a viral load of 6300 cop-
ies per milliliter had West Nile virus-related symp-
toms and antibody seroconversion.’* Although
these numbers are small, the data are consistent
with reports of seroconversion and disease related
to West Nile virus infection only among recipients
of viremic, IgM-negative blood components.”?*25

DISCUSSION

In 2002, transfusion-transmitted West Nile virus
infection was confirmed in 23 recipients of blood

components, with the true number of transmis-
sions believed to be much higher. By early summer
02003, blood-collection agencies had implement-
ed blood-donor testing for West Nile virus RNA,
identifying and reporting a total of 1041 RNA-pos-
itive donations to the CDC through Arbonet for the
2003 and 2004 seasons.’®2® The Red Cross pro-
gram identified 540 of these viremic donations, of
which 362 (67 percent) were negative for West Nile
virus antibodies and likely infectious. The major
epidemic focus in 2003 was the upper Plains states,
moving to the Southwest in 2004. Most important,
on the basis of prospective screening for West Nile
virus RNA performed in 2003 and 2004 in our pro-
gram, 1023 components manufactured from 519
prospectively screened viremic donations were not
released for use and therefore not transfused.
Screening of blood donations for West Nile vi-
rus RNA was initiated in minipools of 16 samples,
leading to concern that donations with low-level
viremia might escape detection.*>*7>23 Our data
from the 2002 West Nile virus season suggested
that, at the height of the epidemic, there might be
one viremic donation undetectable by minipool test-
ing for every four that were detected. Accordingly,
in areas with a high prevalence of RNA-positive
donations (i.e., more than 1 in 1000 samples), we
initiated nucleic acid amplification testing of in-
dividual donations after identifying a total of four
RNA-positive donations on minipool testing in any
given blood-collection region. This policy was sup-
ported by the observation of West Nile virus infec-
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tions associated with the transfusion of blood
units with RNA levels that could not be detected by
minipool testing.>>?> In addition, the effectiveness
of this evidence-based trigger is demonstrated by
the absence of any confirmed cases of transfusion-
transmitted West Nile virus infection associated
with blood components from our system in 2003
and 2004. An assessment of the effectiveness of
various trigger strategies has been published else-
where.?” The continued use of a trigger strategy for
the screening of blood donations for West Nile vi-
rus appears justified in order to focus available re-
sources at times and locations of peak incidence.
In contrast, at times and locations in which there
are few or no identified viremic donations, minipool
screening provides adequate safety.

Through careful follow-up studies of all RNA-
reactive donors, we were able to establish the natu-
ral history of West Nile virus infection, finding that
IgM antibodies against the virus were detectable
about 11 days after the detection of viral RNA on
minipool testing (13 days after the detection of vi-
ral RNA on testing of individual samples), followed
rapidly by the appearance of IgG antibodies.*»*3
The transmission of West Nile virus through trans-
fusion has not been linked to an RNA-positive com-
ponent that is also positive for IgM or IgG antibod-
ies against the virus. Although we identified 148
viremic donations that were detectable only by nu-
cleic acid amplification testing of individual do-
nations, only 15 of them (10 percent), or 1in 9400
samples, were I[gM-negative and thus represent the
earliest stages of donor infection. Therefore, in pro-
grams dependent on trigger strategies, careful, real-
time monitoring is critical; in the absence of timely
system readiness and monitoring, breakthrough
infection has been documented.?*

The vast majority of the yield of nucleic acid am-
plification testing of individual donations was IgM-
positive, demonstrating the long duration of posi-
tivity for IgM antibody in the presence of low-level
viremia. It is likely that such donations would be
noninfectious, especially in the presence of high
titers of IgM and IgG, but studies to confirm this
possibility have not been performed. Studies trac-
ing recipients of blood components generally have
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