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ABSTRACT

BACKGROUND

During the 2002 West Nile virus epidemic in the United States, patients were identified
whose West Nile virus illness was temporally associated with the receipt of transfused
blood and blood components.

METHODS

Patients with laboratory evidence of recent West Nile virus infection within four weeks
after receipt of a blood component from a donor with viremia were considered to have
a confirmed transfusion-related infection. We interviewed the donors of these compo-
nents, asking them whether they had had symptoms compatible with the presence of
aviral illness before or after their donation; blood specimens retained from the time of
donation and collected at follow-up were tested for West Nile virus.

RESULTS

Twenty-three patients were confirmed to have acquired West Nile virus through trans-
fused leukoreduced and nonleukoreduced red cells, platelets, or fresh-frozen plasma.
Of the 23 recipients, 10 (43 percent) were immunocompromised owing to transplanta-
tion or cancer and 8 (35 percent) were at least 70 years of age. Immunocompromised
recipients tended to have longer incubation periods than nonimmunocompromised
recipients and infected persons in mosquito-borne community outbreaks. Sixteen do-
nors with evidence of viremia at donation were linked to the 23 infected recipients; of
these donors, 9 reported viral symptoms before or after donation, 5 were asymptomat-
ic, and 2 were lost to follow-up. Fever, new rash, and painful eyes were independently as-
sociated with being an implicated donor with viremia rather than a donor without vire-
mia. All 16 donors were negative for West Nile virus—specific IgM antibody at donation.

CONCLUSIONS
Transfused red cells, platelets, and fresh-frozen plasma can transmit West Nile virus.
Screening of potential donors with the use of nucleic acid—based assays for West Nile
virus may reduce this risk.
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TRANSMISSION OF WEST NILE VIRUS THROUGH BLOOD TRANSFUSION

EST NILE VIRUS IS A MOSQUITO-
borne flavivirus that is transmitted pri-
marily among birds; humans serve as
incidental hosts. In the United States, human in-
fection with the virus was first recognized in 1999
in Queens, New York.1-2 By 2002, the known geo-
graphic range of West Nile virus had expanded to
44 states and the District of Columbia,3 and that
same year, 4200 cases of West Nile virus—associat-
ed illness were reported in humans (Centers for Dis-
ease Control and Prevention [CDC]: unpublished
data). This represents an increase by a factor of
nearly 30 over the 149 cases reported in humans
from 1999 through 2001.3 Although the transmis-
sion of West Nile virus by blood transfusion had
notbeen reported before 2002, the findings of tran-
sientviremia after infection and a high proportion
of asymptomatic or mildly symptomatic infections
suggested that this route of transmission might
be possible.4-¢
In August 2002, in response to theoretical con-
cern that West Nile virus could be transmitted
through blood transfusions, the Food and Drug Ad-
ministration and the CDC advised blood establish-
ments and health departments to be alert for per-
sons with West Nile virus infection who had donated
blood the week before their illness began and for
persons with unexplained fever-associated menin-
gitis or encephalitis that developed after the receipt
of a blood transfusion. In response to these mes-
sages, on August 30, 2002, a state health depart-
ment notified the CDC of the first suspected case of
transfusion-transmitted West Nile virus in a wom-
an who had received blood and blood products re-
lated to an obstetrical procedure?; additional reports
of West Nile virus infection among transfusion re-
cipients quickly followed.8-10 During this period,
an independent investigation of four patients in
whom West Nile virus illness developed after they
received solid organs from a single donor was initi-
ated, which subsequently determined that the organ
donor most likely acquired West Nile virus through
ablood transfusion.11 In this report, we summarize
the findings of the investigations of transfusion re-
cipients and blood donors.

METHODS

INVESTIGATIONS OF BLOOD DONORS
AND TRANSFUSION RECIPIENTS

Investigations were conducted from August 28,
2002, to April 15, 2003. Patients with West Nile vi-

rus infection temporally associated with the receipt
of blood transfusions were most often identified by
physicians and reported initially to blood-collection
agencies or state and local health departments.

The medical records of persons suspected of hav-
ing become infected with West Nile virus through
the receipt of transfused blood products were re-
viewed. Standardized abstraction forms were used
to collect information on the clinical course of West
Nile virus infection, underlying medical conditions,
and blood components transfused within four weeks
before the onset of West Nile virus—like illness. To
confirm the diagnosis and to assess the evolution
of laboratory markers of infection in these patients,
we tested available pretransfusion and post-trans-
fusion clinical specimens (e.g., cerebrospinal fluid,
serum, and plasma) for West Nile virus RNA and
IgM antibody.

Blood-collection agencies identified donors of
blood components that had been transfused to West
Nile virus—infected recipients in the four weeks be-
fore the onset of illness. Other blood components
made from these donations (co-components), blood
samples obtained from tubing attached to the orig-
inal collection bag or the red-cell component (“re-
tention segments”), and any other blood samples
obtained at the time of donation were retrieved
and tested for West Nile virus RNA and IgM anti-
body. If a donor was subsequently found to have
evidence of West Nile viremia at the time of dona-
tion (Table 1), other recipients of co-components
from these implicated donations were contacted
for West Nile virus antibody testing and medical-
record abstraction.

Blood-collection agencies conducted follow-
up interviews of donors of blood components trans-
fused to infected recipients with use of a stand-
ardized data-collection form. Donors were asked
whether they had had symptoms compatible with
the presence of a viral illness in the three weeks be-
fore or after their donation. A serum sample was
collected for West Nile virus IgM antibody testing.

TESTING FOR WEST NILE VIRUS

RNA Assay

West Nile virus RNA was detected with the use
of a quantitative, real-time, reverse-transcriptase—
polymerase-chain-reaction (PCR) assay (TagMan,
Applied Biosystems). Samples were prepared with
the use of previously described methods of RNA
extraction (extraction volume of 200 pl or less) and
primer—probe designs (lower limit of detection,
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Table 1. Case Classifications and Definitions of Transfusion-Transmitted West Nile Virus Infection.*

Classification of cases
A confirmed case required both of the following:
Evidence of West Nile viremia in a donor

A definite noncase required one or both of the following:

An inconclusive case result required all of the following:
Receipt of blood products
Laboratory evidence of recent West Nile virus infection

Definitions

sion on follow-up testing

the implicated donation

one of the following:

oratory evidence of recent West Nile virus infection

tissue, blood, or cerebrospinal fluid

illness by IgM-capture ELISA

Evidence of West Nile virus infection in a recipient of a component from a donor with viremia

Negative IgM antibody test on follow-up analysis of all donors of blood from which components were derived and
given within 4 weeks before the onset of an iliness compatible with West Nile virus infection
Absence of laboratory evidence of West Nile virus infection in the recipient

Failure to meet the definition for a confirmed case or a definite noncase

Determination of viremia in a donor required one or more of the following:
Isolation of West Nile virus from a sample obtained at the time of donation
Positive PCR results on testing of sample obtained at the time of donation and evidence of IgM antibody seroconver-

Positive PCR results on testing of sample obtained at the time of donation, with no follow-up testing of the donor,
and positive IgM antibody tests in two or more recipients of co-components from the implicated donation

Equivocal PCR results on testing of sample obtained at the time of donation and documented IgM antibody serocon-
version on follow-up testing of the donor and on testing of two or more of the recipients of co-components from

Determination of West Nile virus infection in the recipient of a component from a donor with viremia required at least
West Nile virus—associated illness within 4 weeks after the receipt of a component from a donor with viremia and lab-

Positive test for IgM antibody either without a history or with a possible history of illness compatible with West Nile
virus infection and receipt of a co-component from a donor with a confirmed case
Determination of West Nile virus—associated illness in a recipient required the following:
New onset of unexplained fever, meningitis, encephalitis, or acute flaccid paralysis (alone or in combination) after
the transfusion of a component from a donor with viremia
Laboratory criteria for confirmed recent West Nile virus infection were as follows:j
Isolation of West Nile virus from tissue, blood, or cerebrospinal fluid
Detection of West Nile virus antigen by immunohistochemical staining or of West Nile virus genomic sequences in

Detection of West Nile virus IgM antibodies in a cerebrospinal fluid sample obtained during the acute phase of

Recent seroconversion, with detection of West Nile virus IgM by IgM-capture ELISA

* PCR denotes polymerase chain reaction, and ELISA enzyme-linked immunosorbent assay.

- Data are from the Centers for Disease Control and Prevention.12

0.8 West Nile virus plaque-forming unit [pfu] per
milliliter).13

If a donor had West Nile virus IgM antibody on
follow-up testing and if the results of the standard-
volume PCR assay were negative, samples obtained
atthe time of donation were assayed with the use of
a modified TagMan PCR assay. In this assay, RNA
was extracted from a 500-pl extraction volume, and
25 pl of the RNA was used in the amplification re-
action (the lower limit of detection for this high-
volume extraction was 0.1 pfu per milliliter). Am-
plification and fluorescence were detected with the
use of the iCycler iQ Real-Time PCR Detection Sys-
tem (Bio-Rad Laboratories); 45 cycles of amplifica-
tion were performed according to the manufactur-

er’s recommendations. In both assays, a positive
result was defined as an increase in the fluorescent
signal above a defined threshold value within 37
cycles for each of two different primer—probe sets
and a change in fluorescence that was two or more
times as great as the average signal of eight nega-
tive wells included in each assay run. In the negative
wells, 5 pl of RNase- and DNase-free water was sub-
stituted for 5 pl of extracted RNA. An equivocal re-
sult was defined as a test that was positive for only
one of the two primer—probe sets. All positive and
equivocal PCR assays were repeated. Concentra-
tions of West Nile virus in study samples were esti-
mated by comparing the number of PCR cycles they
required to surpass the threshold value with the
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TRANSMISSION OF WEST NILE VIRUS THROUGH BLOOD TRANSFUSION

number of cycles required to do so by samples with
known concentrations of virus. These known stand-
ards were obtained by making serial dilutions of
West Nile virus seeded with human serum.

Viral Culture

When the sample was large enough, specimens
positive for West Nile virus by PCR were tested for
the virus by viral isolation on Vero cells. Positive re-
sults were defined by the occurrence of a cytopathic
effect, which was confirmed by PCR assays.

Serologic Testing

Samples obtained at the time of donation and se-
rum samples obtained at follow-up were assayed
for West Nile virus—specific IgM antibodies with use
of an IgM-capture enzyme-linked immunosorbent
assay and confirmed with a plaque-reduction neu-
tralizing-antibody test.13,14

CLASSIFICATION OF CASES

A confirmed case of transfusion-transmitted West
Nile virus infection required evidence of infection
in the recipient of a component from a donor with
confirmed viremia (Table 1). Reports lacking such
data were classified as inconclusive or as not repre-
senting a case.

STATISTICAL ANALYSIS

Incubation periods were compared among the
transfusion recipients with use of the t-test. The
t-test was also used to compare the mean levels of
viremia between symptomatic and asymptomatic
donors. Fisher’s exact test was used to compare
symptoms of donors with evidence of viremia at
donation with those of donors without viremia who
were IgM-negative at follow-up (SAS, version 8.02,
SAS Institute). Adjusted odds ratios for these symp-
toms were computed with the use of logistic regres-
sion, after adjustment for sex and age, to identify
symptoms in the donor population that predicted
West Nile virus infection. All comparisons were
made with use of a two-tailed test, and P values of
less than 0.05 were considered to indicate statisti-
cal significance.

RESULTS

TRANSFUSION RECIPIENTS

Of 61 patients identified as having possible trans-
fusion-transmitted West Nile virus infection, 23 were
confirmed to have transfusion-associated infection,

19 had inconclusive investigations, and 19 were
determined not to have such an infection. Of the 19
persons with inconclusive results, 1 had received
transfusions from a donor whose initial donation
sample was positive for West Nile virus by PCR, but
no follow-up sample could be obtained and no re-
cipients of co-components were identified; 4 had a
donor with West Nile virus IgM antibody, but the
presence of viremia at the time of donation could
not be proved, because samples were not available
from the time of donation (in 2 donors) and were
negative for West Nile virus by PCR (in 2 donors);
and 14 had incomplete follow-up data for the do-
nors. Of the 19 patients who were determined not
to have an infection, 8 had no laboratory evidence
of West Nile virus infection, 8 received components
from donors without evidence of recent infection,
2 became ill before receiving transfusions, and West
Nile virus illness developed in 1 more than four
weeks after transfusion.

The 23 patients with confirmed infections ranged
from 7 to 90 years of age (median, 48); 12 were fe-
male (Table 2). Ten of the 23 (43 percent) were im-
munocompromised as a result of bone marrow,
stem-cell, or organ transplantation or hematologic
or other advanced cancers, and 8 others (35 percent)
were at least 70 years of age and had other medical
and surgical problems. As shown in Table 2, 14 pa-
tients were initially assessed because West Nile vi-
rus—associated illness developed after the transfu-
sion of blood components (Recipients 1 through 5,
7,10,12,14, 16,18, 21, 22, and 23), 7 because they
had received a co-component from a donor with
viremia who was linked to another recipient with
West Nilevirus illness (Recipients 6, 8,9, 11, 13,17,
and 19), 1 (Recipient 15) because a donor notified
the blood-collection agency of a post-donation
diagnosis of West Nile fever, and 1 (Recipient 20)
because of the possibility of transmission from
transplanted organs.8 The seven recipients of co-
components were IgM-positive on follow-up, but
only one had a clearly defined illness related to West
Nile virus infection.

Among the 15 recipients with West Nile virus—
associated illness (13 with meningoencephalitis
and 2 with fever), the illness began 2 to 21 days (me-
dian, 10) after transfusion of the implicated com-
ponent (Table 2) (excluding Recipient 4, who re-
ceived donations from two donors with viremia).
Transplant recipients (Recipients 2, 7, 16, and 21)
tended to have longer incubation periods (median,
13.5 days) than recipients without obvious immu-
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TRANSMISSION OF WEST NILE VIRUS THROUGH BLOOD TRANSFUSION

terview. Nine of the 14 donors (64 percent) recalled
having symptoms compatible with the presence
of a viral illness: 3 began to have symptoms before
donation, 1 began to have symptoms on the day of
donation, and 5 first had symptoms after donation
(Table 3). Three of the six donors who became ill
on the day of or day after donation sought care from
a physician. Symptomatic and asymptomatic do-
nors were similar in age (median, 44 and 45 years,
respectively). The symptoms of the implicated do-
nors were compared with those of 654 nonimpli-
cated donors who were IgM-negative at follow-up
(Table 4). Multivariate analysis indicated that fe-
ver (adjusted odds ratio, 31.0; 95 percent confidence
interval, 8.8 to 109.5), new rash (adjusted odds
ratio, 11.0; 95 percent confidence interval, 1.9 to
65.3), and painful eyes (adjusted odds ratio, 4.6; 95
percent confidence interval, 1.04 to 20.5) were inde-
pendently associated with being an implicated do-
nor with West Nile virus infection.

Samples obtained at the time of donation from
the 16 implicated donors had virus levels of less
than 80 pfu per milliliter (Table 3); all were nega-
tive for West Nile virus IgM antibody. The estimat-
ed mean virus levels in retrieved plasma units from
seven symptomatic donors and four asymptomatic
donors (29.6 and 4.3 pfu per milliliter, respectively;
P=0.006 by t-test) did not differ significantly. In in-
dividual donors, virus levels in retention segments
differed from those in plasma (Table 3). Blood in re-
tention segments was often of poor quality owing
to hemolysis, dilution with red-cell preservative and
saline, storage at room temperature, and filtration
and leukoreduction procedures. When more than
one sample from an initial donation was available
for testing, all retention segments that were posi-
tive for West Nile virus on PCR were associated with
aPCR-positive plasma sample, butin five instances,
the plasma tested positive and the retention seg-
ment tested negative.

DISCUSSION

Our investigations document the transmission of
West Nile virus through the transfusion of plate-
lets, leukoreduced and nonleukoreduced red cells,
and fresh-frozen plasma. Samples obtained from
implicated donors at the time of donation had low
levels of West Nile virus, which were sometimes
near the limits of sensitivity of current nucleic acid—
amplification assays, and none had IgM antibod-
ies. Despite these low levels of virus, once transmis-
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Crude Odds Ratio

(95% Cl)

7.1 (1.5-34.5)

21.5 (6.9-67.4)

47.3 (14.7-151.7)

25.9 (8.5-79.2)
22-18.6

)
)
2.0-28.7)
21.4 (5.9-77.9)
11.9 (2.3-61.3)
11.2 (3.5-35.3)

4.6 (0.97-21.6)
12.5 (3.1-49.7)

Table 4. Symptoms Compatible with West Nile Virus Infection Reported
by Implicated Donors and IgM-Negative Nonimplicated Donors.*
Implicated Nonimplicated
Donor Donor
Symptom (N=14)7F (N=654) P Value
no. (%)
Abdominal pain 2 (14) 15 (2.3) 0.05
Bone pain 0 12 (1.8) —
Chills 6 (43) 22(34)  <0.001
Fever 9 (64) 24(3.7)  <0.001
Generalized weakness 8 (57) 32 (4.9) <0.001
Headache 8 (57) 114 (17.4)  0.001
Joint pain 4(29) 48 (7.3) 0.02
Muscle weakness 3(21) 23 (3.5) 0.01
New rash 4 (29) 12 (1.8) <0.001
New difficulty thinking 2 (14) 9 (1.4) 0.02
Painful eyes 5 (36) 31 (4.7) <0.001
Seizures 0 1(0.2) —
Severe muscle pain 2 (14) 23 (3.5) 0.09
Swollen glands 3(21) 14 (2.1) 0.004
Vomiting and diarrhea 0 27 (4.1) —

(
(
(
3(
1 (1.5-16.7
5(
(
(
(

* P values were calculated with use of Fisher’s exact test. Cl denotes confidence

interval.

T Two implicated donors did not return for follow-up serologic analyses or interview.

sion was documented in one recipient, follow-up
testing of all recipients of co-components demon-
strated IgM antibody, indicating that transmission
was highly efficient.

Many transfusion recipients were immunocom-
promised owing to treatment with immunosup-
pressive drugs or the presence of a hematologic or
other advanced cancer. Little is known about the
clinical outcome of West Nile virus infection in im-
munocompromised patients. Nearly 50 years ago,
experimental West Nile virus infection of patients
with cancer showed that patients with hemato-
logic cancer had prolonged viremia.1s More re-
cently, study of a patient who had non-Hodgkin’s
B-cell lymphoma and West Nile virus infection and
of four recipients of organs from a West Nile virus—
infected donor indicated that immunocompro-
mised patients may have long incubation periods,
prolonged viremia, delayed development of anti-
body, and an increased likelihood of severe dis-
ease.11,16 Incubation periods among recipients who
were receiving immunosuppressive medication af-
ter organ, stem-cell, or bone marrow transplanta-
tion tended to be longer than those among recipi-
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ents withoutimmunocompromising conditions and
longer than the generally accepted incubation peri-
od of 2 to 14 days among otherwise healthy persons
after mosquito-borne transmission.5:¢ Moreover,
in specimens from seven immunocompromised re-
cipients, we found West Nile virus RNA in serum
or cerebrospinal fluid 7 to 31 days after the transfu-
sion of the implicated component. West Nile virus
nucleic acid-amplification tests in serum generally
have very low sensitivity among otherwise healthy
patients with meningoencephalitis.>

The 23 confirmed cases we describe most likely
underrepresent the number of transfusion-trans-
mitted West Nile virus infections that occurred dur-
ing 2002 in the United States.# Cases could have
gone unrecognized because recipients remained
asymptomatic, had West Nile virus—related illness-
es that were indistinguishable from their underly-
ing illnesses, or died from the underlying illness
before West Nile virus—related illness developed.
Physicians may not have considered blood transfu-
sion as a source of infection, particularly in areas in
which mosquito-borne transmission is prevalent.
Some cases that we classified as inconclusive may
have been transfusion-transmitted but could not
be confirmed owing to the lack of complete infor-
mation.

Although approximately 80 percent of West Nile
virus infections are asymptomatic,17-1° during a fol-
low-up interview, 9 of the 16 implicated donors re-
called having a symptomatic illness around the time
of donation. Although potential blood donors are
not typically questioned about specific symptoms,
they are asked whether they “feel well and healthy”
and they do have their temperature measured. All
of the implicated donors had successfully complet-
ed the donor-screening process on the day of dona-
tion. Symptoms reported by implicated donors were
most likely related to West Nile virus infection, since
they were reported much more frequently by impli-
cated than by nonimplicated donors. Our results
should have been unbiased, since West Nile virus
testing was performed after the donors were inter-
viewed. However, the exact timing of the onset of
symptoms should be interpreted with caution, since
the donors were questioned weeks or months after
donation. One hypothesis to explain the high pro-
portion of symptomatic donors is that symptomat-
ic persons may have a greater level or longer dura-
tion of viremia than asymptomatic persons, thus
making transfusion-related transmission more like-
ly. In our investigations, levels of viremia tended to

be higher in symptomatic than in asymptomatic
implicated donors, but this difference did not achieve
statistical significance.

Our findings suggest that it may be useful to
question potential donors about a recent history of
febrile illness and ask those with such a history
to defer donation. To help identify donors poten-
tially at risk for West Nile virus infection, the Food
and Drug Administration issued recommendations
to blood-collection agencies in May 2003, which in-
cluded the use of a new question to donors about
a history of fever with headache in the week before
donation; an affirmative answer would trigger de-
ferral.20

Our findings also suggest a potential benefit
of West Nile virus nucleic acid—based screening of
blood donors. Documentation of transfusion-trans-
mitted West Nile virus infection stimulated the rapid
development of an investigational nucleic acid-
based assay suitable for donor screening. These as-
says began to be implemented in June 2003.21 As of
July 14, 2003, all civilian blood donations collect-
ed in the United States and Puerto Rico have been
screened for West Nile virus with the use of investi-
gational nucleic acid—amplification tests. Of the ap-
proximately 1 million donations screened as of Au-
gust 5, 2003, a total of 163 donations were found
to be repeatedly reactive for West Nile virus and were
removed from the blood supply.22

Because of the low-level viremia associated with
West Nile virus infection in humans, the sensitiv-
ity of donor screening assays will require careful
assessment, including continued surveillance for
possible transfusion-associated cases. Prompt re-
porting of such cases will facilitate withdrawal of
potentially infectious blood components. The long-
term benefit of screening of blood donors for West
Nilevirus is unknown. The risk of transfusion-trans-
mitted West Nile virus infection relates to the inci-
dence of the infection in the donor pool#; however,
there are currently insufficient data to predict the
incidence among future donors.

Although the blood supply in the United States
has attained an unprecedented level of safety, it re-
mains vulnerable to emerging infectious agents.23
Documentation of the first 23 identified cases of
transfusion-transmitted West Nile virus is a cogent
reminder of that risk and highlights the respon-
sibilities shared by local, state, and federal health
agencies, blood-collection and transfusion estab-
lishments, health care providers, and industry to be
vigilant for and respond to new pathogens.
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P. Griffith, J. Griggs, P. Hartnett, K. Hillyer, L. James, C. Meena-Leist, L. Mott, B. Noeyack, K. Peterson, R. Reddy, P. Royster, S. Sapatnekar,
K. Skidmore, C. Thomas, M.E. Wissel; Alabama Department of Public Health, Montgomery — A. Becker; Alachua County Health Department, Gaines-
ville, Fla. — S. Bethart, T. Belcuore, J. Shapiro; Blood Systems, Scottsdale, Ariz. — H. Kamel; Bureau of Laboratories, Michigan Department of Commu-
nity Health, Lansing — P. Clark, F. Downes, J. Massey, P. Somsel; Centers for Disease Control and Prevention — K. Abe, W. Bower, T. Chambers, L.E.
Chapman, P. Collins, V. Elko, A. Grant, T. Harrington, G. Huhn, T.B. Hyde, M.C. Iwamoto, A.J. Johnson, J.L. Jones, O.I. Kosoy, M.J. Kueh-
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Food and Drug Administration, Rockville, Md. — E. Callaghan, J. Davis, J. Epstein; Florida Department of Health, Tallahassee — L. Conti; Heartland
Blood Centers, Aurora, Ill. — D. Bazile, K. Clark, K. Konrad, D. Mestrich, S. Mitzelfelt; Life Source Blood Services, Glenview, Ill. — R. Kakaiya, R. Ta-
ta; LifeSouth Community Blood Centers, Gainesville, Fla. —J. Evans; Maryland Department of Health and Mental Hygiene, Baltimore— A. Bergmann, D.
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Smith; Oklahoma State Department of Health, Oklahoma City — K. Bradley; University of Michigan Medical Center, Ann Arbor — R. Davenport, D.

Newton; Wisconsin Division of Public Health, Madison — L. Glaser.
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