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West Nile virus infection transmitted by blood transfusion
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BACKGROUND: A patient with transfusion-transmitted
West Nile virus (WNV) infection confirmed by viral
culture of a blood component is described. A 24-year-
old female with severe postpartum hemorrhage devel-
oped fever, chills, headache, and generalized malaise
after transfusion of 18 units of blood components; a
serum sample and the cerebrospinal fluid tested posi-
tive for the presence of WNV IgM antibodies. An inves-
tigation was initiated to determine a possible
association between transfusion and WNV infection.
STUDY DESIGN AND METHODS: Blood donors were
assessed for recent infection through questionnaires
and WNV testing of serum samples. Whole-blood reten-
tion segments and untransfused blood components
were sent to the CDC to test for the presence of WNV
through PCR (TaqMan, Applied Biosystems), IgM
ELISA, plaque reduction neutralization testing, and viral
culture.
RESULTS: Three of 15 available donor retention seg-
ments were WNV PCR-positive. WNV was recovered
from one associated blood component. The implicated
donor was symptomatic near the time of donation;
serology confirmed WNV IgM seroconversion.
CONCLUSION: Seroconversion of a symptomatic
donor, the presence of viral genetic material in an asso-
ciated whole-blood retention segment, and recovery of
WNV from an associated component provides com-
pelling evidence for transfusion-acquired infection. This
report has important implications for blood safety.

A
pproximately 4 million persons receive blood
components from over 20 million donations
annually in the US.1,2 Although donor screen-
ing and testing have nearly eliminated the risk

of transfusion-acquired infections attributable to HIV and
hepatitis viruses, the potential emergence and spread 
of other pathogens, particularly those associated with
asymptomatic illness, could result in unrecognized trans-
mission through blood transfusion.3,4

West Nile virus (WNV), a mosquito-borne flavivirus
endemic to Africa, Asia, and Europe, was first detected in
the US in 1999.5,6 Although birds are the primary verte-
brate host, humans and other mammals can become
infected. Most WNV infections are asymptomatic in
humans; only 20 percent develop a mild febrile illness,
and fewer than 1 percent develop encephalitis or menin-
gitis.7-12 Transmission of WNV infections through blood
transfusion has been considered as biologically plausible,
given that infection, including subclinical illness, is asso-
ciated with a transient viremia.13 However, transfusion-
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associated transmission of WNV or related Japanese
encephalitis serogroup viruses was not documented
before 2002. We describe a patient with transfusion-
transmitted WNV meningitis.

CASE REPORT

In July 2002, a previously healthy 24-year-old woman was
received transfusion of 6 units of RBCs and 2 units of FFP
for postpartum hemorrhage. After transfer to a tertiary
care hospital, she underwent a hysterectomy and received
an additional 10 units of blood components (6 units of
RBCs and 4 units of FFP) on postpartum Day 1 for persis-
tent bleeding. A total of 18 units of blood components
were transfused over a 30-hour period. Fever was noted on
postpartum Day 2; no bacterial pathogens were isolated
from urine or blood. Other than fever, the patient experi-
enced only expected postoperative abdominal and sur-
gical incision tenderness while hospitalized. She was
discharged on postpartum Day 5 in stable condition and
without fever. Antimicrobial therapy, which had been
started preoperatively, was discontinued the morning of
discharge.

On postpartum Day 6, the patient developed fever,
chills, headache, fatigue, and generalized weakness; fever
and headache persisted despite frequent use of analgesic

and antipyretic medication. Twenty-six days postpartum,
the patient sought medical care for these unrelenting
symptoms. Upon evaluation in the emergency depart-
ment, oral temperature was 38.4°C. The patient exhibited
no meningismus, photophobia, rash, motor weakness, or
neurologic impairment. Laboratory studies were unre-
markable except for a urinalysis showing mild pyuria
without bacteriuria. A computed tomography scan of the
brain was normal. The patient was treated empirically for
a urinary tract infection and discharged, but returned the
following day with persistent headache and fever. Lumbar
puncture revealed elevated protein and mild pleocytosis.
Bacterial cultures of the cerebrospinal fluid (CSF) were
negative. WNV-specific IgM was detected in serum and
CSF (Table 1) and was confirmed with plaque reduction
neutralization technique testing to WNV on patient
serum. Serum and CSF IgM antibodies to St. Louis
encephalitis virus, a cross-reacting flavivirus, were also
detected, but SLE infection was excluded by plaque reduc-
tion neutralization technique confirmatory testing. The
patient was hospitalized for 2 days with WNV meningitis
and has subsequently fully recovered.

As part of routine state-based surveillance,14,15 the
Mississippi State Department of Health (MSDH) was noti-
fied of suspected WNV illness in this patient. Upon con-
firmation of infection by WNV testing, the MSDH learned

TABLE 1. Diagnostic test results performed at the time of hospital admission of patient with transfusion-transmitted
WNV infection, Mississippi, 2002

Laboratory study Patient result Normal values
Hb (g/100 mL) 10.1 12.0-16.0
WBC count (thousand cells/mm3) 5.4 4.8-10.8

Differential (%)
Segmented neutrophils 53 4.8-10.8
Lymphocytes 37 42.2-75.5
Monocytes 8 1.7-9.3
Eosinophils 1 0-3
Basophils 1 0-2

Serum
Glucose  (mg/dL) 85 70-105
Protein  (g/dL) 6.0 6.0-8.3

CSF
Glucose  (mg/dL) 57 70-105
Protein  (mg/dL) 76 15-45
WBC count  (cells/mm3) 18 0-5

Differential (%)
Mononuclear
Segmented neutrophils 96

Arbovirus studies 4
WNV IgM, P/N ratio (serum) 17.90 <2.00
SLE* virus IgM, P/N ratio (serum) 7.15
WNV plaque reduction neutralizing antibody titer (serum)† 1 in 640
SLE virus plaque reduction neutralizing antibody titer (serum) 1 in 10
WNV IgM, P/N ratio (CSF) 14.31 <2.00
SLE virus IgM, P/N ratio (CSF) 3.73 <2.00

* SLE = St. Louis encephalitis.
† Plaque reduction neutralizing antibody titers are performed to distinguish between cross-reacting antibodies among flaviviridae, i.e., WNV

and SLE.
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that the patient had been the recipient of numerous trans-
fusions. An investigation was begun to determine a possi-
ble association between transfusion and WNV infection.

MATERIALS AND METHODS

MSDH reviewed the transfusion recipient’s hospital
records, and in collaboration with hospital transfusion
services, identified all associated blood donation numbers
(i.e., unique identification numbers assigned to each
donated blood unit and any derived components) of the
units transfused to the patient. The blood collection
agency responsible for the blood donations contacted all
donors and requested their participation in the investiga-
tion. In addition, the blood collection agency compiled a
list of all components derived from each donation. Each
consenting donor was asked to complete a questionnaire
and submit a blood sample for WNV serology. All available
retention segments were recovered for testing. Untrans-
fused units of blood components also were recovered for
testing.

Retention segments and untransfused components
were tested at the CDC with dynamic, quantitative PCR
(TaqMan, Applied Biosystems, Foster City, CA) and WNV
IgM antibody-capture ELISA (MAC-ELISA).16-19 A positive
TaqMan assay was defined as a test that resulted in signifi-
cant inflection and increase of fluorescent signal (in 37
cycles or less) for each of two different primer-probe sets.
All positive TaqMan assays were repeated. Samples posi-
tive by TaqMan were cultured on Vero cell monolayers. A
positive IgM ELISA result was defined as a P/N ratio (OD
of the patient’s specimen divided by the OD of the nega-
tive control) of at least 3, an equivocal result was P/N ratio
of 2.0 to 2.99, and a negative result as a P/N ratio of less
than 2. Positive WNV MAC-ELISAs were confirmed by
plaque reduction neutralization tests with WNV and St.
Louis encephalitis viruses.

RESULTS

Blood component identification
The index patient received blood components from 18
donations; these donations were from 17 different donors
and produced 42 blood components (i.e., 20 units of RBCs,
7 units of FFP, 9 units of recovered plasma [RPL], and 6

units of PLTs). Nine of 42 units were transfused to other
recipients (8 units of RBCs and 1 unit of PLT), 1 unit of RPL
and 5 units of PLTs were discarded, and 8 units of RPL and
1 of FFP were retrieved for testing.

Blood component testing results
Fifteen retention segments were available for testing.
Three (from Donors A, B, and C) were WNV TaqMan-
positive but IgM- and culture-negative (Table 2). All other
segments were TaqMan-negative. WNV was isolated from
a TaqMan-positive, IgM-negative unit of FFP associated
with the TaqMan-positive retention segment from Donor
A (Table 2).

Donor identification and follow-up
Follow-up serum samples were obtained for all 17 donors;
only the sample from Donor A was WNV IgM-positive,
demonstrating seroconversion (Table 2). Donor A, a pre-
viously healthy 44-year-old woman, had nasal congestion,
retroorbital pain, earache, and fatigue approximately 1
week before donation. However, on the day of donation,
she reported no complaints necessitating donation defer-
ral from responses given on the symptom screening ques-
tionnaire administered by the blood collection facility;
oral temperature was normal.

Donor A visited her primary care physician 4 days
after donation because of frontal headache, fatigue, and
upper respiratory symptoms. Vital signs were within
normal limits. Physical examination was notable only for
sinus tenderness; she did not exhibit muscle weakness,
meningismus, rash, nausea, emesis, lymphadenopathy, or
mental confusion. She was prescribed empiric antimicro-
bial treatment for a diagnosis of sinus infection, and her
symptoms subsequently resolved.

Recipients of blood components associated with
TaqMan-positive retention segments
Seven blood components were made from the three dona-
tions (Donors A, B, and C) associated with TaqMan-
positive retention segments. The case patient received
transfusions of RBCs from Donor A, RBCs from Donor B,
and FFP from Donor C. One unit of RBCs from Donor C

TABLE 2. Diagnostic test results performed on retention segments and untransfused blood components associated
with transfusion-transmitted WNV infection, Mississippi, 2002

Retention segment Untransfused component Donor follow-up
Donor TaqMan Culture WNV IgM Type TaqMan Culture WNV IgM WNV IgM
A Positive Negative Negative Plasma Positive Positive Negative Positive
B Positive Negative Negative Plasma Negative Negative Negative Negative
C Positive Negative Negative None Negative
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was transfused to another patient, but the patient died
before serum could be tested for evidence of WNV infec-
tion. Review of the medical record showed no clinical 
evidence of WNV illness. No other components asso-
ciated with TaqMan-positive retention segments were
transfused.

DISCUSSION

We describe transmission of WNV through blood trans-
fusion. This case report specifically demonstrates WNV
transmission from transfusion of RBCs; however, the
finding of culture-positive plasma suggests that FFP may
also be capable of transmitting WNV infection. The asso-
ciation of a donor with symptoms suggestive of clinical
illness around the time of blood donation, viral genetic
material present in the whole-blood donor segment, con-
firmation of donor seroconversion after donation, and
culture of WNV from a component from the implicated
donation provides compelling evidence to support this
hypothesis.

The conclusions drawn by our investigation have two
main limitations. First, since Mississippi was endemic 
for WNV in summer 2002, mosquito-borne transmission
cannot definitively be excluded. Samples obtained before
transfusion from the infected transfusion recipient were
unavailable.

Second, viral RNA was detected in retention segments
associated with whole-blood donations from three differ-
ent donors, raising the possibility that there were multiple
components that could have transmitted infection to the
transfusion recipient. However, only one donation was
associated with a WNV culture-positive component and
seroconversion in the donor. The detection of viral RNA in
retention segments by TaqMan PCR in the absence of
donor seroconversion after donation might reflect the
presence of noninfectious viral particles in donor serum
that do not initiate immunogenic response, false-positive
TaqMan results, or true donor viremia and false-negative
IgM antibody test after donation, which would imply infec-
tion in 3 of 15 (20%) donors tested. Although the TaqMan
assay used in this investigation can detect as few as 0.1
plaque-forming units per 100 mL, the specificity and 
positive-predictive value had not been evaluated for use 
in blood components at the time of testing (Lanciotti R,
personal communication, 2002). Despite these limita-
tions, the existence of a WNV culture-positive component
strongly implicates the associated whole-blood donation
as the most probable source of infection.

Despite the theoretical risk of transfusion-associated
transmission from WNV and related flaviviruses, infec-
tions from transfusions of blood or blood components
have not been reported before the 2002 WNV epidemic.
During 2002, 190 of more than 3800 laboratory-positive
human cases of WNV illness reported in the US occurred

in Mississippi; several infections were suspected to be
transmitted through blood transfusion or organ trans-
plantation.20-23 The risk of WNV transmission by transfu-
sion is related to the incidence of infection and the
duration of viremia in the population donating blood
during an epidemic period. Mathematical models esti-
mated a risk of 1 in 3700 to 1 in 5555 for acquiring WNV
infection from a blood transfusion at the epicenter of the
1999 epidemic in Queens, New York, during the time
period when mosquito-borne infections to humans were
known to have occurred.24

Health-care providers should recognize that there is a
risk of WNV transmission through blood transfusion. To
help identify potential transfusion-transmitted WNV
infections, patients diagnosed with WNV illness with a
history of blood transfusion in the 4 weeks preceding
onset of symptoms, or donors who had onset of symptoms
consistent with WNV illness within 2 weeks of blood dona-
tion, should be reported to local public health authori-
ties.25 Rapid recognition of possible infection, through
effective partnership between state and federal govern-
mental agencies, health-care transfusion services, clini-
cians, and blood collection agencies, could lead to prompt
initiation of an investigation, with successful quarantine
of blood components containing WNV.

This report, and reports of other suspected transfu-
sion-associated WNV cases, emphasizes the importance
of effective blood donor screening for WNV. The cost-
effectiveness of laboratory screening (e.g., nucleic acid-
based testing) is unknown; furthermore, implementation
of such screening might be challenging since the inci-
dence of WNV varies, both temporally and geographically.
Because an estimated 20 percent of persons infected with
WNV become symptomatic, donor exclusion based on
health screening might have limited effectiveness.25 In
addition to implementation of methods for effective
blood bank screening of WNV, it is imperative that health-
care providers rapidly recognize and report transfusion-
associated illness, to allow for identification of emerging
transfusion-transmitted infectious agents, and to ensure
the continued safety of the nation’s blood supply.
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