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background

 

In August 2002, fever and mental-status changes developed in recipients of organs from
a common donor. Transmission of West Nile virus through organ transplantation was
suspected.

 

methods

 

We reviewed medical records, conducted interviews, and collected blood and tissue sam-
ples for testing with a variety of assays. Persons who donated blood to the organ donor
and associated blood components were identified and tested for West Nile virus.

 

results

 

We identified West Nile virus infection in the organ donor and in all four organ recipi-
ents. Encephalitis developed in three of the organ recipients, and febrile illness devel-
oped in one. Three recipients became seropositive for West Nile virus IgM antibody;
the fourth recipient had brain tissue that was positive for West Nile virus by isolation
and nucleic acid and antigen assays. Serum specimens obtained from the organ donor
before and immediately after blood transfusions showed no evidence of West Nile virus;
however, serum and plasma samples obtained at the time of organ recovery were posi-
tive on viral nucleic acid testing and viral culture. The organ donor had received blood
transfusions from 63 donors. A review of blood donors and follow-up testing identi-
fied one donor who had viremia at the time of donation and who became seropositive
for West Nile virus IgM antibodies during the next two months.

 

conclusions

 

Our investigation of this cluster documents the transmission of West Nile virus by organ
transplantation. Organ recipients receiving immunosuppressive drugs may be at high
risk for severe disease after West Nile virus infection. Blood transfusion was the probable
source of the West Nile virus viremia in the organ donor.

abstract
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est nile virus infects birds

 

and mosquitoes; humans and horses
are incidental hosts. As of April 15,

2003, in the United States, 4156 cases had been re-
ported in 39 states and the District of Columbia
(Centers for Disease Control and Prevention [CDC]:
unpublished data). Although transmission of West
Nile virus through blood or organs has not previous-
ly been documented, such transmission has been
postulated.

 

1

 

 The virus may be transiently present in
the blood or organs of infected persons, many of
whom probably have no symptoms. The widespread
epidemic of West Nile virus infections in 2002 in the
United States has increased concern about such
transmission.

In August 2002, two recipients of cadaveric kid-
neys from a single donor were readmitted to a Geor-
gia hospital with headache and fever. Encephalitis
subsequently developed in both, and clinicians sus-
pected West Nile virus infection. Two Florida recip-
ients of organs from the same donor also had an
unexplained febrile illness while hospitalized, with
encephalitis developing in one. We report on the in-
vestigation of these cases, which demonstrated the
transmission of West Nile virus through transplant-
ed organs and transfused blood.

 

investigation of the organ donor
and transplant recipients

 

Organ-procurement agencies and clinicians were
contacted to identify all organs and tissues recov-
ered from the organ donor. To characterize the clin-
ical course of the illness caused by West Nile virus
and to identify potential sources of exposure to the
virus for the organ donor and organ recipients, we
reviewed medical records using a standardized form
and interviewed patients and family members. Cer-
ebrospinal fluid, serum, tissue, and autopsy speci-
mens obtained from patients were tested for West
Nile virus.

Formalin-fixed tissues were tested by immuno-
histochemical staining with the use of polyclonal
and monoclonal antibodies against West Nile virus
and other flaviviruses. Selected samples of serum,
plasma, cerebrospinal fluid, and nonfixed tissue
were tested by quantitative real-time polymerase
chain reaction (PCR) with the use of TaqMan (Ap-
plied Biosystems), IgM antibody-capture enzyme-
linked immunosorbent assay (ELISA), and viral iso-

lation on Vero cells and by intracerebral inoculation
of suckling mice.

 

2-5

 

Laboratory criteria for a confirmed recent West
Nile virus infection, based on national case defini-
tions, were isolation of the virus from tissue, blood,
or cerebrospinal fluid; detection of the West Nile vi-
rus antigen by immunohistochemical staining or
by the identification of West Nile virus genomic se-
quences in tissue, blood, or cerebrospinal fluid; de-
tection by IgM antibody-capture ELISA of West Nile
virus IgM antibodies in a cerebrospinal fluid sample
obtained during the acute phase of the illness; or re-
cent seroconversion, with the detection of West Nile
virus IgM by IgM antibody-capture ELISA.

 

6,7

 

investigation of blood donors

 

We reviewed the blood-transfusion histories of the
organ donor and the transplant recipients and noti-
fied the implicated blood-collection agencies. Do-
nations associated with blood components given to
the organ donor, other blood components manufac-
tured from these donations (co-components), and
recipients of these co-components were identified.
All co-components that were not transfused or ex-
pired were retrieved. Retrieved co-components and
available blood samples from tubing from the blood
container obtained at the time of blood donation or
manufacturing of the components (“retention tub-
ing”) from implicated donations were collected and
tested for West Nile virus nucleic acid and IgM anti-
body. Because quantitative DNA PCR with the use of
TaqMan may be more sensitive than viral culture,

 

5

 

we tested specimens for West Nile virus nucleic acid
sequences and submitted positive specimens for
viral culture. The quantitative sensitivity of PCR with
the use of TaqMan is 0.8 plaque-forming unit per
milliliter, with a 100 percent rate of detection (CDC:
unpublished data). The blood-collection agency at-
tempted to contact all donors of blood components
transfused to the organ donor. Personal identifying
information for blood donors was retained by the
blood-collection agency. Those contacted were que-
ried about symptoms compatible with West Nile vi-
rus illness and invited to undergo testing for West
Nile virus antibody.

 

clinical investigation

 

Four organs — the heart, liver, and two kidneys —
recovered from a single organ donor on August 1,

w

methods

results
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2002, were transplanted into four recipients one day
later. No other organs or tissues from this donor
were transplanted or stored. The donor and all four
recipients met the laboratory criteria for confirmed
recent West Nile virus infection (Table 1). Enceph-
alitis developed in three organ recipients, and one
had a febrile illness without encephalitis; the organ
donor had had West Nile virus viremia (Fig. 1). Se-
rum collected from all organ recipients on August 1,
before transplantation, showed no evidence of West
Nile virus infection.

 

organ donor

 

A previously healthy woman was hospitalized in
Georgia from July 30 to August 1 for injuries from
unintentional trauma. On July 30 and July 31, she
received 53 units of blood components and 1 pool

of cryoprecipitated antihemophilic factor. She was
declared brain dead July 31, and her organs were re-
covered August 1. Screening of the organ donor by
the procurement agency revealed no symptoms or
laboratory findings suggestive of infection before
the fatal injury. Medical records and interviews with
family members indicated potential exposure to
mosquitoes, but no symptoms of infection were
noted before the injury. The donor lived in and trav-
eled through areas of Georgia that had epizootic
West Nile virus activity in 2002. Two serum samples
collected at the time of admission on July 30, before
blood transfusion, had no detectable West Nile virus
IgM antibody or nucleic acid. Although a serum
sample obtained July 31, after the receipt of all trans-
fusions, had no detectable levels of West Nile virus
nucleic acid, serum and plasma samples collected

 

* WNV denotes West Nile virus, CDC Centers for Disease Control and Prevention, CSF cerebrospinal fluid, and FL DOH Florida Department of 
Health Bureau of Laboratories.

† The tests consisted of West Nile virus–specific IgM antibody-capture enzyme-linked immunosorbent assay, quantitative real-time polymerase 
chain reaction (PCR) with TaqMan, viral culture, and flavivirus-specific immunohistochemical staining (IHC).

 

‡ Twelve serum samples were collected from August 14 through August 25 that were each positive for nucleic acid by PCR.

 

Table 1. Clinical Characteristics and Selected West Nile Virus Test Results in Transplant Recipients and an Organ Donor.*

Patient
Age (yr)/

Sex

Days from 
Transplan-

tation 
to Onset 
of Illness

Date
Specimen
Collected Specimen Tested Test Facility WNV Test Results†

Clinical 
Diagnosis

Vital 
Status

 

Organ
donor

 

∼

 

20/F — 7/30/02

7/31/02
8/1/02

Pre-transfusion
serum

Post-transfusion 
serum

Post-transfusion 
serum

CDC

CDC

CDC

Negative PCR and 
WNV IgM

Negative PCR and 
WNV IgM

Positive PCR and 
viral culture

WNV viremia Died; death 
not related 
to West Nile 
virus

Patient 1 31/F 14 8/22/02

8/22/02

8/23/02

Post-transplantation 
CSF

Post-transplantation 
CSF

Post-transplantation 
serum

CDC

Commercial 
laboratory

Commercial 
laboratory

Positive WNV IgM

Negative WNV IgM

Equivocal WNV IgM

WNV enceph-
alitis

Alive

Patient 2 38/M 17 8/23/02

8/23/02

8/29/02

Post-transplantation 
CSF

Post-transplantation  
serum and CSF

Brain at autopsy

CDC

Commercial 
laboratory

CDC

Negative WNV IgM

Negative WNV IgM

Positive PCR, IHC, 
and viral culture

WNV enceph-
alitis

Died of West 
Nile virus 
infection

Patient 3 63/M 10 8/14/02–
8/25/02

8/24/02

Post-transplantation 
serum‡

Post-transplantation 
CSF and serum

CDC

FL DOH

Positive PCR

Positive WNV IgM

WNV enceph-
alitis

Alive

Patient 4 71/F 7 8/29/02 Post-transplantation 
serum

FL DOH Positive WNV IgM WNV fever Alive

Downloaded from www.nejm.org on May 5, 2008 . Copyright © 2003 Massachusetts Medical Society. All rights reserved. 



 

n engl j med 

 

348;22

 

www.nejm.org may 

 

29, 2003

 

transmission of west nile virus from an organ donor

 

2199

 

August 1 at organ recovery yielded West Nile virus
nucleic acid on quantitative PCR (13 and 5 plaque-
forming units per milliliter, respectively) and West
Nile virus on culture.

 

patient 1

 

Patient 1 was a 31-year-old woman with hyperten-
sion-induced end-stage renal disease who received
one donor kidney. Her immunosuppressive medica-
tions after transplantation included tacrolimus, my-
cophenolate mofetil, and corticosteroids. She was
discharged on August 6 to her Georgia home. West
Nile virus activity in humans, birds, and horses had
been reported in her county. She was readmitted
August 18 with a two-day history of fever (maximal

temperature, 39.4°C), four to five days of rash on
the upper chest and neck, six days of upper respira-
tory tract symptoms, and one day of backache and
diarrhea. Hematologic tests showed leukocytosis
(Table 2). 

The patient remained febrile despite antibiotic
therapy, and meningismus developed, followed by
a progressive decline in mental status, and she be-
came unresponsive and required mechanical venti-
lation on August 22. Tests of cerebrospinal fluid re-
vealed pleocytosis (Table 2). Commercial-laboratory
testing of serum collected August 23 for West Nile
virus IgG and IgM antibody with the use of the indi-
rect fluorescent antibody method was equivocal,
with a neutralizing antibody titer of 1:16 (a titer of

 

Figure 1. Clinical and Laboratory Findings in Four Organ-Transplant Recipients with West Nile Virus Infection Associated with an Organ 
Donor with West Nile Virus Viremia.

 

The shaded areas show the dates of hospitalization. Tests for West Nile virus (WNV) consisted of quantitative real-time polymerase chain re-
action (PCR) with TaqMan, IgM antibody-capture enzyme-linked immunosorbent assay, viral culture (Cx), and flavivirus-specific immunohis-
tochemical staining (IHC). Minus signs indicate negative results, and plus signs positive results. CSF denotes cerebrospinal fluid.
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less than 1:16 was considered to indicate that no
antibody was detected); similar testing of the pa-
tient’s cerebrospinal fluid showed no evidence of
West Nile virus antibody. However, cerebrospinal
fluid specimens collected August 22 and 29 were
positive for West Nile virus IgM antibody on IgM
antibody capture ELISA at the CDC laboratories.
Serum collected September 11 was positive for
West Nile virus IgM and had a neutralizing antibody
titer of 1:5120. The patient’s clinical condition im-
proved, and she was discharged to a rehabilitation
center September 11.

 

patient 2

 

Patient 2 was a 38-year-old man with hypertension-
induced end-stage renal disease who received the
other donor kidney. His immunosuppressive med-
ications after transplantation included tacrolimus,
mycophenolate mofetil, and corticosteroids. The
patient was discharged to his Georgia home August
7. West Nile virus activity in humans, horses, and
birds had been reported in his county. On August 19,
he began to have fever (temperature, 39°C), head-

ache, myalgias, arthralgias, anorexia, and diarrhea,
and he was readmitted the next day. Tests at the time
of readmission showed thrombocytopenia (Table
2). Over the following two days, he remained febrile
despite antimicrobial therapy and became tremu-
lous, confused, and dysarthric. On August 23, he
became unresponsive and required mechanical ven-
tilation. Cerebrospinal fluid obtained August 23 re-
vealed mild pleocytosis (Table 2); cerebrospinal flu-
id and serum samples tested with use of the indirect
fluorescent antibody method at a commercial labo-
ratory were reported as negative for West Nile virus
IgG and IgM. The cerebrospinal fluid sample also
tested negative on IgM antibody-capture ELISA at
the CDC. 

The patient subsequently died from brain-stem
herniation on August 29. Immunohistochemical
staining of brain tissues obtained at autopsy showed
abundant flavivirus antigens with the use of both
polyclonal flavivirus antibodies (Fig. 2) and mono-
clonal West Nile virus antibodies. These tissues were
strongly positive for West Nile virus on quantitative
PCR (1 million plaque-forming units per milliliter),
and the virus was isolated from both cell culture and
suckling mice.

 

patient 3

 

Patient 3 was a 63-year-old man with congestive
heart failure who received the donor heart. He had
been hospitalized for one month before transplan-
tation, with limited physical activity because of his
cardiac disease. His immunosuppressive medica-
tions after transplantation included antithymocyte
globulin, tacrolimus, sirolimus, and corticoster-
oids. No recent West Nile virus activity had been re-
ported in the Florida county where the patient re-
sided and had been hospitalized. While he was
hospitalized on August 12, he had a low-grade fever
(temperature, 38.2°C), and on the following day
confusion, diarrhea, incontinence, and leg weak-
ness developed; laboratory tests were performed
(Table 2). 

The patient remained febrile (maximal temper-
ature, 39.2°C) for the next three days, and dysarthria
and tremors developed. Cerebrospinal fluid collect-
ed August 18 did not show pleocytosis (Table 2). On
August 21, he became unresponsive and required
mechanical ventilation. PCR tests of serial samples
of serum revealed a prolonged viremia, with West
Nile virus nucleic acid present in samples obtained
August 14 (the first available post-transplantation
sample) through August 25, 23 days after transplan-

 

* Cerebrospinal fluid was not obtained from Patient 4.
† Blood samples were obtained at the time of the onset of symptoms or re-

admission to the hospital.
‡ Cerebrospinal fluid samples were obtained while patients were having symp-

toms of febrile encephalopathy.

 

§ To convert values for glucose to millimoles per liter, multiply by 0.05551.

 

Table 2. Selected Laboratory Results for Organ Recipients during Acute
West Nile Virus Illness.

Variable
Patient 

1
Patient

2
Patient 

3
Patient 

4*

Blood

 

†

Hemoglobin (g/dl) 10.0 10.9 12.7 9.1

White-cell count (10

 

–3

 

/mm

 

3

 

)
Neutrophils (%)
Lymphocytes (%)
Other (%)

15.8
90
8
2

4.8
73
19
8

8.0
94
4
2

4.1
84
7
9

Platelet count (10

 

–3

 

/mm

 

3

 

) 237 121 140 46

Tacrolimus level (ng/ml) 6.7 12.0 17.5 3.4

 

Cerebrospinal fluid

 

‡

Protein (mg/dl) 87 71 75 —

White-cell count (per mm

 

3

 

)
Neutrophils (%)
Lymphocytes (%)
Other (%)

675
92
6
2

10
43
48
9

1
24
16
60

—
—
—
—

Glucose (mg/dl)§ 67 56 74 —
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tation. Cerebrospinal fluid and serum samples ob-
tained August 24 and tested at the Florida Depart-
ment of Health Bureau of Laboratories were positive
for West Nile virus IgM antibody on IgM antibody-
capture ELISA. The patient’s symptoms improved,
and he was discharged home September 25.

 

patient 4

 

Patient 4 was a 71-year-old woman with chronic
hepatitis C virus infection and hepatocellular carci-
noma who received the donor liver. Her immuno-
suppressive medications after transplantation in-
cluded tacrolimus and corticosteroids; she received
mycophenolate mofetil from August 2 to August 6.
No West Nile virus activity had been reported in the
Florida counties where she resided or had been hos-
pitalized. Fever developed (temperature, 38.5°C)
while she was hospitalized on August 9; hematolog-
ic tests showed thrombocytopenia (Table 2). On Au-
gust 10, she began to have diarrhea, which lasted
five days, and on August 15, generalized weakness
developed with low back pain. The following day,
tremors of the hand and mouth area developed that
were attributed to an elevated serum tacrolimus lev-
el (19.8 ng per milliliter). She remained febrile de-
spite antimicrobial therapy. Mild cognitive impair-
ment was apparent during the fever, but specific
signs of meningoencephalitis or other neurologic
changes were not noted. Fever resolved August 17,
and constitutional symptoms resolved by August 23,
allowing her to be discharged from the hospital.
Serum collected August 29 and tested at the Florida
Department of Health Bureau of Laboratories was
positive for West Nile virus IgM antibody on IgM
antibody-capture ELISA.

 

review of blood products

 

The organ donor received 31 units of packed red
cells, 17 units of fresh-frozen plasma, 5 units of
apheresis platelets, and 1 pool of cryoprecipitated
antihemophilic factor containing 10 individual
units. The components originated from 63 blood
donors residing in eight states; all states had report-
ed West Nile virus activity. From these 63 donations,
140 components were identified. Of these 140 com-
ponents, 64 were transfused into the organ donor,
35 were transfused into other persons, 27 were re-
trieved for West Nile virus testing, 12 were discarded
owing to expiration or breakage, and 2 were pooled
for plasma fractionation. 

Specimens collected at the time of blood dona-
tion (i.e., retention tubing or retrieved cocompo-

nent) were available for 41 (65 percent) of the do-
nors; 1, a retrieved unit of plasma, was positive for
West Nile virus nucleic acid on quantitative PCR
(20 plaque-forming units per milliliter), and all
were negative for IgM antibody. Of the 63 blood do-
nors, 57 (90 percent) have undergone follow-up
testing. Only the donor with a positive PCR result
on testing of the initial donation samples had IgM
antibody at follow-up testing in mid-September.
This donor reported symptoms compatible with
West Nile virus illness (fever, headache, rash, eye

 

Figure 2. Immunostaining of Flaviviral Antigens in Neurons and Neuronal 
Processes in Central Nervous System Tissue from Patient 2 (Flavivirus–
Hyperimmune Mouse Ascitic Fluid, Naphthol Fast Red Substrate with Hema-
toxylin Counterstain, ¬158).
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pain, generalized weakness, and abdominal pain)
during the two to three weeks before blood dona-
tion in July but reported no symptoms at the time of
blood donation. On July 31, the last transfusion
given to the organ donor had originated from this
blood donor with viremia. No other persons re-
ceived co-components from this blood donor.

Our investigation demonstrates the transmission
of West Nile virus through transplanted organs and
transfused blood. All four patients received organs
from an organ donor with viremia and became ill in
the weeks after transplantation as a result of West
Nile virus infection. The organ donor had received
blood from a blood donor with viremia.

Most persons infected with West Nile virus are
asymptomatic or have only mild symptoms.

 

8,9 

 

Men-
ingitis or encephalitis develops in approximately
1 in 150 infected persons.

 

8-10

 

 There are no data re-
garding immunosuppressive drugs as a risk factor
for severe West Nile virus disease; however, limited
data suggest that immunocompromised patients
may be at high risk for death after West Nile virus
infection.

 

11,12

 

 All four organ recipients became ill,
and encephalitis developed in three, indicating that
organ recipients who are taking immunosuppres-
sive drugs may be at substantial risk for severe dis-
ease after infection with West Nile virus.

West Nile virus infection should be considered
in patients in whom fever and encephalitis develop
after transplantation; however, the clinical presen-
tation of the illness in immunosuppressed organ re-
cipients may differ from that in other patients. The
incubation period is generally thought to range from
2 to 14 days.

 

7

 

 Among the organ recipients we stud-
ied, symptoms began 7 to 17 days after transplan-
tation. Although pleocytosis is common in patients
with West Nile virus meningoencephalitis,

 

11-14

 

 it
was not observed in the heart-transplant recipient,
and only mild pleocytosis was found in one kidney-
transplant recipient despite the finding at autopsy of
substantial viral involvement of brain tissue. Further
study is needed of the role of immunosuppression
in the pathophysiology, clinical presentation, and
clinical management of West Nile virus infection.

The organ donor probably acquired the infec-
tion through the transfusion of blood from a blood
donor with viremia. The identification of West Nile
virus and viral nucleic acid in specimens from the
organ donor that were collected at the time of organ

recovery, but not in serum samples obtained before
transfusion or in the initial post-transfusion sample,
is consistent with an infection occurring at the time
of blood transfusion. Follow-up testing of 57 of 63
blood donors revealed 1 with seroconversion to
West Nile virus. Quantitative PCR indicated that this
donor had viremia at the time of donation. Although
the organ donor could have been infected by a mos-
quito bite, the timing of the organ donor’s viremia
and the presence of a blood donor with viremia
make transmission by blood more likely.

The long period between the blood donor’s
symptoms and blood donation is noteworthy; how-
ever, inaccurate recall of the date of onset of symp-
toms was possible. Since West Nile virus IgM anti-
body almost always develops within eight days after
the onset of symptoms, the absence of IgM antibody
at the time of donation suggests that symptoms may
have occurred closer to donation.

 

15 

 

Finally, we were
not able to exclude the possibility of transfusion-
associated transmission of West Nile virus in the
case of the six blood donors who did not undergo
follow-up testing.

Prevention of the transmission of West Nile virus
through organ transplantation or transfused blood
relies on the exclusion of donors with viremia. Our
findings suggest that screening donors of organs
and blood may be beneficial, although the sensitivi-
ty, feasibility, timeliness, and cost benefit of screen-
ing need to be assessed. Because the risk of trans-
mission of West Nile virus is related to the incidence
of infection in the donor population, the public
health benefits associated with screening will prob-
ably vary according to the year, season, and location.
Since most persons infected with West Nile virus are
asymptomatic, exclusion criteria that are based on
a donor’s history of recent illness would have limit-
ed effectiveness. Although tests to detect West Nile
virus antibody are useful for clinical diagnosis, anti-
bodies usually develop after the period of highest
viremia.

 

16

 

 Therefore, potential screening will need
to rely on other methods of detection, such as testing
for viral nucleic acid, which we found to be more
useful if performed on specimens collected close
to the time of organ recovery. In addition, it is not
known whether donor organs remain infected after
the apparent resolution of viremia.

 

16

 

Findings from this and concurrent investiga-
tions

 

17,18

 

 have prompted the Food and Drug Ad-
ministration (FDA) to issue “Guidance for Industry”
in order to reduce the risk of transmitting West Nile
virus infection through transfusions.

 

19

 

 The guide-

discussion
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lines include information on determining the suit-
ability of blood donors, reporting illnesses sug-
gestive of West Nile virus infection in donors, and
withdrawing and quarantining blood products from
these donors. In addition, the FDA is working with
the blood and medical diagnostics industry to speed
development of screening tests for West Nile virus.
Clinicians are strongly encouraged to report to pub-
lic health authorities patients infected with West
Nile virus who have symptoms within four weeks
after receiving an organ or tissue transplant or blood
transfusions or within two weeks after donating
blood, an organ, or tissue. Prompt reporting of
these cases will assist in the withdrawal and retriev-

al of potentially infected tissues and blood products
and will help define the epidemiology and clinical
significance of the transmission of West Nile vi-
rus through transplanted organs and transfused
blood.
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endorsement by the Department of Health and Human Services or
the CDC.
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