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A b s t r a c t

Cytomegalovirus (CMV) may be transmitted by
transfusion of whole blood and cellular components
processed according to standard processing procedures.
A need exists to develop new procedures to remove
CMV and other leukocyte-borne viruses from donor
blood. Ten patients (AIDS/bone marrow transplants)
who were CMV antigenemic (virus subsequently
confirmed by isolation), donated 50 mL of venous blood
within 24 to 72 hours of the initial antigen detection.
Twenty-five-milliliter aliquots of each specimen were
passed through Purecell Neo Neonatal Leukocyte
Reduction Filters (Pall, East Hills, NY). The remaining
25-mL nonfiltered aliquots, as well as the blood
filtrates, were subjected to infectivity endpoint
determinations. The Purecell Neo filter effected a 3 to 4
log10 leukocyte reduction. CMV input titers ranged from
less than 10 to 7.3 × 101 median tissue culture
infectious dose (TCID50) per milliliter. CMV was not
isolated from any postfiltration effluent (ie, leukocytes,
erythrocytes, or plasma). CMV DNA was not detected
by nested polymerase chain reaction in 8 of 10
postfiltrate blood specimens. The Purecell Neo filter
was efficacious in eliminating or significantly reducing
viral (CMV) load in venous blood.

Leukocyte reduction is relevant to current hemotherapy in
patients susceptible to leukocyte-derived complications such
as febrile nonhemolytic transfusion reactions, HLA platelet
alloimmunization, inflammatory reaction to extracorporeal
circulation, or leukocyte-borne viral (eg, cytomegalovirus
[CMV]) infections.1-8 Among immunosuppressed patients, the
transmission of leukocyte-borne viruses during blood transfu-
sions may cause serious morbidity and mortality.

Although screening of blood donors is performed to
identify blood with a negative serologic result for CMV,
false-negative serologic results have been reported.9,10

Furthermore, other potential leukocyte-borne infectious con-
taminants (eg, Epstein-Barr virus; human herpesvirus types 6,
7, and 8; human foamy viruses [Spumavirus]; prions), are not
subjected to routine pretransfusion screening.6,8,11-13 Accord-
ingly, leukocyte reduction by filtration is performed or is
being implemented on donated blood in several countries (eg,
France, Ireland, Norway, Portugal, the United Kingdom,
Australia, Canada, and the United States).

The purpose of the present study was to evaluate the effi-
cacy of leukocyte filtration, using the Purecell Neo Neonatal
Leukocyte Reduction Filter (Pall, East Hills, NY) as a tech-
nology to remove leukocyte-borne CMV from venous blood.
This leukocyte-reduction technology was studied using both
conventional cell culture and polymerase chain reaction
(PCR) technologies.

Materials and Methods

Patients
The study population consisted of 8 men and 2 women

between 25 and 56 years of age. Eight were seropositive for
HIV, and 2 were renal transplant recipients. All had been
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identified as having CMV viremia within 3 days of incorpora-
tion into the study by CMV antigenemia assay testing.14 The
additional blood samples for leukocyte filtration testing were
obtained after informed consent was given by each patient.
One patient agreed to provide a second sample. Patients were
not receiving any drug therapy regimens for treatment of
CMV at the time of testing. One patient specimen was
excluded from the study owing to a technical error in filter
manipulation. All patients had CMV retinitis, gastroenteritis,
or fever when the initial blood sample was obtained.

Performance of Leukocyte Filtration and Determination
of Viral Titers

Fifty milliliters of venous blood was drawn in five 10-mL
EDTA Vacutainer tubes (Becton Dickinson, Franklin Lakes,
NJ) from 10 patients and received by the Department of Labo-
ratories Virology Service within 1 to 3 hours of collection.15,16

Venous blood from each patient was pooled into a single 50-
mL conical plastic tube and then divided into two 25-mL
aliquots. One aliquot from each specimen remained unfiltered
as a control; the other aliquot was passed through the Purecell
Neo Neonatal High Efficiency Leukocyte Reduction Filter in
strict accord with the manufacturer’s specifications. Briefly,
the PMNL blood compartment was purified by dextran sedi-
mentation, followed by incubation of human fibroblast (MRC-
5) tube cultures (BioWhittaker, Walkersville, MD) in pentupli-
cate at neat and then at 10-fold serial viral dilutions ranging
from 10–1 to 10–5. Undiluted nonfiltered and filtered plasma
and RBCs were inoculated in duplicate into MRC-5 tube
cultures. All tube cultures were read 3 times per week for 30
days. Any cultures displaying or suspected of displaying a
CMV-induced cytopathic effect were subpassaged and subse-
quently tested for the presence of CMV by an indirect
immunofluorescence assay. Viral titers were expressed as
mean tissue culture infectious dose (TCID50/mL).14,15

Nested PCR

CMV DNA was extracted from 0.2 mL of undiluted
postfiltrate dextran-purified PMNL preparations using the
QIAamp Blood Kit (Qiagen, Santa Clara, CA). Nested-PCR
was performed using oligonucleotide external primer pairs
CB5 and CB6 and internal pairs CB7 and CB8. The PCR
core components (deoxynucleoside triphosphates, Taq poly-
merase, magnesium) and thermal cycling conditions have
been described previously.3,17 Amplicons were run on 1.5%
agarose gels containing 0.25 µg/mL ethidium bromide and
then examined by UV transillumination.

Results

CMV titers identified in 10 viremic patients ranged from
levels below statistical calculation (ie, virus was isolated in 1

or 2 of 5 tube cultures at neat) to 7.3 × 101 TCID50/mL
❚Table 1❚. CMV was not isolated from venous blood in any
of the 11 specimens filtered through the Purecell Neo filter.
The virus was not isolated from prefiltrate or postfiltrate
RBCs or plasma. Of 11 venous blood specimens filtered
through the Purecell Neo filter, 10 were tested by nested
PCR. Two of 10 filtrates (specimens 772 and 2296) were
positive by nucleic acid detection (Table 1).

Discussion

Use of the Purecell Neo filter removed infectious CMV
from venous blood in the 11 test specimens. CMV DNA
(glycoprotein B gene segments) were detected in 2 of 10
postfiltration specimens (772 and 2296) by nested PCR. Our
detection of DNA by nested PCR may not be ascribed
unequivocally to infectivity. In the murine model for
example, identification of latent CMV DNA in the absence
of productive infection has been reported.13,18 Furthermore,
among solid organ and bone marrow transplant recipients,
CMV PCR–positive signals may occur in seropositive
patients free of disease.19,20 In the present study, our failure
to isolate CMV from the blood filtrate of patients 772 and
2296 might be ascribed to the existence of latent DNA, to the
presence of noninfectious (defective) virions, or to abortive
CMV infections.

The inability to isolate CMV from any postfiltration
blood, as well as a reduced ability of the sensitive nested PCR
reaction to yield CMV glycoprotein B amplicons in 8 (80%)
of 10 blood filtrates, suggests the important role of leukocyte
filtration in the reduction or elimination of leukocyte-borne

❚Table 1❚
Removal of Cytomegalovirus From Blood Using the Purecell
Neo Filter*

Nested Polymerase
Specimen No. Prefiltration† Postfiltration Chain Reaction‡

729§ +|| Not isolated Negative
749 2.4 × 101 Not isolated Negative
772 4.8 × 101 Not isolated Positive
1287 + Not isolated Negative
1581 + Not isolated Negative
1706 + Not isolated Negative
2138 7.3 × 101 Not isolated ND
2296 + Not isolated Positive
2757 + Not isolated Negative
2791 4.2 × 101 Not isolated Negative
2913§ + Not isolated Negative

ND, not done.
* Pall, East Hills, NY.
† Viral titers reported as mean tissue culture infectious dose (TCID50)/mL.
‡ Performed to detect a segment of the 5' end of the glycoprotein B open reading

frame (Shepp et al17).
§ Specimens obtained from the same patient.
|| +, Virus isolated; titer below statistical quantitative measurement.
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CMV (and perhaps other leukocyte-borne viruses) from
peripheral blood.

CMV was not isolated from patients’ plasma or RBCs.
Our findings concur with those of others, wherein CMV is
almost exclusively present in the peripheral blood leukocyte
compartment.8,21,22 Although mature infectious particles
occur to a much larger extent in the blood of immunocom-
promised (eg, bone marrow, renal transplant recipients)
rather than immunocompetent donors, latent and infectious
CMV remain localized primarily in the aforementioned
cellular compartment.

During the 1990s, a number of leukocyte reduction
filters were introduced. Diverse filter applications (eg,
cardiac surgical, pediatrics, bone marrow transplant recipi-
ents) and proprietary modifications to filter membrane struc-
ture and chemistry make it difficult to directly compare indi-
vidual products.2,5,23,24 Nevertheless, currently available
leukocyte reduction filters, such as those used in the classic
study by Bowden et al2 and other studies, attain leukocyte
reduction levels to 3 to 4 log10.

7,23,25-27 In the present study,
similar leukocyte reduction levels28 and, importantly,
removal of infectious CMV from the blood using Purecell
Neo filters are reported for the first time.

Infectious CMV was isolated from antigenemic blood
before but not following filtration through the Purecell Neo
filter. The inability to isolate CMV from any postfiltration
blood component suggests that this filter may be used to
reduce or eliminate leukocyte-borne CMV from donor blood
products.
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