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One hundred fifty-two blood specimens, largely from immunocompromised
patients, were collected in heparinized Vacutainer tubes and divided into paired
aliquots of equal volume. Buffy-coat preparations, containing mixed leukocyte
and separate mononuclear and polymorphonuclear leukocyte populations were
obtained by treatment of blood with conventional and Ficoll-Paque/Macrodex
(F-P/M) methods. The development of cytopathic effect in monolayers of WI-38
fibroblasts inoculated with cell suspensions derived from the two methods was
used to assess virus infectivity. Twice as many virus isolations were obtained
using F-P/M. Of those viruses isolated by both conventional and F-P/M, the
development of cytopathic effect was more extensive using the latter method.
Moreover, a greater variety of viruses was isolated using F-P/M method, as
compared to the conventional method. The F-P/M method is no more time
consuming than conventional procedures, is readily adaptable for use in the
diagnostic virology laboratory, requires only minimal additional cost, and is a
particularly suitable and effective means of monitoring viremia.

The detection, surveillance, and control of
infection in the immunocompromised host is a
difficult and continuing problem. In these pa-
tients, infection often eventuates in severe and
disseminated disease or death and is virtually
unavoidable. Although bacteria and fungi pre-
dominate as the major etiological agents in the
immunocompromised host, a significant propor-
tion of morbidity and mortality is attributed to
infection with viruses. For example, cytomega-
lovirus (CMV) is emerging as the major etiolog-
ical agent in renal transplant, bone marrow
transplant, leukemia, and aplastic anemia pa-
tients, and a variety of other conditions associ-
ated with increased susceptibility to infection,
from both endogenous and exogenous sources
(5, 6, 8, 12, 15, 18, 19).
Continuing improvements in technology are

enhancing the laboratory's ability to effectively
monitor the efficacy ofnew therapeutic regimens
and modalities (4, 14) and to delineate more
accurately the essential elements involved in the
maintenance and continuance of the chain of
transmission of infectious agents. In this paper,
data are presented on a prospective comparison
of virus isolation rates from buffy-coat prepara-
tions, largely from immunocompromised hosts,

t Present address: Department of Pathology, Alta Bates
Hospital, Berkeley, CA 94705.

using both conventional and Ficoll-Paque/Ma-
crodex (F-P/M) methods.

MATERIALS AND METHODS
Patients. The majority of patients in this study

had either aplastic anemia or acute leukemia before
entering the UCLA Bone Marrow Transplant Pro-
gram. Urine, throat, and heparinized blood specimens
for virus culture and serum specimens for serological
studies were collected at regular intervals.

Specimens. One hundred fifty-two heparinized
blood specimens were collected in 7-ml Vacutainer
tubes and divided into paired aliquots of equal volume.
Paired aliquots were processed simultaneously by both
conventional and F-P/M methods.

Conventional leukocyte harvesting. Heparin-
ized blood was allowed to sediment at room tempera-
ture for 1 to 2 h. The plasma layer containing mixed
leukocyte populations, consisting of mononuclear and
polymorphonuclear leukocytes, was aspirated and cen-
trifuged at 160 x g for 5 to 10 min. Cell pellets were
suspended in 0.5 to 1.0 ml of plasma.
F-P/M leukocyte harvesting. Heparinized blood

was diluted with an equal volume of 0.9% NaCl and
layered onto Ficoll-Paque solution (Pharmacia, Pis-
cataway, N.J.) in a ratio of 3:1 in 17- by 100-mm sterile,
plastic tubes with snap caps (Falcon Plastics, Oxnard,
Calif.). Specimens were centrifuged at 400 to 440 x g
for 30 min at room temperature in a bench-top model
IEC clinical centrifuge (Damon/IEC Division, Need-
ham Heights, Mass.). The mononuclear fraction which
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lay above the Ficoll-Paque gradient was removed,
washed twice in Eagle minimum essential medium
containing 5% fetal calf serum, and suspended in 2 ml
of Eagle minimal essential medium (3, 10).

Erythrocytes and polymorphonuclear leukocytes
(PMNs) which sedimented below the Ficoll-Paque
gradient were mixed with 6% (wt/vol) Dextran 70 in
normal saline (Macrodex, Pharmacia, Piscataway,
N.J.) in a 2:1 ratio and allowed to settle at room

temperature for 60 min in an inverted sterile syringe
(3, 7). The PMN-enriched supernatant was separated
from the sedimented erythrocytes, washed twice in
Eagle minimal essential medium containing 5% fetal
calf serum, and inoculated into cell culture.
Specimen inoculation and virus isolation. Hu-

man embryonic lung fibroblasts, WI-38, were pur-
chased in 16- by 125-mm glass tubes from Flow Lab-
oratories (Rockville, Md.). Maintenance medium con-

sisted of Eagle minimal essential medium supple-
mented with 5% fetal calf serum, 7.5% sodium bicar-
bonate, penicillin, streptomycin, kanamycin, and my-
costatin. Media in all cell cultures were changed twice
weekly.
Mixed leukocyte populations obtained from conven-

tional harvesting were inoculated in duplicate onto
WI-38 monolayers, 0.2 to 0.5 ml per tube (cell concen-

trations ranged from 104 to 106 cells per ml). After
adsorption for 1 to 2 h at room temperature, inocula
were removed and cultures were fed with fresh me-

dium.
Mononuclear and PMN leukocytes, isolated by the

F-P/M method, were inoculated, in duplicate, onto
WI-38 monolayers, 1 ml per tube (cell concentrations
averaged 106 cells per ml). After overnight adsorption
at 37°C, inoculated cells were removed and mono-

layers were washed and fed with fresh medium.
Cell cultures were checked for the development of

typical cytopathic effect twice weekly for 6 weeks.
Isolates were identified by type of cytopathic effect
produced, incubation period, hematoxylin and eosin
staining of infected cells, and/or neutralization tests
with specific antisera.
Enumeration and determination of viability.

Leukocyte viability, as estimated by trypan blue ex-

clusion, averaged 98% using both conventional and F-
P/M methods. Harvested leukocytes, diluted in Turk
solution and counted on a Spencer Bright-Line he-
macytometer, yielded counts ranging from 103 to 106
cells per ml.

RESULTS
Of the 152 blood specimens processed, virus

strains were isolated from 17 over a 5-month
period (Table 1). Eight of these isolates were

detected by conventional techniques, whereas
16 were recovered using the F-P/M method.
Twelve of 15 isolates were recovered from the
PMN fraction, and 8 of 16 were recovered from
the mononuclear fraction. Six of 16 were ob-
tained from the PMN fraction only, and in three
instances virus was recovered only from the
mononuclear fraction. In only one instance was

a virus isolated by the conventional method
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TABLE 1. Numbers and types of viruses recovered
using conventional and F-P/M leukocyte harvesting

methods
No. of

Method viruses Types of virusesiso- isolated'
lated'

Conventional (C) 8 (1) CMV (8)
(mixed leukocytes)

Ficoll-Paque (F-P) 8 (3) CMV (6)
(mononuclears) Adenovirus (1)

Varicella (1)
Macrodex (M) (PMNs) 12 (6) CMV (12)

Total
F-P/M 16 (9) CMV (14)
C+F-P/M 17 Adenovirus (1)

Varicella (1)
a Number in parentheses indicates number of virus

isolates recovered only by this treatment.
bNumber in parentheses indicates number of

strains of each kind of virus isolated.

alone, whereas there were nine instances in
which recovery of virus was obtained only by
the F-P/M method.

Utilization of the F-P/M method resulted in
a larger yield of viruses, both qualitatively and
quantitatively, as compared to conventional
techniques. CMV was the most common virus
isolated; 14 of the 16 viruses isolated by F-P/M
were identified as CMV. CMV was obtained
from both the mononuclear and PMN fractions.
Adenovirus type 3 and Varicella-Zoster virus
were each isolated once, and both were re-
covered from the mononuclear fraction only,
using the F-P/M method. The Varicella-Zoster
virus isolate was obtained simultaneously with
a CMV from the same specimen. CMV was the
only virus isolated using conventional proce-
dures.
The average number of days required to de-

tect cytopathic effect was not significantly dif-
ferent overall (Table 2). However, it should be
noted that, in nine instances, recovery of virus
was obtained only from leukocytes harvested by
the F-P/M method.
The average yield of infectious foci or plaques

utilizing the F-P/M method was greater than
that detected by the conventional method (Ta-
ble 3). The average number of plaques obtained
by the conventional method did not differ sig-
nificantly from that derived from the mononu-
clear fraction. However, the yield from the PMN
fraction was more than six times that obtained
with the conventional method and was nearly
five times that of the mononuclear fraction.
The recovery rate of viruses using the conven-

tional method was 5.2%, whereas that for F-P/
M was 10.5%; this represents a 100% increase
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TABLE 2. Length of time for development of cytopathic effect using conventional and F-P/M leukocyte
harvesting methods

Time needed for CPE developmenta

Patients Conventional . Virus iso-
(mixed leu- Ficoll-Paque Macrodex latedb
kocytes) (mononuclears) (PMN)

1 10* 27 ND CMV
2 N N 14 CMV
3 N N 33 CMV
4 25 28 28 CMV
5 45 N N CMV
6 21 21 21 CMV
7 N N 28 CMV
8 N N 22 CMV
9 20 14 17 CMV
10 20 NA 10 CMV
11 12 18 12 CMV
12 N 24 N CMV
13 N 13 N Adenovirus

type 3
14 N N 31 CMV
15 N N 19 CMV
16,17 20 (CMV) 12 (V-Z) 21 (CMV) CMV, VZV

Mean time 21.6 19.6 21.3
a Days elapsed before initial detection of typical viral cytopathic effect (CPE): ND, not done; NA, not

applicable, cell culture lost; N, cytopathic effect not noted.
b VZV, Varicella-Zoster virus.

over the conventional method. In a retrospective
analysis of virus isolations over an 8-year period
using conventional procedures, it was found that
an overall recovery rate of 2.8% was obtained
from buffy-coat preparations, which is less than
one-third that obtained by F-P/M.
As determined by the trypan blue dye exclu-

sion test, the viability of the mixed-leukocyte
population harvested by the conventional
method and that of separate mononuclear and
PMN fractions varied from 98 to 100%. Repeti-
tive enumeration of leukocyte yields from con-
ventional and F-P/M methods revealed that the
latter method generally resulted in total cell
harvests 2 to 10 times that of the former (occa-
sionally 50 times greater).
The F-P/M method was generally no more

time consuming than conventional methods, was
readily adaptable for use in the diagnostic virol-
ogy laboratory, and required only miniimal ad-
ditional cost.

DISCUSSION
Recovery rates ofCMV in the laboratory vary

with the specimen source, patient study group,
and the isolation techniques employed. Fre-
quently sampled sources include urine, buffy
coat, and respiratory specimens such as throat,
sputum, or saliva. Of these sources, urines yield
the greatest number of isolates, ranging from

TABLE 3. Virus isolation and plaque yields from
bloodprocessed by conventional andF-P/M leukocyte

harvesting methods
CMV plaque yield (no.)a

Patient Conven- Ficoll-Paquetional Macrodex
(mixed leu- clears) (PMN)
kocytes) clears)

1 17 50 ND
2 0 0 40
3 0 0 20
4 Several 3 50
5 11 0 0
6 6 13 120
7 0 0 2
8 0 0 25
9 1 1 1
10 18 NA 8
11 13 3 50
12 0 10 0
13 0 Adenovirus 0

type 3
14 0 0 2
15 0 0 2
16,17 1 V-Z 20

Mean no. of 4.5 6.2 28.3
infectious foci

a Number of typical CMV plaques, except where
other viruses are denoted. VZV, Varicella-Zoster virus;
ND, not done; NA, not applicable, cell culture lost.
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25% in patients with acute lymphocytic leukemia
(5, 12), 20 to 78% in patients with rheumatologic
disorders (6), and 47 to 90% renal transplant
patients (8, 17). Viremia is not as readily dem-
onstrated, and reported isolation rates range
from 0 to 9% in acute leukemia (1, 5), 0 to 46%
in renal transplant patients (12), 80% of congen-
itally infected infants (11), and 100% in persons
with acute mononucleosis (16). Differences in
reported virus isolation rates from buffy coat
specimens reflect not only the nature of the
underlying disease in defined patient popula-
tions but harvesting procedures as well. Whole
blood sedimentation at 37°C (5) or at room

temperature (11), followed by aspiration of the
leukocyte layer (6) or centrifugation with Ficoll-
Hypaque/Dextran (8, 9, 16), and variations of
these methods are typical examples of some of
the procedures which have been utilized for
isolation of leukocytes from peripheral blood.
Methods which can increase virus recovery

rates from blood specimens are desirable for
diagnosis, prognosis, and monitoring infection,
particularly in the immunosuppressed host. It is
also useful in determining whether or not there
is a requirement for bacterial and fungal anti-
microbial therapy which may be potentially
toxic and unnecessary. The present study indi-
cates that leukocyte harvesting methods can

directly affect virus isolation rates. The F-P/M
method yielded twice the virus isolation rate
when compared to conventional procedures. In
addition to higher virus yields, a greater variety
of viruses was detected with the F-P/M tech-
nique. Furthermore, application of the F-P/M
method resulted in a significantly greater num-
ber of infectious foci or plaques, approximately
six times that obtained with the conventional
procedure. This observation correlates with the
higher number of leukocytes harvested with F-
P/M, ranging from 2 to 10 times, and occasion-
ally up to 50 times the leukocytes obtained by
the conventional procedure. Approximately five
times as many infectious foci were observed in
cell cultures inoculated with the PMN fraction
as in those inoculated with the mononuclear
fraction. Recovery of CMV, principally from
PMNs, is in agreement with observations made
by other investigators in which the virus was

isolated more frequently from PMNs than from
monocytes and not at all from lymphocytes (16).
Other studies have shown that PMNs also
yielded higher virus titers than did monocytes
or lymphocytes when both fractions contained
virus (8, 9). Isolation of virus from PMNs and
occasionally monocytes is probably a reflection
of the phagocytic function of these cells. It is not
clear whether CMV replicates within PMNs or
their precursors or whether the virus is simply
phagocytized during infection.
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The fact that the F-P/M procedure for isolat-
ing leukocytes is no more time consuming than
the conventional method, requires only minimal
additional cost, and is readily adaptable to the
diagnostic virology laboratory makes it a partic-
ularly suitable and effective means ofmonitoring
viremia.

ACKNOWLEDGMENTS
We thank Violet Stohlman, Sarah Kirby, and Debra Han-

son for their valuable technical assistance and Adrienne Ho-
rowitz for her expertise and assistance in preparing this man-
uscript.

LITERATURE CITED
1. Armstrong, D., M. Haghbin, S. L. Balakrishnan, and

M. L. Murphy. 1971. Asymptomatic cytomegalovirus
infection in children with leukemia. Am. J. Dis. Child.
122:404-407.

2. Armstrong, J. A., A. S. Evans, N. Rao, and M. Ho.
1976. Viral infections in renal transplant recipients.
Infect. Immun. 14:970-975.

3. Boyum, A. 1968. Separation of leukocytes from blood and
bone marrow. Scand. J. Clin. Lab. Invest. 21(Suppl.
97) :77-89.

4. Buckner, C., R. A. Clift, J. E. Sanders, and E. D.
Thomas. 1978. The role of a protective and prophylac-
tic granulocyte transfusion in marrow transplantation.
Transplant. Proc. X:255-257.

5. Cox, F., and W. T. Hughes. 1975. Cytomegaloviremia in
children with acute lymphocytic leukemia. J. Pediatr.
87:190-194.

6. Dowling, J. N., A. R. Saslow, J. A. Armstrong, and
M. Ho. 1976. Cytomegalovirus infection in patients
receiving immunosuppressive therapy for rheumato-
logic disorders. J. Infect. Dis. 133:399-408.

7. Fallon, H. J., E. Frei, J. D. Davidson, J. S. Trier, and
D. Burk. 1962. Leukocyte preparations from human
blood: evaluation of their morphologic and metabolic
state. J. Lab. Clin. Med. 59:779-791.

8. Fiala, M., J. E. Payne, T. V. Berne, et al. 1975. Epide-
miology of cytomegalovirus infection after transplan-
tation and immunosuppression. J. Infect. Dis. 132:421-
433.

9. Fiala, N., S. N. Chatterjee, S. Carson, et al. 1977.
Cytomegalovirus retinitis secondary to chronic viremia
in phagocytic leukocytes. Am. J. Opthalmol. 84:567-
573.

10. Fotino, M., E. J. Merson, and F. H. Allen. 1971. Micro-
method for rapid separation of lymphocytes from pe-
ripheral blood. Ann. Clin. Lab. Sci. 1:131-133.

11. Mirkovic, R., J. Werch, M. A. South, and M. Benyesh-
Melnick. 1971. Incidence of cytomegaloviremia in
blood-bank donors and in infants with congenital cyto-
megalic inclusion disease. Infect. Immun. 3:45.

12. Neiman, P. E., W. Reeves, G. Ray, et al. 1977. A
prospective analysis of interstitial pneumoniae and op-
portunistic viral infection among recipients of allogenic
bone marrow grafts. J. Infect. Dis. 136:745-767.

13. Pagano, J. S. 1975. Infections with cytomegalovirus in
bone marrow transplantation-report of a workshop. J.
Infect. Dis. 132:114-120.

14. Pollard, R. B., and T. C. Merigan. 1978. Perspectives
for the control of cytomegalovirus infections in bone
marrow transplant recipients. Transplant. Proc. X:241-
245.

15. Rand, K. H., R. B. Pollard, and T. C. Merigan. 1978.
Increased pulmonary infections in cardiac transplant
patients undergoing primary cytomegalovirus infection.
N. Engl. J. Med. 298:951-953.

16. Rinaldo, C. R., P. H. Black, and M. S. Hirsch. 1977.
Interaction of cytomegalovirus and leukocytes from pa-
tients with mononucleosis due to cytomegalovirus. J.



LEUKOCYTE FRACTIONATION BY F-P/M METHOD 537

Infect. Dis. 136:667-678.
17. Simmons, R. L., C. Lopez, H. Balfour, et al. 1974.

Cytomegalovirus: clinical virological correlations in
renal transplant recipients. Ann. Surg. 180:623-634.

18. Storb, R., E. D. Thomas, P. L. Weiden, et al. 1978. One
hundred ten patients with aplastic anemia (AA) treated
by marrow transplantation in Seattle. Transplant. Proc.
X: 135-140.

19. Winston, D. J., D. V. Meyer, R. P. Gale, L S. Young,
and the UCLA Bone Marrow Transplant Team.
1978. Further experience with infections in bone marrow
transplant recipients. Transplant. Proc. X:247-254.

20. Young, L S., and M. C. Jordan. 1978. Infection in
marrow transplantation: problems and prospectives.
Transplant. Proc. X:259-262.

VOL. 10, 1979


