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OBJECT:[VE: To determine the relative frequency of isolation of dengue viruses
from p:Lasma and cellular components of the blood of dengue patients.

BACKGROUND: Studies of the pathogenesises of dengu;e hemorrhagic fever (DHF)
have implicated human peripheral blood leukocytes (PBL), particularly the phago-
cytic tDonocyte, as the primary site of dengue virus replication. Evidence that
suppor1:s this propo. ition includes the association of dengue viruses and/or
dengue virus antigens with PBL of the blood of dengue patients and of experi-
menta1:ly infected monkeys (1, 2, 3, 4, 5). In vitro studies have shown that
dengue viruses replicate in both monkey and human PBL cultures (6, 7). In
addition cultured human B type lymphoblastoid cell lines and macrophages have
been shown to support replication of dengue-2 virus (7, 8, 9).

However, attempts to infect polymorphonuclear (PMN) cells, T type h\nI1an
lymphoblastoid cell lines, and T lymphocytes, have not been successful (6~ 7)
Despi.te these findings, direct association of dengue viruses with PBL during
human dengue virus infection remains to be proven,

METHOD~): Heparinized blood was obtained from dengue patients as described
pre':riO1Jsly (10). Blood specimens were centrifuged at 2000 rpm for IS minutes
and plasma was stored at -20°C and at -70°C for serological and virological
studiel; "

~~e dextran sedimentation technique employed in a preliminary comparative
study 1~ith the Isopaque Ficoll (IP-Ficoll) flotation technique for isolating
leukoc:,.tes was performed as described previously (5).
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The IP-Ficoll flotation tech~4ue (IP-Ficoll) f,o~ separating,cellular frac-
tions of the blood of dengue patients was employed as shown in ,Figure 1. Each
cellular fraction was mixed with 4.0 m1 of RPMI 164-0 ~dium and c.arefully layered

, 0
over IP-Ficoll medium. After centrifugation at 1800 rpm for 30 minutes at 4 C,
the top layer of RPMI 1640 medium was care;fully r~mo~ed with~ pasteur pipette.
The mononuclear cell and platelet fraction of the int.erface region was trans-
ferred to a 15 ml conical ceptrifuge tube. Cells were then suspended in 5.0 ml
of RPMI 1640 medium and centrifuged at 500 rpmfor 1~ minutes.

The supernatant was transferred to a 15 ml conicaL centrifuge tube and the
pelleted mononuclear cells were resuspend~d and.~entJ:':f.fuged again as above.
Supernatants were pooled and centrifuged at 2000 rpm for 10 minutes at 4°C and
the pelleted platelets were resuspend~d 'in 2.0 ml of RPMI 1640 and a 1.0 ml and
a 0.2 m1 aliquot was stored at -70°C. Sedimentedmononuclear cells were sus-
pended in 2.5 to 3.0 ml of RPMI 1640 medium, with 10% heat inactivated fetgl
calf serum (FCS). Cell concentration was adjusted to approximately 1 x 10
cells per ml and a,l.O ml and a 0.2 ml aliquot was stored at -70oc.

Adherent and nonadherent cells were obtained from the, remaining portion of
mononuclear cell fractions on the basis of glass adherence properties of mono-
cytes. Each mononuclear cell-RPMI 1640 medium fraction (0.5 ml) was transferred
to 1 oz glass bottles and placed at 37°C for 3 hours to allow monoc,ytes to adhere
to glass. The non-adherent cell fraction that remained suspended in the RPMI
1640 me~ium was transferred to 1 oz bottles. Adherent cells w~re rinsed 26to 3
times W1.th RPMI l6!.0 medium.. Four ml of a LLC-~2 cell suspension, 2 x 10
cells/ml was then added to each bottle that contained adherent and/or non-
adherent cells. After 24 hours incubation at 37°C, 2.5 ml of a standard agar
overlay was added to each bottle of cells. A similar volume of a second agar
ov'erlay that contained a 1:10,000 dilution of neutral red was added on day 6
post inoculation. Plaque forming units (PFU) were counted and recorded on the
following day.

Granulocytes and erythrocytes that comprised the bottom layer of the IP-
Fico11 medium were suspended in 2 volumes of 2.4% dextran (T-250), Hank's
ba,lanced salt solution (HBSS) and 0.15% EDTA. The mixture was left at 4°C for
45, minutes to one hour, and the supernatant that contained the granu1oc;ytes was
t:r'ansferred to a 15 m1 conical centrifuge tube. Supernatant was c~ntrifuged for
101 minutes at 1000 rpm and the pe11eted granulocytes were resuspended in HBSS
plus 0.02% EDTA. This step was rep,eated and granulocytes were resuspended in
3.0 m1 of RPMI 1640 medium, with 10% heat inactivated FCS, and a 1.0 m1 and a
0.02 m1 a1iquots were stored at -70°C. ;

Plasma, platelets, whole leukocyte and whole mononuclear cell, and po1y-
mc'rphonuc1ear cell fractions were assayed. for virus at 32~Cby the mosquito
iI1locu1ation technique employing Toxorhynchites spZendens (11). The direct
fluorescent antibody technique was used to test mqsquito heads for virus (11)~
Corresponding thorax-abdomen portions of mosquitoes, and a1iquots of the above
pJ.asma, platelets, etc. fractions were testedt"or virus at 35°C in LLC-Mk2 cells
by direct and delayed plaque assay (12). The vo;1ume of inocu1UIn per cell cu1-
t\lre was 0.3 m1 and 0.85 u1 per mo~quito. Viruses were ide~tified by plaque
rE!duction neutralizing tests employing monospecific dengue virus types 1,2, 3
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and 4 ~Lntisera prepared in rhesus monkeys. A differential cell count was per-
formed on smears of whole leukocytes, mononuclear, nonadherent, polymorphonuclear
and pl~Ltelets fractions using Wright's stain.

Dengue virus types 1, 2,3, and 4 were used in plaque reduction neutraliza-
tion tE!sts (PRNT) to determine antibody titers for dengue patients. Plasma were
heat t1~eated at 56°C for 30 minutes. Mixtures of equal volumes of four fold
dilutions of plasma and approximately 30 to 60 PFUs of each virus were incubated
at 37°(~ for 90 minutes. Medium free monolayers of LLC-Mk.2 cells propagated in
24 welJL plastic plates were inoculated with virus plasma mixtures, 0.1 ml per
each oj: 2 cultures. After incubation at 37°C for 90 minutes, cell monolayers
were 1~insed with HBSS and overlaid with 0.5 ml of a standard agar overlay. The
remainjLng procedures for plaque assay were similar to those described for
adherent and nonadherent cells. Cell cultures were incubated at 35°C during the
assay period. Fifty percent plaque reduction neutralization titers were esti-
mated by probit analysis.

SE~verity of illness of dengue patients was graded according to previously
estab1jLshed criteria (13).

The results of a comparative study to evaluate the dextran sedimen-
tation and the IP-Fico11 flotation technique for fractionatings cellular compo-
nents of the blood of dengue patient for virus isolation studies are presented
in TabJ.e 1. Dengue viruses were isolated from 9 of 27 leukocyte fractions ob-
tained from blood of 27 patients by both leukocyte fractionating techniques.
A1thou~~h the number of virus isolations from leukocytes fractions obtained by
the 2 t:echniques was comparable, viruses were not always isolated from the same
1eukoc)rte fractions. Possibly, this was associated with the difference in the
relative proportions of the types of cells in fractions obtained by the 2 tech-niques.. 

As shown in Table 2, the predominate cell type in the fractions ob-
tained by the IP-Fico11 technique was mononuclear cells (93%) whereas fractions
associ~lted with the dextran sedimentation technique were comprised of mononuclear(59%) ~lnd polymorphonuclear. .

T11e relative proportion of 37 dengue virus isolations associated with one
or morE~ of t.he different types of fractions of the blood of dengue patients is
presen1:ed in Table 3. Dengue viruses were associated with all types of blood
fractions but most frequently with mononuclear cell fractions. Although the
data W~iS based on an unequal number of fractions assayed per blood specimen,
simile], results were obtained by analysing the data for 26 patients for whom all
types of fractions were assayed for virus (Table 4).

.,AI; shown in Table 5 the adherent cell portion of the mononuclear fraction
was rel;ponsible for the majority of the additional dengue virus isolations. Of
the blood fractions other than leukocytes, dengue viruses were associated more
frequently with plasma than with platelets fractions (Table 6).

AJ:cording to results of infectious center assay of adherent and nonadherent
cell f1l"actions, both monocytes and lymphocytes appeared to support dengue virus
replication (Table 7). Of the culture for which infectious centers could beenumerated, 

the average yield of virus for the 2 types of cell fractions was
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comparable; however, more infectious centers than could be counted was asso-
ciated more frequently with the adherent cell fractions. No apparent relation
was noted between the number of infectious centers and the grade of disease or
the day of disease of the patients.

The distribution of dengue virus isolations among the different blood frac-
tions of dengue patients by day of disease is presented in Table 8. Overall,
the pattern of the rate of virus isolation for the blood fractions was similar
as indicated by a rapid decrease in rates subsequent to day 3 of disease. Al-
though the rates for different fraetions did not appear to differ signifieantly,
the pattern of decrease for plasma and platelets fractions was more similar and
faster than that of the leukocyte, especially the adherent cell fractions.

The relation of antibody titer to the isolation of dengue viruses from
p1,asma and leukocyte fractions of the blood of dengue patients is presented in
Table 9. Dengue viruses were isolated from each type of fraction of patients
with HI and plasma neutralizing antibody titers that ranged from <10 to >10,240
an,d from undetectable to >640, respectively. Significantly more virus isolation,h~weve:, 

were obtai~ed fro~ 1euko~ytes th2n from plasma fractions of.patients
wlth hlgh neutra1izlng antlbody tlters (X = 5.619, p = .018). A slmi1ar rela-
tionship was observed between HI antibody titers and the pattern of isolation of
de:ngue viruses from the 2 types of blood fractions.

The distribution of dengue virus isolations among the different blood frac-
tLons in relation to the immune response of dengue patients is presented in.
Ta"b1e 10. No striking pat~ern was noted in the distribution of virus isolations
among the different fractions of blood of patients who serconverted. In con-
tr,ast, a marked reduction occurred in the rate of isolation of dengue viruses
from platelet fractions of the patients with high fixed antibody titers.

The pattern of virus isolation did not appear to be related to the severity
of disease, but the decrease in the rate of isolation of dengue viruses from
platelets fraction tended to be associated with the late phase of illness of thepatients.

This is a final report
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