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Summary.-Dengue virus Type 2 (DV) infection causes immunosuppression in
mice. Since macrophages are crucial for immune response, we have studied their
functions in this condition and report our findings here. It was observed that in
DV-infected mice the phagocytosis of neutral-red and latex particles by splenic and
peritoneal-cavity macrophages was significantly reduced (P<0 001) from Days 3 to
10 after inoculation. Similarly the migration of splenic and peritoneal macrophages
on a glass surface was reduced significantly (P <0-001) from Days 4 to 10 after inocu -
lation. Pre-treatment of normal mouse spleen cells with DV-induced cytotoxic
factor (CF) inhibited the phagocytic and migratory functions in the same way as
observed in DV-infected mice. Higher dilutions of CF (10-3 and 10-3 7) did not kill the
cells but affected their functions. It was concluded that macrophage functions are
affected by killing and metabolic changes in these cells by DV-induced CF, thus
producing immunosuppression.

ADULT SWISS ALBINO MICE inoculated
intracerebrally (i.c.) with dengue Type 2
virus (DV) fail to develop cell-mediated
immune response (CMI) to homologous
antigen and have poor immune response
to heterologous antigens. There is an
associated reduction in the size of the
spleen and the number of cells in it
(Chaturvedi, Tandon and Mathur, 1977;
Chaturvedi et al., 1978a; Tandon, Chatur-
vedi and Mathur, 1979a, b). The T
lymphocytes of spleens of DV-primed
mice produce a suppressor factor (SF) and
a cytotoxic factor (CF) which mediate
antigen-specific and nonspecific immuno-
suppression respectively (Chaturvedi,
Bhargava and Mathur, 1980a; Chaturvedi,
Dalakoti and Mathur, 1980b; Chaturvedi,
Shukla and Mathur, 1981 c; Chaturvedi,
Shukla and Mathur 1982b; Chaturvedi,
198 1; Chaturvedi and Shukla, 198 1; Shukla
and Chaturvedi, 1981a, b and unpublished;
Dalakoti, Chaturvedi and Mathur, 1982).
The CF kills most of the mouse macro-

phages and one third of the T lympho-
cytes in vitro and in vivo, and affects
the functions of these cells (Chaturvedi
et al., 1981b, c; Chaturvedi, Gulati and
Mathur, 1982a).

Macrophages play a vital role in pro-
tection against a number of viral infec-
tions nonspecifically (reviewed by Mogen-
sen, 1980). The fate of viruses in macro-
phages varies; for example, some of them
are inactivated, some replicate in macro-
phages while others have no effect (re-
viewed by Denman & Pinder, 1974).
Macrophages are known to play an im-
portant role in immune response; viz.,
phagocytosis, processing and presentation
of antigens; secretion of immuno-regula-
tory substances and control of immune
response; and as effector cells in CMI
(reviewed by Unanue, 1978; Friedman,
1978; Bloom and Rager-Zisman, 1975).
Suppression of macrophage functions
is known to affect immune responses in
vitro as well as in vivo (reviewed by
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Friedman, 1978). Virelizier (1975) has
suggested that infected macrophages,
through failure to provide proliferative
signals, or through release of toxic factors,
may play an important role in virus-
induced immunosuppression. We have
made therefore, an attempt to study
macrophage functions in DV-infected
mice. The findings presented here indicate
depression of macrophage functions which
may be due to the effect of the cytotoxic
factor.

MATERIALS AND METHODS

The details of dengue Type 2 Virus (DV), mice,
and the DV experimental model have been
described earlier (Chaturvedi, Tandon and
Mathur, 1977; Chaturvedi et al., 1978a; Agrawal
etal., 1978).

Preparation of spleen cells. Spleen tissue was
collected aseptically from mice. The spleen cells
were teased out into cold minimum essential
medium (MEM) supplemented with 5% foetal
calf serum (Armour Pharmaceutical Co., U.K.)
and a single-cell suspension was prepared. Viable
nucleated cells were counted using trypan blue
dye as described elsewhere (Chaturvedi, Tandon
and Mathur, 1978b).

Preparation of peritoneal macrophages. Five
ml heparinized MEM was inoculated into the
peritoneal cavity of normal mice. Peritoneal
lavage washings were aspirated under aseptic
conditions. The cells were washed twice with
MEM and cultured in Leighton tubes with
coverslips for 2 h at 37°. The cell sheet was
washed with MEM to remove glass-nonadherent
cells and phagocytic function was assayed. For
the migration test total peritoneal cells were
used.

Neutral red dye test. This test was performed
using the technique of Cohn and Weiner (1963)
to assess the phagocytic activity. To 05 ml cell
suspension (5-10 x 106 cells (or cell sheet on
coverslip 50 /,I of 0-1% neutral red dye was
added and incubated at 37° for 20 min with
intermittent shaking. After incubation the cells
were washed twice and resuspended in MEM
and 200 or more cells were counted to calculate
the percentage of cells containing neutral-red
granules.

Latex particle test. The phagocytic activity
of macrophages was assessed using latex par-
ticles (Cline and Lehrer, 1968). 0-1 ml of latex-
particle suspension was added to 1 ml of cell
suspension or cell sheet on the coverslip and
incubated at 370 for 1 h. Cells were washed to
remove free latex particles and resuspended in
MEM. The percentage ofpositive cells containing

latex particles was calculated after 200 or more
cells had been counted.

Latex-particle phagocytosis was also assessed
by another technique. In this the spleen was
cut longitudinally and an imprint smear of the
cut surface was obtained on a sterile chilled
microscope slide. The imprint smear was
immediately covered with MEM containing the
requisite amount of latex particles. The slide
was incubated at 370 for 1 h in an atmosphere of
5% CO2. The slide was then washed gently to
remove free latex particles and the imprint
smear was stained by the Giemsa technique. The
slide was then examined under an oil-immersion
lens for cells containing intracellular latex
particles. The advantage of this technique was
that the macrophages could be visualized in
relation to other spleen cells as the splenic
architecture was projected in the imprint smear.

Leucocyte migration test. This test was per-
formed by the technique of David et al. (1964)
as described elsewhere (Chaturvedi et al., 1978a,
b). The area of cell migration was projected by
the Camera Lucida on Whatman No. 1 paper.
The paper was cut out and weighed on a
precision balance. The area of migration was
represented as the weight of the paper cut out.

Preparation of CF.-The cytotoxic factor
(CF) was prepared from the spleen of DV-
infected moribund mice as described in detail
elsewhere (Chaturvedi et al., 1980a, b).
Plan of study. To study the effect of the virus

infection on macrophage functions, groups of
mice were inoculated i.c. with a dose of 1000
LD50 of DV. Four mice were harvested daily
from Day 1 to Day 10 after inoculation in
repeated experiments. Peritoneal fluid and
spleen were collected and the above tests were
performed.
To examine the effect of CF on macrophage

functions, normal mouse spleen cells were
treated with various dilutions of CF at 4° for
1 h. The cells were washed three times and the
above tests were repeated. For control, homo-
genate similarly prepared from normal mouse
spleen was used for treating the cells. It had no
effect on the functions of the cells as described
before (Chaturvedi et al., 1980a, b, 1982a);
these findings have therefore not been described
here.

All the tests were set in triplicate or more. The
mean values + s.d. of the findings obtained from
different mice are presented. The data have been
subjected to Student's t test for P values. P
values less than 0-05 were considered significant.

RESULTS

Cells from D V-infected mice
The phagocytic and migratory functions
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FIG. 1. Depressecd phagocytic activity of spleen cells of DV-infected mice. DV was inoculated i.e. in
doses of 103 LD50 in mice. The phagocytic activity of the spleen cells was screened by uptake of
neutral red dye (0) or latex particles (A) at different periods. C, cells from normal control mice.

FIG. 2. Depressed phagocytic activity of peritoneal lavage cells of DV-infected mice. The peritoneal
lavage cells were collected from mice at different periods after 103 LD50 DV i.c. Phagocytic activity
of the cells was screened by uptake of neutral red dye (A) or latex particles (A). C, cells frorn
normal control mice.
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FIG. 3. Depressed migration on a glass surface of spleen cells of DV-infected mice. Spleen cells
obtained from mice given 103 LD50 DV i.c. were loaded in capillaries and the area of migration on
a glass surface was recorded on Whatman No. 1 paper. The paper was cut and weighed. The area
of migration has been represented as weight of the paper in g. C, cells from normal control mice.

FIG. 4. Depressed migration on a glass surface of peritoneal lavage cells of DV-infected mice. For
details see legend to Fig. 3.
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DILUTIONS OF CF
FIG. 5. Inhibition of phagocytic activity of normal mouse spleen cells on treatment with DV-

induced cytotoxic factor (CF). The spleen cells were treated with various dilutions of CF at 4° for lh
and then testedl for killing of cells (*) and phagocytic activity by uptake of neutral red dye (0)
and latex particles (A). C, cells treated with normal mouse spleen homogenate.

FIG. 6.-Inhibition of migration on a glass surface of normal mouse spleen cells pretreated with DV-
induced cytotoxic factor. For details see legends to Fig. 5.

of spleen and peritoneal cells obtained at
different periods after i.e. inoculation of
mice with 103 LD50 of DV were studied.
Effect on phagocytosis by spleen cells.-The
phagocytic function of spleen cells was

studied by the uptake of neutral-red dye
and latex particles. The findings presented
in Fig. 1 show a significant reduction in
phagocytic activity from the 3rd day after
inoculation onwards. Reduction in uptake
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of neutral red and latex particles was 40%0
and 240% (P < 0001) respectively on Day
3, while that on Day 10 was 68 and 65%
respectively.

Effect on phagocytosis byperitoneal macro-
phagees.Data summarized in Fig. 2 show
that among normal mice peritoneal macro-
phages 76 + 1.5% cells had taken up
neutral red and 79 + 155% latex particles.
A highly significant (P < 0001) reduction
in phagocytosis was observed in DV-
infected mice starting from the 5th day
after inoculation. 50 + 1.5%0 cells positive
for neutral red and 61 + 6.6% cells had
taken up latex particles at Day 5. Most
peritoneal macrophages of infected mice
lost their phagocytic function at the 7th
to the 10th days after inoculation.

Effect on migration of spleen cell.- The
areas of migration of the cells at different
periods after the virus infection are
presented in Figure 3. A progressive
reduction in the area of migration was
observed from Day 4 after inoculation.
Reduction in the area of migration of cells
of DV-infected mice was 24-65% at 4-10
Days after inoculation as compared to
that in controls.

Effect on migration of peritoneal macro-
phages. A highly significant reduction in
the area of migration of peritoneal macro-
phages occurred from Day 4, the reduction
being 64 to 83% as compared to that in
controls (Fig. 4)

Cells treated with D V-induced cytotoxic
factor. To find out if the alterations ob-
served in the functions of DV-infected
mouse cells can be reproduced by DV-
induced cytotoxic factor (CF), the follow-
ing experiments were done. The normal
mouse spleen cells were treated with
various dilutions of CF at 40 for 1 h. The
cells were then washed and their viable
cells counted, and their phagocytic and
migratory functions studied.

Effect of CF treatment on viability of
spleen cells. CF diluted 10-1-3-10-2 7-fold
killed 18 + 6-28 + 6% of cells and among
sets treated with higher dilutions of CF the
percentage of non-viable cells was 1-5 + 0 5
to 2 2 + 0 9. A correlation of the findings of

nonviable cells with the functions of CF-
treated cells is presented in Figs 5 and 6.

Effect of CF treatment on phagocytosis by
spleen cells. In the untreated control sets
18 + 1.70% cells were positive for neutral
red and 18 + 0.6% for latex particles.
Among the cells treated with CF diluted
10-1 3-10-3 7-fold, 7 + 1S5-6 + 110% of cells
had taken up the dye and 7-25 + 0 5 to
95 + 06% of cells had engulfed latex
particles. The inhibition of phagocytosis by
treatment with CF diluted 10-3- and
10-3-7-fold was highly significant (P <
0.001), though the percentage of non-
viable cells with these dilutions of CF was
negligible (fig. 5). The percentage of cells
phagocytosing after treatment with higher
dilutions of CF was similar to that in
controls.

Effect of CF treatment on migration of
spleen cells. Data summarized in Fig. 6
show that, on treatment with CF diluted
10-1 3-10-3 7, a highly significant reduc-
tion (P < 0 001) in the area of migration of
the cells occurred. CF diluted up to 10-3
and 10-3 7 had no cytotoxic activity but
reduction in area of migration continued.
Among the sets treated with higher dilu-
tions of CF the area of migration was
similar to that in controls.

DISCUSSION

The findings presented here demonstrate
that the phagocytic and migratory func-
tions of macrophages are depressed in
DV-infected mice. The extent of inhibition
of the functions increased with the period
of infection and was maximum in mori-
bund mice. Macrophage functions are
adversely affected in a number of viral
infections. The phagocytic functions of
macrophages are depressed in mouse
leukaemia virus (Old et al., 1960) and
influenza virus infections (Warshauer et
al., 1977), while intracellular killing is
impaired in Sendai (Jakab and Green,
1976) and influenza virus (Warshauer et
al., 1977) infections. The migratory func-
tion of macrophages is suppressed in
influenza virus infection (Kleinerman et
al., 1976), while the secretion of immuno-
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regulatory substances is inhibited in
influenza (Shayegani, Lief and Mudd,
1974), herpes simplex (Kirchner et al.,
1977) and poliovirus infections (Van Loon
et al., 1979). In some viral infections the
macrophages are killed and depleted, viz.
ectromelia (Mims, 1964), mouse hepatitis
Type 3 viruses (Mallucci, 1965) and lympho-
cytic choriomeningitis (Lohler Ehlerding
and Lehmann-Grube, 1974.
The mechanisms which influence macro-

phage function in viral infections are not
clearly understood. Function can be
affected either by killing of the macro-
phages or by disturbances of their meta-
bolism. These can be mediated by replica-
tion of the virus within them or through
production of a mediator which affects the
macrophages. DV is known to replicate in
different organs of mice including the
spleen (Chaturvedi, Mathur and Mehrotra
1974; Chaturvedi et al., 1978a; Agrawal
et al, 1978; Hotta et al., 1981) but informa-
tion regarding its replication in mouse
macrophages is scanty. Hotta et al., (1981)
have suggested replication of DV in
mouse macrophages on the basis of their
demonstration of DV-specific antigen in
liver Kupffer cells by a fluorescent anti-
body technique. We have observed a
mechanism in DV-infected mice which
results in macrophage killing. The T
lymphocytes of DV-infected mouse spleen
produce a factor, the CF, which kills most
of the mouse macrophages and one third
of the splenic T lymphocytes in vitro and
kills spleen cells of mice in vivo when
injected i.v. or i.p. (Chaturvedi et al.,
1980a, b, 1981b, c). The findings presented
in this paper show that treatment of
macrophages with CF alters their phago-
cytic and migratory functions as is
observed in DV-infected mice. Further, a
correlation between the cell killing and
functional alterations observed indicate
that the latter can be produced with higher
diluLtions of CF without killing the cells.
Lymphokines are released into blood and
body fluids of man and animals including
mouse (reviewed by Neta and Salvin, 1981).
We have observed the presence of CF in

the sera of some of the DV-infected mice.
From the present and earlier studies it

appears likely that the alterations ob-
served in macrophage function in DV-
infected mice are mediated by CF. The
reasons for believing this are: (i) the
period of peak production of CF corre-
sponds with the period of maximum
reduction in spleen weight and number of
spleen cells (Chaturvedi et al., 1980a;
Tandon et al., 1979a); (ii) CF kills most of
the macrophages in vitro and kills spleen
cells in vivo (Chaturvedi et al., 1981b,
c); (iii) the suppressed immune functions
observed in DV-infected mice can be re-
produced by administration of CF (Tan-
don et al., 1979a; Chaturvedi et al., 1981c);
and (iv) phagocytosis by monocytes and
SRBC-rosette formation by T lympho-
cytes from human blood can be inhibited
by pretreatment of the cells with CF
(Chaturvedi et al., 1982a), as confirmed in
the present study with higher dilutions
(10-3 and 10-3-7) of CF.
We have observed that the numbers of

macrophages in the spleen and peritoneal
cavity of DV-infected moribund mice are
significantly reduced (data to be pub-
lished). Suppressed macrophage function
is, thus brought about by the killing of
these cells as well as by disturbance of
their metabolism. Virelizier (1975) has
suggested that virus-induced immuno-
suppression is caused by failure of infected
macrophages to provide proliferative sig-
nals, or by release of toxic factors by
infected macrophages. Poliovirus has been
shown to produce immunosuppression by
impairing macrophage metabolic func-
tions required for the production of
proliferative signals (Diamantstein and
Ulmer, 1976) or by alterations in mem-
brane structure needed for lymphocyte-
macrophage action (Albrecht et al., 1978).
In DV-infected mouse macrophages the
metabolic function appears to be dis-
turbed but the membrane function of
transfer of suppressor signal to T lympho-
cytes remains intact (Shukla and Chatur-
vedi, 1982). Strong arguments have been
put forward by Woodruff and Woodruff
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(1975) that virus-induced immunosup-
pression is caused by direct interaction of
virus and lymphocytes, but the findings of
our present and earlier studies do not
subscribe to this view. Our preliminary
studies have indicated that CF induces
changes in the functions of cell membranes
which may cause ionic imbalance resulting
in cell death (Chaturvedi et al., 1 982a).
However, the precise mechanism of cell
killing and disturbances in their metabolic
functions in DV-infected mice remains to
be investigated.

The study was carried out with the
financial assistance of the Indian Council
of Medical Research.
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