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Antilymphocyte antibodies were found in 51 of 83 serum specimens from Thai
children with dengue hemorrhagic fever (DHF). The lymphocytotoxic activity
was complement dependent, and cytotoxicity was detected in the 19S immuno-
globulin M-associated serum fractions at a temperature optimum of 15°C. Sera
with lymphocytotoxic activity were cytotoxic to autologous as well as allogeneic
lymphocytes from patients and healthy adult donors and were directed primarily
against B cells, with some T cell cross-reactivity. This study suggests that
infection with DHF induces predominately cold-reactive antilymphocyte antibod-
ies in DHF patients that could potentially interact with peripheral blood cells of
patients and modulate the humoral immune responses of patients during infection.

The presence of antilymphocyte antibodies
(ALA) in the sera of patients with autoimmune
(14), parasitic (16), or viral diseases (5, 12) is
well documented. These lymphocytotoxic anti-
bodies differ from conventional cytotoxins in
that they are autocytotoxic and are complement
and temperature (15°C) dependent (10, 11), and
their presence is independent of allogeneic im-
munization. Although the role of ALA in the
immunopathogenesis or manifestation of the dis-
eases in which they are found is unclear, they
may interact with cells or other serum factors to
modulate the immune responses of the patients.

Recently, Wells et al. (17) have reported that
major alterations occur within several compo-
nent cell subpopulations in the immune system
of Thai children with dengue hemorrhagic fever
(DHF). These alterations include a significant
increase in atypical lymphocytes and non-T,
non-B, non-Fc receptor-bearing Null cells and a
significant decrease in T cells in the peripheral
blood of DHF patients. In addition, Boonpuck-
navig et al. (2) have used indirect immunofluo-
rescence to show that ALA are present in the
sera of patients with DHF; however, they did
not determine the incidence, nature, or charac-
teristics of these ALA. We now report that
61.4% of sera from Thai children with DHF
contain cold-reactive lymphocytotoxic immuno-
globulin M (IgM) antibodies which are cytotoxic
to autologous as well as allogeneic lymphocytes
in the presence of complement and which are
directed primarily against B cells.

(Part of this study was presented in abstract
form at the Malaysian Society of Parasitic and
Tropical Disease Conference, Kuala Lumpur,
Malaysia, 1979.)

MATERIALS AND METHODS
Collection and processing of specimens. Heparinized

and nonheparinized peripheral blood samples were
obtained from Thai children examined at the Bangkok
Children's Hospital after they were clinically diag-
nosed as having DHF and after informed consent was
obtained from the parents or guardians of the patients.
All patients in this study were classified as having
secondary dengue infections according to the serologi-
cal criteria of Winter et al. (20). Nonheparinized blood
was clotted at room temperature to obtain serum, and
serological confirmation of DHF was proven by using
the hemagglutination inhibition test. Control sera were
obtained from healthy Thai school children as well as
healthy Thai adults. The control sera were also exam-
ined by hemagglutination inhibition (see below and
Fig. 2).

Isolation of peripheral blood lymphocytes and lym-
phocyte subpopulations. Peripheral blood lymphocytes
were prepared from heparinized venous blood that
was centrifuged through Ficoll-Hypaque (3), washed
three times with Hanks balanced salt solution, and
suspended in RPMI 1640 supplemented with 2 mM
glutamine, 50 U of penicillin, 50 ,ug of streptomycin
per ml, 25 mM N-2-hydroxyethylpiperazine-N'-2-
ethanesulfonic acid buffer (HEPES), and 10% heat-
inactivated fetal calf serum. In certain experiments,
the cells were further separated into subpopulations as
previously described (8). Briefly, the isolated cells
were passed over a Sephadex G-10 column to remove
adherent cells. The nonadherent cells were then sepa-
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rated into T, B, and Null cells in a two-stage process.
First, the cells were poured over a Sephadex G-200
anti-human F(ab')2 immunoabsorbent column. Then,
the nonadherent T plus Null cells were further frac-
tionated by using overnight incubation with sheep
erythrocytes, followed by Ficoll-Hypaque density
centrifugation. The adherent cells (B cells) were eluted
from the column with medium containing 1% human
immunoglobulin, incubated overnight with sheep
erythrocytes, and centrifuged over Ficoll-Hypaque to
remove any contaminating T cells (8). Surface charac-
teristic determinations of the enriched cell populations
were performed as previously described (8). All popu-
lations were highly enriched, and viability of the final
preparation was greater than 95%.

Lymphocytotoxic antibody assays. The methodology
for the ALA assays has been described previously
(16). Briefly, at either 4, 15, or 37°C, 0.1 ml of each
serum or a fraction of the sera obtained by sucrose
gradient fractionation was added in duplicate to appro-
priate wells for 30 min, followed by the addition of 0.1
ml of fresh rabbit serum (as a source of complement).
Then, after an additional 3 h of incubation, the per-
centage of dead cells was determined by eosin dye
inclusion. Sera with high lymphocytotoxicity from
malarious patients or patients with systemic lupus
erythematosus served as positive controls. Some sera
with lymphocytotoxic activity were subsequently test-
ed for the presence of ALA against a panel of lympho-
cytes from 10 normal adults of various human lympho-
cyte antigen phenotypes.
The microcytotoxicity assays were modified when

sera were tested for lymphocytotoxicity against en-
riched T cell, B cell, Null cell, or macrophage targets.
Sera were distributed on Terasaki microtiter trays
which had been covered with mineral oil; 1 p.1 of serum
was added to each well, and the trays were stored at
-70°C until needed. The assays were performed by
putting 1 pl of target cell suspension (2 x 106 lympho-
cytes per ml) into each well containing test sera. The
target cell-serum mixture was incubated for 1 h; 5 pJ of
rabbit comnplement (Pel Freeze) was added to each
well, and the mixture was further incubated for 3 h.
Aqueous eosin (3 ,u of a 5% solution) was then added
to each well; 2 min later, 10 ,ul of Formalin was added
to the wells, and the tray was covered with a micro-
scope slide (50 by 75 mm). Target cell death was
deterinied by using a phase-contrast microscope.

Sucrose densiy fractioation of serum. Sucrose den-
sity centrifugation of serum was performed by layering
the serum over a 10 to 40% linear sucrose gradient
from which 12 equal fractions were subsequently
collected after centrifugation (7). All fractions were
concentrated to their original volume for use in lym-
phocytotoxicity assays. Quantitative estimation of hu-
man IgG, IgM, and IgA in the fractions was performed
by using commercially available regular and low-level
radial immunodiffusion plates (Hyland Diagnostics,
Deerfield, Ill.).

Statistks. Either the two-tailed or the one-tailed
Student's t test was used to determine statistical
significance of difference.

RESULTS
Sera from patients with DHF were tested

against normal target indicator cells from
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FIG. 1. Comparison ofDHF lymphocytotoxic anti-
body activity at different incubation temperatures.
Percent lymphocytotoxicity was determined by aver-
aging values from duplicate wells and subtracting the
control serum cytotoxicity value. Symbols: *, serum
samples tested at three temperatures; A, serum sam-
ples tested at only two temperatures, owing to the
small volume of serum available. The serum of each
patient was assayed by using allogeneic MNC as target
indicator cells. Values indicate mean lymphocytotoxi-
city ± SD for the sera assayed at the temperatures
indicated. The value at 37°C represented a statistically
significant difference from the cytotoxicity at 15°C (P
< 0.001).

healthy donors in assays performed at three
different incubation temperatures (Fig. 1). Con-
trol sera from normal Thai children were cyto-
toxic for 5.8 ± 2.3% (mean ± standard deviation
[SDJ) of the normal mononuclear cells (MNC).
Positive lymphocytotoxicity by patient serum
was thus defined as greater than 10.4% (mean of
control plus 2 SD). Eight of 11 DHF sera were
positive for ALA at 4°C, 11 of 19 were positive
at 15°C, and 0 of 14 were positive at 37°C. The
ALA and DHF are therefore "cold-reactive"
antibodies.
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Fifty-one of 83 (61.4%) serum spe
patients with DHF had definite cytt
ty (defined as greater than 10.4% ki
lymphocytes from random donors i

crocytotoxicity assays were done a
4-h incubation period (Fig. 2). AL
individual sera ranged from a low
mal MNC lysed to a high of 58.5%,,
3 of 19 (15.8%) serum specimens '
Thai schoolchildren (mean age ± SI
years) and 0 of 48 healthy Thai adul
were cytotoxic to the target MNC.
control sera from healthy childrenv
contain ALA were serologically p
examined for antidengue antibodie
the three healthy control sera d
lymphocytotoxic activity were
negative for antidengue antibodies
phocytotoxicity of the sera of the
fered significantly from the mean
toxicity in both the schoolchildren"
P < 0.02) and the adult control ser
Furthermore, when 13 individual
mens containing high (<25%) lym
activity were tested against a pant
cytes from 10 normal donors, 7 of t]
ual serum specimens showed at leE
toxicity against 50 to 100% of the
MNC at 4°C, whereas little or no
present at 37°C.
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FIG. 2. Percentage of normal mon
lysed after incubation with sera from
with DHF. Numerical values indicate
ity + SD. The DHF serum was obtain
hospitalization and was confirmed s
DHF.

-cimens from In 6 of 13 cases, the sera of patients with DHF
otoxic activi- were cytotoxic (>7.6% mean ± SD of adult
illing) against control sera cytotoxicity) to the patients' own
when the mi- lymphocytes. An equivalent level of lymphocy-
Lt 15°C with a totoxic antibody activity was found when the
,A activity in serum specimens containing antibody were test-
of 4.5% nor- ed against allogeneic lymphocytes from other
whereas only patients and healthy donors. Thus, sera from
from healthy patients with DHF which contained antibodies
D = 9.1 + 0.2 cytotoxic to allogeneic lymphocytes contained
t control sera antibodies against the patients' own lympho-
Eight of the cytes as well. When patients' positive ALA sera

which did not were serially diluted and tested against allogene-
iositive when ic mononuclear target cells from healthy Thai
s. Moreover, donors, ALA were absent or substantially de-
[emonstrating creased to between a 1:4 and a 1:16 dilution.
serologically Thirteen sera from patients with acute DHF
Mean lym- were tested against T cell-, B cell-, and Null cell-

patients dif- enriched target subpopulations. In a small num-
lymphocyto- ber of experiments, patient sera with strong
s sera (0.05 < ALA against unfractionated MNC were tested
ra (P < 0.05). against monocyte-macrophage-enriched (>85%
serum speci- esterase positive) target subpopulations. ALA
iphocytotoxic were primarily directed against B cells (38%),
el of lympho- and, in a number of instances (31%), against
he 13 individ- both T cells and B cells. Only occasional sera
ast 20% cyto- (8%) reacted with T cells alone. The remaining
donor target 23% did not react with any cells. No reactivity
activity was was seen against Null cells or monocyte-macro-

phage-enriched populations at any temperature.
Of 16 normal (control) serum samples, none
reacted with T or B cells.
When a comparison was made between a

limited number of paired antisera collected dur-
ing the acute period of illness and antisera
collected 15 and 30 days later during the conva-
lescent period, the antibodies had higher titers
during the acute period of infection than during
the convalescence period. The mean (±SD) per-
cent lymphocytotoxicity induced by sera from
25 patients was as follows: 21.9 ± 2.2 at the
acute stage; 18.0 ± 2.5 after 15 days; and 15.4 ±
2.3 after 30 days. For sera from healthy controls,
it was 6.3 ± 0.2%. Furthermore, none of four
paired patient sera which contained less than
10.4% ALA during the acute period of infection
developed increased ALA during the convales-
cent period of illness.

Six individual sera were examined after su-
6.0 ± 0.8 crose density gradient fractionation, and the

ALA were consistently found in the 19S (IgM)
fraction near the bottom of the gradient (tubes 2,
3, and 4 in a 12-tube gradient) (Table 1). In

Contro addition, the lymphocytotoxic activity in the
irum
onuclear cells sera was inhibited by rabbit antiserum specific
l°Thai children for human IgM (,u-chain specific) as well as after
iean cytotoxic- reduction by 2-mercaptoethanol, but it was not
led on day 1 of affected by rabbit antisera specific for human
erologically as IgG (y-chain specific) or human IgA (a-chain

specific). In five of six individual sera, lympho-

J. CLIN. MICROBIOL.



ANTILYMPHOCYTE ANTIBODIES IN DENGUE FEVER 675

TABLE 1. Lymphocytotoxic activity mediated by
different classes of immunoglobulin as assessed by

analysis of sucrose density fractionation of six
individual patients' sera

Fraction Activity at the following tempu:
(tube)
no. 150C 37°C

2 21.9 ± 5.1 23.6 t 5.4
3 19.9 t 4.7 22.6 t 4.1
4 13.9 t 2.5 19.6 t 3.6
6 6.8 ± 0.6 17.8 ± 3.6
7 6.2 ± 0.4 12.0 ± 1.6
8 6.2 ± 0.3 10.3 t 1.1
9 6.2 t 0.3 9.5 t 1.5

a Percent lymphocytes killed (mean t SD) by six
individually fractionated sera from patients with DHF.
Sera from healthy controls exhibited less than 6.0%o
killing.

cytotoxic activity greater than 10% was found in
the IgM-containing fraction when assayed at
37°C. Lymphocytotoxic activity was always less
than 8% in the undiluted patient sera at 37°C.
Thus, ALA are detectable by the use of unfrac-
tionated mononuclear target cells at 37°C if
isolated IgM fractions are obtained from the
patient sera.

In several experiments (data not shown), we
pooled the IgM fractions and IgG/IgA fractions
of the patients to test for IgG/IgA-associated
blocking activity. We then added to the IgM
fraction equal volumes of either media, autolo-
gous IgG/IgA, or allogeneic IgG/IgA fractions
from a healthy donor. The IgM fractions of the
various patient sera were equally cytotoxic,
irrespective of whether they were combined
with media, autologous IgG/IgA, or IgG/IgA
from an uninfected donor, suggesting that pa-
tient IgG/IgA fractions are unable to significant-
ly block or enhance IgM ALA.

DISCUSSION
In this study, greater than 60% of sera ob-

tained on day 1 of hospitalization of Thai chil-
dren with DHF contained ALA, and as patients
recovered from DHF, the ALA began to dimin-
ish. The ALA were cold-reactive (15°C) IgM
antibodies and did not appear to be due to anti-
human lymphocyte antigen antibody activity
since the DHF serum ALA were not associated
with any history of transfusions or allogeneic
stimulation. The ALA were found to be present
in a titer of 1:4 to 1:16 and to display comparable
activity for autologous as well as allogeneic
MNC targets. The ALA were primarily directed
against B cells and, to a lesser extent, against T
cells. It is thus apparent that the cold-reactive
ALA in DHF are similar to cold-reactive ALA

reported for other diseases (19).
Although the absence of cytotoxicity in whole

serum at 37°C raises the possibility that lympho-
cytotoxic antibodies in DHF sera may not cause
in vivo complement-mediated lymphocytolysis
(18), it should be noted that the temperature in
the peripheral circulation of patients is lower
and that the antibodies could attach and lead to
cell surface modulation in the periphery. It is
possible that optimal cytotoxicity at 15°C repre-
sents a compromise between lower and higher
temperature for binding and complement fixa-
tion, respectively. In vivo and in vitro observa-
tions on lymphocytotoxins in other human dis-
eases suggest that at 37°C, lymphocytes may be
able to process lymphocytotoxic antibodies ef-
fectively. This has been proposed to result from
pinocytosis (13) or shedding of the cytotoxic
factor and its receptor (P. Wernet, M. Fotino, R.
Thoburn, A. Moore, and H. G. Kunkel, Arthri-
tis Rheum. 16:137, 1973). At temperatures less
than 37°C, which can be seen in vivo in the
peripheral circulation of patients, altered metab-
olism might impair this process with resultant
cell lysis.
On the other hand, unexpected cytotoxicity

seen when the 19S gradient fractions were tested
at 37°C suggests that lymphocytotoxic IgM anti-
bodies present in the sera of DHF patients have
in vivo functions. A likely explanation for the
enhanced lymphocytotoxicity at 37°C is that (i)
the degree of avidity of the cytotoxic antibodies
in the DHF serum varies, and (ii) the IgM
eluates are more reactive at 37°C, owing to a
higher concentration of specific lymphocyto-
toxic antibodies in the total 19S immunoglobulin
pool. A similar phenomenon was noted by Cic-
ciarelli et al. (4) in their studies on the identifica-
tion of surface IgM as the target antigen of cold
lymphocytotoxins.
ALA in the sera of patients may function as

auto-regulatory feedback antibodies. The anti-T
cell ALA could function in an auto-regulatory
manner by reacting with specific T-suppressor
or T-helper cell subpopulations at physiological
temperatures, leading to the sequestering of the
respective subpopulations at physiological tem-
peratures. On the other hand, since ALA react
with B lymphocytes, they could function in
modulating antibody production by the B lym-
phocytes. Hypothetically, autoreactive B cells
may develop during infection and have the po-
tential to synthesize antibodies against autolo-
gous cell subpopulations. The previously ob-
served decrease in T cells (17) in dengue patients
could relate in a causative manner to the present
studies if a loss of suppressor T cells resulted in
autoantibody production of anti-B cell antibod-
ies.
Because dengue virus invades and replicates
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poorly in resting lymphocytes but well in stimu-
lated transformed B lymphoblast cells (6, 9, 15),
it has been postulated that in secondary dengue
infection, antigenic stimulation by the virus of
cells primed to recognize the virus leads to blast
transformation, with subsequent enhanced viral
invasion and replication in the atypical lympho-
cytes (21). Thus, since polyclonal antibody for-
mation is known to occur as a result of virus
infection (1), it would be important to determine
whether polyclonal B cell activation exists in
humans as a result of dengue infections. Wheth-
er or not lymphocytotoxic activity in DHF se-
rum results from activation of autoreactive B
cells during the course of infection could be of
practical significance for future vaccine pro-
grams if immunosuppressive capabilities are as-
sociated with ALA.
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