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Dengue (classical dengue or unmodified
dengue) is a viral disease of man characterized
by fever and generalized aches and pains, hence,
the term "breakbone fever." It is transmitted
through the bites of infected Aedes mosquitoes
notably Aedes aegyp ti and Aedes albopictus.

The causative agents of classical dengue and
dengue hemorrhagic fever are viruses belonging
to the so-called Group B arboviruses (arthropod-
borne viruses) and representing four serotypes
namely dengue-l , dengue-2, dengue-3, and
dengue-4, or DEN-I, DEN-2, DEN-3 and DEN-4.
Of these four types, DEN-2 is the one that is
most frequently encountered in the literature
and one whose physical and biological proper-
ties are well-characterized. I .2

Dengue and dengue hemorrhagic fever (DHF
or dengue shock syndrome) are two clinically
distinct entities. While dengue is a self-limiting
disease, DHF is usually fatal. The latter is char-
acterized by ex tensive tissue damage in the liver
and blood vascular system leading to hemorr-
hage, shock and eventually death." Periodic
epidemics of DHF have been observed in South-
east Asia, Caribbean Islands and the Pacific
Islands."

The exact mechanism which triggers the vas-
cular changes remains to be elucidated, whether
this, in fact, is due to the virus per se or its pro-
ducts. Recent evidence points to an immuno-
pathological basis involving the activation of the
complement system by circulating antigen-anti-
body complexes following secondary infections
with heterologous viruses or a combination of
the four serotypes. This involvement of comple-
ment results in the release of vasoactive sub-
stances such as anaphylatoxins that directly or
indirectly predisposes to the eventual break-
down of the blood vascular system hence,
dengue shock syndrome. 5
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SUMMARY

The relation of changes in virus properties and the
pathophysiology of dengue hemorrhagic fever is
examined in view of previous and present evidences of
host-induced modification of virus surface antigens in
Aedes elbopictus cells. Small (or avirulent) and large (or
virulent) plaque variants were assayed in vivo and in
vitro; changes in electrophoretic patterns accompanied
the transition from virulence to aviru!ence as well as the
alteration in immunological reactivity. Mosquito-adapted
virus is not lethal to suckling mice and does not initiate
plaque formation in mammalian cells; however, its
presence is established by the virus interference test.
Host-induced modification or the acquisition of host
cell membrane components in the viral coat might pre-
dispose to either an abrogation of self-tolerance (an
auto-immune process) or to the accumulation in subse-
quent infections with heterologous dengue virus of anti-
gen-antibody complexes which activate complement and
trigger the changes in the blood vascular system that lead
to hemorrhagic tendencies.

More recently, the phenomenon of host-
induced modification of DEN-2 virus has been
shown in insect cell culture. 6.7 By definition,
host-induced modification in an enveloped virus
such as DEN-2 is the incorporation of host-cell
membrane constituents in the viral coat. This oc-
curs during the maturation process whereby the
nucleic acid core of the virus interacts with some
membranous element of the cell, thereupon, ac-
quiring as it is a protein coat or envelope. The
final product of this interaction is a mature or
complete virus particle, or simply virion. Thus,
the progeny of a particular virus grown in dif-
ferent host cells may manifest varying charac-
teristics.

The initial observation of host-induced modi-
fication of DEN-2 in Aedes albopictus cell cul-
ture was made by Sinarachatanant and Olson in
1973 who postulated that the presence of host
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Table I.
Some Manifestations of Virus Changes and their Relation to Pathogenesis

Mammalian-adapted virus Mosquito-adapted virus
DEN-2(MK2) or DEN-2(SMB) DEN-2(Aal) or CHA

PLAQUE VARIANT Large Small

Virulence to suckling
mouse or + -
LLC·MK2 cells

Virus interference - +

Neutrali zation
test + +

(Antigenic composition) NTso=1:640 NTso=1:300

cellular elements on the virion's surface struc-
ture accounts for its altered biological and im-
munological properties. The salient features of
this work in conjunction with that of Salazar
and Thornson'': 7 are as follows:

1. Mosquito-adapted virus or DEN-2(Aal)
consists exclusively of complete particles or
rapidly sedimenting hemagglutinin (RHA) in
sucrose gradient analysis; mammalian-adapted
virus or DEN-2(MK2) has both RHA and SHA
(slow sedimenting hemagglutinin or incomplete
virus particles).

2. DEN-2(Aal) manifests diminished lethality
for suckling mice and loss of ability to form
plaques in mammalian cell culture.

3. DEN-2(Aal) has no complement-fixing
activity unlike DEN-2(MK2).

4. The 50% endpoint of neutralizing anti-
body titration or NT 50 titer of anti-DEN-2 anti-
body was lower when assayed against DEN-2
(Aal) as compared to DEN-2(MK2).

Thus, the changes in the behavior of mos-
quito-adapted virus are reflected by the loss of
virulence in vitro and in vivo in mammalian indi-
cator systems and by the diminution in immu-
nological reactivity. These changes, in turn, can
influence the outcome of virus isolation in ver-
tebrate hosts. 8

Earlier Sinarachatanant isolated small and
large plaque variants of DEN-2 from mosquitoes
and only the large plaque variant from mam-
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malian cell culture and suckling mice 9. Al-
together the foregoing observations suggest that:

I) there is a selection for small plaque and
large plaque variants in insect and mammalian
cells, respectively.

2) the large plaque variant in mosquitoes
might represent newly acquired and potentially
virulent particles from vertebrate sources.

3) the small plaque variant represents host-
modified virions in persistently infected mos-
quito tissues. This variant produces progressively
diminishing and Ill-defined plaques that eventual-
ly disappear in chronically infected mosquito
cells. Such persistent, inapparent infection
results in a viral carrier state, carrier culture or
latent virus infection.

4) latent virus is, therefore, not readily de-
tected by the conventional methods of isolation,
i.e., suckling mouse inoculation and/or plaque
formation. Their presence however can be es-
tablished by the challenge virus resistance test. 10

To substantiate these observed changes (Table
I), Salazar and Thomson in 1973 proceeded to
analyze the structural protein components of
DEN-2(Aal) versus DEN-2(MK2) and to ascer-
tain the status of apparently "non-lethal" or
latent virus particles (CHA) from chronically
infected Aedes albopictus cells or carrier cul-
tures.?

Infection of Singh's Aedes albopictus (Aal)
cell line with prototype DEN-2 New Guinea C
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Figure 1. Distribution of hemagglutinin and ,,!Jt-amino
acids after rate zonal centrifugation of Dengue·2 virus
propagated in LLC-MK2 cells [DEN-2(MK2)]
(From Salazar and Thomson, 1973).

strain was found to be essentially devoid of
cytopathic effects and to result in the recovery
of exclusively mature virus particles or RHA in
sucrose gradient analysis (Figs. I and 2). This
product was compared with that of LLC-MK2
cells and Aal carrier culture by polyacrylamide
gel electrophoresis.

Co-electropherograms showed that:
I) dengue virions in both insect and verte-

brate cell cultures possess four structural protein
components, three of which have been previous-
ly described namely (a) the large, envelope pro-
tein, V3; (b) the nucleocapsid protein, V2; and

(I) (I)
(2) (2)
(3) (3)
(4) V3 3 (4) 3
(5) V40 4. (5) 4.4b 4b
(6) (6) 4b

(7) (7)
(8) V2 2 (8) 2
{ 9) I (9) I
(10) VI

(10) r c
(II ) ( II)
(12) (12)

+

(I) (2) (3)ond(5)

DEN-2 (MK2)/RHA DEN-2(AoIl/RHA CHA

Figure 3. Diagrams of Coomassie Brilliant Blue-stained
gels showing the relative positions of protein bands of
co-electrophoresed samples.
(From Salazar and Thomson, 1973).

(c) the small envelope protein, VI. A fourth
component, hitherto unrecognized, and desig-
nated V4, appears consistently; it is apparently
complexed to V3, and is divisible into a minor
4a and a major 4b peak (Fig. 3).

2) the protein components of variously de-
rived RHA undergo qualitative" and/or quantita-
tive changes in electrophoretic behavior accord-
ingly, i.e. DEN-2(MK2) < DEN'-2(Aal) < CHA
(Figs. 4 and 5).

Challenge virus resistance/neutralization tests
(CVR/NT) confirmed:

(I) the ability of products from chronically
infected Aal cultures (CHA) to mitigate mor-
bidity and/or mortality in mammalian cell cul-
ture and Swiss (albino) mice following challenge
with lethal virus.

(A) (8)
1000.

Figure 2. Distribution of hemag- ~2S6

glutinin and amino acids after 2S6 ~ 800

rate zonal centrifugation of :5':' days \ IU
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(2) the antigenic relatedness and/or identity
of CHA to dengue-Z virus.

(3) the occurrence of a viral carrier state or
latent infection with DEN-2.

The beneficial action of CHA is seen in Figure
6, i.e., more mice survived and mortality was
considerably delayed at higher concentrations of
virus. The subject matter of virus interference is
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Figure 5. Co-electrophoresis of 14C-amino acid-labelled
DEN-2 (MK2)/RHA and 3H-amino acid-labelled DEN-
2(Aal)/RHA.
(From Salazar and Thomson, 1973).
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Figure 4. Co-electropherograms of CBB-
stained proteins of variously derived RHA.
(From Salazar and Thomson, 1973) .
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dealt with in a separate paper. What this indo
cates is not only the merits of the CVR test in
detecting latent virus bu t also the possible role
of interferon in protective immunity. Stollar and
Shenk 11 demonstrated homologous interfer-
ence by small plaque variants of Sindbis virus in
chronically infected Aedes albopictus cells! 1

Enzmann 12 likewise reported the induction of
an interferon-like substance in persistently in-
fected Aedes albopictus cells.

The other significant observations are:

1) Marked changes in the electrophoretic

100

,.
I-

80:::;
-c
I-
0:
0~

60

w
<!>~
Z
W
U ~oII<
\oJ..
W
>;:

20«..J
::>~
::>
u

0

~--o CONTROL

ilP----o CHA IO-~

10 1& 20

DAYS AFTER CHALLENGE
25 30

Figure 6. Challenge virus resistance test in suckling
mice of supernate from Aal carrier culture.
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profile of the large envelope protein V3 which is
primarily responsible for the antigenic unique-
ness of the viral coat; it is thus involved in im-
munological reactions and adsorption to host
cells.

2) Possible acquisition of host cellular ele-
ments in the structural components of V4, VI,
and V3.

The implication is that host-induced modifica-
tion or the acquisition of host cellular antigens
might accompany the maturation of virus in the
endothelial and/or lymphoid tissues of man and
subsequently the production of antibody direc-
ted against these components possibly along
with the induction of a viral carrier state. If so,
this could predispose either to an auto-immune
process i.e. abrogation of self-tolerance or in
repeated infections with heterologous virus, the
formation of antigen-antibody complexes which
activate complement and cause the release of
vasoactive substances.

There are at least three possible avenues
which directly or indirectly predispose to the
eventual collapse of the vascular system. These
are:

I) the attack by antibody on host cellular
elements in the endothelial tissues.

2) the activation of complement by circu-

lating antigen-antibody complexes and the re-
lease of vasoactive amines by mast cells, base-
phils, or platelets.

3) the elaboration of soluble factor(s)
(kinins?) by sensitized or infected lymphocytes
which, in turn, stimulate platelets to release
vasoactive amines. Kinins alone can cause low-
ered blood pressure and increased vascular per-
meabili ty. Furthermore, antigen-antibody com-
plexes have been shown to activate the plasma
kinin system.

Thus, both humoral and cellular factors in the
immune response are involved in virus infection
and its sequelae. These mechanisms nonetheless
serve to explain the tissue damage seen in
dengue shock syndrome (Figs. 7 and 8).

The mystery of dengue hemorrhagic fever is
far from being solved. Instead it continues to
take its toll on human life and resources. The
significance of this present knowledge in under-
standing the development and/or transmission of
dengue virus in nature can not be over-empha-
sized. Once more, the intriguingly diverse be-
havior of virus in both arthropod an and verte-
brate hosts recapitulates on the phenomenon
Of selective adaptation wherein virus and vector

. might be the protagonists and man, an innocent
ifhapless bystander.
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Figure 7. Hypothesis on the pathophysiology of haemorrhagic fever in Southeast Asia.
(From Tan et sl., 1968).
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Figure 8. Hypothetical model of host-induced modification of DEN-2 surface antigens and the immuno-
pathology of dengue shock syndrome.
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