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Abstract
The paper represents a climcal reappraisal of \dengp>e hemorrhagic 

fever (DHF) and the author’s purpose to 1briefly review and discuss the 
pertinent data obtained to date. The most frightening picture of DHF 
that clearly differentiates this new clinical entity from the classical 
dengue illness and contribute to its cause of death is the shock syndrome.

The major pathophysiologic change that leads to hypovolemia and 
subsequent shock is the leakage of plasma. The acute onset of shook and 
the rapid, often dramatic climcal recovery when treated, to>gether with 
the fact that no destructive or inflammatory vascular lesion has hem 
observed suggested a functional vascular permeability change possibly 
due to ia short acting pharmacological mediator.

Epidemiological and serological observations circumstantiated a 
hypothesis that DHF occurs as a result of a second infection with a hete­
rologous dengue virus. Recent studies strongly implicated an immunologi­
cal mechanism im/oolvimg activation of complement system amd its  pro­
ducts, complement-derived anaphylatoxins as responsible for the initia­
tion of shock. The findings of low fibrinogen and appearance of fibrinogen 
split product in correlation to the disease severity together with Die 
constantly found thrombocytopenia indicated occurence of consumptive 
coagulopathy but probably not a major pathogenic role. The fact that in 
most oases, ¡early and eff ective replacement of plasma volume results in 
favourable outcome, and that significant bleedings when present, usually 
occur after the onset of shock, and support to the major pathogenic role 
of the increased vascular permeability amd extravasation of plasma.
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The year 1956 was important in 
the history of dengue and perhaps 
in the history of viral diseases in ge­
neral1 for iit marked the first recog­
nition of dengue hemorrhagic fever 
(DHF), a  new urban disease of chil­
dren characterized by fever, hemor­
rhagic diathesis, hepatomegaly and 
a life threatening shock syndrome. 
After the first epidemic in Manila 
the disease has spread to other coun­
tries in the Southeast Asia and the 
Western Pacific regions where Aedes 
aegypti mosquitoes (a dengue vec­
tor) are abundant.

In some of these areas during 
DHF outbreaks chnknngunya virus, 
also transmitted by Ae. aegypti, so­
metimes cuwed similar but milder 
disease, more like classical dengue 
fever (Nimmannitya et al., 1989). 
Only dengue viruses are responsible 
for the severe life threatening dise­
ases which as now considered as of 
significance among communicable 
diseases in most tropical Asian coun­
tries. The repetition of outbreaks or 
their extension to new areas have 
raised during the past two decades 
a number of public health problems 
which are complicated, difficult and 
not yet completely solved.

DHF is considerably a new disease 
or a  new variant of dengue infection 
because of its unusual hemorrhages 
and the shock syndrome so-called 
dengue shock syndrome (DSS) which 
has been known for more than a cen­
tury  in Asia are largely age depen­
dent, the disease is mild in children

and more severe in adults. Infants 
and young children with dengue in­
fection have syndrome ranging from 
undifferentiated fever to mild febrile 
illness sometimes with th e  triad of 
high fever, pain in various parts of 
the body and rash. The disease is 
known as non-fatal, death is rather 
an exceptional. DHF on the  contrary, 
attacks mostly children under age 14 
years and caused significant morta­
lity among preschool age children of 
Southeast Asia and the Western Pa­
cific regions where classical dengue 
syndrome is a rare incidence among 
indigenous people.

During the past two decades seve­
ral research approaches have produ­
ced information which contributed 
to our present understanding of epi­
demiology, virology, immunology 
and clinical research. In  each of 
these fields, there are significant 
unanswered questions remaining to 
be further pursued. In the point of 
view th a t some of the existing prob­
lems can be solved by appropriate 
action in applying the knowledges 
we already possess, it is my purpose 
to briefly review and discuss the 
pertinent data obtained to  date on 
some aspects of DHF.

Virologieal and Epidemiological 
Aspects

The four dengue viruses form a 
subgroup of the group B arbovirus 
based on close antigenic relationships 
due to common or cross-reacting 
antigenic determinants present in



FIG. 1 : Graph showing age distribution.
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FIG. 3 : The Spectrum, of Dengue Diseases.
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î'IG. 2 : Age distribution and occurence of shock in patients with
primary and secondary dengue antibody response and in Jf52 
DHF patients a secondary dengue antibody response. (Modi­
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complaint shortly before onset of 
shock.

Shock is characterized by a rapid 
and weak pulse with narrowing of 
the pulse pressure (20 mm. Hg. or 
less, regardless of the pressure levels, 
e.g. 100/90 mm. Hg.) or hypotension, 
with cold, clammy skin and restless­
ness, the onset of shock is usually 
abriupt and often profound. The pati­
ents are in danger of dying iif appro­
priate treatment is not promptly 
given. The duration of shock is short, 
the patient may die within 12 - 24 
hours or recover rapidly following 
appropriate antishock therapy. Pro­
longed uncontrolled shock may give 
rise to a more complicated course 
with metabolic acidosis, severe gas­
trointestinal hemorrhage and a poor 
prognosis.

Thrombocytopenia and concurrent 
hemoconcentration are constant fin­
dings. A platelet count of below 
100,000/mm3 is usually found bet­
ween the third and eight days, the 
platelet count falls and hematocrit 
rises before onset of shock.
The clinical diagnosis based on four 
major clinical manifestations:
a. fever, high continuous for 2 -7  

days.
b. hemorrhagic manifestations inclu­

ding at least a positive tourni­
quet test with any other.

c. hepatomegaly.
d. circulatory disturbances — in the 

form of shock in severe cases. 
And the two constant laboratory

findings thrombocytopenia, and 
concurrent hemoconcentration 
provide-the basis.. fo r . , accurate- 

. and rapid diagnosis before shock 
or irreversible shock occurred.

The spectrum of DHF/DSS is clas­
sified according to disease severity 
into four grades (Nimmannitya et al., 
1969).

Grade I. Fever accompanied by 
non-speciffiic constitutional symptoms, 
the only hemorrhagic manifestation 
is a positive tourniquet test.

Grade II. The additional manifes­
tation to those of grade I is sponta­
neous bleeding, skin and/or other 
hemorrhages.

Grade III. Circulatory failure ma­
nifested by rapid and weak pulse, 
narrowing of pulse pressure (20 mm. 
Hg. or less) or hypotension, with the 
presence of cold clammy skin and 
restlessness.

Grade IV. Profound shock with un­
detectable blood pressure and pulse.

Table I shows the occurence of 
major manifestations and laboratory 
findings in relation to disease seve­
rity. The presence of thrombocytope­
nia with concurrent hemoconcentra­
tion will differentiate grade I and II, 
non shock cases of DHF from classi­
cal dengue fever, and from other vi­
ral1 infection®.

Pathophysiology
Vascular permeability 

The major pathophysiological ab­
normality seen in DHF/DSS is an
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acute increase in vascular permeabi­
lity th a t leads to leakage of plasma. 
Plasma- volume studies revealed a re 
ductioft of more than 20% in severe 
cases (Suwanik et al., 1967) suppor­
ting evidence of plasma leakage, in­
clude hemoconcentration, hypoprote- 
inemia, serous effusion found at 
postmortem, and pleural effusion 
found on X-rays.

In severe cases, the onset of shock 
Is acute, hematocrit rises sharply as 
plasma escapes through the endothe­
lium. Hypovolemic shock, as a con­
sequence of critical plasma loss leads 
to tissue anoxia, metabolic acidosis 
and death if uncorrected.

In most cases, early and effective 
replacement of lost plasma with plas­
ma, plasma expander and/or fluid 
and electrolyte solution, results in a 
favourable outcome. The acute onset 
of shock, and the rapid, often drama­
tic clinical recovery, together with 
the fact tha t no destructive or in­
flammatory vascular lesions are ob­
served (Bhamarapravati et al., 1966) 
suggest transient functional vascular 
changes possibly due to a short ac­
ting pharmacological mediator (Rus­
sel, 1970).

Electrolyte disturbance frequently 
found and is considerably significant 
in the treatment is hyponatremia. 
This can he attributed to salt deple­
tion in excess of water; salt depleti­
on may have been present to some 
degree due to reduced salt intake 
from anorexia and increased loss 
from vomiting and excessive swe­

ating, water retention is the result 
of both decreased renal excretion and 
increased oxidative water formation 
from increased metabolism during 
the febrile stage. Few cases have 
evidences suggesting inappropriate 
ADH secretion (Varavithya e t al., 
1973).

Eanly in, the course of illness res­
piratory alkalosis with mild metabo­
lic acidosis may be found, but in the 
cases with prolonged uncontrolled 
shock metabolic acidosis is more 
common and may cause a more com­
plicated course if not corrected.
Hemollhugic Diathesis 

Bleeding manifestations in DHF 
range from mild skin hemorrhage as 
positive tourniquet test and pete- 
chiae, epistaxis, gum bleeding, to the 
severe sometimes fatal-massive gas­
trointestinal1 hemorrhages.

Hematologic changes in DHF
1. Vasculo'pathy

— Capillary fragility changes 
result in positive tourniquet 
test.

— Capillary response to injury 
is poor as manifested by the 
prolonged bleeding time.

2. Thrombocytopenia 
Thrombocytopenia is a constant

finding in DHF. Platelet counts fall 
to a moderately or markedly low 
level by day 3, usually ; proceeding 
shock in severe cases and rise to 
normal or sometimes supernormal 
level by day 8 to 10. I t is important
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to note that although the level of low 
platelet counts is in correlation with 
the disease severity, the very low le­
vel of platelets ('below 40,000 per 
cu. mm.) is not always correlated 
with severe bleeding. The reverse, 
however, is always true, i.e. in cases 
with severe hemorrhage the platelet 
counts are always very tow.

Bone marrow studies in these pa­
tients indicated hypocellular and de­
creased number of megakaryocytes 
suggesting decreased production du­
ring the early febrile phase. This is 
probably one factor — a minor one 
— in explaining thrombocyto’penia 
in DHF (WHO, 1966).

The rapid fall1 of platelet counts to 
a very low level points to a destruc­
tive process or sequestration as a 
more important role. The platelets 
survival studies in some of these pa­
tients revealed an unusual shortage 
of its half life Implicating enhanced 
destruction of the circulating plate­
lets (Mitrakul, 1973). A consumptive 
coagutopathy is one possibility, but 
its not absolute evidence of platelets 
destruction, just as a low platelet co­
unt is no proof of intravascular coa­
gulation.

The observation of sudden drop 
of platelets concurently with hemo- 
concentration proceeding shock as 
shown in Fig. 4, occurred simulta- 
neohsly with the rising antidengue 
antibody suggests another possibility 
that platelets may be aggregated or 
adhered to antigen antibody complex.

3. Coagulopathy
Table 2 shows the results of fibri­

nogen, fibrin degradation product 
(FDP) and platelets in correlation to 
the disease severity. The low level of 
fibrinogen and the presence of FDP 
together with the constantly found 
thrombocytopenia could be interpre­
ted as evidence of disseminated intra­
vascular coagulation (DIC). (WHO, 
1973).

The screening coagulogram in so­
me of these patients with high FDP 
level1 revealed prolonged partial 
thromboplastliln time (PTT) in 54.6%, 
prolonged prothrombin time (PT) in 
33.3% and normal thrombin time. 
These findiilngs together with the 
observation that FDP i;s not always 
found in severe cases, and when 
present, the level is rather low, par­
ticularly if compared to the level 
found lih classical DIC due to gram 
negative septicemia (Suvatte et al., 
1973), suggest that mild consumpti­
ve coagulopathy may take place in 
DHF but no frank DIC which plays 
a significant pathogenetic role.

The assay of clotting factors re­
vealed mild to moderate reduction of 
factors II, V, VII, IX, X (Weiss and 
Halstead, 1965; WHO, 1966) and al­
so factor X n (Mitrakul, 1973; Edel- 
man et al., 1973), tin severe cases 
wuith shock White the non shock ca­
ses always showed normal coagulo- 
grams. In case of shock with severe 
bleeding there was a definite reduc­
tion in all coagulation factors except
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factor VIII. The normal level of 
factor VIII, although no absolute 
evidence against intravascular coa­
gulation, does, however, cast some 
doubt on the occurrence of consum­
ptive coagulopathy in DHF.

It should also be noted that hepa­
tomegaly is a constant finding in 
DHF, and tha t the liver function- 
profile showed mild to moderate 
elevation of serum transaminases; 
a t post mortem there were always 
changes indicating some degree of 
liver damage. I t is quite possible 
that dm severe cases of DIIF, a cer­
tain degree of liver (involvement may 
cause coagulation defects.

I t thus appears tha t skim bleeding 
in DHF in general is due to capillary 
factors and thrombocytopenia in 
some extent. The gross massive blee­
ding is possibly due to more complex 
mechanisms; thrombocytopenia, coa­
gulation defects, and probably in 
some extent, due to consumptive coa­
gulopathy particularly in those who 
have been in prolonged uncontrolled 
shock with complicated metabolic 
acidosis. Further information is nee­
ded on the role of shock per se in 
causing or potentiating DIC.

Pathogenesis

The association of secondary (infec­
tions and the consequent anamnestic 
antibody response with DHF is firm ­
ly established. This indicates that 
an immunological mechanism is in­
volved. The complement studies car­

ried out in recent years have greatly 
clarified the pathogenetic mecha­
nisms in DHF and DSS. The impor­
tan t central role of complement ac­
tivation and the consumption of C3 
have been conclusively demonstrated 
(WHO, 1973; Bokisch et ah, 1963).

The occurrence of immune comple­
xes is presumed on the basis of si­
multaneous presence of virus and 
antibody in patient’s serum, and this 
is supported by evidence of C l con­
sumption and the finding- of IgG, 
dengue antigen, and C3 deposited in 
kidneys of patients convalescent 
from DHF (Futrakul et ah, 1973).

Recent studies revealed th a t im­
munological enhancement of dengue 
virus replication in peripheral leuko­
cytes In ¡the sense that viremia in 
secondary infection is quantitatively 
greater than viremia in primary in­
fection (Marchettee, 1974). These 
findings suggest that cell mediated 
immunity may also he involved in 
the pathogenetic mechanism of DHF. 
In secondary infection with enhanced 
virus replication, and the rapid rise 
to a high level of antidengue IgG 
antibody the interaction to form im­
mune complex is more feasible and 
become significant.

Fig. 5 shows the complement pro­
files of DHF patients (WHO, 1973), 
complement depression in DHF in­
volved primarily C3, C3 preactivator 
(C3PA), C4, and C5. The marked 
depression of serum level of comple



DENGUE HEMORRHAGIC FEVER 101

ment was found to be correlated 
with the severity of the disease.

The activation of C3 and C5 is ac­
companied by dissociation of low 
molecular weight peptides called C3a 
and C5a anaphylatoxins which are 
very potent permeability increasing 
factor and have the capability to re­
lease histamine (Muller - Eberhard 
and Vollota, 1971). Since the C3 
concentration was reduced by at least 
33 % im the shock patients and a re­
duction of 33% in the C5 levels also 
occurred iin 89% of such patients, it 
may be that large amounts of ana- 
phylatoxim are liberated duping the 
shock phase. Although plasma con­
tains a powerful’ inactivator of the 
two peptides (Bokisch and Muiller 
Eberhard, 1971), it is quite possible 
that these peptides contribute to the 
development of shock before they 
undergo inactivations (WHO, 1973). 
The fact that anaphylatoxfa is rapid­
ly inactivated and eliminated from 
the circulation i;s ,in accordance with 
the short period and often dramatic 
recovery of shock when treated.

The question of a possible role of 
bradykinin iin causing permeability 
increase and hypovolemia has been 
clarified in the recent studies which 
showed no significant change of bra- 
dykilnin or kallikreiin inhibitor in 
relation to the disease severity. This 
negative finding in kihin study to­
gether with the evidence of . rapid 
fall of C3 preceeding shock, during 
shock and the return to nor­

mal in convalescence observed in the 
same studies give strong support to 
the central role of complement acti­
vation in the pathogenesis of DHF 
(Edelman et ai., 1973).

The complement has been shown 
to be capable of initiating blood coa­
gulation through the platelets (Zim­
merman and Muller-Eberhard, 1971).

It is quite possible that the mild con­
sumptive coagulopathy observed in 
DHF (is a consequence of complement 
activation occurring during its inter­
mediate pathway and probably does 
not play a major pathogenic role. 
This 'lis supported by the fact that 
significant bleeding is infrequent in 
DHF, when present usually occurs 
after the onset of shock, after a pro­
longed uncontrolled shock.

The evidences that in most cases 
early and effective replacement of 
plasma volume results in favourable 
outcome and that with early treat­
ment ¡of shock the incidence of severe 
bleeding is further reduced, strongly 
indicate the major role of the incre­
ased vascular permeability and extra­
vasation of plasma, in the pathoge­
nesis of DHF/DSS.

Treatment

As in other viral infections there 
is mo specific antiviral agent for 
dengue infection. Symptomatic and 
supportive measures are, however, 
effective in DHF and DSS providing 
prompt and appropriate antishock
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therapy is given before irreversible 
shock takes place.

DSS is a hypovolemic shock due 
to leaKage of plasma, hyponatremia 
is commonly found, thus immediate 
administration of intravenous fluid 
to expand plasma volume is most 
essential. Serial hematocrit determi­
nations are most essential guide ,in 
therapy since they reflect the degree 
of plasma leakage and the need for 
intravenous fluid therapy. Hemocon- 
centraition usually precedes blood 
pressure and pulse changes. Moreo­
ver the  hematocrit is also a good 
indication for stopping the intrave­
nous fluid when the reabsorption of 
the extravasated plasma takes place.

The experience in the management 
of shock in DHF at the Children’s 
Hospital, Bangkok, has proved satis­
factorily with the following regi 
mens:
1. Immediate replacement of the 

existing plasma loss with plasma 
or plasma expander, and/or iso­
tonic salt solution.

2. Correction of further plasma loss 
and maintaining of circulating 
volume for another 12 to 24 hours 
or at the most 48 hours.

3. Correction of electrolyte distur­
bance and/or acid base imbalance.

4. Fresh blood transfusion in case 
of massive bleeding.

The steadily decline in mortality 
rate after 1964 wiithout using stero­
ids ¡(Fig. 6) precludes the necessity

of this drug in the therapy of DHF/ 
DSS. Early recognition of cases aa 
well as early and appropriate trea t­
ment of shock with proper monito­
ring of the patient’s conditions play 
important roles in the reduced mor­
tality rate from 9% in 1964 to 2% 
in 1973.

A controlled study comparing the 
results of treatment of DSS with 
and wiithout steroids showed no dif­
ference between the two methods 
(Pongpanich et al., 1973). The most 
recent blood cortisol level studies in 
DHF patients showed high cortisol 
level during the stage of shock. The 
level in shock cases is 4 to 5 times 
higher than in control (Tuchinda et 
al., 1974). This could be simply in­
terpreted as no evidence of adrenal 
insufficiency. Nonetheless the possi­
bility of harm effect of the high 
cortisol levels seen in the severe 
cases should not be overlooked. A 
further investigation is needed.

In conclusion, in spite of the many 
questions and puzzles th a t remain, 
body of knowledges [in various as­
pects of DHF has compiled. Better 
understanding of the disease impro­
ves clinical diagnosis and manage­
ment of DHF, and the mortality rate 
reduces. Good and accurate clinical 
criteria for diagnosis reduce the 
problem of overdiagnosis and a great 
demand of hospital beds. Early re­
cognition of cases is also important 
in surveillance program of DHF, and 
for the control program.
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In. view of the fact that there is 
no vaccine available, the fundamental 
measure to be taken (in the disease 
prevention and control is to control 
the vector mosquitoes. To achieve 
the goal |im DHF control there is a 
need for close cooperation among a! 
concerned. A surveillance program

for DHF at the international as well, 
as at local levels is most desirable. 
Logistics of the operation: and rese­
arch on various aspects of DHF may 
vary from one country to another. 
However, the experiences gained in 
one country may interest the others.
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