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Abstract. Dengue fever and dengue hemorrhagic fever are re-emerging diseases
that are endemic in the Tropics. The global prevalence of dengue cases has in-
creased in South-East Asia, Africa, the Western Pacific, and the Americas. The
increasingly widespread distribution and the rising incidence of dengue virus infec-
tions are related to increased distribution of Aedes aegypti, an increasingly urban
population, and increasing air travel. Several Southeast Asian countries show that
the age of the reported dengue cases has increased from 5-9 years, to older chil-
dren and young adults. Dengue infection in adolescents and adults has also been
recognized as a potential hazard to international travelers returning from endemic
areas, especially Southeast Asia. Dengue is one disease entity with different clinical
presentations; often with unpredictable clinical evolutions and outcomes. Bleeding
manifestations in adult patients, including petechiae and menorrhagia were also
frequently found; however, massive hematemesis may occur in adult patients
because of peptic ulcer disease and may not be associated with profound shock
as previously reported in children. Although shock and plasma leakage seem to
be more prevalent as age decreases, the frequency of internal hemorrhage rises
as age increases. Increase in liver enzymes found in both children and adults in-
dicated liver involvement during dengue infections. Pre-existing liver diseases in
adults such as chronic hepatitis, alcoholic cirrhosis, and hemoglobinopathies may
aggravate the liver impairment in dengue infection. Fulminant hepatitis is a rare
but well described problem in adult patients with dengue infection. Currently, no
specific therapeutic agent exists for dengue. The early recognition of dengue infec-
tion, bleeding tendency, and signs of circulatory collapse would reduce mortality
rates in adult patients with dengue infection.
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INTRODUCTION

Dengue fever (DF) and dengue hem-
orrhagic fever (DHF) are re-emerging
mosquito-borne viral infections caused
by four closely related dengue viruses
(serotypes 1-4) of the genus Flavivirus.
These dengue viruses are transmitted
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principally by the Aedes aegypti and Ae.
albopictus mosquito species. The dengue
virus has 4 antigenically similar but im-
munologically distinct serotypes. Infection
confers lifelong immunity to the infecting
serotype; therefore, a person can be in-
fected with dengue virus up to four times
during his or her lifetime. The World Health
Organization (WHO) predicted that there
are more than 2.5 billion people living in
tropical and subtropical countries, mostly
in large and small cities, at risk of dengue
infection with one or more dengue viruses.
The global prevalence of dengue cases
has increased in South-East Asia, Africa,
the Western Pacific, and the Americas.
The increasingly widespread distribution
and the rising incidence of dengue virus
infections is related to increased distribu-
tion of Ae. aegypti, and to the increase in
urban population in the cities of Southeast
Asia and air travel. Ideal conditions for
increased transmission of dengue virus in
tropical urban centers have been created
by substandard housing and crowding, as
well as deterioration in water, sewer, and
waste management systems, all of which
are intimately associated with unplanned
urbanization (Barbazan et al, 2002; Guz-
man and Kouri, 2003; Nakhapakorn and
Tripathi, 2005; Anyamba et al, 2006). With-
out an effective vaccine or antiviral agent,
an effective vector control program is the
only means to reduce dengue infection in
endemic areas.

Dengue virus infection is an important
public health problem in Asia, and mainly
occurs in children less than 15 years of
age. The age distribution is different in the
Americas, where these syndromes occur
in all age groups. However, the majority
of fatalities during epidemics in the Ameri-
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cas occur in children. Several Southeast
Asian countries have shown that age of
the reported dengue cases has increased
from 5-9 years to older children and young
adults (Charoensook et al, 1999; Pan-
charoen et al, 2002; Pongsumpun et al,
2002; Kulanatne et al, 2005). In Thailand,
affected adults aged over 15 years old
are reported to comprise 20%-40% of
dengue virus infected cases according to
the Epidemiological Surveillance System
(Patumanond et al, 2003; Department
of Epidemiology, 2012). Morbidity and
mortality rates of dengue have been high-
est in children, especially in the 5-9 year
age group. At present, the morbidity rate
of DHF in Thailand has declined to 0.15%
while the average age of dengue patients
is increasing.

The evidence of rising age of DF/DHF
cases has been explained by association
with demographic transition, modern hous-
ing, and commercial development (Kyle
and Harris, 2008; Cummings et al, 2009).
Dengue infection in adolescents and adults
has been recognized as a potential hazard
to tourists as various reports have been
published on dengue virus infection in inter-
national travelers returning from endemic
areas, especially Southeast Asia (Jelinex,
2000; Brien et al, 2001; Stefen et al, 2002;
Pongsumpun et al, 2004). The increase in
international air travel and the increasing
transmission of dengue in the tropics mean
that healthcare providers in Western coun-
tries are more likely to be confronted with
travel-acquired dengue infections. Dengue
now appears to occur more frequently than
malaria among travelers returning from any
region except Africa and Central America
(Schwartz et al, 2008; Burdino et al, 2011;
Wilder-Smith, 2012; Leder et al, 2013).
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In returning travelers, the discrep-
ancy between the incidences of infection
and clinical expression is comparable
with observations in areas of endemicity,
where infections may go unnoticed. The
proportionate morbidity associated with
dengue is especially high among travel-
ers returning from Southeast Asia and the
Caribbean. Thus, we emphasize the need
for continued dengue surveillance in non-
endemic countries with careful evaluation
and follow-up of febrile patients who have
returned home after visiting a country in
which dengue is endemic (Freedman et al,
2006; Massed and Wilder-Smith, 2009).

Although rarely documented, dengue
virus transmission without a mosquito
vector has been reported. Documented
dengue transmissions through needle-
stick, receipt of infected blood component,
tissues or organs transplantation, and
transplacental infection are quite rare; how-
ever, they may be more widespread than
previously recognized (Chen and Wilson,
2004; Wagner et al, 2004; Tan et al, 2005;
Mohammed et al, 2008; Tambyah et al,
2008; Wilder-Smith et al, 2009; Tangnara-
ratchakit et al, 2012).

Dengue is one disease entity with dif-
ferent clinical presentations and often with
unpredictable clinical outcomes. Dengue
virus infection produces a spectrum of
clinical iliness ranging from undifferentiated
fever, dengue fever (DF), which is a self-
limiting febrile illness associated with fever,
headache, myalgia, and thrombocytopenia,
dengue hemorrhagic fever (DHF) and den-
gue shock syndrome (DSS), which may be
fatal. DHF/DSS is characterized by rapid
onset of capillary leakage accompanied
by thrombocytopenia, altered hemostasis,
which is characterized by hemoconcentra-
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tion (hematocrit increased > 20%), throm-
bocytopenia (platelet count, <100 x10%/1),
vascular collapse, abdominal pain, and
hemorrhagic manifestations (WHO, 1997).
The 1997 WHO definition further subdi-
vides DHF into four grades (grade I-1V) on
the basis of the presence of spontaneous
bleeding and the presence and severity of
shock (grade IV; DSS). Despite the clini-
cal classification of DF and DHF as distinct
entities, they are likely to be a continuum of
the same disease process with divergent
outcomes with regards to the perturbation
of vascular integrity.

The low accuracy of the WHO case
definition and the difficulty to identify early
clinical predictors of dengue infection in
adults has been described (Srikiatkha-
chorn et al, 2010; Hadinegoro, 2012).
Due to many reports about difficulty of
using the 1997 WHO classification in
clinical management, the WHO released
new guidelines with a new classification
in 2009, which is dengue without warning
signs, dengue with a warning signs and
severe dengue (WHO, 2009; 2012). The
warning signs mark the beginning of the
critical phase in dengue infection. These
patients become worse around the time
of defervescence, when the temperature
drops to 37.5-38°C or less and remains
below this level, usually on days 3 to 8 of
illness. Being an adult is also a risk factor
for mortality in DF/DHF because of delayed
diagnosis and treatment, comorbidity, and
the increasing frequency of internal hemor-
rhage with age.

Physicians should be aware of warn-
ing signs (persistent or severe vomiting,
abdominal pain or tenderness, liver en-
largement, drowsy or alteration of con-
sciousness, fluid accumulation with re-
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spiratory distress, epitaxis, gum bleeding,
gastrointestinal bleeding, retinal hemor-
rhage, oliguria, and hemoconcentration
with severe thrombocytopenia) in patients
with dengue infections before the patients
develop severe dengue infections (shock
from plasma leakage, severe bleeding,
hepatic failure, acute renal failure, and
encephalopathy) (Leo et al, 2011; Horstick
et al, 2012; Prasad et al, 2013). The out-
come of dengue depends largely on early
diagnosis, the immediate replacement of
fluid, and intensive supportive care.
There are several factors that may
influence disease severity in dengue vi-
rus infection, including host factors, virus
serotype or genotype, sequence of virus
infection and differences in dengue cross-
reactive antibody and T-cell responses
(Green and Rothman, 2006). Age-related
differences in dengue severity are poorly
understood, and the data on clinical fea-
tures in dengue adults are limited (Guzman
et al, 2002; Hammond et al, 2005; Kittigul
et al, 2007; Tantawichien, 2012; Namvong-
sa et al, 2013; Souza et al, 2013). Plasma
leakage, as well as DSS and leakage
appear to be less frequent in adults than
children, possibly reflecting age-dependent
differences in intrinsic vascular permeabil-
ity, but anecdotal evidence suggests that
bleeding manifestations, especially internal
hemorrhage and hepatic dysfunction, are
both more common in older age groups
(Gamble et al, 2000; Wichmann et al, 2005;
Guilarde et al, 2008; Tantawichien, 2012).
Previous studies have described the
severity of clinical bleeding found in adult
dengue patients. The emergence of DF
with unusual bleeding and DHF in the
adolescent, adult and elderly populations
has been a cause of an apparent increase
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in the complications of dengue infection
(Tsai et al, 1991; Anuradha et al, 1998;
Agarwal et al, 1999; Tantawichien et al,
2000; Rongrungruang and Leelarasamee,
2001; Wichmann et al, 2005; Pungjitprapai
and Tantaurcheen, 2008). Older age has
previously been reported to be a risk fac-
tor for mortality in patients with DF or DHF
because ageing, co-morbidity, and waning
immunity pose a substantial risk for fatal-
ity in elderly patients with active infection
(Rigau-Perez and Laufer, 2006; Kuo et al,
2007; Lee et al, 2008; Gautret et al, 2012;
Pang et al, 2012).

CLINICAL MANIFESTATION

Dengue is a common cause of fever in
the Tropics, but its contribution to the total
burden of febrile illnesses that presents to
primary health facilities in endemic regions
such as Thailand is largely unknown. In
the early stage of dengue infection, diag-
nosis from clinical manifestation alone is
difficult, especially in adults. Dengue has
numerous differential diagnoses, including
malaria, leptospirosis, rickettsial diseases,
typhoid, chikungunya, other viral hemor-
rhagic disease, and so forth (Leelarasamee
et al, 2004; Phuong et al, 2006). Dengue
infection should be suspected if the pa-
tients have a fever of 10 days or less with
myalgia, arthralgia, bone pain, headache,
peri-orbital pain, flushing, nausea or
vomiting with no obvious respiratory tract
symptoms or signs and no organ specific
symptoms of other infectious diseases.

After an incubation period of 4 to 7
days, the febrile period is accompanied
by severe headache, retro-orbital pain,
myalgia, arthralgia, nausea, and vomiting.
Tantawichien et al (2000) described the
clinical manifestations of 140 adult patients
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infected with dengue virus during the epi-
demic of dengue infection in Bangkok from
1997 to 1998, and he reported that there
was fever (3 to 8 days), nausea/vomiting,
headache, and myalgia in both DF and
DHF; however abdominal pain, and severe
or widespread bleeding manifestations
were less frequent in DF.

Over one-quarter of infected people
reported a rash during the febrile phase
that was initially macular or maculopapular,
and some became diffusely erythematous,
sparing small areas of normal skin (“islands
of white in a sea of red”). Minor hemor-
rhagic manifestations such as petechiae,
epistaxis, and gingival bleeding do occur,
but severe hemorrhage leading to shock
through blood loss rarely occurs. Attempts
to differentiate DF clinically from other
acute febrile illnesses are unlikely to be
successful although the diagnosis is aided
if laboratory examination indicates leuko-
penia, neutropenia, thrombocytopenia, or
mildly elevated AST levels, as well as a
positive tourniquet test.

The tourniquet test has been used as a
clue for dengue infection for a long time and
has been considered by the WHO in 2009
as one of the criteria for probable dengue
infection. Unfortunately, the sensitivity and
specificity of tourniquet test from previous
report, especially in children, were not
excellent, ranging between 34%-56% and
68%-94%, respectively. However, this test
was regarded to be a cheap and simple
clinical method that is suggestive of den-
gue when positive, but a negative test does
not exclude the disease (Phuong et al,
2002; Gregory et al, 2011; Mayxay et al,
2011; Halsey et al, 2013).

Laboratory tests, such as reverse
transcription polymerase chain reaction
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(RT-PCR) or dengue nonstructural protein
1 antigen, capture assay (NS1 Ag assay)
are usually used to diagnose the dengue
infection antigen during the early phase of
acute infection, and serological ELISA is
used to detect specific IgM or IgG antibo-
dies. However, those tests are not always
available in all parts of dengue endemic
countries. DF is usually a self-limiting con-
dition, and death as a result is uncommon.
Nevertheless, patients who have severe
nausea/vomiting, severe hemorrhage (for
example, hematemesis, hematochezia, or
abnormal vaginal bleeding), hypotension, a
platelet count of <20,000/mm?3 (<20x10/1),
AST or ALT >500 U/ml, renal failure, liver
failure, heart failure, drowsiness, severe
hypoxemia, pregnancy, and no opportunity
to be followed up in an out-patient setting
should be hospitalized in Thailand (Figs
1 and 2).

DHF is the most serious manifestation
of dengue. Adults may be at lower risk of
developing DHF compared to children and
adolescent due to differences in capillary
permeability (Gamble et al, 2000). During
the transition from the febrile to afebrile
phase, DHF patients with increased
capillary permeability may manifest with
the warning signs, mostly as a result of
plasma leakage. The cardinal features that
distinguish DHF from DF are increased
vascular permeability (plasma leakage
syndrome), and marked thrombocytopenia
(< 100 x109/1) associated with bleeding
and hepatomegaly and/or abnormal liver
function (WHO, 1997).

During the transition from the febrile to
afebrile phase, DHF patients with increased
capillary permeability may manifest with the
warning signs, mostly as a result of plasma
leakage. A 20% increase in hematocrit
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Presumptive dengue infection

The patients have the following clinical presentations:

- Fever of 10 days or less with myalgia, arthralgia, bone pain, headache,
peri-orbital pain, flushing, nausea or vomiting

- No obvious respiratory tract symptoms or signs

- No organ specific symptoms of other infectious diseases

YV

V

Fever < 3 days

Fever 4 - 10 days

Tourniquet test
should be performed
+/- CBC (or blood smear)

Not presumptive
diagnosis: Consider to
work up as other
causes of acute febrile
illness

\V/ ;

Consider NS1 or PCR for confirmation of dengue

Early diagnosis of dengue infection

infection

The following laboratory

tests should be performed:

- CBC (or blood smear)

- Tourniquet test [not recommend
if platelet count < 80,000
cell/mm? (< 80x10°/1) or
spontaneous petechiae]
Consideration of blood tests for
AST, ALT in cases of severe
vomiting, hepatomegaly or
pregnancy

Vi

Assess clinical manifestation of warning signs

\]

’ Without warning signs ‘

\2

Vv

Patient with fever <3 days
Clinical stable and no clinical
of warning signs

Patient with fever 4 - 10 days
Clinicians should observe for signs and
symptoms of DF and plasma leakage syndrome

Outpatient care

Investigate causes of acute febrile illness.
Follow up signs and symptoms every 1-2 \l/
days until afebrile for 2 days.
- Observe for signs and symptoms of

DF/DHF
Be aware warning signs

Encourage oral fluid/ORS intake
Use acetaminophen carefully for

reducing fever

Avoid ASA, NSAIDs, anti-platelet agent

and H-blockers

Monitor laboratory tests every 1-3 days,
CBC (or blood smear) Tourniquet test
[not recommended if platelet count < 80,000
cell/mm?® (< 80x10°/1)] or clinical of sponta-
neous petechiae

Vi

Warning signs
Persistent / severe vomiting
Abdominal pain or tenderness
Liver enlargement
Drowsy or alteration of
consciousness
Fluid accumulation with
respiratory distress
Mucosal bleeding (epitaxis,
gum bleeding)
Retinal hemorrhage
Oliguria
Laboratory: hemoconcentration
with severe thrombocytopenia

V

Indications for hospitalization

v v
| No ‘ ’ Yes ‘
\\Z

Consider admission to hospital.

(Depending on physician’s decision)
eg, nausea/vomiting, severe hemorrhage eg, hematemesis,
hematochezia or abnormal vaginal bleeding, DSS or hypotension,
Het > 50%, platelet < 20,000/mm? (< 20x10°/1), AST or
ALT > 500 U/ml, renal failure, liver failure, heart failure,
drowsiness, or severe hypoxemia, pregnant women, morbid
obesity, patients could not follow up as out-patient setting

Fig 1—Guideline for outpatient management of dengue infections in adult (adapted from guidelines
of Royal College Physician of Thailand, 2012).
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Hospitalized patients with dengue

Evaluate signs and symptoms of DF/DHF and warning signs.
- Give support and advice, adequate fluid/ORS intake.
- Use acetaminophen carefully for reducing fever.
- Avoid ASA, NSAIDs, anti-platelet agent and H,-blockers.
- Perform monitoring laboratory tests.
CBC q 1-3 days AST/ALT q 1-3 days in patients with severe vomiting, pregnancy, hepatomegaly
- Consider laboratory tests for confirmed diagnosis of dengue (NS1, PCR, ELISA, rapid chromatographic test).

- Work up other causes of acute febrile illness.

Evaluate abnormal bleeding (not including petechiae)
Platelet / blood transfusion are only indicated in cases with significant clinical bleeding; for example, GI bleeding,
cerebral hemorrhage etc and cause of bleeding should be investigated. Platelet transfusion is only indicated in
severe thrombocytopenia and raised platelets up to 50,000 cells/mm? (>50x10%/1).
In case of severe bleeding with hemodynamic instability, pack red cell and fresh frozen plasma transfusion should

be considered.

Evaluate evidences of plasma leakage include at least one of the following
1) Hematocrit (Hct) more than 50%.
2) Evidence of plasma leakage: hemoconcentration (a rise in the hematocrit equal to or greater than 20% above
previous Hct), pleural effusion, hypotension or hypoalbuminemia.

Yes

Diagnosis of stage II of DHF
- Monitor closely

solution, RLS & etc.

poor tissue perfusion.

- Start crystalloid eg 0.9% saline or balanced salt

Assess signs of hypotension; pulse pressure <20 mmHg,

Fever

Yes

I
Patient with hypotension,

shock and pulse pressure
<20 mmHg

V

Assess signs of hypovolemia and bleeding

Initiate intravenous fluid resuscitation with crystalloid.
eg 0.9% saline or balanced salt solution, RLS & etc as
500-1,000 ml/hr.

Monitor closely: Vital sign, urine output, urine sp gr etc.

- Support and evaluate
signs and symptoms of
DF/DHF, warning signs.

- Work up other causes
of acute febrile illness.

\

v

Reassess at 1-2 hr after treatment

V

—>

2 hr after treatment

Still hypotension, pulse pressure <20 mmHg
Consider starting intravenous fluid resuscitation
with colloids eg fresh frozen plasma (FFP),
albumin, dextran, starch.

Normal blood pressure and
pulse pressure >20 mmHg

Adjust intravenous fluid

administration or oral fluid
according to vital sign, Het
and urine output and urine

sp gr.

Absence of fever for at
least 24 hours

Consider discharging if the
patient recovers from
DF/DHF without clinical
bleeding and has a platelet
count of more than 20,000
cell/mm? (>20x10°/1) with a
rising trend.

7

Y

be considered.

If vital signs are still unstable, invasive monitoring and vasopressor should

~ Patlf?nt.wnh
= existing
convalescence
stage

Fig 2—Guideline for inpatient management of dengue infections in adult (adapted from guideline of

Royal College Physician of Thailand 2012).
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over baseline is generally accepted as
indicative of plasma leakage. The degree
of hemoconcentration above the baseline
hematocrit reflects the severity of plasma
leakage; however, this may be reduced by
early intravenous fluid therapy. Hematocrit
readings can be affected by factors other
than plasma leakage such as fever, dehy-
dration, and bleeding. Furthermore, failure
to obtain repeated measurements needed
to calculate the degree of hemoconcentra-
tion often leads to difficulties in classifying
dengue adult cases. Pleural fluid detected
by right lateral decubitus chest roentgeno-
gram, ultrasound detection of free fluid in
the chest or abdomen, or gall bladder wall
edema has been interpreted as evidence
of plasma leakage, and ascites are usually
only clinically detectable after intravenous
fluid therapy unless plasma leakage is
significant (Setcawan et al, 1995; Srikiat-
khachorn et al, 2007; Wang et al, 2007a).

Plasma leakage syndrome and ex-
treme decreases in platelet counts associ-
ated with bleeding frequently occur 3 to 7
days after the onset of illness. The period
of clinically significant plasma leakage
usually lasts 24-48 hours. In cases with a
benign course of iliness, blood pressure
and pulse may be maintained, but a rapid
and weak pulse, narrowing of the pulse
pressure to less than 20 mmHg, or an
unobtainable blood pressure in the most
extreme cases establish DSS. If plasma
loss continues and becomes excessive, the
patient’s situation can progress into pro-
found shock. Clinical indicators of impend-
ing DSS include severe abdominal pain,
change from fever to hypothermia, rest-
lessness, sweating, prostration and tender
hepatomegaly. DSS was an independent
risk factor (odds ratio 220) for development
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of acute renal failure in adult patients with
DHF (Lee et al, 2009). Cardiac involvement
was observed in few patients requiring
hospitalization with clinical manifestation
ranging from mild elevation of cardiac bio-
markers to myocarditis and/or pericarditis
and death (Miranda et al, 2013).

Acute respiratory failure is a rare com-
plication in adult dengue patients but has
a high mortality rate (Wang et al, 2007b).
In agreement with previous reports, Tan-
tawichien et al (2000) reported that adults
with DHF had a very low frequency of
DSS compared with children with DHF. Al-
though children are more likely to develop
hypovolemic shock than adults in DHF
characterized by increased microvascular
permeability, a high mortality rate is seen
in the adults and elderly with dengue virus
infection.

Hemorrhage contributes to dengue
morbidity and mortality, especially during
the severe thrombocytopenia and the toxic
hemorrhagic stage (3 to 5 days after the on-
set of illness) (Chuansumrit and Chaiyarata-
na, 2014). The pathogenesis of hemorrhage
may be multifactorial and encompasses
vasculopathy, platelet deficiency and
dysfunction, as well as blood coagulation
defects. Platelet counts begin to fall dur-
ing the febrile stage and reach their lowest
levels during the toxic stage. Bleeding com-
plications usually occur in 5 to 8 days after
onset in dengue infection. The abnormal
bleeding is associated with low numbers
of platelets and abnormalities of walls of
vessels. Risk factors of bleeding are plate-
lets <20,000/mm3 (<20x109/1), increased
AST or ALT, prolonged PT, severe dengue
hemorrhagic fever, patients with DIC, or
liver failure (Chamnanchanunt et al, 2012).

Age had a non-linear relation to the
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risk of bleeding. In almost all DHF patients,
defects of coagulation activation such as
a prolonged activated partial thromboplas-
tin time (APTT) or thrombin time can be
found. In addition, a decreased fibrinogen
level and increased levels of fibrinogen
degradation products indicating hyperfi-
brinolysis may also occur in DHF/DSS pa-
tients. There are typical coagulopathies of
increased APTT and low fibrinogen levels
in most patients, but severe thrombocyto-
penia and platelet dysfunction are prob-
ably the major cause of clinical bleeding.
Massive bleeding such as hematemesis
may occur in adults with DF or DHF. Minor
hemorrhagic manifestations such as pete-
chiae, epistaxis and gingival bleeding do
sometimes occur in DF although they are
rarely associated with severe hemorrhage
leading to shock. Of the dengue patients
with DHF, severity of hemorrhagic manifes-
tations varied markedly with spontaneous
petechiae, hematemesis, metrorrhagia,
melana, and epistaxis.

Bleeding manifestations including
petechiae and menorrhagia were also
frequently found in adults. Bleeding from
the nose, gums and upper gastrointes-
tinal tract are not uncommon. However,
massive hematemesis may occur in DF
or DHF patients because of peptic ulcer
disease in adults, and it is not associated
with profound shock in adults as previously
reported in children. Upper gastrointes-
tinal bleeding is the most common type
of severe hemorrhage in DF. In the few
reports of endoscopic findings for dengue
patients with upper gastrointestinal bleed-
ing, hemorrhagic gastritis was the most
common finding (40.9%-58.5%), followed
by gastric ulcer, and duodenal ulcer (Tsai
et al, 1991). In patients with preexisting
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peptic ulcer disease, severe and even
fatal gastric bleeding can be precipitated.
The role of endoscopic therapy in upper
gastrointestinal bleeding of dengue pa-
tients is still unknown (Wung et al, 1990).
Therefore, blood transfusion therapy with
concentrated platelets, packed red cell,
and fresh frozen plasma to correct the
bleeding tendency, anemia, coagulopathy,
and hypovolemia is still the mainstay of
treatment of upper gastrointestinal bleed-
ing in dengue patients.

Females had a greater tendency to
develop abnormal bleeding such as menor-
rhagia during hospitalization. Tantawichien
et al (2000) reported that vaginal bleeding
(menorrhagia) was the most common site
of bleeding (24.6%) in female adults with
dengue virus infection. Hormonal therapy,
such as premarin, primolute N, or oral
contraceptive pills is suggested for females
exhibiting excessive menstrual bleeding.
Uterine hemorrhage resulting in spontane-
ous abortion and severe postpartum bleed-
ing has also been reported in pregnant
women (Thaithumyanon et al, 1994).

Life-threatening subcapsular splenic
bleeding and ruptures are rare but can
happen spontaneously or as a result of
trauma, which may be minor or unnoticed.
Splenectomy is still the treatment of choice
for splenic rupture, but numerous recent
reports have documented favorable out-
comes with conservative treatment (Imbert
et al, 1993; Pungjitprapai and Tantawich-
ian, 2008). Early diagnosis and treatment
are needed to avoid a fatal outcome. Surgi-
cal procedures performed on patients with
dengue infection may unmask dengue-
induced hemostatic defects, resulting in
unexpected hemorrhage in post-operative
period that is difficult to control. Therefore,
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in the case of onset of labor, the route of
delivery should be considered under ob-
stetric indications. During hemorrhaging,
patients should receive blood transfusions
with concentrated platelets, packed red
blood cells, and fresh-frozen plasma to
correct bleeding, anemia, and hypovolemic
shock. Close monitoring of vital signs and
hematocrit levels to assess the severity of
hemorrhage are required to reduce morbid-
ity and mortality. Most patients with dengue
infection recover spontaneously, and all
abnormal hemostasis normalizes during
the convalescent stage or within 1-2 weeks
after defervescence.

Liver involvement during dengue virus
infection in adults has been described (Kuo
etal, 1992; Kalayannarooj et al, 1997; Sou-
za et al, 2004; Trung et al, 2010). Increase
in liver enzymes (AST and ALT) found in
both children and adults indicated liver in-
volvement during dengue virus infections.
The pathogenesis of liver involvement
during dengue infections is still poorly un-
derstood. Potential mechanisms of hepatic
injury involve a variety of potential insults
including direct effects of the virus or host
immune response on liver cells; compro-
mised circulation and/or hypoxia caused by
hypotension or localized vascular leakage
inside the liver capsule; hepatotoxic effects
of drugs such as acetaminophen or tradi-
tional herbal remedies; and tissue tropism
of particular viral serotypes or genotypes
(Parkash et al, 2010). Dengue antigens
and viral RNA have been demonstrated
in some of these fatal cases, and dengue
viruses have been isolated occasion-
ally from hepatic tissue. However, biopsy
specimens are rarely obtained from less
severe cases, and the relevance of these
findings to the broad spectrum of dengue
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infections remains uncertain. In endemic or
epidemic areas, dengue infection should
be included in the differential diagnosis of
acute viral hepatitis.

Unlike conventional viral hepatitis,
dengue infections have a higher level of
AST than that of ALT. It has been sug-
gested that this may be due to excessive
release of AST from damaged myocytes
during dengue infections. Attention must
therefore be given to the use of hepatotoxic
agents such as acetaminophen, antibiotics,
and antiemetic drugs, all of which have
the potential to aggravate liver damage in
some cases of dengue. Liver transaminase
should be measured in adult patients with
dengue infection, especially when hepatitis
is suspected, or a history of acetaminophen
use of more than 2 grams per day has been
noted. The levels of liver enzymes increase
to a maximum 7-to-9 days after the onset
of symptoms, and then often decrease to
normal levels within 2 weeks. Pre-existing
liver diseases such as chronic infection
with virus hepatitis B or C, alcoholic liver
disease, and cirrhosis may aggravate the
liver impairment of dengue. Itis likely that
relatively more adult dengue patients have
more liver impairment than children, espe-
cially during periods of epidemic.

Transaminase levels increase in virtu-
ally all dengue patients and have correlated
with other markers of disease severity. Ab-
normal liver enzyme levels have been as-
sociated with a poor outcome in adults with
vascular leakage and abnormal bleeding.
Severe liver involvement may complicate
the clinical picture of DF and DHF by caus-
ing liver failure and contributing directly
to severe bleeding, as well as indirectly
potentiating the severity of disseminated
intravascular coagulopathy (DIC). Jaundice
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and fulminant liver failure occur relatively
late in the course of the disease usually
without evidence of severe vascular leak-
age with shock (Innis et al, 1990, Ling et al,
2007). The association of severe liver
disease and encephalopathy has been
well described in both pediatric and adult
patients with DF and DHF. Hence, dengue
should be considered as a possible cause
of acute liver failure in endemic areas if
other viral markers are negative. The man-
agement of fulminant liver failure in dengue
is primarily supportive. Splenomegaly is
uncommonly observed in adult with dengue
infection. Thickening of the gallbladder
wall has been reported in conditions with
hypoalbuminemia and ascites, as well as
in several viral infections including DHF.

An increasing number of dengue infec-
tions have been related to other unusual
manifestations. The unusual manifesta-
tions of dengue infection in adult include
DF/DHF with severe internal hemorrhage,
fulminant hepatic failure, encephalopathy,
cardiomyopathy, cardiac arrhythmia, adult
respiratory distress syndrome (ARDS),
rhabdomyolysis, pancreatitis, appendicitis,
co-infection with other tropical infectious
diseases and neurological phenomena
such as altered consciousness, convul-
sions, and coma resulting from encephalitis
and encephalopathy (Thakane et al, 1996;
Jusuf et al, 1998; Solomon et al, 2000;
Garcia-Rivera and Rigue-Perez, 2002;
Davis and Bouke, 2004; Promphan et al,
2004; Misra et al, 2006; Premaratna et al,
2007).

Neurological manifestations of dengue
can include a wide range of neurologi-
cal features in 0.5%-21% of hospitalized
patients with dengue. These neurological
manifestations were ascribed to non-
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specific complications such as myelitis,
neuro-ophthalmic complications, polyra-
diculopathy, neuropathy, and neuromus-
cular complications secondary to dengue
infection (Carod-Artal et al, 2013). Possible
causes of dengue encephalopathy include
hypotension, cerebral edema, focal hem-
orrhage, hyponatremia, and fulminant he-
patic failure. However, a documented pos-
sibility is the invasion of the central nervous
system (Lum et al, 1996; Chokephaibulkit
et al, 2001).

Some studies have indicated that 5.5%
of the patients with DHF/DSS also had
dual infection (for example, urinary tract
infection, diarrhea, or bacteremia) (Pancha-
roen and Thisyakorn, 1998; Tantawichien,
2012). Dual infection should be suspected
in atypical presentation; for example, pro-
longed fever for more than 10 days, mucus
diarrhea, jaundice, persistent abdominal
pain, recurrent fever, WBC > 10,000/mm3
(> 10x10%/1) with neutrophilia, or presence
of the band form of neutrophil. The patient
with dengue infection may have subsequent
nosocomial infection after hospitalization.
Failure in making a diagnosis of concur-
rent infection in patients with DHF may
lead to otherwise preventable morbidity
and mortality. A previous report revealed
that prolonged fever and acute renal failure
were independent predictive factors for dual
infection (Lee et al, 2005).

In dengue endemic areas, obstetri-
cians must be aware that dengue infection
of pregnant women may occur and some
history or laboratories consistent with
dengue infection such as fever without
coryza, facial flushing, petechiae hemor-
rhage, thrombocytopenia, and an increase
of atypical lymphocytes must be identified.
Many cases of DF/DHF among pregnant
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women have been reported in Southeast
Asia, highlighting the concept that some
women in endemic area remain susceptible
to dengue infection (Bunyavejchevin et al,
1997; Corles et al, 1999). Dengue during
pregnancy is also particularly important
in pregnant travelers from non-endemic
countries to countries where dengue is
endemic (Carroll et al, 2007).

Younger mothers would be more
likely to become infected compared to older
mothers, who are more likely to be sero-
positive and, therefore, less susceptible
for dengue infections. Because surgical
procedures performed on patients with
dengue infection may unmask dengue—
induced hemostatic defects, resulting in
unexpected hemorrhage in post-operative
period that is difficult to control. The route
of delivery in such patients at the onset of
labor should be considered under obstetric
indications (Adam et al, 2010). Italso has
been reported that dengue infection was
vertically transmitted to the fetus and that
this led to a full-blown iliness in the neonate
similar to that seen in children and adults
(Bunyavejchevin et al, 1997).

A low rate of fetal transmission is con-
sistent with other studies that have reported
no cases of congenital dengue infection in
neonates born to mothers infected early in
pregnancy. Accordingly, the gestation of
maternal infection is an important factor re-
lated to fetal infection risk with symptomatic
infection possibly unlikely with early gesta-
tional infection and increased with infection
late in pregnancy (Waduge et al, 2006;
Basurko et al, 2009; Pouliot et al, 2010;
Chitra and Panicker, 2011). All reported
cases of symptomatic congenital dengue
infection have occurred in neonates born
to mothers infected very late in pregnancy
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mainly when they were symptomatic at the
time of delivery. Although the effects of den-
gue infection on pregnant women and their
fetuses or newborns are unclear, recent
studies have demonstrated that this infec-
tion did not cause any infant abnormalities
but may have been responsible for fetus
deaths and morbidity in pregnant women
(Basurko et al, 2009).

The outcome of DHF and DSS de-
pends largely on early diagnosis, the
immediate replacement of fluid, and co-
morbidities. Adults have a higher preva-
lence of underlying diseases; for example,
coronary artery disease, peptic ulcer,
hypertension, diabetes mellitus, cirrhosis,
or chronic kidney disease, which should
be considered in management of adult
dengue (Rigau-Perez and Laufer, 2006;
Sam et al, 2013). With support through
the critical period of illness, spontaneous
resolution of vasculopathy and circulatory
failure usually can be expected within 2 to
3 days with complete recovery afterward.
At that time, the temperature decreases,
and can increase slightly the day after.
This pattern is known as the biphasic
temperature curve. In the defervescence
period, the patients usually have more
appetite, bradycardia. Also, they develop
a generalized, maculopapular rash with
itching, sparing the palms and soles. This
rash usually disappears in 1 to 5 days. The
duration of dengue illness ranges from 7 to
10 days in most cases. Adults may have
profound fatigue or mood disturbance for
several weeks after recovery.

DIAGNOSIS

Early definite diagnosis of dengue
infection can help clinicians in initiation of
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early supportive care, adequate manage-
ment, and identification of patients with
severe dengue, who should be closely
monitored for signs of plasma leakage,
bleeding, and end organ damage. This
information might promote early supportive
therapies, prevent the use of potentially
harmful drugs, encourage assessment
of complications, ensure the adequate
use of treatment guidelines, and lead to
the effective control of dengue outbreaks.
Laboratory diagnosis of dengue infection
is established either directly by isolation
or detection of viral components in serum
or tissue, or indirectly by detection of
virus-specific antibodies in human serum
(Poerscha et al, 2005). The sensitivity of
each approach is influenced by the dura-
tion and severity of the patient’s illness. It
should be stressed that in dengue endemic
areas, while early accurate laboratory tests
are not widely available, dengue infection
should be considered in every patient
presenting with an acute undifferentiated
febrile illness.

However, monitoring all these patients
for the development of warning signs of
severity may impose a great burden on
healthcare services. In the very early stage
of illness when patients generally seek
medical attention within the first 2-to-3 days
of fever without specific symptoms, only
RT-PCR or dengue virus NS1 Ag assay can
reliably confirm the diagnosis of dengue.
RT-PCR is definitely the most satisfactory
test that might detect dengue viruses up
to the seventh day after the onset of the
symptoms, especially in severe cases
(Yamada et al, 2002; Lanciotti, 2003). In
addition, the presence of dengue virus in
frozen and fixed tissues, saliva or urine
can be determined by RT-PCR. As an
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alternative, the detection of viral antigens
has been proposed, and more recently
attention has been focused on NS1 of the
dengue virus (Alcon et al, 2002; Vazqueza
et al, 2010). A high circulating level of den-
gue virus NS1 was demonstrated in the
early stage of dengue infection by different
ELISA assays in the plasma and/or sera of
dengue patients.
Hemagglutination-inhibition (HI), com-
plement fixation (CF), neutralization test
(NT), immunoglobulin M (IgM) capture en-
zyme linked immunosorbent assay (MAC-
ELISA), and indirect immunoglobulin G
ELISA have been used for the diagnosis of
dengue infection. The dengue antibodies
are better detected around the fifth day
after the onset of the disease, making this
technique unfeasible for rapid diagnosis.
Until now, ELISA has been considered
the most useful test for dengue diagnosis
due to its high sensitivity and ease of use.
ELISA has been used to detect acute
phase (IgM) and convalescent phase (IgG)
antibodies. The IgM antibody titers in pri-
mary infections are significantly earlier and
higher than in secondary infections.
Some adult patients with primary in-
fection such as travelers from Europe or
North America have IgM detectable by the
second to the fourth day after the beginning
of the symptoms while patients with sec-
ondary infections mount rapid anamnestic
antibody responses in which dengue virus—
reactive IgG may predominate over IgM.
There are several commercial kits of rapid
tests of IgM and IgG detection for diagnosis
of dengue infection (Kittigul and Suankeow,
2002; Blacksell et al, 2006). However, the
sensitivity, specificity, and accuracy vary
among these tests. In clinical settings
where methods of RT-PCR are not avail-
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able, combination tests for elevated levels
of soluble NS1 or dengue virus—reactive
IgM in serum is a pragmatic diagnostic ap-
proach in an adult patientin whom dengue
infection is suspected.

TREATMENT AND PREVENTION

Currently, no specific therapeutic agent
to treat dengue infection is available, and
treatment remains supportive with particu-
lar emphasis on careful fluid management.
The early recognition of dengue infection,
bleeding tendency, signs of circulatory
collapse, and complications would reduce
mortality rates in adult patients with dengue
infection. Mild dengue infections may be
treated at home with oral hydration and
antipyretics with instructions to return to the
hospital immediately if bleeding or warning
signs suggestive of severe disease devel-
op. Oral rehydration is indicated to replace
losses from vomiting and high fever. It is
necessary to avoid the use of salicylates,
NSAIDs, and traditional medicines that
may contain hepatotoxic agents.

Development of any warning sign (eg,
severe vomiting, gastrointestinal hemor-
rhage, hypotension, high liver transami-
nase, acute renal impairment, alteration of
consciousness, severe thrombocytopenia,
etc) indicates the need for hospitalization
and close observation with appropriate use
of parenteral fluids in patients with inad-
equate oral intake or a rapidly increasing
hematocrit. Attentive clinical monitoring of
patients with severe dengue or suspected
DHF-DSS and anticipatory and support-
ive care are life saving and have reduced
fatality rates. The critical activities for
hospitalized dengue patients are monitor-
ing of abnormal bleeding, circulation and
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vascular leakage by serial clinical assess-
ments of pulse, blood pressure, skin per-
fusion, urine output, urine specific gravity,
and hematocrit to trigger intravenous fluid
or transfusion therapy (Nhan et al, 2001).

Patients with DHF need to be moni-
tored closely for signs of shock until at
least 24-48 hours after defervescence. The
mainstay of treatment for DHF remains
prompt fluid resuscitation to counteract
massive plasma leakage. Timely and ef-
fective intravenous crystalloid replacement
of plasma losses results in a favorable out-
come in most adult cases. For patients suf-
fering from DSS, the mainstay of therapy is
early and effective replacement of plasma
loss. To limit the risk of the development
of fluid overload, parenteral fluid therapy
should be kept to the minimum required
to maintain cardiovascular stability until
permeability reverts to a normal level. WHO
recommends immediate volume replace-
ment with Ringer’s lactate, or physiologi-
cally normal saline solution, followed by
fresh frozen plasma or colloid solutions
such as albumin, or dextran in the event
that shock persists. Crystalloid solutions
should be used initially, and isotonic colloid
solutions should be reserved for patients
presenting with profound shock or those
who do not have a response to initial crys-
talloid therapy. Recently, two randomized
controlled trials evaluated therapeutic re-
sponses to colloid and crystalloid solutions
(Dung et al, 1999; Wills et al, 2005; Akech
et al, 2011).

Results indicate that Ringer’s lactate
performed the least well and that the more
severely ill patients identified by a narrow
pulse pressure (€10 mmHg) would benefit
more from initial resuscitation with colloid
solution than with crystalloid solution.
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Whole blood, platelet, and fresh-frozen
plasma transfusions can be lifesaving for
patients with severe bleeding that com-
promises cardiovascular function, but it
should be undertaken with care because
of the risk of fluid overload. The use of
prophylactic blood or platelet transfusions
may be harmful and should be avoided,
and invasive procedures should be mini-
mized to avoid hemorrhagic complications.
Currently, there is no evidence to support
the use of any adjunctive therapies such
as corticosteroid, desmopressin, or car-
bazochrome sodium sulfonate (AC-17) for
dengue infection.

Dengue prevention currently relies on
public health and community-based Aedes
aegypti control programs to remove and
destroy mosquito-breeding sites. The most
advanced approach is a potential vaccine
consisting of a tetravalent combination
of attenuated dengue strains, and other
approaches are undergoing initial clinical
evaluation. Dengue will continue to spread
worldwide until a safe and effective vaccine
is available alongside sustainable mos-
quito control practices. Furthermore, as the
eventual implementation of a vaccine will
shift the burden of disease, the age related
differences in clinical manifestations and
prognoses described here indicate the
importance of comparing a wide range of
ages in future clinical studies of dengue.
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