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Abstract: In 2002, a dengue outbreak occurred in Taiwan with 5336 confirmed cases, 242 DHF and
21 death, the case fatality rate reached 8.7% (21/242). The demographic data of these age-specific
dengue patients showed that dengue virus infection caused symptom primarily occurred in adults. A
comparative analysis of clinical and laboratory data for DF, DHF/DSS and fatal DSS found that high
fatality from dengue infection was associated with the following patient conditions: (1) age above
55 years, (2) underlying diseases with hypertension, chronic renal insufficiency, or diabetes, (3)
abnormal thrombocytopenia, APTT and PT prolongation, low hematocrit (<30%) and leukocytosis, (4)
abnormal elevation of AST, ALT and BUN. In a non-endemic area like Taiwan, dengue should be
considered as an adult infectious disease and the dengue-infected elders will have higher morbidity or

mortality.
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INTRODUCTION
Dengue virus infection has an iceberg
characterization. Most cases are symptomless,

followed, in increasing rarity, by undifferentiated fever,

dengue fever (DF) and life-threatening dengue
hemorrhagic fever/dengue shock syndrome
(DHF/DSS). DF is an acute febrile illness with

symptoms of headache, retro-orbital pain, myalgia,
arthralgia, rash, leukopenia and mild thrombocytopenia.
Biphasic fever and rash are the most characteristic
features of classic dengue fever. Although symptoms
usually resolve after 5 to 7 days, there is a possibility of
progression to DHF, an acute vascular permeability
syndrome  accompanied by  abnormalities in
hemostasis!'*. The clinical features include plasma
leakage, bleeding tendency and liver involvement.
Capillary leakage develops rapidly over a period of
hours, near or at the end of the febrile period when the
symptoms of classic DF resolve. Pleural effusion,
ascites and hemoconcentration are indicative of
intravascular ~ volume loss. The hemorrhagic
manifestations range from a positive tourniquet test to

spontaneous bleeding from the nose or the
gastrointestinal tract. Hemoconcentration and marked
thrombocytopenia are two major characteristic features
of DHF/DSS. DHF/DSS is thus a very dynamic
systemic illness and clinical manifestations of dengue
virus infection progress quickly. At defervescence, the
stage when the patient’s condition becomes unfebrile
and temperature falls, there is a turning point. In the
case of DF, this point marks the beginning of recovery,
while in the case of DHF, this point can mark the start
of a rapid progress to shock, if patients do not receive
timely intravascular fluid resuscitation. Once the shock
is prolonged to an irreversible stage, it can be fatal.
When appropriate intravenous fluid replacement is
provided, the DHF/DSS patients will recover in one or
two day with no disease sequelae'’.

DF/DHF is the most important arboviral disease of
humans, occurring in tropical countries of the world
where >2.5 billion people are at risk of infection. DHF
is primarily a disease of children, although the age
distribution of DHF cases has changed progressively
and with geographic difference!™®. In 1998, major
epidemics occurred throughout Asia and the Americas,
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with >1.2 million cases of DF/DHF reported to the
World Health Organization (WHO). It is estimated that
between 50 and 100 million cases of DF and several
hundred thousand cases of DHF occur each year,
depending on the epidemic activity!”®. The case fatality
rate of DHF/DSS in general is lower than 1% on
averagelgl. However, in 2002, out of a total of 5336
confirmed local cases of dengue patients reported in the
Kaohsiung Area of Taiwan''®", 242 of these were
DHF and led to 21 reported DHF/DSS caused deaths. In
contrast to findings in other endemic area, all the fatal
cases were adults. The case-fatality rate of DHF was
8.7% (21/242), higher than that in children. The
analysis of the clinical data among the adult cases of
DF, DHF/DSS and fatal DSS showed association with
several risk factors with regard to the severity of DHF
or death. The elders with underlined diseases are more
susceptible to death after dengue virus infection.

MATERIALS AND METHODS

Study subjects: In total, 155 dengue patients in the
Kaohsiung 2002 outbreak with laboratory-confirmed
DF or DHF/DSS were enrolled in the study, including
21 fatal, 84 DHF/DSS and 50 DF cases. Dengue
infections were confirmed by RT-PCR or viral
envelope and membrane (E/M)-specific capture IgM
and IgG ELISA at the Branch Office IV, CDC, Taiwan.
According to the criteria of the WHO, patients were
divided into four grades, as non-shock DHF (grades I,
II) and DSS (grades III, IV)'". Clinical information
was collected retrospectively on these patients that
reported to the Center for Diseases Control (CDC),
Taiwan. The patients with DHF/DSS were hospitalized.
The day of the onset of fever higher than 38°C is used
as primary index and defined as fever day O.

Blood samples and laboratory studies: Sequential
blood samples, one acute and two follow up were
collected from some patients in this study. Plasma was
harvested within 30 min at 37°C of venipuncture from
EDTA-anti-coagulated venous blood sample and stored
at -70°C until analysis. The results of the laboratory
investigations that were performed as part of routine
clinical care were also recorded from the case-sheets.
These included hematological and biochemical
investigations and bacterial culture of blood. The
earliest blood sample we could collect in this study was
at day 3 of fever. Dual analyses of E/M-specific capture
IgM and IgG ELISA and NSI1 serotype-specific IgG
ELISA were used to differentiate primary and
secondary dengue virus infections as previously
described'.
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Statistical analysis: Statistical analyses were done by
use of SPSS for Windows (version 11.0; SPSS Inc.,
Chicago, IL, USA), including Fisher’s exact test for
categorical variables, the two-sample t-test and Mann-
Whitney U test for continuous variables and
multivariate logistic regression analysis. A value of
p<0.05 was considered statistically significant.

RESULTS

Epidemiology and demographic data. A largest
dengue outbreak occurred in southern Taiwan in 2002
with a total of 5336 laboratory-confirmed cases''”’. The
affected areas were primarily in Kaohsiung City,
Fengsung City and Pingtung City with a population
around 2,233,000 in an area of 353 km?. This epidemic
was caused by dengue virus serotype 2. There were 242
cases of DHF/DSS, amounting to 4.5% of the total
5336 cases. However, 21 patients died with the case
fatality rate of DHF reaching as high as 8.7% (21/242).
Based on retrospective review of the medical records on
clinical information and laboratory data, most of the
dengue infected persons were adults. The age-specific
prevalence of DF, DHF/DSS and fatal DSS showed that
the age of DF peaked at 50 years while that of the DHF
increased to 60 years of age. Among the 21 fatal cases,
16 ( 76%) of them were older than 55 years of age
(Fig. la-c). When the population of the affected area
was taken into account, the age-specific prevalent rate
was recalculated as Fig. 1d-f. The pattern of age
distribution is similar, but is more apparent that dengue
virus infection caused symptom primarily occurred in
adults. Dengue-infected elders would develop more
severe DHF/DSS or even death. The male to female
ratio did not differ among DF, DHF/DSS and fatal
cases (data not shown). For the symptoms and signs
after dengue virus infection, DHF/DSS showed
significantly more myalgia, abdominal pain, bone pain,
arthralgia, GI bleeding, pleural effusion, melena, ascites
and gum bleeding than DF while the fatal cases had a
significantly higher ratio of conscious disturbance, GI
bleeding, shock/prolonged shock than non-fatal one as
expected (Table 1). The clinical manifestations in our
2002 dengue patients did not substantially differ from
those of the classical dengue pattern, except for a
distinct difference in the age-specific prevalent rate and
also a higher than expected mortality among the
dengue-infected patients. In a non-endemic Taiwan,
dengue should be considered as an adult infectious
disease and the dengue-infected elders will have higher
morbidity or mortality.

Underlying diseases and laboratory analysis. Since
most of the dengue patients were above 50 years of age,
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Fig. 1: Age-specific prevalent rate of DF, DHF/DSS and fatal DSS in 2002 Kaohsiung dengue outbreak. A total of
5336 dengue-infected patients with 242 DHF and 21 fatal cases was plotted against the age of 5 years
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Table 1: The percentage of symptoms and signs in patients with DF, DHF/DSS and fatal cases

*DF(%) *DHF/DSS “Death case

Symptom/Sign N =50 (%) N = 84 (%) N =21 a-b-c p* a-bp* a-c p* b-c p*
Fever 98.0 98.1 95.2 NS NS NS NS
Myalgia/malaise 55.1 80.7 77.8 0.006 0.002 NS NS
Abdominal pain 28.6 55.0 68.4 0.002 0.003 0.003 NS
Anorexia 58.0 753 64.3 NS NS NS NS
Cons. disturbance 0.0 24 90.5 <0.001 NS <0.001 <0.001
Bone pain 53.1 75.0 474 0.011 0.01 NS 0.018
Arthralgia 20.0 415 375 0.058 0.018 NS NS
Headache 543 65.8 38.9 NS NS NS 0.036
Vomiting 18.8 28.4 31.3 NS NS NS NS
Diarrhea 28.0 25.0 41.7 NS NS NS NS
Nausea 42.0 58.1 43.8 NS NS NS NS
GI bleeding 18.0 53.0 89.5 <0.001 <0.001 <0.001 0.003
Petechiae 66.0 75.0 60.0 NS NS NS NS
Pleural effusion 4.1 61.5 52.6 <0.001 <0.001 <0.001 NS
Melena 18.0 46.3 61.1 0.001 0.001 0.001 NS
Rash 60.0 455 50.0 NS NS NS NS
Ascites 6.0 43.8 35.0 <0.001 <0.001 0.002 NS
Epistaxis 4.0 6.3 16.7 NS NS NS NS
Gum bleeding 234 38.8 31.6 NS <0.001 NS NS
Hemoptysis 22 10.0 27.8 0.09 NS 0.002 0.045
Hematuria 6.1 12.7 18.2 NS NS NS NS
Shock 0.0 4.8 100.0 <0.001 NS <0.001 <0.001
Prolong shock* 0.0 0.0 90.5 <0.001 NS <0.001 <0.001
*: Prolong shock: shock > 6 h, #: Chi-square test
Table 2: The underlying diseases in patients with DF, DHF/DSS and fatal cases

“DF (%) "DHF/DSS ‘Death case

N =50 (%) N = 84 (%) N =21 a-b-c p* a-bp* a-cp* b-cp
Age (year)
Mean+SD® 57.1£12.9 51.6+17.8 58.8+14.1 NS
Gender
Male (%) 22 (44%) 45 (54%) 10 (48%) NS
Underlying diseases
None 17 (34.0) 46 (54.8) 3(14.3) <0.001 0.02 NS 0.001
DM 6 (12.0) 20 (23.8) 9(42.9) NS (0.081) NS (0.095) 0.008 NS (0.081)
Hypertension 15 (30.0) 26 (31.0) 12 (57.1) 0.025 NS 0.032 0.025
Chronic renal insufficiency 1(2.0) 4(4.8) 5(23.8) 0.015 NS 0.007 0.015
Hepatitis B infection 2 (4.0 5(6.0) 1(4.8) NS NS NS NS
Duodenal ulcer 5(10.0) 3(3.6) 2(9.5) NS NS NS NS
Others 4 (8.0 10 (11.9) 4(19) NS NS NS NS

#: Chi-square test; at the rate of ANOVA, Others: Including asthma, chronic obstructive lung lesion, stroke, gout, etc.; one person may have

different underlying diseases

they usually have underlying diseases. To analyze
whether these factors might contribute to the high
mortality in dengue virus-infected elderly patients, a
comparison was made for three groups, each matched
by age and sex: firstly, the 21 fatal cases; secondly, 84
cases of DHF; and thirdly, 50 cases of DF. Their charts
were retrospectively reviewed for clinical information
and laboratory data. By comparing the fatal cases with
the non-fatal DHF cases, the ratio with hypertension
and chronic renal insufficiency was significantly higher
in fatal cases than in non-fatal DHF. The difference
between fatal DHF and DF was also significant
(Table 2). The ratio of diabetic mellitus was also higher
between fatal and non-fatal DHF, although not reaching
the 0.05 significant level (p = 0.081). However, the
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fatal DHF group had a significantly higher ratio of
diabetic mellitus than the DF group (p = 0.008). Other
underlying diseases, including hepatitis B infection,
duodenal ulcer, asthma, stroke and gout were not
significantly different. The elderly dengue patients with
certain underlying diseases seemed to develop a more
severe disease after dengue virus infection.

We further compared the sequential data of
DHF/DSS patients after hospitalization. As shown in
Table 3, for DF or DHF, although the platelet count
continued dropping and APTT and PT would be
prolonged during the disease process, these would
spontaneously return to normal in due course. However,
for fatal cases, the platelet count changes, APTT and
PT prolongation progressed to an irreversible state that
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Table 3: Multiple clinical parameter comparison in patients with DF, DHF/DSS and fatal cases

*DF "DHF/DSS ‘Death case
Clinical parameter (MeanSD) (MeanSD) (MeanSD) p@ Post hoc
Platelet 1* (uL) 5369650834 31786+32476 62812+54380 0.001 c>b,a>b
Platelet 2* (uL) 60999+41707 28259+6846 42287436840 <0.001 a>b
Platelet 3* (uL) 109026+49277 96896443322 52283+36287 <0.001 b>c,a>c
APTT 1 (sec) 45+10 52+12 69+25 < 0.001 c>a,c>b
APTT 2 (sec) 3749 52+15 81435 <0.001 c>a,b>ac>b
APTT 3 (sec) 3345 3549 84436 <0.001 c>a,c>bs
PT 1 (sec) 11+1.0 12.1+4.4 13.843.3 NS
PT 2 (sec) 1120.7 11.3%1.3 20.0+10.0 <0.001 c>a,c>b
PT 3 (sec) 10.6+0.9 10.9+1.0 33.8+21.8 <0.001 c>ac>b
*DF (%) "DHF/DSS (%) ‘Death case (%)  a-b-cp* a-bp* a-cp b-c p*
WBC>10000/pL., 1 2/49 (4.1) 4/84 (4.8) 2/21 (9.5) NS NS NS NS
2 2/41 (4.9) 5/80 (6.3) 9/19 (47.7) <0.001 NS <0.001 <0.001
3 4/43 (9.3) 2/72 (2.8) 9/16 (56.3) <0.001 NS <0.001 <0.001
HCT < 30% , 1 1/48 (2.1) 1/81 (1.2) 3/21 (14.3) 0.01 NS NS 0.027
2 3/42 (7.1) 4176 (5.3) 8/20 (40) <0.001 NS 0.003 <0.001
3 2/42 (4.8) 8/73 (11.0) 10/16 (62.5) <0.001 NS <0.001 <0.001
AST>1000 U/L, 1 0743 (0) 7/64 (10.9) 5/16 (31.5) 0.001 0.04 <0.001 NS
2 0/7 (0) 3/31(9.7) 8/15 (53.3) 0.001 NS 0.022 0.002
3 0/2 (0) 0/15 (0.0) 5/6 (83.3) <0.001 NS NS 0.001
ALT>1000 U/L, 1 0736 (0) 1/67 (1.5) 4/15 (26.7) <0.001 NS 0.005 0.003
2 0/8 (0) 2/31 (6.5) 4/13 (30.8) 0.038 NS NS NS
3 0/2 (0) 1/13 (7.7 4/6 (66.7) 0.014 NS NS 0.017
BUN>30 mg/dl, 1 2/20 (10.0) 10/53 (18.9) 9/16 (56.3) 0.002 NS 0.004 0.008
2 0/4 (0) 3/16 (18.8) 9/12 (75.0) 0.002 NS 0.019 0.003
3 0/5 (0) 0/5 (0.0) 9/10 (90.0) 0.002 NS NS 0.002

#, Chi-square test; @, ANOVA, *The sampling time: 1, administration day 0-1/fever onset day 3-4; 2, administration day 2-3/fever onset day 5-6;
3, administration day 5-6/fever onset day 8-9, APTT, activated partial thromboplastin time; PT, prothrombin time; WBC, white blood cell; HCT,

hematocrit; AST, aspartate aminotransferase; ALT, alanine aminotransferase; BUN, blood urea nitrogen

Table 4: Primary or secondary dengue infection in patients with DF, DHF/DSS and fatal cases

Type Primary (%) Secondary (%) p
DF (n = 1,560) 395 (25.3) 1,165 (74.7) 0.18
DHF/DSS (n = 83) 14 (16.9) 69 (83.1)

Fatal case (n=7) 1(14.3) 6 (85.7)

Total 410 (24.8) 1,240 (75.2)

#, Chi-square test
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resulted in death. When comparing the criteria of
WBC (>10,000 uL™"), hematocrit (<30%), AST
(>1,000 U L"), or BUN (>30 mg mL~") among the DF
group, the nonfatal DHF/DSS group and the fatal
group, it was observed that higher levels of circulating
leukocytosis, low hematocrit, hepatocyte damage and
renal dysfunction were found in fatal cases than in
nonfatal DHF/DSS. Furthermore, the status of the
primary or secondary infection in this outbreak was
shown in Table 4. A higher frequency of secondary
infection was found for DHF/DSS than for DF groups,
although it should be noted that primary dengue virus
infection in adults can still cause DHF/DSS or even
death. The age-specific prevalence of primary and
secondary dengue virus infection also revealed that
dengue virus infected primarily adults and more
percentage of secondary infection than that of primary
one (Fig. 2). Taken together, this suggests that a
sustained inflammatory response and organ or tissue
damages occurred post dengue, especially secondary,
infection and this might have contributed to the death of
these elderly patients with underlying diseases.

DISCUSSION

Following a retrospective analysis of clinical and
laboratory data for DF, DHF/DSS and fatal cases in the
2002 Kaohsiung dengue outbreak, development into a
severe form of the disease or death of dengue-infected
patients was associated with the following conditions:
elders with secondary infection and underlying diseases
of hypertension, chronic renal insufficiency, or
diabetes; abnormal hematological data and elevation of
AST, ALT, BUN level during acute phase of infection.
In a non-endemic area such as Taiwan, dengue is an
adult infectious disease and the dengue-infected elders
who have underlined diseases will develop into severe
DHEF/DSS or even death.

The age distribution pattern of our dengue patients
is quite different from the average for South-East Asia,
in which most of the cases are children. The ratio of DF
progressing to DHF/DSS is 4.5%, similar to the
estimated 6%, but the case fatality rate of DHF was
8.7%, significantly higher than the <1% average figure
for South-East Asia or Latin America”'*'®. In
hyperendemic area, where there is concurrent
transmission of all four serotypes, symptomatic dengue
generally occurs during secondary dengue virus
infections in school-age children or young adults.
Although there were geographic and temporal variation
in the incidence of dengue virus infection and disease in
children, the burden of dengue is these hyperendemic
area is substantial, with 22-292 per 1000 children
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infected per year. Furthermore, in children admitted to
hospital, case-fatality rates is around 0.2-3.7%
depending on the study population of the age and
disease severity!”. Dengue disease is known to be a
childhood disease and the DHF is an important cause of
pediatric hospitalization in southeast Asia. However,
there is a change of increasing incidence of DHF
among older age groups or adults"*?". In Taiwan, the
epidemiological data showed that the initial dengue
outbreak have always originated abroad, primarily
being imported by travelers returning from South-East
Asia, then spreading out later'™. In countries where
dengue currently is not endemic but where a capable
vector exists, new autochthonous cycles of infection
may be established from infected travelers or
immigrants who are coming from areas where the
disease is endemic; this phenomenon has been recently
reported in Hawaii and Brazil™?!!, The first outbreak
of DHF in Bangladesh also showed the primarily
affected population is the adults™'. In our 2002
Kaohsiung outbreak, the dengue-infected symptomatic
persons are primarily adults or elders with dengue
serotype 2. A large outbreak was also recorded between
1987 and 1988 in the same area, which was caused by
dengue serotype 1°°°. Secondary infection with a
different serotype of dengue virus seems to contribute
the development of DHF/DSS in this outbreak.

Dengue virus infection causes intense immune
activation”””®!. Aberrant immune responses such as
cytokine  overproduction and  generation  of
autoantibody acting against platelets and endothelial
cells occur after dengue virus infection. A molecular
mimicry between platelets or endothelial cells with the
NS-1 or prM of dengue virus would explain the cross-
reactive of anti-NS1 or anti-prM antibody to host
cells®>" and might participate in the attack of platelet
and endothelial cells during the disease development.
We have proposed an immunopathogenesis hypothesis,
which entails the autoimmunity induced by dengue
virus, to explain the development of DHF/DSSP**!.
This hypothesis of autoantibody-associated
immunopathogenesis needs further study. However, the
anti-NS1 and anti-prM cross-reactive antibody induced
attack on platelets and endothelial cells would provide
an explanation for the unique feature of
thrombocytopenia and plasma leakage in DHF/DSS. In
children with DHF/DSS, the clinical manifestations
usually resolve within 6-8 days after fever onset. The
fever duration in Vietnam is around 5-6 days,
irrespective of the condition being DF or DHF/DSS"™.
However, in DHF/DSS adults, the symptoms will last
more than 10 days. In our experience on the 1998
Tainan dengue outbreak, we have learned that the
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duration from fever onset to defervescence in
DHF/DSS patients was 11.38+4.6 days (n = 8), which
was longer than that in DF patients, with a duration of
5.38+1.66 days (n = 13)?. In the adult DHF/DSS fatal
case, leukocytosis (WBC>10000 pL’l) was observed,
instead of leukopenia in children dengue. This might
reflect that the dengue virus-caused DHF/DSS in the
adult seems to have sustained disease process, which
might be related to their underlying disease conditions
and caused the extended duration of fever.

The experience of high fatality of DHF in Taiwan
has lessons for other non-endemic areas. The major
population to be infected by the dengue virus-carrying
mosquito will be adults. The elders commonly suffer
underlying diseases and will thus be more susceptible
to progressive clinical symptoms resulting in death.
The hypothesis of autoantibody-associated
immunopathogenesis after acute dengue virus infection
may shed light on the understanding of DHF/DSS
pathogenesis. The clinician therefore needs to be
trained to diagnose as early as possible and be
experienced in fluid replacement treatment, especially
as an inappropriate treatment can exaggerate the disease
progression that contain an autoantibody-participated
inflammation and lead to high mortality.
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