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Abstract 

A large outbreak of dengue fever occurred in Taiwan during 2001. There were more than 5,000 cases 
with dengue infections. Out of these, 120 patients were diagnosed as cases of dengue haemorrhagic 
fever (DHF) and admitted to the medical centre in Kaohsiung, Taiwan. This epidemic was caused by 
dengue virus DEN-2, following a previous large DEN-1 outbreak without the occurrence of DHF cases 
in the same areas, between 1987 and 1988. This observation provides an epidemiological evidence 
for the existence of the heterotypic secondary immune enhancement of DHF infections. In contrast to 
the predominance of paediatric patients with DHF in South-East Asia, all the patients with DHF in this 
series were adults, except for one patient who was 17 years old. The reason for the age difference in 
epidemics in different geographical locations is not clear. It might result from the differences in race 
and/or the virulence of the virus strains. It was also found that certain abnormal laboratory findings, 
including atypical lymphocytosis (56.3%), activated partial thromboplastin time prolongation (APTT) 
(97.5%), aspartate aminotransferase (94.9%), and alanine aminotransferase (80.7%), were significantly 
higher in patients with DHF than those with DF. The fact that patients with DHF had a significantly 
higher APTT but not prothrombin time (PT) suggests that vascular insults and not hepatic insufficiency 
contribute to patients with DHF. Further studies are needed to explore whether abnormal APTT can 
be a good predictor for early diagnosis of DHF.  
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Introduction 

Dengue virus (DEN) is a mosquito-borne 
flavirirus and the most prevalent arbovirus in 
tropical and subtropical regions of the globe. 
This infectious disease is now widely 

distributed in many countries in South-East 
and South Asia, Central and South Americas, 
and the Western Pacific(1). As for Taiwan, a 
number of dengue epidemics have occurred 
since the 1980s(2,3,4,5). Among the recent 
dengue epidemics on this island, one large 
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outbreak was recorded between 1987 and 
1988 in southern Taiwan, which was caused 
by DEN-1(3), and a small number of clustered 
cases of dengue fever (DF) have been 
reported from this region ever since(6). A 
large dengue epidemic caused by DEN-2 
emerged late in 2001 in the same regions 
where a dengue outbreak had occurred in 
1987-1988, namely, the Kaohsiung city, 
Kaohsiung county and Pingtung county 
(Pingtung city has had the least number of 
cases) in southern Taiwan. There have been 
more than 5,000 cases of symptomatic 
dengue infections based on the passive 
surveillance in this epidemic, where there 
were many more cases of dengue 
haemorrhagic fever (DHF) than in the 
previous ones. To better understand the 
changing characteristics of dengue virus 
infections in Taiwan, we herein report the 
results of a hospital-based study on the 
patients with DHF admitted to Chang Gung 
Memorial Hospital-Kaohsiung (CGMH-KS), a 
2,500-bed facility serving as a primary care 
and tertiary referral centre in southern 
Taiwan.  

Materials and methods 

Data collection of clinical 
manifestations 

All the patients with suspected dengue fever 
who came to Chang Gung Memorial 
Hospital at Kaohsiung were localized in a 
certain area with appropriate vector control 
strategy in place. The staff of nosocomial 
infection control used a special chart for data 
collection, including demographic data, past 

history and clinical manifestations. The 
patients with definite DF and DHF as 
described below were coded for analysis.  

Diagnosis of DF and DHF 

Patients with DF were confirmed by either 
positive reverse-transcriptase polymerase 
chain reaction (RT-PCR) detection of DEN-2 
infections, positive enzyme-linked 
immunosorbent assay (ELISA) of specific 
dengue IgM in acute phase serum, or 
fourfold increase of dengue-specific 
haemagglutination inhibition titers in 
convalescent serum, as previously 
described(6,7). The quality assurance of the 
diagnostic tests was re-confirmed by the 
Center for Disease Control, Taiwan. The 
diagnosis of DHF was based on the criteria 
showing dengue fever complicated with 
reduced platelets (<100,000/mm3), 
petechial or haemorrhagic manifestations, 
and plasma leakage showing 
haemoconcentration =20%, pleural effusion, 
ascites or hypoalbuminemia(8). 

Results 
A total of 450 patients with definite DF in 
this series were collected for analysis. One-
hundred-and-twenty of the patients 
hospitalized fulfilled the criteria for DHF 
based on the WHO criteria(8), and were 
enrolled for analysis. As shown in Table 1, 
patients with DHF usually had fever and 
haemorrhagic manifestations. Only 5.8% 
patients developed shock although most 
patients had pleural effusion, ascites or 
hypoalbuminemia. The first three common 
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manifestations of bleeding were skin 
petechia (72.5%), gastrointestinal bleeding 
(29.4%) and gum bleeding (25.9%) (Table 2). 
To our surprise, epitaxis was not common in 
this study series. Based on these clinical 
presentations, it is not easy to differentiate 
between patients with DF and DHF, even 
between DF and other viral infections, 
particularly when other infectious aetiology 
concurrently prevails(9). As a result, we have 
further analysed laboratory data to 
investigate whether patients with DHF had 
unique parameters for early diagnosis. 

Table 1. Clinical manifestations of 120 
patients with DHF 

Symptom and sign No. of 
patients 

% 

Fever 109  90.8 

Bone pain 69  57.5 

Abdominal pain 60  50.0 

Headache 55  45.8 

Cough 47 39.2 

Skin rash 50 26.7 

Arthralgia 23 19.2 

Dizziness 13 10.8 

Myalgia 14 11.7 

Retro-orbital pain 13  10.8 

Haemorrhage* 109 90.8 

Shock 10 5.3 

*Patients with DHF other than Grade I; see Table 2 for 
detailed haemorrhagic sites. 

Note: An individual patient might have more than one 
symptom and/or sign. 

Table 2. Haemorrhagic patterns of 109 
patients with DHF other than Grade I 

Haemorrhagic 
pattern 

No. of 
patients % 

Petechia 79 72.5 

Gastrointestinal 
bleeding 

32 29.4 

Gum bleeding 28 25.9 

Haemoptysis 11 10.1 

Haematuria 11 10.1 

Retinal haemorrhage 3 2.8 

Subconjunctival 
haemorrhage 

2 1.8 

Vaginal bleeding 2 1.8 

Epistaxis 2 1.8 

Note: An individual patient might have more than one 
haemorrhagic pattern. 

As shown in Table 3, of the 120 patients 
with DHF (11 Grade I, 102 Grade II, and 7 
Grade III/IV), 62 were males and 58 females. 
The mean of their ages was 54.0 ± 13.6 
years, and the median was 55 years, ranging 
from 17 to 88 years. The rates of laboratory 
abnormality of patients having DHF were 
compared with those of the patients having 
DF in our hospital, and are shown in Table 3. 
Chi-square of Fisher’s exact test was used for 
comparison, and a two-tailed P<0.05 was 
considered statistically significant. Of these 
120 patients with DHF, leukopenia was found 
in 55.0%; leukocytosis in 4.2%; monocytosis 
in 27.7%; atypical lymphocytosis in 56.3%; 
activated partial thromboplastin time (APTT) 
prolongation (>20% than control) in 97.5%; 
elevated aspartate aminotransferase (AST) in 
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94.9%, and elevated alanine aminotransferase 
(ALT) in 80.7% of the patients. The rates of 
atypical lymphocytosis, APTT prolongation, 

AST elevation and ALT elevation were 
significantly higher in patients with DHF than 
in those with DF (Table 3). 

Table 3. Percentages of laboratory abnormality in DHF vs. DF  

DHF DF 

Variable 
No. of 

patients/No. of 
patients with 
data available 

% 

No. of 
patients/No. of 
patients with 
data available 

% 
P 

Leukopenia (WBC< 4000/µL) 66/120 55.0 32/47 68.1 0.162 

Leukocytosis (WBC >10000/µl) 5/120 4.2 3/47 6.4 0.689 

Monocytosis (>12%) 31/112 27.7 13/43 30.2 0.843 

Atypical lymphocytosis 63/112 56.3 13/43 30.2 0.004 

APTT prolongation*  77/79 97.5 33/48 68.8 <0.001 

PT prolongation† 2/66 2.0 1/47 2.1 0.626 

AST elevation (> 40 IU/L) 94/99 94.9 19/33 57.6 <0.001 

ALT elevation (> 40 IU/L) 71/88 80.7 17/33 48.6 0.002 

*APTT prolongation was defined as >20% than control. 
†PT prolongation was defined as >3 sec than control; one patient had the underlying liver cirrhosis while another had 
acute hepatitis.  

Discussion 

Two major theories have been proposed to 
explain the pathogenesis of DHF, namely, the 
“antibody-dependent enhancement” (ADE) 
of infection theory(10) and the viral virulence 
theory(11,12). The ADE of infection theory is 
based on the epidemiological studies, mainly 
conducted in Thailand in 1960s-1970s, 
showing that DHF occurred predominantly 
in children having previous infection caused 
by DEN of different serotypes, especially in 
infants acquiring primary antibody from 
placenta transfer. According to this theory, 
the cross-reactive, non-neutralizing anti-
bodies from a heterologous dengue virus 

infection bind to the newly-infecting 
serotype and facilitate virus entry via Fc-
receptor-bearing cells. This mechanism 
serves to increase the numbers of infected 
antigen-presenting cells during the second 
dengue episode, which can lead to the 
activation of pre-existing cross-reactive DEN-
specific T-lymphocyte from the previous 
flavirirus infection. The self-amplifying 
cascade can, in turn, lead to the release of 
cytokines and chemical mediators that may 
cause plasma leakage accounting for the 
clinical manifestations of DHF. In contrast to 
predominant paediatric patients with DHF 
seen in South-East Asia, all the patients with 
DHF in this study, except one patient aged 
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17 years, were adults. Although we were 
uncertain if the patients in this series had a 
previous dengue virus infection, but in view 
of the presence of a dengue epidemic 
caused by DEN-1 in 1987-1988 in the same 
geographical locale, the possibility of 
experiencing a prior dengue episode by most 
of these patients was high. This observation 
supports the ADE of infection theory as 
pathogenesis of DHF. However, the age 
difference between patients with DHF from 
different geographical localities remains 
unclear. It might be due to differences in 
race and/or virulence of the virus strains. 

The presence of monocytosis and 
atypical lymphocytosis indicating the 
aberrant immune activation in DHF was 
found in studies with a small number of 
specimens from patients with DHF(13,14,15). 
Our report disclosed the rates of this 
aberrant immune activation in a dengue 
epidemic caused by DEN-2. Likewise, this 
study unveiled the higher rates of APTT 
prolongation, as well as AST and ALT 
elevations in this dengue epidemic. 
Prolonged APTT as well as elevated AST and 
ALT were found in limited specimens from 

patients with DHF(16,17). We are uncertain 
whether the higher rates of laboratory 
abnormalities in patients with DHF due to 
DEN-2 in Taiwan can be generalized to 
victims of DHF in epidemics caused by DEN 
of other serotypes or of other strains 
belonging to the same serotype, or in 
epidemics in other geographical locations 
where patients were genetically different. 
Further studies in other population groups 
are needed to elucidate this important 
information. A better understanding of these 
epidemiological implications will fortify the 
complementary role of the clinical-service-
based laboratory data in making the 
diagnosis of DHF. 
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