
Abstract We studied five fatal cases of dengue haemor-
rhagic fever (DHF), confirmed using the reverse tran-
scriptase-polymerase chain reaction (RT-PCR) method,
in Vietnamese children. The liver seems to be a target for
dengue virus, so postmortem examinations were per-
formed to investigate elementary lesions, local recruit-
ment of inflammatory cells and whether the virus was
present in target cells of the liver. We detected severe,
diffuse hepatitis with midzonal necrosis and steatosis in
two patients, focal areas of necrosis in two patients, and
normal histology in one patient. Dengue virus antigen
was detected using immunohistochemistry in hepa-
tocytes from necrotic areas in four cases. There was no
recruitment of polymorphonuclear cells, and no lympho-
cytes were detected in the liver lesions of patients who
died from DHF. Lymphocytic infiltration occurred in on-
ly one hepatitis B virus-positive patient, with no signs of
chronic hepatitis. Kupffer cells had mostly been de-
stroyed in cases with focal or severe necrosis. TUNEL
tests were positive in necrotic areas, with positive cells
forming clusters, suggesting that an apoptotic mecha-
nism was involved. Thus, we suggest that the hepatocyte
and Kupffer cells may be target cells supporting virus

replication and that the councilman body is an apoptotic
cell, as in the pathogenesis of yellow fever.

Keywords Dengue virus · Hepatitis · Necrosis ·
Apoptosis.

Introduction

Dengue fever (DF), dengue haemorrhagic fever (DHF)
and dengue shock syndrome (DSS) are hyperendemic in
Southeast Asia, endemic in Oceania and have extended
to the tropical areas of the Americas since the early
1980s, causing tens of thousands of deaths in childhood
annually [12]. The causative agents are four serotypes of
mosquito-borne virus, dengue 1–4, of the genus flavivi-
rus, family Flaviviridae. DF may involve high fever,
headache, retro-orbital pain, myalgia and arthralgia, of-
ten accompanied by petechial rash. These symptoms re-
solve after 3–7 days. In some cases, the acute febrile
phase may be followed by haemorrhagic manifestations,
including petechiae, ecchymoses, epistaxis, gastro-intes-
tinal bleeding and haematuria. Some individuals, mostly
children under the age of 15 years, may suffer from a
capillary leak syndrome, which may progress to hypovo-
lemic shock with undetectable pulse and blood pressure,
requiring transfer to an intensive care unit.

Dengue disease has a spectrum of clinical signs and
symptoms, ranging from unapparent infection to severe
and lethal manifestations. The World Health Organization
(WHO) classification [1] distinguishes DHF from DF
with haemorrhage and classifies it into four grades, de-
pending on severity. Fatal cases of dengue are classed as
grade IV, including shock. The pathobiology of DF, DHF
and DSS is unclear. The development of primary DF in a
small proportion of cases, into DHF with or without DSS,
has been attributed to “facilitating antibodies” elicited in
a former infection with a different virus serotype [14].
This concept, now revived, is interpreted as a cascade of
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pathological events. The lesions have not been complete-
ly investigated and, because pathologists cannot obtain
tissues from living patients with thrombocytopaenia and
coagulative disorders, most of our knowledge is limited
to what has been observed in fatal cases.

The virus is mostly isolated from the spleen and liver
of fatal cases [3, 16,27]. Liver function tests show high
levels of alanine aminotransferase (ALT) activity, indicat-
ing hepatic injury [8,23]. During the autopsy, the most fre-
quent gross anatomical findings are haemorrhages (gastro-
intestinal tract and serous cavities), effusions and oedema
[6, 11, 19,26]. Histologically, the most common features
in the liver are small foci of necrosis (65%) and microve-
sicular steatosis (75%) [4, 6,11]. The foci of hepatocyte
necrosis may coalesce, and acidophilic bodies with pycn-
otic nuclei corresponding to councilman bodies may form
[3, 4, 6,9]. Dengue virus has frequently been isolated from
the liver, and antigens have been detected in Kupffer cells
and hepatocytes [3, 9,28]. These observations suggest that
the liver is a main target in DF, DHF/DSS and that the vi-
rus may replicate in these cells, causing hepatic injury. To
check for the presence of dengue virus in hepatocytes, we
analysed five cases of fatal dengue associated with haem-
orrhagic manifestations in Vietnamese children. We ob-
served focal necrosis of hepatocytes in two patients, more
extensive necrosis in two patients and almost normal his-
tology in the fifth, with no more than moderate microve-
sicular steatosis. We tested whether the hepatocyte was a
site of viral replication leading to necrosis and whether an
apoptotic mechanism was involved. Our results have im-
portant implications for the understanding of fatal dengue
infection and the pathogenesis of the disease.

Materials and methods

Clinical, biological and virological studies

Between October 1996 and September 1997, dengue fever grade
III/IV was the final diagnosis, confirmed using virological meth-
ods, in 31 children who died after admission to the paediatric hos-
pital in Ho Chi Minh City, Vietnam. Clinical and biological results
for five of these children, for whom a liver biopsy was possible
and family consent was given, are presented in this study. Material
was collected during the autopsy with the informed consent of the
relatives of the deceased under the Vietnamese and French regula-
tions. Biological tests, such as determination of haematocrit, plate-
let count, aspartate/alanine amino transferase (AST), ALT and bil-
irubin assays, coagulation tests, fibrinogen assays and ionograms
were performed using standard methods.

An enzyme-linked immunosorbent assay (ELISA) was used
for the rapid classification of serological responses in dengue in-
fections, based on the ratio of immunoglobulin (Ig)M and IgG
[18]. Other standard serological tests for hepatitis A virus (HAV),
B (HBV), C (HCV) and E (HEV) were also performed. Reverse
transcriptase-polymerase chain reaction (RT-PCR) was performed
on blood or liver to detect dengue virus RNA as previously de-
scribed [28].

Microscopy

All of the patients studied died from DHF infection. Specimens
were therefore obtained from percutaneous liver biopsy immedi-

ately after death. Formalin-fixed, paraffin-embedded tissues were
sectioned and stained with haematoxylin and eosin, Gordon-Sweet
and Perls stains. In a study on yellow fever hepatitis, elementary
lesions, such as necrosis, steatosis and eosinophilic degeneration
were classified by Viera et al. [29] using a semi-quantitative scale:
0, no lesion; grade 1, slight or moderate damage; grade 2, marked
damage and grade 3, severe damage. The following criteria were
studied here: (1) lobular damage: swelling or necrosis of hepa-
tocytes; councilman bodies; microvesicular and macrovesicular
steatosis. Grade 1: a few cells; grade 2: 10–100 cells for ten mi-
croscopic fields at a magnification of ×400, grade 3 (necrosis):
more than 100 cells aggregated in the foci of necrosis; (2) portal
inflammatory infiltrate (monocyte, lymphocytes and polymorpho-
nuclear cells). Grade 1: a few cells; grade 2: 10–50 cells for ten
microscopic fields at a magnification of ×400; and (3) reticulin
framework: collapse +, restricted to small foci of necrosis and ++,
restricted to large foci of necrosis or present throughout the lobule.

The distribution of lobular lesions over the centrilobular, mid-
zonal and periportal areas was analysed for each case. Immunohis-
tochemical analysis was performed on poly-L-lysine coated slides
with dengue and yellow fever anti-envelope E protein monoclonal
antibodies (mAb) [5,13]. Briefly, the sections were immersed in
200 ml citrate buffer and heated three times in a microwave oven
for 5 min at 650 W. They were then incubated with the five mAbs,
each directed against a different dengue virus serotype (DEN-1
mAb b1F1, DEN-2 mAb 3H5, DEN-3 mAb 5D4, DEN-4 mAb
1H10) and yellow fever virus (mAb 5E3) [15]. All of these antibod-
ies were obtained as hybridoma cell supernatant fluids and were
used at a dilution of 1:75. The alkaline phosphatase method was
used (LSAB2 universal alkaline phosphatase kit; Dako, Copenha-
gen, Denmark) to detect the secondary antibodies, using fast red as
a chromogen. Slides were counterstained with Mayer's haematoxy-
lin. Negative controls for each sample included incubation of the
sections with non-immune ascitic fluids from mice rather than with
antibodies. Negative controls also included sections of five livers
taken from patients who died from non-infectious diseases.

A panel of commercial antibodies (Dako) was used to analyse
and to quantify lobular and portal infiltration by T lymphocytes
(UCHL-1, CD3, Dako), B lymphocytes (CD 20, L 26 Dako) and
Kupffer cells (CD 68, Dako). The 5-µm deparaffinised sections
were heated in a microwave oven (three times, 5 min at 650 W)
and then were incubated with anti-T/B lymphocytes and anti-
Kupffer cell antibodies using the streptavidin–peroxidase method
and amino-ethyl carbazole (AEC) as a chromogen. A quantitative
analysis was carried out by comparing the five livers from dengue
patients with livers from five other patients who died in Paris from
non-infectious diseases.

Apoptosis

We investigated the nature of cell death in the livers of infected pa-
tients by performing TUNEL assays on tissue sections using the in
situ cell death detection kit (Boehringer Mannheim). Briefly, liver
sections were incubated with proteinase K (20 mg/ml in 10 mM
Tris HCl pH 7.4) for 15 min at 25°C. They were then permeabili-
sed with 0.1% TritonX100 in 0.1% sodium citrate and incubated in
the TUNEL reaction mixture for 60 min at 37°C. Sections were
mounted and observed under a fluorescence microscope.

Results

Pathological findings

Clinical and biological findings

Table 1 shows the clinical manifestations and laboratory
findings for five cases of DHF. All patients presented
with severe forms on admission, with clinical features of
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dengue grade III in four cases, grade IV in one case and
gastro-intestinal bleeding in two cases. These patients
had low platelet counts, under 60,000/mm3. In each case,
the disease was fatal, with shock occurring 1 day (two
cases), 2 days (1 case), and 5 days (two cases) after ad-
mission. Four children showed clinical features of hepa-
titis; transaminase activity was high in each case. The
AST/ALT ratio was greater than one in three cases and
ALT levels were 10–100 times normal values in three
cases (cases 1, 4 and 5). Bilirubin levels were normal ex-
cept in case 1. Fibrinogen concentration was below
0.6 g/l in the three cases in which it was determined,

with a pathological quick time and a cephalin kaolin
time of over 120 s.

Other aetiologies of acute and severe infectious dis-
eases, endemic in Vietnam, such as malaria and salmo-
nellosis, were investigated. All tests were negative, al-
though patient 5 was initially considered to be a case of
cerebral malaria. Serological tests for dengue virus using
IgM- and IgG-ELISA were positive in all cases
(Table 1). The IgM/IgG ratio calculated for sera diluted
1 in 100 showed that patient 1 presented with a case of
primary and the other patients secondary disease. One
patient tested positive for HBV antigen in serological
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Table 1 Clinical manifestations and laboratory findings for liver
biopsies from five fatal cases of dengue haemorrhagic fever with
liver biopsy. ND not determined, GI bleeding gastrointestinal
bleeding, L/R lactated/ringer, AST/ALT aspartate/alanine amino-

transferase, Ig immunoglobulin, RT-PCR reverse transcriptase-
ploymerase chain reaction, HBV hepatitis B virus, HAV hepatitis A
virus, HCV hepatitis C virus, HEV hepatitis E virus

Patient 1 2 3 4 5
96/1709 97/1565 97/1622 97/1709 97/1710

Age (months)/ 10/Male/8 48/Female/14 60/Female/16 10/Female/19 72/Male/17
gender/weight (kg)
Admission 16/10/96 10/07/97 2/09/97 30/09/97 30/09/97
Death 21/10/96 15/07/97 4/09/97 1/10/97 1/10/97
Grade III III IV III II

Clinical manifestations
Consciousness Coma Lethargic Coma Lethargic Lethargic
Convulsion – + – – +
Petechiae – + – + –
GI bleeding + + – +
Jaundice + – – – +
Shock + + + – +
Respiratory failure + + + + +
Hematocrit 39 30 33 29 26
Platelet count 32,000 30,000 30,000 40,000 60,000
AST/ALT (N≤40 U/l) 18.500/3.450 1.050/106 1.563/23 9.9/650 108/3.072

Bilirubin (mg/dl)
Total (N≤12.8) 4 0.84 0.64 1.47 1.87
Conjugated (N≤2.9) 3.6 0.44 0.35 0.55 0.90

Coagulation
Quick time ND ND 19% 16.5% ≤13%
Cephaline K (s) ≥120 ≥120 ≥120
Fibrinogen 2<N<4 (g) ND ND ≤0.6 ≤0.6 ≤0.6

Ionogram (mmoles/l)
Na+ (135–145) 117 ND 130 124 128
Ca++ (2.2–2.5) 0.93 1.07 1.03 0.95
K+ (3.5–50) 4.8 4.1 3.7 6.2
Cl (100–110 108 ND ND ND
IgM/IgG (Ig) 0.9/0.4 0.2/2.8 1.1/3 1/2.7 0.1/1.4
Interpretation Primary Secondary Secondary Secondary Secondary

RT-PCR:
Blood + + + ND ND
Liver + ND ND + +
HBV – – – – +
HAV – – – – –
HCV – – – – –
HEV – – – – –
Treatment Infusion with Infusion with Infusion with Infusion with Treated as 

L/R, gelatin, L/R, dextran 40, L/R, dextran 70, L/R, blood malaria
blood 70 blood blood



tests but had no sign of active hepatitis. Tests for anti-
bodies against HAV, HCV, HEV and HBV antigens were
negative in all cases. Dengue 3 virus was detected in all
patients by means of RT-PCR, whether blood or liver
samples were tested (Fig. 1).

Histopathology

Table 2 shows the liver histological changes in DF. Lob-
ular architecture was normal in one patient (patient 2)
and very disturbed in four patients, with several foci of
hepatocellular necrosis, mostly midzonal (patient 3 and
patient 5; Fig. 2a–c) and sometimes present throughout
the lobule (patient 1 and patient 4; Fig. 2e–h and
Fig. 3a). In all cases, the periportal areas were intact,
limited by a layer of hepatocytes and with no sign of ne-
crosis (Fig. 2g and Fig. 3a). The reticulin network col-
lapsed in the areas of necrosis or increased around the

necrotic foci (Fig. 2b). Councilman bodies were clearly
observed in four cases, generally midzonal in distribu-
tion, in and around the foci of necrosis (Fig. 2f). Micro-
vesicular steatosis was a frequent feature (Fig. 2e, f and
Fig. 3a–c), observed in four cases, extensive only in
cases 1 and 5 and generally midzonal or centrilobular in
distribution. 

Immunohistochemical staining for DEN-3 virus was
positive in the necrotic areas (Fig. 2c, g, h and Fig. 3a).
The target cells were mostly hepatocytes (Fig. 2c) and
especially councilman bodies (Fig. 2h and Fig. 3a). The
staining was particularly strong in the cytoplasm around
the nucleus, and hepatocytes in the areas surrounding the
necrosis were also strongly stained (Fig. 2c and Fig. 3a).
We were unable to identify the location of virus antigens
in Kupffer cells, because these cells were necrotic. Den-
gue antigens were not significantly detected in endotheli-
al cells. No liver cells were stained if dengue 1, 2 or 4
serotype-specific mAbs or yellow fever polyclonal anti-
bodies were used.

There was little or no inflammatory response, with no
polymorphonuclear cell, no B lymphocytes (data not
shown) and few T lymphocytes: 4.85±1.55 for ten fields
examined at ×400 (Fig. 3b). For the controls this was:
4.35±1.35,, P<0.01 (in using the non-parametric Mann
Whitney U-test). In case 1, moderate lymphocyte infil-
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Fig. 1 Ethidium bromide-stained agarose gels showing the prod-
ucts of semi-nested polymerase chain reaction amplification of
DEN-3 virus in the serum (S) and liver (L) of dengue negative
control (C) and dengue-positive (patient 1) patients. MW Molecu-
lar weight, (bp) base pairs

Table 2 Liver histological changes in dengue fever. PP periportal,
MZ midzonal, CL centrilobular, M monocytes, Ly lymphocytes,
IHC immunohistochemistry for DEN-3 virus, – normal reticulin

framework, –/+ subnormal or very moderate collapse, + limited
destruction, ++ large foci of destruction

Patient Lobular damage Reticulin Final 
diagnosis

Swelling/necrosis Councilman bodies Steatosis Portal Reticulin frame IHC
of hepatocyte infiltration work collapse DEN 

virus 
PP MZ CL PP MZ CL PP MZ CL MZ PP

1 0/1 2 1 1 2 1 0/1 2 0 0/1, Ly ++ – + Diffuse
2 0 0 0 0 0 0 0 1 0 0 + – – Moderate

fatty
3 0 1 0 0 1 0 0 1 1 0 + – + Focal
4 0/1 2 1 0/1 1 0/1 0 1 0 0 +/– – + Diffuse
5 0 2 0/1 0 3 1 1 2 0 0/1, Ly ++ – + Focal

Fig. 2 a Foci of necrosis in midzonal areas of the lobule. Haema-
toxylin and eosin staining (H&E; ×25; case 5). Inset: H&E; ×400.
b Destruction of reticulum network in necrosis. Gordon-Sweet
staining (×25). Inset: H&E; ×400. c Immunohistochemistry with
DEN-3 antibody, alkaline phosphatase–antialkaline phosphatase
(APAAP) and fast red. Detection of DEN virus antigen in and
around areas of necrosis (×250). Inset: ×1000. d Immunohisto-
chemistry with DEN-3 antibody, APAAP and fast red; negative
control. Liver from a patient who died in the hospital in Paris with
acute myocardial infarction. e Large areas of necrosis extending
into the lobule with steatosis (H&E; ×65; case 1). f Numerous
councilman bodies in midzonal necrosis combined with steatosis
(H&E; ×250). Inset: H&E; ×1000. g Immunohistochemistry: foci
of coagulative necrosis staining for DEN virus antigens alkaline
phosphatase–antialkaline phosphatase (APAAP) and fast red
(×100; case 3). h Immunohistochemistry: councilman bodies (as-
terisk) containing dengue virus antigens APAAP and fast red
(×400; case 1)

▲



111



112



function in patients with DHF/DSS is considered by
many investigators to indicate a poor prognosis.

S. Nimmannitya et al. [24] reported 18 cases of DHF
with jaundice and encephalopathy. Ten had a fatal out-
come. In Malaysia, eight cases of liver failure were re-
ported [20] in 20 cases of grade III/IV DHF, generally
associated with severe deterioration of mental status re-
quiring cerebral protection. There was a fatal outcome in
only one case, and most of the survivors (18 of 20) com-
pletely recovered hepatic and neurological function. Liv-
er failure in DHF, as indicated by high levels of ALT ac-
tivity, occurred in 82% of cases [16]. It has been suggest-
ed that the long time required for recovery in patients
with severe circulatory failure in intensive care units
may be due to the unusual liver tropism of some strains,
but our patients died in 1–5 days.

The course of dengue fever does not seem to be influ-
enced by concomitant hepatitis virus infection, although
one case of HBV was observed in our series. It is well
known that HBV is hyperendemic in Vietnam, South
America and Oceania, but there is no evidence that HBV
infection acts as a co-factor in dengue infections. Livers
from patients who died of dengue fever with haemor-
rhage [14, 16,28] and of those who died of yellow fever
[10,31] are similar in appearance under the microscope,
and histopathological diagnosis relies on geographical
and epidemiological data, clinical features and virologi-
cal studies.

In dengue infections, three basic types of lesion are
observed: microvesicular steatosis, hepatocellular necro-
sis and councilman bodies. Steatosis frequently occurs in
hepatitis of viral origin, and no specific significance can
be attributed to this process in DF. Hepatocellular necro-
sis in dengue fever generally occurs in midzonal and
sometimes centrolobular areas, whereas in yellow fever,
necrosis is more severe and midzonal in distribution. In
severe cases of dengue, hepatocellular necrosis may ex-
tend beyond the midzone into the lobule, causing the
complete destruction of the lobule although a layer of in-
tact hepatocytes persists around the portal tracts. There
are many analogies between yellow fever and DHF, so it
has been suggested that the pathogenesis of the two dis-
eases may be similar [27]. Councilman bodies are
thought to be important in yellow fever but have also
been observed in viral hepatitis and in haemorrhagic fe-
vers (HF), such as Lassa fever, Argentine HF, Bolivian
HF, Venezuelan HF and Rift Valley fever [7,31].

Councilman-like bodies have also been described as
apoptotic cells [17], and our results show that apoptotic
cells were observed in and around the areas of necrosis.
We have previously demonstrated that dengue virus and
yellow fever infection of hepatocytes induces cell apop-
tosis in vitro [21]. In a previous study, we detected apo-
ptotic nuclei aggregated in clusters in the liver of an
adult who died from a dengue 2 virus infection; this pa-
tient was not from Vietnam but was instead from a Ca-
ribbean island [9]. The presence of apoptotic cells in the
livers of DHF/DSS patients suggests that this feature
also occurs in vivo. However, we cannot determine

113

tration was observed, mainly in the periportal area (data
not shown). A few rare Kupffer cells were observed in
the liver of dengue patients, and they were mostly ne-
crotic (Fig. 3c), whereas those of the controls were not
(Fig. 3d).

Apoptosis

We have previously demonstrated that dengue virus rep-
lication triggers an apoptotic mechanism in human hepa-
toma Hep G2 cells [21] and in human Kupffer cells [22]
but also in the liver cells of a human fatal case [9]. The
five liver specimens were studied by means of TUNEL
to assess whether TUNEL-positive nuclei were a specific
feature of liver injury in dengue hepatitis. TUNEL-posi-
tive nuclei and small aggregates of fragmented nuclei,
suggestive of apoptosis, were observed in hepatocytes
located in the areas morphologically identified as foci
with a hematoxylin staining. TUNEL-positive nuclei
were observed in all sections studied, but differences
were observed in their distribution. In patient 4, TUNEL-
positive cells were distributed throughout the entire sec-
tion (Fig. 3f), whereas positive cells were primarily re-
stricted to foci in patient 3 (Fig. 3e) and in patients 1, 2
and 5 (data not shown). These results are consistent with
those for overall histological examination, resulting in a
classification of subfulminant hepatitis or mild hepatitis
with well delimited paracentral necrotic foci.

Discussion

Several viruses that cause haemorrhagic diseases may
also cause hepatic injury [7,31], and dengue virus is not
generally considered to be an aetiological agent of hepa-
titis. Dengue virus antigens and RNA have been detected
in many organs in DHF/DSS patients, including the
spleen (cells lining the Billroth cords), lymphoid tissues,
bone marrow, thymus, lung (alveolar macrophages), skin
and liver. Only a few cases of hepatitis have been report-
ed [4, 6, 7, 19,26] in dengue fever, although it has been
demonstrated in recent years that the liver is an impor-
tant site of dengue replication and the source of some of
the patho-physiologic aberrations [8, 23, 27,28]. In addi-
tion, the combination of neurological signs and liver dys-

Fig. 3 a Immunohistochemistry with DEN-3 virus antibody, alka-
line phosphatase–antialkaline phosphatase (APAAP) and fast red.
Large area of necrosis extending to the portal area (×250; case 4).
b A few T lymphocytes (CD3; arrow) detected by means of im-
munostaining, streptavidin peroxidase method (×250). Inset: ×400
c A few Kupffer cells, mostly necrotic, (arrow) from case 4; strep-
tavidin peroxidase method (×250). Inset: ×400 d Kupffer cells
from control; streptavidin peroxidase method (×250). Inset ×400.
e Identification of apoptotic cells in liver necropsies from
DHF/DSS children. Slides of liver samples from case 3; foci of
fluorescent apoptotic cells detected using TUNEL as pycnotic nu-
clei (arrowheads). f Apoptosis in case 4; diffuse distribution of
apoptotic cells
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whether this apoptotic mechanism precedes or is associ-
ated simultaneously with necrosis, because the two
mechanisms are probably combined and may account for
the lesions observed. Indeed, hepatocyte lesions occur
late in the natural history of DF.

Another question concerns the infiltrates observed in
the livers of patients infected with dengue virus. Kupffer
cells were destroyed in patients, and this finding is not
consistent with autolysis because liver samples were tak-
en a few minutes after the patient's death. The liver biop-
sies used as controls were performed 24, 48 and 72 h af-
ter death. However, we cannot exclude the possibility
that long periods of fixation in formalin (usually over
2 weeks) may have caused a loss of epitopes from Kupf-
fer CD-68 positive cells despite the technical procedure
used, involving a microwave oven.

The lack of antigenic reactivity of most of the Kupffer
cells in the liver section is consistent with the simulta-
neous lysis of these cells during the course of infection.
We have observed that the infection of Kupffer cells with
dengue virus in vitro is an abortive process, leading to
apoptosis [22]. However, we could not demonstrate in
this study that the shrunken Kupffer cells and fragment-
ed nuclei observed in these fatal cases corresponded to
apoptotic cells.

Infiltrates [lymphocytes, polymorphonuclear neutro-
phils (PMNs)] were absent or mild in the livers of these
patients, and this finding is more frequent in arbovirus-
induced liver injury, especially due to yellow fever and
DF, than in liver damage caused by other viruses, such as
the hepatitis B and hepatitis C viruses. The presence of
dengue envelope proteins in hepatocytes mostly around
necrotic foci when viraemia is no longer detected [28]
suggests that dengue virus replication may occur late in
these cells. However, attempts to detect dengue RNA us-
ing hybridisation in situ in liver biopsy tissue from DSS
cases has not been successful in our experience and in
the previous studies [3,9]. Dengue virus replication in
hepatocytes may be a slow process, or it may induce the
rapid destruction of these host cells, as observed in ex-
perimentally infected human hepatoma cells [21]. Thus,
hepatocytes in infected humans and in vitro may be con-
sidered to be major targets of dengue virus, at least in the
terminal stages.

Vascular injury (bleeding and plasma leakage) may
result from direct endothelial cell injury by dengue virus
or immunologically mediated injury, probably combined
with the local production of pro-inflammatory cytokines.
Viral antigens may be detected in vessels as has been
shown in vitro in endothelial cells, the infection of which
leads to chemokine production and apoptosis [2]. How-
ever, in our study, we observed no specific immunostain-
ing of endothelial cells, showing that endothelial cells
are permissive for the virus in vivo.

The prognosis does not seem to be correlated with the
grade of histological lesion, and death may occur with
only minor hepatic injury (patient 2). However, our re-
sults are consistent with hepatic injury, being common in
cases of DHF/DSS. However, the replication of DEN in

other cells, both within the liver, especially in Kuppfer
cells, and in other organs, particularly at early stages of
the disease, may account for clinical and biological dis-
turbances not being correlated with the restricted damage
to the liver. Recent results have demonstrated that den-
dritic cells, especially monocyte-derived dendritic cells
(DC) and human skin Langerhans cells are targets for
dengue virus infection at the early stages [25,30]. How-
ever, as immature DC cells are more permissive than
macrophages, this result suggests that the differentiation
of DC-derived cells plays a critical role in the intracellu-
lar cycle of the virus.

All patients studied were infected with DEN-3 virus.
We do not know whether there are genetic and phenotyp-
ic differences between strains, but differences in the clin-
ical patterns of hepatic injury suggest that host factors
determine the outcome of the disease, at least in part [2].
The patient with the most severe hepatic injury in these
five cases was the patient with the primary infection.
Further histopathological studies are required in primary
and secondary dengue-infected patients to assess the role
of a primed minimal defence in limiting liver injury.
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