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Morphological alterations in the lungs, liver and heart of BALB/c mice reinfected intravenously with het-

erologous dengue virus (DENV) using non-neuroadapted DENV serotypes 1 and 2 were analysed. Tissues
samples were processed using the standard techniques of photonic and transmission electron microscopy. Morpho-
logical observations of lung tissue showed breakdown of the alveolocapillary barrier leading to alveolitis, focal zones
of collapse, and intraalveolar haemorrhage. Inside alveolar septa, congested capillaries contained inflammatory cells
and platelets. Alveolar capillary endothelial cells exhibited aspects of activation with protruding phyllopod and intracy-
toplasmic vesicles and vacuoles. The liver exhibited vacuolisation of hepatocytes, inflammatory cells inside sinusoidal
capillaries, enlargement of sinusoidal capillaries, foci of haemorrhage inside the interstitium, oedema in the peri-centri-
lobular vein space and the presence of phyllopods and pseudopod-like extensions in endothelial cells. In heart tissue,
a slight loss of cytoplasm in cardiac cells, which are areas with inflammatory infiltrate, and the presence of phyllopods
in endothelial cells and the disorganisation of cardiac fibres were observed. DENV particles, DENV-specific antigen and
DENV RNA were observed in mosquito cell (C6/36) cultures inoculated with the sera of reinfected animals. The mor-
phological alterations observed in lung, liver and heart tissue were similar to what has been observed in human cases
of dengue and severe dengue fever. The present study demonstrates that BALB/c mice reinfected with a heterologous

serotype of DENV in this model develop more severe lesions than those observed in mice during primary infection.

INTRODUCTION

Dengue viruses (DENV), members of the Flaviviridae fam-
ily, occur as four distinct serotypes (DENV-1, -2, -3, -4) that
are mainly transmitted from infected to susceptible humans
by Aedes aegypti mosquitoes. DENV infection is mostly
asymptomatic or produces a mild self-limiting acute fe-
brile illness, dengue, and a life-threatening severe illness,
severe dengue fever with minor or major bleeding from
different sites (Agarwal et al. 1999). Severe dengue fever
has emerged as the most important arbovirus disease in
man in the last three decades. It has been estimated that
approximately 50 to 100 million cases of dengue occur
every year with approximately 50,000 to 250,000 cases of
severe dengue fever (Rigau-Perez et al. 1998, WHO 2002,
Gubler 2002). It is generally accepted that severe dengue
fever occur as a result of secondary infection by a heter-
ologous DENV and that immunopathological mechanisms
are involved in the pathogenesis of this condition (Hal-
stead 1970, Thein et al. 1997). Pulmonary haemorrhage
syndrome associated with severe dengue fever has been
demonstrated (Sharma et al. 2007, Robert et al. 2004). His-
tochemical studies of fatal human cases of dengue disease
have demonstrated that alveolar macrophages can be in-
fected by DENV (Miagostovich et al. 1997). Liver involve-
ment in the clinical presentation of severe dengue fever
(Bhamarapravati 1997, Lum et al. 1993) has been corrobo-
rated by detecting DENV RNA using reverse transcription
(RT)-PCR technique in archival liver samples obtained from

individuals who succumbed to DENV infection (Rosen et
al. 1999). These authors speculated that the liver might
be the major site of DENV replication. Studies of liver
samples obtained from patients with severe dengue fever
revealed the presence of viral antigens in Kupffer cells,
endothelium, lymphocytes and monocytes inside the lu-
men of blood vessels (Jessie et al. 2004, De Macedo et
al. 2006). Cardiac manifestations of the disease are uncom-
mon and are often associated with severe dengue fever.
Due to the viral infection of cardiomyocytes and endothe-
lial cells, these manifestations can lead to cases of atrio-
ventricular conduction disorder, supraventricular arrhythmia
and myocarditis. The presence of lymphocytic infiltrate
and myocytolysis of cardiac cells by microscopic obser-
vation is considered a conclusive diagnosis of myocardi-
tis. Even so, cases of myocarditis caused by DENV have
proven to be mostly benign throughout the course of the
disease, without long-term complications. Several studies
have suggested that mice are permissive hosts for DENV
infection (Meiklejhon et al. 1952, Lin et al. 1998, Johnson
& Roehrig 1999, An et al. 1999). A majority of these stud-
ies have used immunocompromised mice and/or mice in-
oculated by invasive routes with neuroadapted DENV. Our
group has carried out studies using BALB/c mice infected
with  DENV-2 (non-neuroadapted) by the intraperitoneal
and intravenous routes. Focal alterations in the lung and
hepatic tissue were demonstrated (Barreto et al. 2002,
2007, Barth et al. 2006, Paes et al. 2002, 2005). The vi-
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rus particles were isolated in the C6/36 cell line of Aedes
albopictus that was inoculated with the supernatant of a
macerate of lung tissue from infected animals. Focal altera-
tions were observed in hepatic tissue. Viral antigen was
detected in endothelial cells and in hepatocytes (Paes et
al. 2002, 2005, Barth et al. 2006). The present study used
photonic and electron transmission microscopy to charac-
terise injuries in lung, liver and cardiac tissues of BALB/c
mice caused by secondary infection with DENV-1 and/or
DENV-2.

MATERIALS AND METHODS

DENV-1/DENV-2.

The DENV-1 and DENV-2 strains were isolated from pa-
tient sera in the state of Rio de Janeiro, Brazil, during
the years of 2001 and 2000, respectively, in the Flavivi-
rus Laboratory, Instituto Oswaldo Cruz (I0C), Fiocruz, and
propagated in the Aedes albopictus mosquito cell line
(C6/36). The sera were tested using an indirect immuno-
fluorescence technique (Henchal et al. 1982) with type-
specific DENV-1 (fig. 1a) and DENV-2 (fig. 1b) monoclonal
antibodies (DENV-1: 15F3, DENV-2: 3H5). The virus strains
had undergone no passage in the mouse brain. Virus titres
(DENV-1: 7.3 PFU/1mL, DENV-2: 6.5 PFU/1mL) were calcu-
lated by the method of Reed and Muench (1938).

la 1k

Figures 1a-b. Detection of DENV antigen in monolayers
of C6/36 cells infectec with DENV. Fig. 1a: Presence of
DENV-1 antigen in cell monolayer inoculated with pa-
tient serum. Fig. 1b: Presence of DENV-2 antigen in cell
monolayer inoculated with patient serum. Immunofluo-
rescence technique (a-b: Bar= 1.25 um).

Animals.

Adult male BALB/c mice aged two months and weighing
25 g were obtained from the Center of Animal Breeding of
Fiocruz and maintained in the Department of Virology of
the 10C, Fiocruz. Mice were inoculated intravenously with
doses of 10,000 TCID, /0.1 mL DENV, and euthanised 72
hours (h) post-reinfection (p.r.). The animals used as con-
trols [non-infected mice and mice inoculated with Leibovitz
medium (L-15 medium)] and were kept in the same condi-
tions as the infected animals. These animals were euthan-
ised on the same day as the reinfected animals (table 1).

The experiment employed groups of twenty-one animals
each [ten animals infected with DENV and eleven control
animals]:

Group A: Mice, two months old, infected with DENV-2,
and reinfected with DENV-1 two months later.

Group B: Mice, two months old, infected with DENV-2,
and reinfected with DENV-1 four months later.

Group C: Mice, two months old, infected with DENV-1 and
reinfected with DENV-2 two months later.

Group D: Mice, two months old, infected with DENV-1 and
reinfected with DENV-2 four months later.
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The protocols used in these experiments were previously
approved by the Animal Experimentation Ethical Commit-
tee of the IOC, Fiocruz (license number: P0O098-01).

Experimental Design

Grou Grou Group |Grou
A P B P C P D P
Virus Virus
Age of |Age of Age of |Age of
mice mice mice mice
First in-
fection |DENV-(2 2 DENV-|2 2
2 months [months |1 months [months
Reinfec- |DENV-|4 6 DENV-|4 6
tion 1 months |months |2 months |months
Euthana-
sia 72h p.r. |72h p.r. 72h p.r.|72h p.r.
E;‘m};*:; 5/PM  [5/PM 5/PM  |5/PM
Tech- 5/ETM |5/ETM 5/MET |5/ETM
nique
Age of |Age of Age of |Age of
mice mice mice mice
Con- |4 6 Con- |4 6
trols |months |months |{ols |Months [months
h The The The The
Euthana- same [same same [same
sla day of |day of day of |day of
grou grou group [grou
A P B P C P D P
4/PM  |4/PM 4/PM |4/PM
yf“mi‘iz; 4/PM - 14/PM 4/PM - |4/PM
Tgch- L-15 L-15 L-15 L-15
nique 3/ETM [3/ETM 3/ETM |3/ETM
L-15*  |L-15* L-15* |L-15*

Table 1. PM: photonic microscopy, ETM: electron trans-
mission microscopy, L-15: Leibovitz culture medium, p.r.:
post-reinfection. *: animals inoculated with L-15 medi-
um.

Blood collection.

The animals were anaesthetised and blood samples were
collected from the eye plexus before the first infection and
72 h p.r. with DENV-1 or DENV-2. Control mice samples
were collected at the same time as for the reinfected ani-
mals.

Processing of tissues for photonic microscopy analysis.
The animals were euthanised and lung, liver and heart tis-
sue fragments were immediately collected from infected
and non-infected mice. Samples were fixed in Millonig's
fixative, dehydrated in ethanol and paraffin-embedded.
Sections (5 pum thick) were stained with haematoxylin and
eosin and Gomori's silver impregnation for reticular fibres
and Giemsa.

Processing of tissues for transmission electron micro-
scope analysis.

Infected animals were peritoneally anaesthetised, and the
tissues were fixed by perfusion with 4% paraformalde-
hyde in sodium phosphate buffer (0.2 M, pH 7.2) for 30
minutes. Samples of lung, liver and heart tissue were care-
fully collected in that order and post-fixed by immersion
in 2% glutaraldehyde in sodium cacodylate buffer (0.2 M,
pH 7.2), followed by 1% buffered osmium tetroxide, de-
hydrated in crescent concentrations of acetone, embed-
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ded in epoxy resin and polymerised at 60°C over three
days. Semi-thin sections of 0.5 pm were obtained using a
diamond knife (Diatome) adapted to a Reichert-Jung Ultra-
cut E microtome. The sections were stained with methyl-
ene blue and azure Il solution (Humprey & Pittman 1974)
and observed using a Zeiss Axiophot photonic light mi-
croscope. Ultra-thin sections of 50-70 nm thickness were
placed onto copper grids, stained with uranyl acetate and
lead citrate (Reynolds 1963), and observed using a Zeiss
EM-900 transmission electron microscope.

Isolation of DENV in the C6/36 cell line inoculated with
sera from reinfected BALB/c mice.

Cell monolayers were inoculated with 100 pL of serum
from mice 72 hours p.r. and incubated for 1 h at 28°C for
virus adsorption. Monolayers were subsequently grown in
L-15 medium supplemented with 1% non-essential amino
acids, 10% tryptose phosphate broth, and 10% foetal bo-
vine serum. The tubes were kept at 28°C and observed for
viral cytopathic effects daily for 15 days. C6/36 normal cell
monolayers were used as the negative control, while the
positive control consisted of cell monolayers inoculated
with DENV-1 and DENV-2. After the periods of observa-
tion, monolayers were divided into two groups; the first
was tested using the indirect immunofluorescence tech-
nique (Henchal et al. 1982) with a type-specific monoclonal
antibody for dengue (DENV-1: 15F3, DENV-2: 3HS5), and
the second was fixed in 1% buffered glutaraldehyde, dehy-
drated and embedded in epoxy resin as described above
for analysis using transmission electron microscopy.

RNA extraction.

RNA was extracted from strains of C6/36 cells inoculated
with positive sera by the indirect immunofluorescence
technique using a QlAmp Viral RNA Mini Kit (Qiagen, Inc.,
Valencia, CA, USA) according to the manufacturer’s proto-
col.

Reverse transcription (RT-PCR).

Detection and typing of DENV in C6/36 cell culture fluid
was carried out according to Lanciotti et al. (1992). This
protocol detects the four serotypes of DENV simultaneous-
ly in a semi-nested procedure, generating amplified prod-
ucts (amplicons) of specific sizes (in bp) for each serotype
of the DENV.

RESULTS

Mice from the four experimental groups survived until 72 h
p.r. with DENV-1 or DENV-2, at which time they were eu-
thanised and examined.

Morphology.

Lung

Lung tissue of mice that were not infected and the mice
that were inoculated with Leibovitz culture medium only
did not exhibit any morphological alterations, which were
severe in lung tissue of the reinfected animals from groups
C and D.

Groups A and B.

Morphological studies via photonic microscopy of the
lungs of animals from both groups A and B showed the
presence of mononuclear inflammatory infiltrate in the al-
veolar septa, leading to a thickening of the septa (Figs. 2a,
2d, 3a-c). In the capillary lumen besides inflammatory cells
(Fig. 2b) and platelets (Figs. 2a, 2c, 2d) were present.Type
I and Il alveolar epithelial cells were preserved (data not
shown), but the endothelial cells in the alveolar capillaries
exhibited signs of activation and presented numerous phyl-
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lopodia and intracytoplasmic vesicles and vacuoles (Fig.
20).

Group C.

Group C animals exhibited an alveolitis, as was observed
in group A and B animals, foci of intraalveolar haemor-
rhage, inflammatory infiltrate in the alveolar septa (Fig. 3d)
and focal enlargement of the alveolar space. Ultrastructural
analysis demonstrated the presence of mononuclear and
polymorphonuclear cells inside capillaries of the alveolar
septa and capillary endothelia with phyllopodia of the cell
membrane (Fig. 2e).

Group D.

Group D animals presented an intense alveolitis, zones of
pulmonary collapse (data not shown), foci of haemorrhage
and inflammatory infiltrate (Figs. 3e-3f). Ultrastructural anal-
ysis revealed platelets inside the alveolar capillaries and an
increase in the collagen fibrils in alveolar septa (Fig. 2f).

Figure 2. Ultra-thin sections of lung tissue from BALB/c
mice reinfected with DENV. Fig. 2a: Group A mouse
lung. Note interalveolar septa swelling. Bar= 2,27um.
Fig. 2b: Group A mouse lung showing mononuclear in-
flammatory cells inside a capillary. Bar= 3,33um. Fig. 2c:
Endothelial cell from a capillary of a group A mouse
lung showing phyllopodia in the cell membrane (ar-
rows). Bar= 0,83um. Figure 2d: Capillary from a group
A mouse lung containing platelets and inflammatory
cells. Bar= 1,36um. Fig. 2e: Capillary from a mouse lung
(group C) showing an endothelial cell containing phyllo-
podia in the cell membrane (arrows). Bar= 1,27um. Fig-
ure 2f: Group D mouse lung displaying increased pro-
duction of elastin (*). Bar= um. Alveolar space (AS),
capillary (C), endothelial cell (EC), erythrocyte (E), in-
flammatory cells (IC), interalveolar septa (IS), platelet
(P). Bar= 1,14pm.
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Figure 3. Sections of lung tissue from BALB/c mice rein-
fected with DENV stained with haematoxylin and eosin
and Giemsa. Note presence of interstitial inflammatory
infiltrate (IC) and interalveolar septa (IS) swelling. Al-
veolar space (AS). Fig. 3a: Section of a group A mouse
lung. Bar= 40um. Fig. 3b: Sectiori »f a group A mouse
lung. Bar= 90um. Fig. 3c: Sections of a group B mouse.
Bar= 90um. Fig. 3D: Sections of a group C mouse. Bar=
90um. Fig. 3e-f: Section of a group D mouse. Bar=
90um and 100um, respectively.

LIVER

Livers from mice that were not infected and mice that were
inoculated with Leibovitz culture medium only did not ex-
hibit any modifications of their morphology.

The alterations observed in hepatic tissue were more se-
vere in group A and B animals.

Group A

Histopathology of liver tissue revealed oedema, inflam-
matory infiltrate and dilated lymphatic vessel in the portal
space (Figs. 3a-b), a portal vein containing dilated sinusoi-
dal capillary (Fig. 4b), some erythrocytes presenting mor-
phological alterations (Fig. 4c), inflammatory infiltrate in
the interstitium, focus of haemorrhage and an increased
reticulin network (Fig. 4d). Ultrastructural analysis showed
enlargement of bile canaliculi and hepatocytes with dila-
tion of the rough endoplasmic reticulum and lipid inclu-
sions inside the cytoplasm.

Group B.

The livers of these animals displayed hepatocytes with
microvesicular steatosis and glycogen particles inside the
cytoplasm (Fig. 5a); some cells showed vacuolisation and
rarefied cytoplasm (Fig. 5b). Multivesicular stellate cells
presenting electron-dense and clear lipid vesicles in the
space of Disse and synthesising collagen were observed
(data not shown). Endothelial cells in the sinusoidal cap-
illaries showed altered phyllopod membranes that had
pseudopod-like extensions (Fig. 5c).

Group C.
These animals showed discrete vacuolisation of hepato-
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cytes (Fig. 4e) with inflammatory infiltrate in the interstitial
space (Fig. 4f) and the peri-portal space. Ultrastructural
analysis of hepatocytes showed degranulation and dilation
of the rough endoplasmic reticulum, lipid inclusions (Fig.
5e) and dilation of the bile canaliculi presenting electron-
dense filamentous material (data not shown).

Group D.

These animals presented inflammatory infiltrate in the peri-
portal space. Endothelial cells of the sinusoidal capillaries
presenting phyllopods and electron-dense material inside
the cytoplasm, enlargement of bile canaliculi, some hepat-
ocytes with dilatation and alteration of mitochondria cristae
were also observed (data not shown). Hepatocytes showed
degranulation and dilation of the rough endoplasmic retic-
ulum and lipid inclusions inside the cytoplasm (Fig 5f). The
morphological alterations observed in this group were less
severe than in group C.

4e 4f

Figure 4. Sections of liver tissue from BALB/c mice rein-
fected with DENV stained with haematoxylin and eosin (4a,
b, c, e, f) and reticulin (4d). Figs. 4a-d: Section of a group
A mouse liver. Note oedema (*), inflammatory infiltrate and
dilated sinusoidal capillaries, portal vein containing de-
formed erythrocytes, groups of reticulin fibres (arrow) in-
side the sinusoidal capillaries. Fig. 4e-f: Hepatic tissue
from a group C animal showing some hepatocytes with
light vacuolisation (*) and inflammatory infiltrate in the in-
terstitial space. Erythrocytes (E), hepatocytes (H), inflamma-
tory infiltrate (IF), portal vein (PV), sinusoidal capillaries (S).
a: bar=90um, b: bar= 90um, c: bar=  40um, d:bar=
40um, e: bar= 90um, f: bar= 90um.
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Figure 5. Ultra-thin sections of liver tissue from BALB/c
mice reinfected with DENV. Fig. 5a: A hepatocyte from
a group B mouse presenting microvesicular steatosis
and glycogen particles (circle) inside the cytoplasm.
Bar= 2,3um. Fig. 5b: Two hepatocytes from a group B
mouse showing rarefied cytoplasm (*) in one of them.
Nucleus. Bar= 2,3um. Fig. 5c: Endothelial cell from a
group B mouse presenting membrane alterations (ar-
row) with pseudopod-like extensions. Bar= 0,25um. Fig.
5d: Hepatic tissue from a group B mouse presenting
multivesicular stellate cells with some electron-dense (*)
vesicles. Bar= 1,19um. Figs. 5e-f: Hepatocytes from
group C and group D mice, respectively. Note the de-
granulation and dilation (arrow) of the rough-surfaced
endoplasmic reticulum and lipid inclusions. Glycogen
(g), hepatocyte (H), lipid inclusions (L), nucleus (N), stel-
late cells (SC), steatosis (S). e: bar= 1,07um, f: bar=
1,07um.

HEART

Histopathological and ultrastructural analysis of cardiac tis-
sue showed similar alterations in all groups. The main ob-
servations were areas with inflammatory infiltrate (myocar-
ditis) (Figs. 6a-c), loss of cytoplasm in cardiomyocytes (Fig.
6d), endothelial cells presenting phyllopodia in their mem-
branes (Fig. ée) and disorganisation of cardiac fibres (Fig.
6f). Morphological changes were not observed in cardiac
tissue from non-infected animals.
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Figures 6a-f: Sections of cardiac tissue of BALB/c mice
reinfected with DENV of group B. Note inflammatory
cells. a: bar=  um, b: bar= 2,5um, c: bar= 1,4um. Fig.
6d: Cardiomyocytes with rarefied cytoplasm (*). Bar=
0,6pm. Fig. 6e: Capillary with endothelial cell having
extending in its cytoplasmic membrane (arrow). Bar=
0,8um. Fig. 6f: Presence of areas of disorganization of
cardiac fibres (*). Bar= 0,6um. Capillary (C), endothelial
cell (EC), Inflammatory cells (IC), platelets (P).

Detection of DENV in the C6/36 cell line inoculated
with sera from reinfected BALB/c mice.

The syncytial cytopathic effect began to be visible around
the 13 day post-infection in C6/36 cell monolayers of the
positive control and in cell cultures inoculated with sera
from reinfected animals. At the 15 day p.i., the cell mon-
olayer from the negative control showed no morphological
alterations, and exhibited neither DENV antigen nor virus
particles. In cell cultures of the positive control and in cell
monolayers inoculated with sera from group A and B ani-
mals, the DENV-1 antigen, and a syncytial cytopathic effect
was observed using the indirect immunofluorescence tech-
nique in all monolayers (Figs. 7a-b). Ultrastructural obser-
vations of cell cultures from the positive control and cell
monolayers inoculated with mice sera, showed virus parti-
cles inside cytoplasmic vesicles (Fig. 7c) and in cisterns of
the rough endoplasmic reticulum (Fig 7d). All cell monolay-
ers inoculated with sera from group C and D animals were
contaminated, which hampered virus isolation.

48 = INDIAN JOURNAL OF APPLIED RESEARCH



RESEARCH PAPER

Figure 7a-d: Detection of DENV antigen and virus par-
ticles in monolayers of C6/36 cells using indirect im-
munofluorescence technique and transmission electron
microscopy. a-b: Presence of DENV-1 antigen in cell
monolayer inoculated with serum of animals of the
group A. (a-b: Bar= 1,25 pm); c: Presence of DENV-1
particles inside a cytoplasmic vesicle of a C6/36 cell cul-
ture inoculated with serum from a group A mouse (Bar=
0,3um); d: presence of incomplete DENV-1 particles in-
side the lumen of the rough endoplasmic reticulum of a
C6/36 cell culture inoculated with serum from a group
B mouse (Bar= 0,3um).

Detection of the DENV viral genome by RT-PCR.

The genome of DENV-1 was detected in extracts of C6/36
cells inoculated with mouse sera from groups A and B col-
lected at 72 h p.r. (Fig. 8). No virus genome was observed
in the cell monolayer from the negative control. These re-
sults confirmed the presence of DENV-1 in serum samples
from reinfected mice and indicated that the virus was still
able to infect other cells.

Figure 8: RT-PCR of extracts from C6/36 cells inoculated
with group A and B mouse sera. Lanes 1 and 10: 100-
bp, ladder (Gibco). Lanes 2 and 4: C6/36 cells inoculat-
ed with a strain of serum from group B BALB/c mice;
Lanes 3 and 5: C6/36 cells inoculated with a strain of
serum from group A BALB/c mice; Lane 6: DENV-1
positive control; Lane 7: DENV-2 positive control; Lane
8: DENV-3 positive control; Lane 9: Negative control
(H,0).
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DISCUSSION

The lack of an appropriate animal model developing an
infection similar to human cases of severe dengue fever
is a handicap to the development of vaccine candidates
against DENV. Studies have demonstrated that immuno-
deficient mice develop clinical signs of dengue and severe
dengue fever as in humans (fever, rash and thrombocyto-
penia) (Marchette et al. 1973, Lucia & Kangwanpong 1994,
Depres et al. 1998, Na et al. 2003, Bente et al. 2005). In
these animal models, mice were inoculated by invasive
routes with neuroadapted mouse DENV strains. This is
in contrast with our model, in which animals are infected
intravenously with non-neuroadapted DENV (Barreto et
al. 2002, 2004, 2007, Barth et al. 2006, Paes et al. 2002,
2005). The objective of the present study was to present a
murine model that better resembles human severe dengue
fever disease. Animals intravenously reinfected with heter-
ologous serotypes (non-neuroadapted strains of DENV-1
and DENV-2) presented alterations in the lung and hepatic
tissue similar to human cases of severe dengue fever. The
morphological alterations that were observed were more
severe than those observed in our previous studies (Bar-
reto et al. 2002, 2004, 2007, Barth et al. 2006), in which
the animals were only infected with one serotype of DENV.

In this study, severe alveolitis, foci of pulmonary collapse,
and intraalveolar haemorrhage, similarly to human cases of
severe dengue fever were observed in lung tissue. Cases
of pulmonary haemorrhage syndrome associated with se-
vere dengue fever have been demonstrated in humans
(Robert et al. 2004, Sharma et al. 2007). These patients
developed pulmonary haemorrhage, haemoptysis and
anaemia, requiring blood transfusion. Our analyses of rein-
fected animals demonstrated that they have thickened al-
veolar septa, indicating that all animals developed an alve-
olitis and that all of them had zones of collapse (decrease
in surface density of alveolar spaces) when compared with
control mice.

Hepatic involvement in DENV infections has been docu-
mented (Havens 1954). The dengue antigen has been
identified within Kupffer cells, the endothelium, lympho-
cytes and monocytes inside the lumen of the sinusoidal
capillaries in individuals presenting dengue or severe den-
gue fever (Guzman et al. 2002, Jessie et al. 2004). Stud-
ies have reported fatal hepatic failure in an adult arising as
a complication of severe dengue fever (Lawn et al. 2003,
Ling et al. 2007). Liver histology revealed marked steatosis
and a florid hepatitis with necrosis. Similar alterations were
observed in the present study. Hepatocyte alterations, mi-
crovesicular steatosis, infiltrate of inflammatory cells and
multivesicular stellate cells storing electron-dense and clear
lipid vesicles and secreting collagen into the Disse space,
were observed in all groups of reinfected animals, being
the most prominent in groups A and B. Current knowledge
ascribes this to liver-specific pericytes, conferring a major
role to hepatic stellate cells in extracellular matrix produc-
tion and re-modelling (Pinzani 1995, Gressner & Bachem
1995, Gressner 1996, Gressner & Weiskirchen 2006). Their
dominant role in fibrogenesis is based on their ability to
change their phenotype when hepatic stellate cells are
rechallenged by necro-inflammatory stimuli from retinoid-
storing, resting cells to contractile, smooth-muscle a-actin
positive, vitamin A-depleted myofibroblasts with a strongly
developed endoplasmic reticulum and Golgi apparatus
(Bataller & Brenner 2005, Friedman 2004).

The endoplasmic reticulum is an important site of pro-
tein synthesis and transport, and it also contains enzymes

INDIAN JOURNAL OF APPLIED RESEARCH = 49



RESEARCH PAPER

involved in drug and steroid metabolism. Several endog-
enous imbalances in cells, such as massive protein produc-
tion, loss of calcium homeostasis, inhibition of N-linked
glycosylation, and accumulation of mutant protein, often
contribute to its malfunction (Yu et al. 2006). One of the
major morphological changes in Flavivirus-infected cells is
the proliferation and hypertrophy of endoplasmic reticulum
membranes where virus particles accumulate inside (Barth
2000, Burke & Monath 2001, Hase et al. 1992). We ob-
served hepatocytes with degranulation and dilation of the
rough endoplasmic reticulum. Lipid inclusions were also
observed inside these cells.

Because the endothelium forms the primary barrier of the
circulatory system, dysfunction of endothelial cells during
acute diseases can broadly affect vascular permeability
and cause plasma leakage (Lee et al. 2006). In our mouse
model, the endothelial cells of the liver and lung capillar-
ies exhibited phyllopodia, alterations of cytoplasm mem-
branes (blebs) and vacuoles of secretion. Necrosis of this
cell type was not observed. According to Feroze (1997),
the presence of a great number of endocytic vacuoles and
phyllopodia in endothelial cells can be indicative of cell ac-
tivation. Researchers have suggested that endothelial cells
can support DENV replication and the liberation of several
inflammatory mediators, including interleukin 8 (IL-8) and
RANTES (Avirutnan et al. 1998, Juffrie et al. 2000). These
substances are capable of enlisting neutrophils and pro-
moting an increase in vascular permeability. Foci of haem-
orrhage and oedema were observed in the present experi-
ments, most likely due to the release of IL-8 and RANTES
by activated endothelial cells.

The bile canaliculi showed dilation, the presence of elec-
tron-dense filamentous material inside and a loss of mi-
crovilli in the present ultrastructural analysis. The loss of
microvilli, formation of surface membrane blebs and dis-
organisation of the pericanalicular actin filament web are
common features in many forms of cholestasis (Scheuer &
Lefkowitch 2000). For example, in the cholestasis related
to preservation injury after liver transplantation, ischemia
and reperfusion injury result in canalicular dilatation, loss
of microvilli and compaction of actin filaments (Cutrin et al.
1996).

Cardiac complications in patients with dengue are not
uncommon, although most cases are clinically mild heart
complications (Ravindral et al. 2007, Promphan et al. 2004,
Khongphatthanayothin et al. 2007, Pesaro et al. 2007, Lee
et al. 2009). More severe myocardial dysfunction has been
reported in patients who progressed to more severe DSS,
compared to those with dengue or severe dengue fever. In
cases of infection by DENV in which there is impairment of
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cardiac tissue, myocarditis is usually also present (Obeyes-
ekere et al. 1972, Obeyesekere et al. 1973, Nagaratnam et
al. 1973, Wali et al. 1998, Kularatne et al. 2005, Salgado
et al. 2010, Lee et al. 2010, Sam et al. 2013). Interstitial
oedema with inflammatory infiltrate and necrosis of myo-
cardial cells can also be observed in these cases (Marques
et al. 2013, Weerakook et al. 2011) and are closely asso-
ciated with myocarditis (Cooper 2003). The pathophysiol-
ogy of myocardial cell injury is still not fully understood.
The tissue involvement mentioned above can be directly
related to replication of DENV in heart muscle cells and/or
a cytokine-mediated immune response (Hober et al. 1993,
Hober et al. 1996). The present study revealed morpho-
logical alterations in the cardiac tissue of BALB/c during
secondary infection. The main alterations were myocarditis,
disorganisation of cardiac fibres, cardiomyocytes with rar-
efied cytoplasm and endothelial cells emitting membrane
extensions. These changes are similar to those observed
in human cases of dengue. There is evidence that the tar-
get cells for DENV include dendritic cells, monocytes, lym-
phocytes, hepatocytes, and vascular endothelial cells. Viral
replication appears to occur in dendritic cells, circulating
monocytes and possibly lymphoid cells (Leong et al. 2007).
In immunohistochemical analysis of a heart tissue from a
fatal case of severe dengue fever, DENV-specific antigen
was observed in cardiomyocytes, myocardial interstitial
cells and endothelial cells (Salted et al. 2010).

There are several studies utilising mice as an experimen-
tal model for DENV infection. The susceptibility of BALB/c
mice inoculated intraperitoneally or intravenously with neu-
roadapted DENV in a primary infection has been demon-
strated (Atrasheukaya et al. 2003, Huang et al. 2000). In
the present study, DENV-1 was ultrastructurally identified
and immunolocalised, and its RNA was detected in ex-
tracts of C6/36 cell cultures inoculated with the serum of
BALB/c mice 72 h p.r. Ultrastructural studies showed the
presence of DENV particles inside cytoplasmic vesicles and
immature particles in cisterns of the rough endoplasmic re-
ticulum.

These findings confirm that BALB/c mice are susceptible to
infection and re-infection by DENV-1 or DENV-2 and that
they are capable of developing morphological alterations
similar to those observed in human cases of dengue haem-
orrhagic fever.
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