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Introduction: Dengue virus replication has been considered mainly cytoplasmic, however, studies 
indicate that some flaviviruses may use the intranuclear pathway as part of the machinery that the virus 
uses to increase infection capacity in the host cell. This paper describes alterations at nuclear level in 
the cell infected with dengue, which are likely involved in the virus replication processes.
Objective: This paper addresses the ultrastructural observations of C6/36 cells of the Aedes albopictus 
mosquito infected with dengue virus type 2.
Materials and methods: C6/36 cells were infected in culture medium with the serum of a patient 
positively diagnosed for dengue 2. Subsequently, the cells were incubated for 10 days and the cytopathic 
effect was assessed. The cells were processed for immunofluorescence assays and transmission 
electron microscopy.
Results: The immunofluorescence assays confirmed the presence of viral protein E associated with 
cellular syncytia in the culture. In the ultrastructural study, the infected cells showed vesicular-tubular 
structures and dilated cisterns of the endoplasmic reticulum at the cytoplasmic level. Viral particles 
were found exclusively in cytoplasm localized within the vacuoles. Nuclei of cellular syncytia showed 
membrane structures arranged in a circular shape and, in some cases, these syncytia displayed lysis; 
in no case viral particles were observed at the nuclear level. 
Conclusions: The ultrastructural alterations of nuclei in cells infected with the dengue virus using 
electron microscopy techniques had not been reported before, as far as we know. It is likely that 
such modifications are associated with replicative processes at an intranuclear level as an alternate 
replication mechanism.
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Cambios ultraestructurales en núcleos de células C6/36 infectadas con virus dengue de tipo 2

Introducción. La replicación del virus del dengue se ha considerado principalmente citoplásmica; 
sin embargo, en diversos estudios se ha informado que algunos flavivirus pueden utilizar factores 
intranucleares como parte de la maquinaria que utilizan para aumentar la capacidad de infección en la 
célula huésped. En este trabajo se describen las alteraciones a nivel nuclear en células infectadas con 
dengue, probablemente involucradas en procesos de replicación viral.
Objetivo. Presentar las observaciones ultraestructurales de células C6/36 de Aedes albopictus 
infectadas con el virus del dengue de tipo 2.
Materiales y métodos. Se infectaron células C6/36 con suero de un paciente con diagnóstico 
de dengue 2; posteriormente, se mantuvieron en medio de cultivo durante 10 días y se evaluó el 
efecto citopático. Las células se procesaron para los ensayos de inmunofluorescencia y microscopía 
electrónica de transmisión, con el fin de hacer el estudio ultraestructural.
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Resultados. Los ensayos de inmunofluorescencia confirmaron la presencia de la proteína E viral 
asociada con sincitios celulares en el cultivo. En el estudio ultraestructural, las células infectadas tenían 
estructuras vesiculares y tubulares, y cisternas dilatadas del retículo endoplásmico en el citoplasma. 
Las partículas virales se encontraron exclusivamente en vacuolas localizadas en el citoplasma. Los 
núcleos de los sincitios celulares contenían estructuras de membrana dispuestas en forma circular y, 
en algunos casos, dichos sincitios presentaban lisis. En ningún caso se observaron partículas virales 
en el núcleo.
Conclusiones. No se habían reportado alteraciones ultraestructurales en los núcleos de células 
infectadas con el virus del dengue detectadas mediante técnicas de microscopia electrónica. Es 
probable que tales modificaciones estén asociadas con procesos intranucleares de replicación como 
un mecanismo alternativo.
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Dengue virus (DENV) belongs to the Flavivirus 
genus of the Flaviviridae family; this arbovirus pos-
sesses four antigenically distinct serotypes and is 
transmitted to humans through vectors of the Aedes 
genus, specifically A. aegypti and A. albopictus 
(1,2). The infection in humans causes a febrile 
illness limited in most of the cases and it can even 
be asymptomatic; however, in a small proportion, 
it generates a lethal infection characterized by 
hemorrhagic manifestations, hepatic dysfunction, 
respiratory difficulty, increased vascular permea-
bility and multiple organ failure (3-5).

The viral particle has a size of 40 to 50 nm and is 
comprised by a wrapped capsid containing a single 
positive-polarity RNA genome of an approximate 
size of 11 kb. The genome codifies a polyprotein 
that contains three structural proteins (C, prM, and 
E) and seven non-structural proteins (NS1, NS2A, 
NS2B, NS3, NS4A, NS4B, and NS5); it has an open 
reading frame and is flanked by two untranslated 
regions that have secondary structures required 
for efficient translation and replication (6,7).

In pathogenesis studies of the arboviral dengue 
infection, one of the main objectives is to determine 
the mechanisms through which the virus replicates 
in the host cell. The viral replication of dengue 
has been associated mainly to the cytoplasmic 
level; however, some authors report intranuclear 
replication due to the presence of nonstructural 
proteins or their domains in this cellular organelle 
(8). In vitro, DENV has shown to be capable of 

infecting numerous human cells, including dendritic 
cells (DC), monocytes and macrophages, B cells, T 
cells, endothelial cells, hepatocytes, and neuronal 
cells, as well as a number of cell lines used for viral 
propagation such as Vero cells or C6/36 cells (9). 

The latter cells of A. albopictus mosquito were 
established in 1978 and, since then, thanks to the 
non-complex nature of the culture conditions, it has 
been possible to isolate and identify other arbovi-
ruses (10,11); similarly, thanks to the ultrastructural 
study of the dengue viral infection in this type of 
cell, some morphological aspects that occur during 
the infection and replication processes have been 
elucidated, allowing to expand the knowledge on 
the pathogenesis of the dengue infection (12-14).

This paper presents an ultrastructural characteri-
zation of C6/36 cells infected with the dengue 
virus type 2 and, for the first time, alterations at 
the nuclear level that could be involved in the virus 
replication processes.

Materials and methods

Cell cultures and infection 

C6/36 cells of A. albopictus (Aa C6/36) from the 
cell bank of the Grupo de Virología at the Instituto 
Nacional de Salud in Bogotá were infected with 
dengue virus type 2 (DENV-2).

Briefly, the Aa C6/36 cells were thawed with thawing 
medium (E-MEM-Gibco™, fetal bovine serum 20%, 
tryptose phosphate 3%, penicillin-streptomycin 2%, 
glutamine 1%, Hepes 1%, and bicarbonate 1%)                                                                                           
were seeded and incubated during three days 
at 28°C in tubes until obtaining 80% of confluent 
layer. After removing the medium, the cells were 
incubated for 30 minutes at 28°C with a serum 
from patients with a positive diagnosis for dengue 
2 in a 1:9 ratio in culture medium, and were sub-
sequently incubated for 10 days in maintenance 
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culture medium following the viral isolation protocols 
established by the Grupo de Virología of the 
Instituto Nacional de Salud. The viral titer was 4.00 
x 106 PFU/ml obtained after passage in C6/36 cells. 
Finally, the cytopathic effect was assessed using 
light microscopy and the cell pellet obtained was 
rinsed with phosphate buffered saline.

Immunofluorescence for the confirmation of 
the viral infection

The viral infection was confirmed by detecting viral 
antigens with indirect immunofluorescence using 
an antibody against the protein E of the virus. Of the 
cell pellet obtained in the culture, 10 µl were taken 
and spread on a slide, and subsequently, they were 
fixed with 10% acetone for 10 minutes and stored at 
-70 °C until processing. The cells were permeated 
with Triton™ X-100 at 0.3% for 1 hour; after rinsing, 
blocking was performed using normal 10% goat 
serum for 1 hour followed by incubation overnight 
at 4 °C with the MAB8744 antibody (E protein of 
Flavivirus, Chemicon) in a 1:50 dilution. Later, 
they were incubated with anti-mice IgG marked 
with Alexa 488 in a 1:200 dilution for 1 hour using 
DAPI with nuclei contrast. Finally, the slides were 
mounted with VectaShield (Vector) and observed 
under the Leica TCSSP5™ confocal microscope.

Transmission Electron Microscopy

Infected and normal cells were processed sepa-
rately with two fixators, i.e., tannic acid 4% and 
glutaraldehyde 2.5% in phosphate buffer 0.1 M, pH 
7.2 and ruthenium red 1% in sodium cacodylate 
buffer; subsequently, the two treatments were 
fixed with aqueous osmium tetraoxide at 2%. The 
dehydration process was performed in ascending 
ethanolic gradient from 50 to 70 to 80% for 10 
minutes each, to 95% for 20 minutes and two 
changes of ethanol at 100% for 20 minutes, to then 
pass the cells through propylene oxide twice for 

20 minutes each. The infiltration was performed in 
a mixture of propylene oxide and araldite-Epon™ 
epoxy resin (2:1) for 1 hour, 1:1 for one hour,                   
and then two changes of pure resin in 24 hours; 
finally, the polymerization was performed at 68 °C 
for 48 hours. 

We obtained semi-fine sections from the cells 
included in resin of approximately 500 nm, which 
were stained with toluidine blue; then we contrasted 
sections of 60 to 90 nm thick with uranyl acetate 
and lead citrate and the sections were observed 
under a transmission electron microscope (ZEISS 
EM 109™).

Image digitalization for light microscopy was per-
formed in an Axiophot Zeiss™ microscope with an 
Evolution VF™ camera and QCapture Pro 6.0™ 
software; for immunofluorescence images we 
used the Leica TCSSP5™ confocal microscope 
and the ZEN 2012™ Zeiss program and for 
electron microscopy, the Zeiss EM 109™ electron 
microscope and a Finger Lakes Instrumentations™ 
camera with MaxIm DL™ software.

Ethical considerations

Viral isolates were obtained from the sera of patients 
diagnosed by positive PCR for dengue virus from 
the samples archive of the Grupo de Virología of 
the Instituto Nacional de Salud. The information of 
the cases selected was treated following the basic 
ethical principles promulgated in the Declaration 
of Helsinki adopted by the 18th World Medical 
Assembly, Helsinki, Finland, June 1964 (15).

Results

During the confirmation process by immunofluores-
cence of the viral infection in the C6/36 cells to 
detect the E protein of the virus, we observed a 
cytoplasmic localization of the protein, mainly in 
cell syncytia (figure 1).

a b c

Figure 1. C6/36 cells of Aedes albopictus. Immunofluorescence to detect E protein of flavivirus (MAB8744, Chemicon). a. Cells 
infected with dengue virus DENV-2, the arrowhead indicates a cell syncytium. b. Negative control of the immunofluorescence assay. 
c. Mock cells. DAPI was used for nuclei contrast. The localization of the antigen in a, was exclusively cytoplasmic. Bar: 10 µm 
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Using high-resolution optical microscopy to observe 
the infected C6/36 cells, we also observed a promi-
nent vacuolization at the cytoplasmic level and the 
formation of cellular syncytia, a typical cytopathic 
effect of this cell line (figure 2) (14,16).

We also observed cytoplasmic vesicular-tubular 
structures and dilated cisterns of the endoplas-
mic reticulum during the ultrastructural study of 
the infected cells (figure 3). Viral particles with 
an approximate size of 70 nm were observed 
exclusively in the cytoplasm, specifically within the 
cytoplasmic vacuoles, which showed an arrange-
ment in groups of particles when observed with a 
higher contrast (figure 3, b and c). In the syncytia 
nuclei circularly arranged, we observed membrane 
structures (figures 4 and 5), and, additionally, lysed 

syncytia whose nuclei have the same structures; 
no viral particles were observed at nuclear level; 
in uninfected cells, no alterations were observed 
(figures 2c and 6).

Discussion

The structural alterations we observed, such as the 
formation of vesicular-tubular structures, dilated 
endoplasmic reticulum cisterns, membrane struc-
tures at cytoplasmic level –in some cases in crystal 
arrangements–, and viral particles in cytoplasmic 
vesicles, have been previously reported in infected 
C6/36 cells and in other cell types (13,17-20). The 
prominent vacuolization observed in the infected 
cells is associated to a cytopathic effect, also dem-
onstrated in other cell lines such as HepG2, Vero, 

a b c

a b c

Figure 2. Formation of cellular syncytia in C6/36 mosquito cells observed by high-resolution optical microscopy. a and b. Cells 
infected with DENV-2; note the formation of cell syncytia and the prominent vacuolation at cytoplasmic level mainly in syncytia 
(arrowheads). c. Mock cells. Blue toluidine staining. Bar: 10 µm

Figure 3. C6/36 cells infected with DENV-2 and fixed in ruthenium red 1%. a. Vesicular-tubular structures located in the cytoplasm 
(arrows). b and c. Viral particles observed at the cytoplasmic level (arrowheads). Bar: a: 520 nm, b and c: 325 nm
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infection as apoptosis has been previously reported 
in this same cell type in models treated with heavy 
metals; however, different morphological findings 
have been described such as eccentric nuclei         
and lysosomes randomly distributed in the cyto-
plasm (25).

The membrane structures induced by the virus have 
been related to the replication factories that provide 
a platform to transport proteins and viral genomes 
between the sites of the RNA replication (26-29). 
Therefore, it is possible that the structures observed 
in the nucleus in this study are connected to the 
replication events of the virus at the nuclear level. 
However, this type of replication has traditionally 
been considered as the domain of the retroviruses, 
such as the herpes-virus, the adenoviruses and 
the orthomyxoviruses which have a genome com-
posed of DNA and RNA, respectively, and use the 
nucleus as a site for viral replication.

Other viruses whose replication cycle involves the 
nucleus are some mononegavirals such as the 
Borna’s disease virus and some rhabdoviruses 
in insects (30). In the case of viruses with RNA 
genome and positive polarity, as is the case of 
the dengue virus, replication is believed to be 
exclusively cytoplasmic. Even so, many of the 
viruses that use the host cytoplasm as a primary 
site for viral replication involve in this process 
either the nucleus or its components by hijacking 
nuclear factors and altering the cytoplasm-nucleus 
traffic to promote viral replication (31). In the case 
of some flaviviruses, it has been demonstrated 
that they involve the nucleus in their replication, at 
least indirectly. For example, the treatment of host 
cells with actinomycin D or alpha-amanitine prior 
to the viral infection involves the viral replication 

Figure 4. Cellular syncytia in C6/36 mosquito cells observed by 
Transmission Electron Microscopy. Membrane structures located 
in the cytoplasm of cells infected with Denv-2 (arrows) and in a 
nucleus belonging to a cell syncytium (arrowhead). Fixation in 
tannic acid 4%-glutaraldehyde 2.5%. Bar: 0.6 µm, approximately

Figure 5. Nuclei of C6/36 cells infected with Denv-2. Membrane structures located in nuclei (arrowheads). The asterisk indicates the 
nuclear area. Fixation in ruthenium red 1%. Bar: 360 nm 

BHK, and LLC-MK (21-24), which occurs usually 
in cell cultures with prolonged periods of dengue 
infection. These alterations have been reported 
in cultures with 5 to 7 days of infection, in which 
vacuolization and syncytia formation is observed 
with the abundant presence of viral particles (13). 
However, the membrane arrangements observed 
at nuclear level had not been reported so far for 
dengue virus type 2 infection in C6/36 cells (figure 
5). These findings can be associated with the viral 
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Some structural proteins of the virus have been 
located in the nucleus. It is known that the struc-
tural protein C contains three nuclear localization 
signals (NLS) (39,40) and although it has been 
demonstrated that the said localization is not 
required for viral proliferation (39), there is evidence 
suggesting that it interacts with a transcription 
repressor in the DAXX nucleus (41). In the case 
of the Zika virus, analyses have shown that a 
monoclonal antibody that recognizes an E protein 
epitope localizes in the nucleolus. It has been 
suggested that the localization of the antigen can 
be part of a polyprotein precursor synthesized 
before the maturation of the virus and is transported 
from the cytoplasm to the nucleus in an early stage 
of the infection cycle (42).

In the case of membrane structures, one of the 
viral proteins involved in the formation of these 
intracellular sources is protein NS4B of the hepatitis 
C virus; however, in the case of the dengue virus, it 
is unknown if such protein fulfills the same function 
(43). On the contrary, there is evidence that the 
individual manifestation of NS4A in dengue viruses 
lacking the 2K fragment results in the induction 
of membrane alterations similar to the structures 
induced by infection with the virus (44).

This paper reports changes in the ultrastructural 
morphology of C6/36 cells infected with the dengue 
virus. We observed a prominent vacuolization, 
as well as the formation of syncytia and tubular 
vesicle structures containing viral particles at 
the cytoplasmic level. We report the presence of 
membrane structures located at the nuclear level, 
which are probably involved in the replication 
processes according to previous reports. There 
are few reports of the inclusion of the dengue virus 
at the nuclear level, but the presence of glycogen-
associated inclusions was recently demonstrated 
in fatal cases caused by dengue infection and in 
a murine model of infection with hepatitis C virus 
(45,46).

The cultures analyzed in this study are prolonged 
infection cultures (10 days of infection), so it is 
possible that the structures observed at the nuclear 
level may be an effect that occurs in the infection 
after several cycles of viral replication. Until now, 
only cultures with post-infection times of up to 72 
hours have been assessed, as shown in table 1, 
and, therefore, it is possible that such findings have 
gone unnoticed. Our results point to the need of 
conducting further studies aimed at establishing 
the mechanisms used by the virus to perform its 

Figure 6. Uninfected C6/36 cells. a. The asterisk indicates the 
nuclear area. b. Amplification of a., mitochondria (arrowheads). 
Fixation in ruthenium red 1%. Bar: a: 1.5 µm, b: 0.6 µm 
approximately

a

b

and, subsequently, the viral titers (32,33). The 
cell enucleation during the latent period of the 
viral infection also inhibits the replication of the 
Japanese encephalitis virus (JEV) (34,35).

Although it is not clear if the virus replication can 
take place in the nucleus, it has been demonstrated 
that various viral proteins involved in this process 
are located in the nucleus. For example, there is 
evidence of the transportation towards the nucleus 
of the flavivirus and picornavirus RNA-dependent 
polymerase (RdRP) (36,37); moreover, in the 
Japanese encephalitis, West Nile, dengue, and 
yellow fever viruses, this polymerase migrates 
to the nucleus and, in some cases, a significant 
proportion of its activity resides in the nucleus 
(34,36,37). A high nuclear immunoreactivity has 
been reported for the NS5 protein in the dengue 
virus, and somewhat lower in types 1 and 2 (38), 
although its function in the nucleus is not clear.
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replication in the host cell. Additional assays will 
be required to demonstrate or reject the direct 
involvement of the membrane structures at the 
nucleus in replication events in this cell organelle.
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