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Ultrastructural Aspects of Virus Replication in One Fatal Case and
Several Other Isolates from a Dengue Type 2 Outbreak in
Rio de Janeiro

Ortrud Monika Barth, Luzia Monteiro de Castro Cortes, Elisabeth Lampe,
josé da Costa Farias Filho

Departamento de Virologia, Institute Oswaldo Cruz, Av. Brasil 4365, 21045-900 Rio de Janeiro, RJ, Brasil

Dengue virus replication in mosquito cell cultures was observed by electron microscopy in one
Jatal and 40 classical isolates from a dengue type 2 outbreak in Rio de Janeiro and compared with
the prototype New Guinea C strain. All the Brazilian isolates presented, beside the classical
structured dengue virus particles, fuzzy coated virus-like particles, never observed in the referencial
New Guinea C virus strain. More numerous DEN-2 virus particles, fuzzy coated virus-like particles,
defective virus particles and smooth membrane structures inside the rough endoplasmic reticulum
characterized the unique fatal isolate examined.
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During the epidemic of dengue serotype 2
(DEN-2) 1n Rio de Janeiro (Nogueira et al, 1990),
following a previous outbreak of dengue serotype
I (DEN-1) in 1986 (Schatzmayr et al. 1986),
some fatal occurrences were noticed.

Virus replication was observed by electron mi-
croscopy inmosquito celicultures, immoculated with
positive human sera, as well as the occurrence of
other structures than DEN-2 virus particles.

Virus replication involve the introduction of
viral nucleic acids and viral proteins inside the
rough endoplasmic reticulum (RER), which fur-
ther are processed for maturation and cell re-
lease (Barth 1992, Barth & Schatzmayr 1992).
Only a few virus particles probably rcach the
infective stage, the majority remaining inside
the RER. Portions of the RER develop to smooth
membrane vesicles from which the virus par-
ticles are never released. In order to get morc
information about virus replication of different
1solates from the DEN-2 epidemic at Rio de
Janeiwro, light and electron microscope observa-
tions were made in comparison to a fatal case,
described by Nogueira et al. {1991), from the
same occurrence.

MATERIALS AND METHODS

Viruses — The DEN-2 viruses analyzed werc
obtamed from 41 patients during the 1990 den-
guc epidemic. Uncomplicated classical dengue
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fever was associated with 40 patients. One pa-
tient, with fatal outcome, was diagnosed as den-
gue haemorrhagic fever/dengue shock syndrome
(DHF/DSS) grade IV, according to World Health
Organization criteria (1987), as described by
Nogueira et al. (1991). The New Guinea C strain,
at the 5th passage, was obtained from San Juan
Laboratories, CDC, Puerto Rico. Virus isolation
was carried out by inoculation of human acute
phase scra in monolayer cultures of C6/36 Aedes
albopictus cells and identified as DEN-2 by
mdirect immunofluorescence assay with type
specific monoclonal antibodies,

Infection of cell cultures — Monolayer cul-
tures of C6/36 Ae. albopictus cells were inocu-
lated with 50 pl of each tested human positive
serum, diluted I;10 in Leibovitz-15 medium. The
cultures were incubated at 28°C and fixed at the
sccond or third day when 30-50% of cytopathic
ctfect was observed by light microscopy. Sev-
cral DEN-2 virus isolated were passed subse-
quently four to five times in the same cell cul-
turc line.

Electron microscopy — The infected cell
cultures were fixed with phosphate buffered 1%
glutaraldehyde, post-fixed with 2% osmium te-
troxide in the same buffer, scrapped from the
glass vials, washed, dehydrated in increasing
acetone concentrations and included in Epon.
All the steps were processed in Eppendorf cen-
trifuge tubes, Ultrathin sections were classical
stained with uranyl acetate and lead citrate and
observed in a Zeiss EM-900 electron microscope.
At least 50 different sectioned cells were ana-
lyzed for each sample.
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TABLE

Distribution of DEN-2 isolates in relation to infected cells in culture, based on EM-observations
of 50 cells for each isolate

7% of infected cells Number

Number of isolates

in culture by light of i;?;is with fuzzy coated
and EM-observations isolates virus-like particles
0 - 30% 12 0 10
30 — 50% 13 0 12
50 — 100% 16 1 15
Total 41 1 37

RESULTS

Electron microscope observations of the Bra-
zilian DEN-2 isolates show that classical and
defective virus particles are always present at
corresponding proportions of infected cells
{Table}; smooth membrane structures (SMS) are
always more frequent than virus particles.

After entering the cell by endocytosis, viral
RNA was liberated into the cell cytoplasma by
lowering the pH of the endocytic system and the
consequent fusion of their membranes with the
viral envelope, when virus replication is start-
ing, Viral nucleic acids protrude into the RER
together with the synthetised viral proteins, form-
ing groups of typical smooth membrane envel-
oped virus particles inside (Fig. 1). Numerous
SMS, like small vesicles or tubules, bud simul-
taneously also into the lumen of the RER (Fig.
2); their apparently proteinous nature was not
yet defined.

Another type of probable virus-like particles
goes along with this process of DEN-2 virus
replication. As previously described (Barth 1991),
these particles present also a dense core, but are
surrounded by a fuzzy structured envelope (Fig.
2). These fuzzy coated virus-like particles were
inicially thought to be antibodies associated to
virus particles of secondary infection (Fig. 3),
but they occur just in the 4th (isclates No, 39056,
40122, 39343) and the 5th (1solates No. 39357,
40247) infected cell passages executed.

Detailed observations of virus replication 1n
mosquito cells inoculated with the serum from
the fatal case, reveal different aspects. More virus
particles are found inside the RER compartment
or RER derivated vesicles, beside the SMS. The
major number of particles are coreless and present
only the proteinous envelop. Fuzzy coated par-
ticles are more frequently observed than in the
other DEN-2 1solates examined. Concentric dis-
posed RER compartments, as well as an increased
number of Golg1 complexes (Fig, 4) are typical

of this occurrence. Exocytosis i1s easier to be

detected than in the other 1solates examined.
Only classical featured dengue virus particles

were detected in the New Guinea C strain and

a great amount of SMS fills cytoplasmic vesicles
and vacuoles,

DISCUSSION

Ultrastructural aspects of DEN-1 virus repli-
cation inside mosquito cell cultures from the
1986 outbreak were previously described (Barth
& Schatzmayr 1992) and a previous report on
DEN-2 virus features was also presented (Barth
1991). Observations of several isolates of DEN-
2 from the Rio de Janeiro epidemic, including
one fatal case, results in additional information,
that complement the proposed steps (Barth 1992)
of virus replication inside the cell cultures.

Enhancement of virus infection by a sequen-
tial infection of different dengue vinus serotypes
was presented first by Halstead (1981). EM ob-
servations (Barth 1992) confirm that a major
number of virus particles penetrates the cells,
when DEN-2 viruses were pre-incubated with
the convalescent serum from patients who have
had primary DEN-1 infections, so that larger
amounts of newly formed virus particles occur
within the cysternae of the RER. More particles
are transferred to the Golgt complex, exocytosis
of virions 1s frequently observed and near the
totality of cells in culture are infected. This
means more fulminant viral expression,

Antibodies uptake by the cell i1s limited to
the first infection, while subsequently infected
cell cultures, until the 5th passage, do not present
any virus-antibody linked structures. So, the fuzzy
coated virus-like particles cannot be related with
antibodies.

SMS, hke vesicles and tubules inside the
RER, are probably of proteinous nature; no
nucleic acid, as supposed by Ng (1987), could
be confirmed inside them (Barth & Schatzmayr
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Fig. 1: DEN-2 virus inside a mosquito celt in culture. Virus particles (V) are protruding inte the rough endoplasmic
reficulum (RER), 1ROOGx, Fig. 2: numerous smooth membrane structures (SMS), typical dengue virus particles (V) and
tuzzy coated particles (arrows) occur inside the RER cisternae, 40000x. Fig. 3: antibody (A)-linked dengue virus
particles adsorhed to the mosguite cell membrane (M), [OKD0L, Fig. 4: typical concentne disposed RER tubules and
cisternae, hinked 1o a Golgy complex (G). 30000x (Bars = 200 nm).
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1992). They appear before any new virus par-
ticle 1s detected in the RER and appoint the end
of the latent period of virus replication. They
arc never released from its surrounding vesicles
during cell lysis. At thec moment we will con-
sider these structures as a cell response to the
viral infection. They are so common for DEN-
2 as for DEN-1 infections; no alteration of num-
ber and structure of the SMS were observed at
the fatal case.

A great number of defective virus particles
mside the RER, presenting only the viral enve-
lopes and lacking partially or entirely its RNA,
characterize the virus replication in the fatal case;
the increased RER, containing a major number
of virus particles and SMS, reflects the hopeless
activity of the infected cells and syncytia, In-
creasing number of Golgi complexes means that
more virus particles can be transferred from the
RER to the Golgi cystemac for final glycosylation
and cell exocytosis and for further cell infec-
tions.

Morphology comparison of viruses structures
from the 41 isolates of the Brazilian strain with
the referencial New Guinea C strain reveals that
the two are different. Sequencing of some of
these cases, by the analysis of the E/NS1 gene
junction (Rico-Hesse 1990), including the fatal
one, confirmed the similarity of the Brazilian
cases with the Jamaican topotype strain (geno-
type group lII); genetic relationships separate
this topotype from genotype group 11, the New
Guinea C reference strain. At the other hand, a
relative close identity has been detected by the
analysis of the E-gene fragment (Deubel et al.
1993}. Our results clearly confirm a difference

between the DEN-2 Brazilian virus and the New
Guinea C reference strain.
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