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In conducting the research reported here, the investigators
adhered to "Principles of Laboratory Animal Care" as e tab-
lished by the National Society for Medical Reeearcb,
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ABSTRACT

Thc &velopment of chikungunya virus was investigated by immuno-

fluorescent staining and electron microscopic observations. The virus
was propagated in hamster kidney cellG and viral antigen was first
detected by immunofluorescence at 8 hours. The first alteration in
subcellular structure, however, was observed at 12 hours. At that
time electron-der.se particles were seen surrounding cytoplasmic
vacuoles. Mature virus particles wer seen only within cytoplasmic
vacuoles or in juxtaposition to the external surface of the cytoplasmic
membrane. These particles were similar morphologically to particlesseen in partially purified brain suspension from infected sucklJing
mice. The results are compared with those reportvd in the literature
for other arbovlrules. ..
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ELECTRON MICROSCOPIC AND IMMUNOFLUORESCENT STUDY
OF CHIKUNGUNYA VIRUS INFECTION IN TISSUE CULTURE

Recent reports in the literature have described the intracellular
development of various arboviruses. These viruses have been studied in
ultrathin sections of tissue cultures and certain similarities have
been noted. In the ccurse of our examination of ultrathin sections itwas noted that chikungunya virus also resembled the morphologic

descriptions reported in the literature for certain of the arboviruses,
namely Mayaro virus,- VEEI and WEE,3 These viruses, related serologically,
are classified as group A arboviruses, More recently, Ota4 described
the ultrastructure of Japanese B encephalitis virus (group B) in tissue
culture and noted the similarity tc the aforementioned viruses.

This report describes the ultrastructural changes in hamster kidney
cells infected with chikungunya virus. These changes are interpreted in
comparison with other arboviruses.

A line of hamster kidney cells (HYLkwas grown in medium 199 supplemented
with 10% calf serum, vitamins, and glutamine at 35.5 C. Cultures of cells
in Leighton tubes were washed twice with phosphate-buffered saline
(PBS) and covered with 1.0 ml of heart infusion broth (HIB) containing

106 MICLD,,of virus. After absorption the cultures were washed twice
with PBS and fresh medium was added. Cultures were harvested at various
times after infection and processed for immunofluorescent staining and
electron microscopy.

The immunfluorescent reagent was prepared from sera collected from
monkeys two weeks after the injection of 106 MICLD,,of chikungunya virus.
The direct staining procedure was used throughout. Preimmunization sera
were not reactive in immunofluorescent tests.

Material for electron microscopy was fixed in 1% osmium tetroxide
in Millonig's buffer, dehydrated, embedded in Epon 812, sectioned on a
Servall M1T2 ultra-microtome, stained with uranyl acetate, and viewed
in a ICA EMU-3G micr scope.

At 2, 4, (), 8, 10, 12, 15, ]8, and 24 hours after infection, cells
were stained with the fluorescein-labeled antibody solution and examined.
Viral antigen was first seen in cells harvested at 8 hours. Infected
cells were few in number at this tlme. The appearance of these cells
indicated that viral antigen was concentrated at one locus in the
perinuclear region of the cytoplasm (Figure 1). Subsequently there was no
apparent increase in nLunbers of infected cells. No attempt was made to
quantitate this observation, which was based on visual comparison of
stained material. The appearance of infected cells seen after 8 hours was

quite similar. The fluorescence was limited to a thin peripheral band

It has been subsequently learned that this line of HKL cells is in fact
mouse L cells. Perbonal communica.Lon, Dr. J.E. Officet, Virus and
Rickett6sia Division.I I
L _ __-- ~~-_



'I .~ 2) whLI-, tht cells6 wtere studied in median optical sEction. A surface
cofitim d th pt-iplieral location in that fluorescence was uniform

Lhru~hU6 t 'the cel, In a iVfeL:ll (ligure 3) a perinuclear inclusion was
-1t-l1 dII.vc't Luorc_-ct viral antigen was never seen in the nucleus.

ltllsi for electron microscopy were obtaitico at b, 9, 12, 15, and 18
txu~r alter injection. HKL cells from noninfected cultures were also
observ-%f~d througho~t the experiment. During this time no degenerative

w re notd in the ultrastructure of noniniected cells. The nucleus
t~o ro-nd with promincnt nucleoli. Thv cytoplasmic organelles appeared
nvri-nal (Figure 4).

lvearliest change seen in cells from infected cultures was a
-diluciLn Of the rough membraned vesicles (endoplas-nic reticulum). This
inpartcd a vc~i-_-jar appearance to the cytoplasm (Figuire 5). At higher
magniiication (Figure Q) electron-dense particles larger than the ribosomesw
w.r-; sec-n in the cytoplabm near vesicles. Figure 7 shows cytoplasm of a cell
15 hour5 aiccei infec-tion. The perivacuolar location of these electron-dense
particles was prominent. The particles, approximately 30 mi. in diameter,
we-re fairly uniform in density and size, and did not have a limiting
membrane. Some particles were free in the cytoplasm and not associated with
cel lular membranes. in some cells these latter particles were arranged
ir loosely packed aggregates. One oi the largest aggregates, shown in
7igure 8 was 700 mju in diameter. The individual particles in the aggregates

w._e 0 m, in diameter. All cytoplasmic partizles were devoid of a li miting
frrbraie. Particl".s with a limiting membrane were seen only inL vacuoles
(ligur-e 9) or extLernal tc. the cytoplasmic membrane (Figure 10). Figure 11
illustrac-ws a grou.p of viral particles apparently emerging from the cell.
Not-L that at leas Ic one of the particles wi~hin the bounds of the cell does
noL.p~s, a membrane. Miembrane-limited-particles consisted of a dense

fQ)re . f rin diameter, surrounded by anVelectron-transparent area of
10 o 1 m . Te dameer f te vrusis approximately 60 ipp. Similar

-n in~ rids nren;4red with partiallv purified suspensions
of i,.f1.tr.d suckling mouse brain.

An atLractiVz hiYpothesis- for the intracellular development of chikungunya
viru; wculd propcse that: viral nucleic. acid is first formed in asso~iation
with the ribosomres of thc- rough endoplasmic reticulum. A dense particle,
thi- v.irus_ pr~ccrsor is larmed around cytoplasmic vacuoles. These particles
a'_quire a periphcral coat eithEr alter crossing a membrane into a vacuole
or a1:t~i migration through the cytoplasm and emergence from the cell. In
cithrr in tan~c viral coat is formed alter a cellular membrane is crossed.
:1)(, ivu-no luores-ctnt data in conjunction with electron microscopy tend
to scpport this hvpothesi s. Viral f luorifsc-ence-, %.hen first seen, was
pcrinuc Irar and th dilatatior oi endoplasmic reticulum seen in the electron
t:.i r ru-( ope tiended Eo be polar. At subsequent stages imunofluorescence
wji- peiiphii. A raL-_ rpit ino atr iuS 1 it. patc le - we rp

&tmmby el( c ron ric roscc' py at. the periphery of cells rather than within
ytoplas'mi. comPartmecnts.
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The ultrastructural changes seen in HIKL cells infected with
chikungunya vi.us are remarkably similar to those reported by Morgan,
Howe, and Ruse for WEE infection of tissue culture.3 and of Mussgay
and Weibel for VEE.Z Mayaro virus descri ed by Saturno- and Japanese
B encephalitis virus (JBE) described by Ota' are also morphoiogically
sim:_--ar. In the developmental cycle of these viruses, dense particles
enter vacuoles and acquire a limiting membrane rather than emerging
from the cells to mature. Yellow fever virus, a group B arbovirus,
is similar morphologically to these viruses. In our laboratories we

have seen mature yellow fever virus only in vacuoles.c

In conclusion, arboviruses can be classified into various groups
on the basis of their serological relationships and dissimilarities.
it is not surprising, therefore, that the relationships and dissimi-

larities of certain arboviruses are olso reflecte' in their morphology
and Ftages of development.
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Figurt 3. £ lec t run Mis rord;)1 of Hams cc Kidney Cells. Nor~a1
h~unstcr kidnvv ccli. 3. 7,300.
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Figures 9 and 10. Electron Micrograph of Hainstcr Kidiey Cells. These
figures illustrate that the mature lius particle is found

external to the cell andi probably is formed from the
electron-dense particles found in thce cytoplasm. The

mauevrus consists of a1 dense core (25 ny in diameter)
surcounde-d by a zone of lesse-r density and a membrane

50 to 60 rm, in diameter.
Figure 9. (Left) At the Upper Portion 7f the Micrograph Mature Virus and

Elcztron-D.ense Particles are Located on Opposite Sides of

Figure 10. (RighL) A Clump of Virus (*) Fxtrudv.s from the Cell and 7hrec

X 75, 000.1
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