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In comductine the teseareh described tn this teport, the
tnvest teator adhered to the "Cutde tor Taboratory Animal
Faci tittes and Care,”
the Gutde tor Labovatory Al Facttrties and Care ot the
natatute o faboratory Animal Resonvees, Nt tona ] Academy
of Sciences-Nat{onal Research Couned L,

as promu heated by the Comrmittee on

ARSTRACT

The At tean stratn o chikunyunva vitus wan used to intect
tewhorn wice, and the central nervous svsten was exanined (n
the electron mtevoscope,  Previous iy, (0 was shown that, with
this virus strain, histologfcal changes tn suckling mice con-
sisted primitily ot necrosis of neurvas o the cerebral cortex
and spinal cond, tu the present atudy, ultrastructural changes
were tound only in the corebral cortex and spinat cond.  Electvron-
dense particeles were seen (o the extracellular spaces ot the
nevropt b and within axon tibers, A subt le chanee {0 the texture
ot the evtoplasmie substance and atterat tons o the endoplasute
teticulom were observed (o nearons amd g ltal! cells, As with
tissue coltare cells, the endoplasmic reticualum appeared to be
the main vrpanelle tovelved tn vitas veplication, The ¢ lose
associatton of electron=dense particles with this membranous
structure and the presence of mature virus particles within
Che endoplasmte vet iculum corveborated the tindines in (issue
coulture.  The vival cove t: apparent Iy assembled at the endo-
plasmic tetteunlum, and the vival coat s tormes] trom the cellular
wembrane, whteh is penetrated by the virus.,



FLECTRON MICROSCOPY OF CHIKUNGUNYA VIRUS INFECTTON
IN THE NERVOUS SYSTEM OF .SUCKLING MICE*

Chikunpunva virus {2 an arbovirus characterized antigenically as belong-
tug in group A, Tt s the etiolopte agent ol a4 denpue-Uke disease and has
been fmplicated (n epldemics ot hemovrhagic tever,

Multiplcation w1 the virus {8 possible {n various tissue cultures,
A lethal dntection {3 produced in newborn mice but not {n adult mice,
Nthough a vivewmia develops atter {noculation of other rodent sapecles
and subhuman primtes, ne gigns of {1Iness are seen. For this study,
Niters of newborn mice were {njected (ntracutancouslv with 1 x 10°
SMICED,. of the African: strain of chikungunva virus,  Inoculated and
conttol mice were sacrificed datly for 7 davs atter tnjection ot the
vitus, and t{ssues weve prepired (n the usual manner tor examinatfon with
both l{ght and electron microscopes.

Malt {ple cross sections ot the suckling mouse were examined with the
Tight micvoscope. Morphologic clanges that could he observed with the
light microscope were timited to the cential nervous svstem, The most
prominent changes ohserved were necrosis of neurons (Fig. 1) and a mtld
vasculitts (M, 2Y.  The vasceulitis, which consisted of endothelfal
protitevation with o mfixed {of lammatory Intiltrate, appeared to precede
the nevronal changes.  These lesfons were seen (n the cerebral cortex,
basal panelia, and spiual cord. 1n the cord, motor neurons were more
trequent ty {nvolved.

The ecarliest chinges observed with the electron microscope were (n
sectfons of tlasues obtained on the 4th dav atter {njection, 1 dav later
than changes seen by J{ght microscopr,  Some sectfiens ot the cortex and
spinal cord contained neurons {n which the evtoplasmic structure was
altered, M low maentiicationg, the evtoplasm was Jdense and the endoplasmic
retteulum very promfonent (Flg, VW, At a4 higher magntticatiom, numerous
sphevical prticles were seen survroutding port {onz ot the endoplasmic
tet feulum, Some were scattered randomly, others were arrvanged tn an
ordet v pattern throughout the evtoplasm (Fig., <),

The pevivascular changes noted {n Ttpght microscopy were contfirmed by
clectron micvaseopy (Fig. Y, Perivascular edemt {2 evident and one
monaue lear Tvmphoevte i8 located (o this space. The evtoplasm of this
vital cell, ashown (n Flgure o, s morphologically quite simi lar (o appear-
aunee to that ot the tntected neuron, Note the arvangement of the particles,
thetr distribution, and the vivus-Hke appearvance ot the particles, which
ts quite evident (n the thiee vestelen (o the center ot the tigure, This

U Thin teport should net be uged as v HHterature eftation in material to
he pubi lished (n the vpen Htevature,  Readers (ntevested in reterenciog
the tntormat ton contained heteln shoeuld contact the senfoe authoer to
agcertatn when and where (U mav appear tn cttable torm,



is consistent with the morphology of arbtoviruses; namely, a dense core
sutrounded successively vy a light area and a darker-appearing structure,
the membrane. The size of these particles (60 nm) and the cytoplasmic
changes are {dentical to those seen in tissue cultures infected with
chikungunya virus (Fig. 7).

All cells we .~ not as extensively involved as those shown previously.
In some neurons, there were just a few clusters of particles (Fig. 8),
and in others the only evidence of virus multiplication was the presence
of mature virus wu ve~icles (Fig. 9). Occasionally, structures compatible
with mature virus were seen in axon tibers (Fig. 10).

The nature of the neuronal alteration was the same in the cerebral
cortex and the spinal cord. Myelinated fibers were found in sections of
cord from mice sacrificed later than 5 days. In a few instances, lesions
involving these myelinated fibers were seen. The nature of this type of
lesion i{s seen in Figure 11. The continuity of the myelin sheath of this
fiber has been destroyed, the cytoplasm of the Schwann cell contains
various large inclusions, the cytoplasmic integrity of the surrvounding
glial cells is altered, an inflammatory infiltrate consisting of uneutro-
phils and monocytes is present, and mature virus can be seen (Fig. 12).

These data shuw that the in :ulation of newborn mice with chikungunya
virus produces an encephalitis that primarily affects the cerebral cortex
and spinal cord. The virus multiplies within the neurons and glial cells
of these areas in a manner identical to that seen in L cells maintained
in culture. Mature virus was seen within cells of the central nervous
system as well as extracellularly.
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FIGURE 1. Section of Cerebral Cortex Showing Neuronal
Necrosfs. Hematoxvlin and cosin. ca. 875X,

FIGURE 2. Section of Cerebral Cortex Illustrating Vasculitts,
Hematoxvlin and cosin. ca. 875X,



FINGURE 4. s oo 1w Corebral Cortex.  Rote granularity of
the cvtopioe: ta the tvon i1 oarea.  ci. 5.800K.

FINURE . Vg oo Mo teowtovr ot the Crancelar Portion of
the Nen-oe il © et L et s e et ron-dense particles
suptocy t o the e e Some miture virus is

in the erdopis tet o b . i 00X,




FIGURE 5. Cross Section ot Small Blood Vessel in Cerebral Cortex.
The perivascolar space contains o histiocyte. Note granularity
of the vlial cell in lower center ot the photomicrograph.

oL 5, 800N,

FIGURE ».  iit-her Memitication ot Clial Celd Shown in Previous
Fivure. Ca, s 0N,



FIGURE 7. Tissue Cultvore (Moure L Cell) Cell Infected with
Chikungunya Virus. The appearance, size, and location of
the virus are identical to these seen in alial cells and

necrons. ¢, Io, 200V,

FIGEmy =0 i v i) ie Saiend Cord. ca. 23,000%.



FICU oa. tyrore Veren st fwtrocell lar Spaces of Spiral




FIGURE 11. Mwvelinded Fiber in Spinal Cord. The continuity
of. the mvelin hi wa destroved. A neatrophil and some
Tvimphocvies e hoan o eal 5 800%,

FIGERE 12, ™Mar v Ve o ape wbotn the Ovtoplasm of
the Schwane Cedl Abote uad the Seatrophil Below,  ca. 20,000¥.
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