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ABSTRACT

Rift Valley fever virus produces a necrotizing hepatitis in
mice that is similar to certain other virus hepatitides. The
virus infects the hepatic parenchymal cells and new virus is
formed in the cytoplasm within a membrane-limited system resemb-
ling the Golgl apparatus. Unique structural alterations of the
ergastoplasm are assoclated with thils process and may be mani-
festations of metabolic dysfunction. The acidophilic nuclear
inciusion is not formed of virus awatrix or virus psrticles and
may represent a dezenerative phenomenon. Changes in the
Kupffer cells follow infection of the parenchymal cells.
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I. INTRODUCTION

Rift Vallegf fever virus (RVFV) infects a wide range of species,
including man.” Total hepatic necrosis is seen in the highly suaceptible
species, e.g., the lamb, mouse, and hamster.’ Under natural conditions or
when these animals are injected with minimal doses, the lesiouns are initially
focal, gradually enlarge and increase in number, and finally, between 60
and 90 hours, all of the hepatic parenchymal cells become necroticin a pre-
cipitous manner. Mims showed that in mice inoculated intravenously with
very large doses of RVFV, a aynchronous cycle of infection a3 necrosis
occurred within 10 hours.® We chose to study RVFV in a similar svstem in
order to mimimize sampling errors and to determine whether the cells were
actually infected, wheyre tue virus was produced, and the significance of
the nuclear inclusion.

11. MATERIALS AND METHODS

The scurce, production, and assay of RVFV were as previously describeg.*
Thirty-gix 10- to 12-gram Swiss-Webster mice were inoculated intravenously

with 0.5 mil1liliter of la'b serum containing 1 x 109-7 mouse intraperitoneal

median lethal doses (MIPLDyg) of RVFV. Fourteen mice were inoculated with
0.5 milliliter of normal lamb serum. Two infected and one contrecl mouse
were sacrificed at time zero and at hourly intervale for 12 hours. The
rvemaining infected mice were observed until they died.* Sample~ of blood,
liver, and lung from each mouse were assayed for virus, Portions of the
liver were frozen and the remainder was fixed in cold buffered iformalin,
Carnoy's fixative (6:3:1), absolute methanol, acetone, or one per cent
osmium tetroxide in White's saline at pH 7.2, The frozen and acetone-fixed
tisgues were ugsed in fluorescent antibody studiec. The osmium-fixed
tissues ware dehydrated in ethanol and propylene oxide, and embedded in
Epon 812. They ware then cut with glass knives on a Porter-Blum microtome,
stained with uranyl acetate, and examined with an RCA EMU 3F microscope

at 50 kiloyolts. The remaining tissues were processed through paraffin,
cut at four microns, and stained with hematoxylin and eosin, methyl green
pyronin, and with perlodic acid~Schiff method with and without prior disstase
digestion, the Feulgen method, and the method for demonstrating the Millon
reaction. Frozen sections were stained with 0.1 per cent acridine orange
at pH 3,6 for 10 minutes and with a globulin fraction, derived from the

serum of sheep that had survived RVFV infectiom, conjugated with flucrescein
isothiocyanate.

* In conducting the reasearch reported herein, the iuvestigators adhered to
“"Principles of Laboratory Animal Care" as cstablished by the Natiomal
Society for Medical Research,




I1I1. RESULTS

The injected mice died between 14 and 18 hours after inoculation and
mani fested total hepatic necrosis asscciated with mild hemorrhagic manifes=
tations. No morphological evidence of infection or necrosis was found in
other organs. The control mice did not die and showed no changes at
Necropsy.

A, VIRUS ASSAY

The mean values of the virus titers in the blood, liver, and lung from
the two mice sacrificed at each point are shown in Figure 1.% The concentra-
tion of virus in the bleod execeeded that in the liver from the second through
the fourth hour and was essentially the same thercafter.

B. LIGHT MICROSCOPY

The hepatic parenchymal celle underwent a synchronous sequence of altera-
tions. Glycogen depletion was rapid and complete by the sixth hour, even
though the mice had not been fasted and were left on food and water. As the
glycogen content decreased, the clumping of the ergastoplasm diminished, as
indicated by basophilia, pyroninophilia, or of red fluorescence in acridine-
orange-stained sections. From the seventh to the tenth hour the ribonucleo-
protein content of the cytoplasm decreased, and by the twelfth hour omly
faint staining was seen in a few cells. No increase i lipid was found,
Between the eighth and twelfth hours, the cells separated from each other and
erythrocytes became enmeshed, first singly, then in groupe of two or more,
and then {n clusters in the interstices. Some cells dbecame hyalinized but
the majority disintegrated, leaving a wmixture of necrotic but recognizable
cells, cellular debris, nd erythrocytes. There was significant absence of
inflammatory cells (Rigure 2). Microthrombi containing cellular debris,
presumably hepatic in origin, were found in the small pulmonary arteries.

The nuclear chromatin was marginated distinctly by the eighth hour and,
thereafter, a pale eosinophilic inclusion appeared in the nuclear sap.
The inclusions failed to stain for deoxyribonucleic acid (DNA), ribonucleic
acid (RMA), virus antigen, basic protein, mucopolysaccharide, or glycogen
(Figures 3 and 4). We did not find any change in nucleolar staining at any
time.

* Qriginal phctomicvographs are filed in Pathology Division Office.
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Pigure 1, Mean Values of Virus Titers in Sacrificed Mice,

Excegsive nonspecific staining by the fluorescein-conjuga‘'ed
globulin was encountered, in spite of repeated extractions and changes
in procedure. On the few occasions when the contrcls indicated satis-
factory specificity, distinct perinuclear cytopiasmic staining was
found. At no time was staining in the nuclei observed, nor in the
Kupffer cells. In experiments reported elnewhem‘.,5 specific immuno-
fluorescence was not found in the nuclei of lamb liver cells nor in tissue
cultures of hamster kidney and Chang human liver cells infected with RVFV.

C. ELECTRON MICROSCOPY

The mode of attachment or ingress of the virus was not observed.
After the first hour, small aggregates of oval and round particles
appeared in dillated endoplasmic sacs and lacunaze (Figures 5 through 9),




Figure 3.

Figure 2. Neeyotic Mouse Liver 12 Waurs after Infection with a Massive Dose

Nucicar Alteration 8 to

0 Hours after Infection.
vitromat e 1s dis-
Lives |v marpinated,
civing 2 pale central
cpaere in which an fr-
roeyaiarly shaped, faintly
cosinophilic inclusion is
found. Henatoxvlin .ind
vosin, 000X,

of RYFV. Hematoxylin and eosin, 150X,

Figure

’

4.

Section Adjacent to
that Shown In Figure

2, Staincd by the
Feulgen Reaction. The
nuclear inclusion does
not react for DNA. It
18 stained by the jighr
grecn, Feulgen, 1250X.




Figure 5.

Many Incompietely Formed Viruses (arrows) are Present Within
& Wembrane-Limited Complex Two Hours after Infection. The
pale areas (gl) toward the left and bottum ave deposits of
glycogen that have been teached during fixation. A portios
of the liver cell nucleus {n) s seen at the upper left, and
10 the right is a mitochondrium (m). Approximatelsy 31.00UK.
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Figure &, The Oval and Round Shapes of the Formlng Viruses dre Seen in
‘tha Vesicles (arrow) benesth the Mitochondrium (m). Approxi-
mataly 31,000X. ’ ’

Figure 7, The Vurying S5izes of the Virusus und the Agranularicy of the
Limiting Membrane {urcow) ave Shown. Approximately 35,0004,




Flgure 8, Four Houre after Infection some Viruses have s Digtinet

Figure 2,

11

Membrane and Nucleaid (v), others Remsln Amorphous (vl).
Approxlmately 30,000X,

S5ix Hours after Tufection tome Virused are sctill Present.
The riboscmes are fewer, the mitochondrial matTix {m)
Flocculated and fine laminar alteration »f the ondoplasmic

veticolum {p noted near the nuclewa {orrows). Approximately
30,000x .
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This was not -receded by the condensation of precursor particles on the outer
surface of the membranes lining these apaces, nor were particles senn crossing
these meabranes. Initially the bodies were relatively electron-clear, bhut
later appeared to rondense and develop a distinet limiting membrane and dense
nucleoid. The wnitial amor;hous particles varied from 70 to 120 millimicrons
in diameter. When fully formed, the virus measured approximately 90 milli-
wicrong in diameter. A thin section of RVFV, centrifuged from lamb sernm at
100,000g for one hour, is shown in Figure 13. It has tha same morphology

and size. Vesiclee containing virus appeared to migrsate toward the plasma
membrane. The walls of these vesicles then fused with the plasma membrane
and the mature virus was released into the space of Disse. The virus did not
acquire another membrane, nor did it lose one during the process of release.

This cycle occurred rapidly, so that sfter six to eight hnurs it was
difficult to find virus within the cells (Figures 10 to 12). Neither virus
nor aggregates of amorphous matrix were found within the nucleus, nor did
the nuclecli enlarge,

Depletion of glycogen and ribosomes was racognizable by three hours and
continued. Aggregates of smooth-surfaced endoplasmic reticulum appeared,
as well as an upusual form of the ergestoplasm. Normally the ergastoplasmic
membranes are studded with ribosomes on their outer surface. The distance
between adjacent membranes is variable, and within the space unattached
ribosomes are ween. THe dlteration found in thé RVFV-infected 1iver cells
is i{llustrated in Figures 14 through 17. Adjacent ergastoplasmic membranes
were uniformly approximated, the distance between them averaging 100 A°. 1In
this space a relativaly regular banding appeared. ‘These cross-bars were
spaced at intervala of 100 to 200 A°., 1In some areas, the banded or ladder-
like pattern merged into a fine laminar fraying or stacking of less well~
derined membranes., Theee variations are probably the result of differing
planes of section. It was concluded that the compoaite structure that will
account for them is composed of shelf-like cross-bands, rather than isolated
granules or particles, at right angles to the approximated ergastoplasmic
membranea, The ergastoplasmic sacs were dilated in these areas and electron-~
clear. Although the density of thelr matrix increased progressively, the
mitochondria remained intact until the cells disintegrated. As the cells
shrank they separated from each other, except at the parabiliary desmosomes
(Figure 16). Finally, distinet myelin figures appeared and the plasma
membranes rupturad. No incredse in dense bodies preceding the dissolution
of these cells was observed.




Figure 10.

Figure 11,

Four Vivuses (avrrows) ave Prosant in the Spaco of Dlase (d)
Botwoon the Liver Coll Microvilli and Intact Kupffer cell
Cyvtuplanm (R). Approximately 57,000X.

Coltection af Virus (v} in tine Extracellular Space Saven
Hours alter Infectlon., Arproximat-ly &, 000X,

13
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Figure

13.

Figute 12,

Thrve Virusss in the Space of Disso.

. Tho one .on.the left is superimposed . . .

on the tip of u mieruvillus and has

a distinct hexagonal nucleotd, The
plasma membrane is indistinct ha-
peath the middle one, nnd the one on
tiw right overlies the base of a
microvillug {see tent), Approximately
80,000%.

A Thin Boction of a RVFV Centrifuped from Lamb Serum. It has the
same charactaristics as those shown in Figure 10, Approximately

88,0004,




Figure 15,

An Example of the
Concentric Form of
the Ergaatoplasmic
Change thae encircles
a Micochondrium (m),
At the tip of the
arrow (b) aight patrs
of banded membranes
are seen, Approxime-
tely 80,000%.

Figure 4,

The Absrration of the
Endoplaamic Reticulum

15

Pound Sfx to Nine Houra

CafvaF TAfactlon. tn
acum planes it fa finely

laminar, (1), in others
it has 2 regular croso-
banding (b) between ad-
lacent sewbranes,

Aporosimatuly &4,000%.
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Figure 8.

A Detalled View of the Alteration imn the Ergastoplasm in
which, at the Tip of the Arrew Marked (h), Three Palrs of
Crosa<banded Membranas are mcen, F:llowed tuward the buttom
of the place, rhoy marye into the laminar pattern, arrow ().
The cross-bars sre smaller than the itibosomes (r). The
right wall of the rrgastoplasnic sac (s) is formed of bonded
membrances; the lefr is unalterad. Approximatelv B80,000X.




Pigure 17.

The Dying Liver Cell, Bight Hours aftey Infection, i3 devoid
of Virus and bepleted of Glycogen and Ergastoplasm. A few
ribosomes are scattered betweon the remaining membranous
eomponente. The mitochundris (m) ave inkack, Their matrix

is exceptionally dense. The chromatin {c) is marginated and
the nuclear sap Falntly granulae, A portion of an erythrocyte
(E)(;l present to the left of the nucleus., Approximately
11,000x.
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IV. DISCUSSION

Thie mechan!sms, whereby viruses kill cells are poorly understocd. In
scme ingtances, particularly when layge doges are used, toxic destruction
without apparent infection or viral multiplication occurs. The results of
the assay (Figure 1) and the electron microscopie findings of multiplication
indicate that the hepatic necrosis produced by RVFV is not merely a toxic
phenomenon. Another hypothesis suggests that the virus-infected cell is
forced to transfer its anabolic functions into virus production so completely
that it becomes "exhausted" and dies. The condition in RVFV hepatitis might
fit this latter hypothasis, although the amount of virua estimated as
aynthesfzed by the liver 1s hardly sufficient to exhaust these active cells.
Iv is more probable that this type of virus infectlon Lrrevocably alters
vital enzymatic systems, as indicated by Cinsberg® and Jones and Cchen.’

The aberration of the ergastoplasm described may be a structural manifesta-
tion of some of the metaboiic changes associated with virus pccduction or
its aftermath.

Rift Valley fever virus is formed in a manner that differs from that
described for certain other animal viruses.®’® It forms within a membrane-
lined system that is generally agranular and thus resembles the Golgi
apparatus. We may assume that the virus nucleic acid, as well as the
coat proteins and lipida, is formed in the ergastoplasm and Lransported

.to the Golgl. apparatus wherein the virue is_sssembled, Thereafter, the = _

egress of the virus is similar to that of secretory products of exocrine
cells, It does not bud from the cell surface as do the virus of influenza
and many of the tumor virusas.

An incressing number of reports on experimental virus hepatitis are
avallable. These include studies on yellow fever,'®~'% ectromelia (mouge
pox),’® and a series of papers on the mouse hepatitis viruses (MHV).”s3%r38
The pitfalls of sampling, particularly in asynchronous syastems, and the
difficulties of differentiating changes that are antecedent and causally
related to virus multiplication from those thst are subsequent snd probably
degenevative ar:s well illuatrated. Even within an apparently synchronous
systenm, fuch as used in this study, the limitations of sampling and, perhaps,
the rap.dity of multiplication prevented tha finding of virus in each cell.
It may only be suruised that all the cells were infected by noting the
comparable secondary changes.

Tigertt et al,’® Rubner and Miyai,** and Jones and Cohen’ have noted
changes in the Xupffar cells that precede the appearance of histological
damage in the liver cells. They have suggestad that Kupffer cell damage
may be the primary event and that hepato-cellular necrosis is secondary.
Similar changes in the Kupffer cells were found at twoto three hours after
infection in this study. However, this did not precede the appearance of
virus infection of the parenchymal cells as seen by electron microscopy.
Infected Kupffer celle wera not found. Thus, it is difficult tc accept the
hypothesis that hepatic necrosis is secondary to primary injury to the
Kupffer cells,
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