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ABSTRACT

Intracerebral and intraspinal inoculations of
non-neuropathic and neuropathic strains of
influenza virus into rhesus, patas and cercopi-
thecus monkeys resulted in an acute focal
ependymitis, choroiditis and meningitis fol-
lowed by focal ependymal denuding without
parenchymal involvement. Aqueductal stenosis
and moderate hydrocephalus developed in two
animals as sequelae of ependymal cell loss.

RESUME

L’inoculation intra-cérébrale et intra-rachi-
dienne de souches neuropathogénes et non neu-
ropathogénes du virus de l'influenza a des sin-
ges rhésus, patas et cercopithéques se traduisit
par des foyers d’épendymite, de choroidite et
de méningite aigués, ainsi que par des foyers
de desquamation des cellules épendymaires,
sans atteinte du parenchyme. Deux des singes
rhésus développérent une obstruction de l'a-
queduc de Sylvius et une hydrocéphalie modé-
rée attribuables a la desquamation des cellules
épendymaires.
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INTRODUCTION

In man, influenza virus has been tenta-
tively implicated in acute and chronic
forms of encephalitis (18, 19, 22-24). Ex-
perimentally, lesions of the central nervous
system (CNS) have been reported largely
in rodents (2, 9-13, 15, 17, 21) and recently
in birds (16). However, attempts to initiate
influenza virus infection of the CNS in
monkeys appear to have been reported only
in squirrel monkeys receiving immunosup-
pressive therapy (14).

The purpose of the present paper is to
describe the histological lesions induced in
nonhuman primates following intracerebral
and intraspinal inoculations of different
strains of influenza virus.

MATERIALS AND METHODS

VIRUSES

The influenza strains and their sources
are shown in Table I. All strains were as-
sayed after inoculation of ten to 12 day
chick embryos using hemagglutination
activity to detect virus after three days
incubation at 33°C. Infectivity was ex-
pressed as the reciprocal of the dilution
causing infection in 50% of eggs (EID/
50).
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MONKEYS

Rhesus (Macaca mulatta), cercopithecus
(Cercopithecus aethiops) and patas (Eryth-
rocebus patas) monkeys were used for the
inoculation experiment. They had been
quarantined for four weeks before the ex-
periment and their sera had been tested
for hemagglutination inhibition (HI)
activity. The number of animals inoculated
with each strain is given in Table I.

ANIMAL INOCULATION

The procedure of neurovirulence safety
test of live attenuated measles vaccine in
monkeys was used (3). Virus inocula pre-
pared from infected allantoic fluid contain-
ed 10™° or 10™° EID/50 and, in some experi-
ments, different dilutions of the stock virus
strains were inoculated (Table I). Undi-
luted noninfected allantoic fluid served as
a control material. Virus containing and
control materials were inoculated intra-
thalamically (0.5 ml), intraspinally (0.1 ml)
and intramuscularly (0.5 ml) at the same
time into each monkey after anesthesia.
Each monkey was isolated in a separate
cage and observed three times daily for
neuromuscular disability. Clinical assess-
ment was made by agitating the animal
within the cage.

TISSUES

When moribund or at the end of the
observation period (19-21 days), the ani-

mals were anesthetized, exsanguinated and
tissues were removed for histological and
virological studies. Tissues for histological
studies were fixed in 109 neutral buffered
formalin, embedded in paraffin, sectioned
at 6u and stained with hematoxylin and
eosin. Selected sections were stained with
Luxol fast blue cresyl violet. The following
regions of the CNS were examined histolo-
gically: frontoparietal and occipitotemporal
cortex, thalamus, caudate nucleus, putamen,
hippocampus, pons, medulla oblongata, ce-
rebellum and thoracic and lumbar regions
of spinal cord, each cut into six blocks.
Sections of lungs, spleen, heart and kidneys
were also examined.

VIROLOGY

Procedures of virus isolation and hemag-
glutination test have been described else-
where (4). Briefly, 10% clarified brain
and lung suspensions were inoculated
separately into ten to 12 day chick em-
bryos for hemagglutination activity on
Vero, Hep-2 and primary rhesus monkey
kidney cells for hemadsorption activity and
intracerebrally into 18 to 20 g CD-1 mice
for histological studies and virus isolation.

HEMAGGLUTINATION-INHIBITION
TEST (HI)

The first blood sample was collected from
each monkey before infection and the sec-
ond one was taken from each of them when
moribund or on day 17-19 after infection.

TABLE I. Influenza Virus Strains Used and Species of Nonhuman Primates Inoculated

Dose Number of Animals
EID/50 Inoculated

Strain Reference Log 10 Rhesus Patas Cercopithecus

A/Hong Kong/1/68 (H3N2) E=17 Beare and Bynoe (1) gg 32 4 g
55 4
45 3

A/Hong Kong/68 (H3N2) E?..... Smorodintsev (20) 7.0 3

A/Aichi/2/68 (H3N2) E51....... NIHe 7.0 5 4

A/NWS/33 (HON1) TCk200 < 7.0 5

Mbel8E4.... ... Minusef 3.0 4

A/PR8/198/34 (HON1) M<4 593... Minuse! 7.0 3

Normal allantoic fluid.......... .. — 8

*Egg passages
bPassages in tissue culture

°Passages in mouse brain
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dPassages in mouse
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geometric HI titer)

(day)
1/32 (2)

plexus, ependyma

Histopathology

0/32
0/3
0/4
0/3
0/3
0/4
0/3
0/5
2/20
0/3
0/5
0/4

paren- leptomeninges, choroid Virus isolation Seroconversion (mean
0/8

Mortality chyma

26/32
0/3
0/4
0/3
0/3
0/4
1/3
4/5
0/2
0/3
2/5
2/4
0/8

Cercopithecus
Cercopithecus
Rhesus

Cercopithecus

Rhesus
Rhesus
Patas

Log 10 Species

Dose
EID/50 Monkey

TABLE II. Mortality, Lesions of the Central Nervous System, Virus Isolation and Seroconversion Following Intracerebral and Intraspinal

Inoculation of Nonhuman Primates with Live Influenza Viruses

sAttenuated by Beare and Bynoe (1)
bAttenuated by Smorodintsev(20)

*Mild perivascular infiltration

Normal allantoic fluid..............

A/NWS/33 (HON1)................

A/Hong Kong/68 (H3N2)b. .........
A/Aichi/2/68 (H3N2)...............
A/PR8/34 (HON1).................

A/Hong Kong/1/68 (H3N2)s. ... .. ..

Virus Strain

Sera were heat inactivated (56°C for 30
minutes) and treated with receptor de-
stroying enzyme (RDE) overnight. HI was
performed with four hemagglutinating
units of antigen.

RESULTS

Table II summarizes the mortality, his-
tological and serological findings and virus
isolation.

CLINICAL SIGNS AND MORTALITY

None of the monkeys inoculated with
noninfected allantoid fluid showed evidence
of clinical disease during the 21 days of
observation. Approximately 809% of the
rhesus monkeys inoculated with either
strain of virus developed clinical evidence
of CNS involvement and 639 died (Table
II). These signs appeared usually five to
seven days after inoculation. The animals
first exhibited hyperesthesia which was
soon followed by lethargy, hunched posture
and ataxia. The animals died or were sacri-
ficed within a few hours after the appear-
ance of the clinical signs. Mortality was
not recorded in rhesus monkeys inoculated
with the A/PR8/34 strain, in patas monkeys
inoculated with A/Hong Kong/1/68 and
A/Aichi/2/68 strains and in cercopithecus
monkeys inoculated with the A/Hong
Kong/68 attenuated strains.

PATHOLOGY

Apart from the stab wound, none of the
monkeys inoculated with control material
had histological lesions and gross and his-
tological lesions were not recorded in vis-
ceral organs of control and infected mon-
keys. Coronal sections of the brains showed
moderate hydrocephalus in two rhesus mon-
keys sacrificed 21 days after inoculation
(Fig. 1). Histopathological findings were
limited to the CNS of infected animals and
these lesions were remarkably consistent
in all monkeys inoculated whether with the
A/Hong Kong/68 attenuated strains, the
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Fig. 1. Lateral ventricles of a rhesus monkey inoculated
intracerebrally with A/Hong Kong/68 attenuated strain

21 days previously showing mild hydrocephalus.

Fig. 2. Choroid plexus of lateral ventricle. Rhesus mon-

key, five days after intracerebral inoculation with
A/Hong Kong/68 attenuated strain showing marked
inflammatory response. H & E. X100.

A/PR8/34 and the A/Aichi/2/68 strains
or with the mouse neurotropic A/NWS/33
strain. In monkeys dead or sacrificed in
the acute phase of infection (five to seven
days postinoculation) the histological
changes consisted primarily of intense in-
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Fig. 3. Central canal of lumbar region. Rhesus monkey,
seven days after intraspinal inoculation with A/Hong
Kong/68 strain. Note inflammatory response, disruption
of ependyma and ependymal cells free in lumen of
canal. H & E. X250,

filtration of the choroid plexus (Fig. 2),
ependyma, central canal (Fig. 3) and to a
lesser degree of the leptomeninges. Mono-
nuclear cells predominated (Figs. 3 and 4)
and only occasional polymorphonuclear cells
were present. Loss of ependymal cells lin-
ing the ventricular, aqueductal and central
canal surfaces was also a constant feature
(Fig. 5) and ependymal cells were free in
the ventricular lumen and central canal.
Perivascular inflammatory response was
occasionally observed in vessels near the
ependymal surfaces (Fig. 6) but inflamma-
tion in other areas of the brain and spinal
cord was not observed.

In monkeys sacrificed 19-21 days postin-
oculation the choroid plexus infiltrates
were still present (Fig. 7) but the inflam-
matory response had markedly diminished
particularly in the leptomeninges. Patchy
ependymal loss was still evident in the
ventricles, aqueduct and central canal. The
nervous tissue underlying the denuded
areas frequently presented a loosened fib-
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Fig. 4. Choroid plexus of lateral ventricle. Rhesus mon-

key, seven days after intracerebral inoculation with
A/Hong Kong/68 attenuated strain. Mononuclear cells
predominate in the inflammatory response. H & E. X100.

rous appearance. In two patas monkeys
inoculated with the A/Aichi/2/68 strain,
perivascular and parenchymal cellular in-
filtrates were also found in the pons.
Marked narrowing of the aqueduct of Syl-
vius was evident in two of the six rhesus
monkeys killed 21 days postinoculation as a
sequella of ependymal cell loss and inflam-
matory reaction (Fig. 8).

RECOVERY OF INFLUENZA VIRUS

As indicated in Table II, virus was
isolated from the brain of three monkeys
that died between the second and the sixth
day. Virus was not recovered from the
lung of any of the animals inoculated.

All mice inoculated with the brain sus-
pensions of infected monkeys survived an
observation period of seven days before
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they were killed. Histological lesions were
not seen and influenza virus was not
isolated.

SEROLOGICAL CONVERSION

All but one of the rhesus monkeys surviv-
ing seven days after inoculation of 107
EID/50 of the virus strains showed a four-
fold rise of the HI antibody titer. A dose
of 10°*° EID/50 of the A/NWS/383 virus
strain induced a similar rise in this mon-
key species.

Patas monkeys produced low titers with
the same large inoculum, while cercopi-
thecus monkeys produced higher titers than
rhesus monkeys and responded to a dose
of 10°% EID/50 of the A/Hong Kong/68
strain.

Fig. 5. Ependyma of lateral ventricle. Rhesus monkey,
seven days after intracerebral inoculation with A/Hong
Kong/68 attenuated strain. There is almost total loss of
le{pe;d)%nal cells and increased periventricular gliosis.
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Fig. 6. Ependyma of the third ventricle. Rhesus mon-

key, seven days after intracerebral inoculation with

A/Hong Kong/68 attenuated strain. Acute ependymitis

with denudation of epithelium and extension of the in-

f’}ammatory reaction to the subventricular zone. H & E.
100.

DISCUSSION

Intracerebral and intraspinal inoculations
of attenuated, nonattenuated and neuro-
adapted strains of influenza virus into
rhesus, cercopithecus and patas monkeys
resulted in an acute, often fatal infection
of epithelial cells of ependyma and choroid
plexus. All the influenza virus strains
tested, including the A/NWS/33 mouse
neurotropic strain and the attenuated
strains induced similar qualitative and
quantitative histological lesions in the CNS
of all three species of monkeys. These
lesions were characterized by the destruc-
tion of the ependymal lining of the ventri-
cles and the central canal and by cellular
infiltration of the choroid plexus and lep-
tomeninges.

The affinity of influenza virus for epen-
dymal cells of rodents and birds has been
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recorded by previous workers (5, 8, 10, 12,
13, 16). There were no reports, however,
providing details as to the histopathology
of influenza virus in nonhuman primates.
The present study demonstrates the sus-
ceptibility of the ependymal surfaces of
monkeys to influenza virus. Lesions in-
duced by the neurotropic strains A/NWS/33
were limited to the ependyma and exten-
sion of infection to the brain parenchyma
as it occurs in mice (8, 13) did not occur
in monkeys.

The susceptibility of ependymal cells to
viral infections appears to be different from
other CNS cells (11). This difference may
be explained by the fact that the ependyma
lining the cerebral ventricles, the central
canal and covering the choroid plexus is
morphologically and functionally distinct
from the underlying parenchyma (6, 7).

A feature brought out in this report is
the ability of influenza virus to produce
ependymitis leading to hydrocephalus. Mims

Fig. 7. Choroid plexus. Rhesus monkey, 21 days after
intracerebral inoculation with A/Hong Kong/68 attenu-
ated strain. Moderate choroiditis. H & E. X100.
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Fig. 8. Coronal section through the midbrain of a rhesus
monkey 21 days after intracerebral inoculation with
A/Hong Kong/68 attenuated strain. Occlusion of the
lumen of partially ulcerated ventricle. Moderate involve-
ment of surrounding parenchyms is visible. H & E. X100.

(13) has previously reported on the occur-
ence of acute hydrocephalus in mice fol-
lowing intracerebral inoculation of influ-
enza virus type A.

Mims (13) has also demonstrated that
unadapted type A influenza virus under-
goes a single cycle of replication in epen-
dymal and meningeal cells of mice follow-
ing intracerebral inoculation yielding non-
infectious viral components and has shown
that neuroadapted strains undergo suc-
cessive cycles of multiplication in ependy-
mal -and meningeal cells with subsequent
invasion of underlying parenchymatous
tissue. In the present study, virus was
recovered on only three occasions from
animals that died between the second and
the sixth day after inoculation. These
isolates are believed to represent residue
of the inoculum.

In spite of many studies made on in-
fluenza virus, we are still ignorant of what
disease of the CNS occurs in the course of
infection with this virus in nature. The
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present studies show that ependymitis,
choroiditis and meningitis can be produced
in monkeys with different strains of in-
fluenza virus and that moderate hydroce-
phalus can develop as a sequela of the in-
fection. The affinity of influenza virus for
ependyma of nonhuman primates may have
relevance to disease in man.
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ADDENDUM

Since the completion of this paper, Huyge-
len et al have reported that monkeys (spe-
cies not mentioned) inoculated by the in-
trathalamic route with 10*” EID/50 failed
to develop symptoms or microscopic lesions.
However, monkeys inoculated with 107°
EID/50 failed to show symptoms but devel-
op perivascular infiltrations around the in-
oculation sites and inflammatory reactions
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around the ventricules and in the vicinity
of the choroid plexuses. These results are
in agreement with our observations in cerco-
pithecus monkeys except that a serocon-
version was observed in our case.

HUYGELEN, C., J. PEETERMANS, E. VASCOBOINIC,
E. BERGE and G. COLIMET. Live attenuated influenza
virus vaccine: “in vitro” and “in vivo” properties.
Symp. Ser. Immun. Stand. 20: 152-157. 1973.
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