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INTRODUCTION

The concept of a common Mucosal Immune System implies that enteric
priming would be effective in initiating secretory immunity in local and
non—intestinal mucosal sites. If thisl!>2 tenet also applies to protective
immunity, enteric immunization could be utilized to advantage in
vaccination against viruses that may impinge upon the conjunctiva,
nasopharynx, respiratory, and gastrointestinal tracts. Recent studies
showed that parenteral immunization with non-replicating viral antigens was
ineffective in protecting rodents from aerosol challenge with virulent
virus, although similarly vaccinated animals were completely protected from
parenteral challenge with the same dose of virus3, Live attenuated viral
vaccines elicited protective immunity for either route of challenge
regardless of the route of immunization. The present studies were
conducted in order to ascertain the optimum route of immunization for
respiratory immunity and the effects of mucosal VS peripheral immunization
on Rift Valley fever Virus (RVFV) pathogenesis in mice.

MATERIALS AND METHODS

Adult female C3H/HeJ mice were immunized with 0.2 ml formalin-
inactivated RVFV vaccine (NDBR-103)10 by direct intraduodenal (ID)
injection via laparotomy on anesthetized mice", iatraperitoneally (IP) or
subcutaneously (SC). Intranasal and SC boosters were given to the
appropriate groups at 14 and 21 days following priming. On day 28 the 3
vaccinated groups and a control group were halved and distributed either
into SC or aerosol challenge groups. They were challenged with a 10 x LDsp
dose7>9 of virus strain ZH-5018 (SC dose of 600 plaque forming units (PFU)

In conducting the research described in this report, the
investigator(s) adhered to the "Guide for the Care and Use of Laboratory
Animals,"” as promulgated by the Committee on Care and Use of Laboratory
Animals of the Institute of Laboratory Animal Resources, National Research
Council, The facilities are fully accredited by the American Association
for Accreditation of Laboratory Animal Care.

The views of the author(s) do not purport to reflect the positions of
the Department of the Army or the Department of Defense.
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Fig. l. Above are cumulative survival curves of untreated controls (UNTX)
or mice vaccinated with RVFV by intraduodenal (ID), subcutaneous (SC) or
intraperitoneal (IP) routes and then challenged with 10 x LD5g doses of
RVFV (ZH-501) as indicated above.

Table 1. HISTOPATHOLOGY OF RVFV NON-SURVIVORS

Vaccine SC Challenge Aerosol Challenge
Route ZHEP 7%OBE ZENC ZHEP %OBE ZENC
SeC. 3 0 0 68 61 29
I.D, 100 0 15 100 18 5
Ip 0 0 0 0 67 100
Untx 81 19 19 74 58 26

Data represents percent of mice who died with the following
lesions: HEP = hepatitis, OBE = olfactory bulb
encephalitis (perineural), ENC = multifocal encephalitis
(angiocentric). S.C. = subcutaneous, ID = intraduodenal,
IP = intraperitoneal, UNTX = untreated.

and an aerosol dose of 4700 PFU of virulent RVFV per mouse), All
procedures were conducted by immunized personnel in a biohazard containment
laboratory. After challenge, mice were housed in filter top cages located
in ventilated P-3 Biohazard glove boxes.

All mice were necropsied as they died. Fourteen days following
challenge the surviving mice were euthanized and necropsied. Serum and
Bile samples were taken for plaque reduction/neutralization titers against
RVFV (ZH-501 strain) using standard techniques8. The liver, brain, nasal
turbinates, and lungs were prepared for histopathology and examined for
characteristic lesions of hepatitis, encephalitis, and mucosal damage.
Selected specimens were examined by ABC-peroxidase immuno-histochemistry
with biotinylated RVFV-specific monoclonal antibodiesll,

RESULTS
The survival for the SC and IP vaccinated groups challenged SC (Fig.

1) was 97.5% and 100% respectively. The ID vaccinated mice exhibited
mortality to SC challenge identical to that of untreated controls. 1In the

aerosol-challenged groups, survival at 10 days was 75% for i.p. vaccinated,
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immunity by parenteral priming, which left no immunological barrier that
would prevent encephalitis viruses from infecting mucosal cells and
penetrating ophthalmic or olfactory cranial nerves lying beneath mucosal
surfaces.

We conducted our studies in order to better understand these phenomena
and to devise prophylactic regimens to resolve them. Rift Valley fever
virus rapidly produces high viremia in mice followed by death between 4 and
10 days following challenge. Early deaths (before day 6) are usually due
to massive hepatic necrosis, while encephalitis is encountered late in the
disease. Encephalitis in rodents occurs frequently after aerosol exposure,
and death due to encephalitis occurs in parenterally vaccinated mice given
aerosol exposure, regardless of their state of total protection from
parenteral challenge®, The results confirm our impression that
encephalitis following aerosol infection with RVF virus was due to loss of
the ability to acquire mucosal protection because of immunoregulatory
influences of parenteral immunizationl®. This is illustrated by the
histopathological observation that the olfactory bulbs were involved with
encephalitis more frequently than the cerebrum in groups of mice that had
been primed SC. Intraduodenal priming with RVF viral vaccine prevented the
occurrence of olfactory bulb encephalitis after aerosol challenge,
presumably due to increased commitment to specific IgA and neutralizing
antibodies in secretions.

In our system, the best mode of vaccination for protection against SC
or aerosol challenge with RVF virus appears to be intraperitoneal
vaccination. This route of immunization resulted in effective priming for
secretory antibody in bile as well as neutralizing antibody in serum
whereas commitment to IgA expression might otherwise be suppressed by
parenteral immunization.

The relative roles of s-IgA and IgG isotypes in protecting the
respiratory tract from infectious diseases is a topic of interest in many
laboratories. The consensus is that s-IgA is important for protection of
upper respiratory tract structures and IgG isotypes become more important
deeper into the lungsl8, Therefore, it would be undesirable to develop a
vaccine that inhibited the production of either isotype, except for agents
that exhibit very limited tropisms, for instance, organisms that have never
been shown to penetrate beyond the mucosa. In the present study, we have
uncovered complications, e.g. altered pathogenesis rather than protection,
when using a strict mucosal or parenteral approach to protection against an
organism that exhibits divergent tropisms. The observation that i.p.
vaccination primes both mucosal and peripheral systems may be of value in
respiratory vaccine development.
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