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EDITOR'S NOTE

This FY 1980 Annual Progress report is a general review of research
activities of the U. S. Army Medical Research Institute of onfectious
Diseases, Fort Detrick, Frederick, MD, conducted on Medical Defense Against
Biological Warfare Agents (U) under Projects IM1627764841 and 3M161102BS03 and
In-House Laboratory Independent Research, Project 3A161101A91C.

research described in this report, the {nvestigators
adhered to the "Guide for Laboratory Animal Facilities and Care,™ as
promulgated by the Committee on the Guide for Laboratory Animal Care of the
Institute of Laboratory Animal Resources, National Academy of Sclences-
National Rese::>ch Council. The facilities are fully accredited by the
American Association for Accreditation of Laboratory Animal Care.

In conducting the
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FOREWORD

I. USAMRIID's MISSION

The formal mission tasking USAMRIID reads as follows:

Perform studies on the pathogenesis, dlagnosis, prophylaxis, treatment,
and epidemiology of naturally occurring infectious diseases of military
importance with emphasis on problems associated with the zedical defense
against biological agents and on those microorganisms which require special
containment facilities.

By DOD directive and further Army guidance, USAMRIID performs its - ‘
Biological Agent Medical Defense research in support of the needs of the three
services. This missio., a1 all work done at USAMRIID, is in keeping with the
spirit and letter of both P.esident Nixon's 1969 and 1970 Executive Orders
renouncing the use of biological and toxin weapons, and the U.N. Convention
(Against) . . . Bacteriological (Biological) and Toxin Weapons ., . . of 1972.

II. DISSEMINATION OF INFORMATION:

All work conducted at USAMRIID is unclassified. Results are published
in peer-reviewed acientific literature, when accepted, as well as in annual
reports. Results of value to organizations outside the U.S. Department of
Defense are shared willingly, often in the hope that such sharing will result

in additional information on the validity of scientific results or the
efficacy of new products, such as vaccines or other biologicals or drugs.

Numerous intra-U.S. and international collaborations exist and are encouraged
to expand., USAMRIID prints a cumulative bibliography of published articles,
which may be obtained by a request to the Editor, USAMRIID, Fort Detrick,

Maryland 21701,
III. THE STRATEGY COF THE PROGRAM:

‘'A. The program rests on the judgment that both natural infectious
diseases and potential biological warfare threats exist which could seriously
interfere with the functions of U.S. forces. The first requirement for
constructing the USAMRIID program is to arrive at an assessment as to which
microbial and toxin agents are the highest priority threats. Those agents for
which existing medical defenses are adequate are set aside. Those agents
being addressed by other agencies within the U.S. or elsewhere are likewise
set aside. From the refined list the available resources are applied in
priority derived from considerations of the severity of their threat and the
scientific feasibility of developing improved medical defenses against the

agent.

B. The agents being addressed during the period of this report were:
Bacterial

. anthracis

. tularensis

. gneumonIae
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pneumoniae
L murium
seudomaliei
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Viral

Lassa fever virus

Ebola fever virus

Korean hemorrhagic fever virus

Rift Valley fever virus

Bolivian hemorrhagic fever virus (Machupo)
Argentinian hemorrhagic fever virus (Junin)
Dengue fever virus

Congo/Crimean hemorrhagic fever virus
Sandfly fever virus

Eastern encephalitis virus

Western encephalitis virus

Venezuelan equine encephalitis virus
Japanese B fever virus

Chikungunya virus

Tacaribe virus

Pichinde virns

Yellow fever virus

Influenza virus

Saint Louis encephalitis virus

Rickettsial
C. burnetii

Parasitic

P. faleiparum

Toxins

Pseudomonas A

Diptheria

Botulinum A-G

Anthrax toxins
Staphylococecal enterotoxin

IV. Goals
For each of the agents being addressed, the goals were:

A. Pathogenesis: 3ufficlent knowledge of the blology of the agent and
the responses of the infected or intoxicated host (man, as well as avallable
animal models) was gathered to provide a basis for progress in the applied
goals which are listed below. Useful cell cultures, organ cultures, and a
variaety of laboratory animal models must be developed und exploited for the
insight they can provide on the pathogenic processes in man, since information
from human cases for many of the diseases of concern is limited.
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B. Improved Diagnosis: Since the choice of medical interventions for
either the preventlion or the treatment of infectlious/toxic disease can only be
optimized when the precise infecting/intoxicating agent is known, the ability
to make a rapid and specific identification of the causative agent is an
important component of a system for medical defense. Ideally, there should be
the capability to confirm the identity of agents isolated from the
environment, to detect antigen in appropriate clinical samples taken early in
the course of disease, and also to detect antibodies from later clinical cases
or convalescents. The technology used should be suitable for use throughout
the military medical system, including field facilities operating with austere
resources. Not only must the agents of major concern be identifiable, but
those more common agents which must be considered in a full differential
diagnosis must also be identifiable.

C. Prevention: Prevention of infectious disease by immunization is the
most effective, convenient, and economical means to reduce the impact from
disease on military forces. This goal, then, commands nearly half of
USAMRIID's resources. Vaccine development is expected to continue as a major
USAMRIID theme, since technological advances often allow the improvement of
vaccines which were once state-of-the-art accomplishments. The application of
modern biology to vaccine development is presenting opportunities and
challenges not foreseen a few years earlier, Passive immunization, active
immunization using killed or living attenuated whole agent, or immunization
with sub-unit antigens achieved by older or newer methcds are optlions which
must be comparatively evaluated for each agent, to arrive at the optimum
immunizing method for military forceas. in various scenarios.

D. Treatment: The unexpected natural disease outbreak can preempt the
opportunity to use prevention and leave treatment as the major medical means
to limit damage to the individual and to maintain military force
effectiveness. For many of the diseases of concern to USAMRIID, specific
treatments which will reverse pathology have not yet been developed.
Therefore, treatment strategy must consist of optimal supportive care to give
the host defenses sufficient time to respond and overwhelm the disease
insult. For these reasons research on improving treatments at USAMRIID haa
emphasis on developing new specific treatments and on maximizing the
effectiveness of supportive care of the infected patient.

V. SUMMARY OF TRENDS IN FY 80

A. Since many programs at USAMRIID are multidisciplinary and carried
out by multiple investigators in loose and shifting consortia over several
years, the material covered by this annual report may give only a fragmentary
insight of the overall program and its progress. 1In the following sections
trends and accomplishments are highlighted.

B. GCeneral Progress Highlights during FY 80: FY 1930 was a most
productive year. Many of the program changes implementad during the two
preceeding years reached maturity and generated much new data. A new
aynthetic medium was developed for consistently growing high titers of
Legionella pneumophilia and with no loss in virulence. A rat model for

studying Rift Valley fever virus was refined and the basis for genetic
susceptibility of the disease in their host was established. Ribavirin,
{mmune plasma or poly ICLC (an inducer of natural interferon) were shown to be
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useful in the treatment of the hepatic form of RVF;, however, none of these
treatments were effective if the infection became encephalitic. In studies
concerned with manipulating the metabolic and endocrine systems of the body to
the advantage of the host during infection, it was shown that marked loss of
body protein could be prevented by parenteral administration of appropriate
combinations of amino acids, carbohydrates and lipids. Entomology studies
revealed the mechanisms by which K:ystone and 3aint Louis encephalitis viruses
survive the winter. Aeroblological research demonstrated that both Machupo
and Lassa fever viruses possess aeroscl stability and are infectious by the
aerosol route. This information confirms the need for this Institute to
develop appropriate vaccines to protect. U. S. Military populations. 1In
addition, key aerosol assessment studies were initiated for Legionella

pneumophilia to determine its risk to our military.

Ties were strengthened with the Chemical Systems Laboratory, Aberdeen
Proving Ground, Maryland in the testing and evaluation of the "Field
Biological Alarm System™. Contractual arrangements were made to convert a
portion of the 2,000 liters of high-titer, human anti-botulinum plasma,
reported last year, into hyperimmune immunoglobulin. In volunteer studies,

_performance decrements during a mild, self limiting viral disease (Sandfly

fever) were measured. This type of informatinn is of vital importance if
Biological Warfare (BW) i3 employed against U. S. Forces. Vaccine development
studies were particularly productive. In an exciting breakthrough, the
attenuated strain of Junin virus was found to protect monkeys and laboratory
rodents against both the Argentine and Bolivian forms of hemorrhagic fever. A
candidate vaccine virus seed was selected for Chikungunya, a disease of
explosive potential as either a BW agent or natural dlsease threat to U.S.
military forces in Africa and Southeast Asia. Studies with selected pure
strains of the Dengue-i virus were continued and additional tests were
developed in an effort to identify "virulence" markers.

Finally, the strains of RVF virus recently isolated in Egypt were
compared with the older parent strains, and were shown to have comparable
antigenic markers. This indicates that the newly produced USAMRIID vaccines
should protect equally well against all strains of RVF virus.

C. PResearch areas gjven added emphasis during FY 50: FY 1980 can be
best characterized as a year of maturation, a holding period for new starts,
which the massive redirection of programs and realignment of priorities
initiated in FY 1978 and FY 1979 began to produce. Priority I research
continued to emphasize: f{(a) the hemorrhagic viruses including Argentine,
Korean and Bolivian hemorrhagic fevers, Rift Valley fever, Lassa and Ebola
virus infections; (b) the bacterial diseases caused by Bacillus anthracis and
Legionella pneumophilia; and {c) the botulinum toxins A to G. The two most
extensive and expensive studies were concerned with Legionnaire's disease and
Rift Valley fever. The need to expand anthrax studies was demonstrated;
however, expansion of this effort must await the free-up of current program
commitments.

Priority II studies include research on Chikungunya, Dengue-1, TBE and
VEE viruses, as well as the Staphylococcal enterotoxins and a rickettsia,
Coxiella burnetil.




.

P T T

xi

Priority III studies included research on tularemia and Pseudomonas

pseudomallei.

D. Research Areas completed or for which efforts are diminishing in FY
QQ: One last erfor. is being made to develop an effective vacecine for
Pseudomonas pseudomallei. Thus far, a variety of experimental vaccines,
kilied whole organism, live attenuated organism, or extracts from the
bacterium have failed to produce any measure ¢f protection. These studies
will be discontinued in FY 81, unless some progress is made during the current
year. '

Studies comparing Phase I versus Phasgse II Q fever vaccines had to be
curtailed because of the continuing inadsguacy of the current assay system.
The current assay, fever respocnse in guinea pigs followed by testing for
complement fixing antibody, is too crude and too erratic to detect mea.ingful
differences between these two vaccines or to measure differences among lots
within the same vacclne product. A more sensitive and consistent assay must
be developed before meaningful progress can be made on Q fever vaccine
studies.

E. List of significan. accomplishments for FY 20:

1. USAMRIID's ILIR program for FY 80 ranked second out of U21
projects and 33 laboratories by a senior panel of advisers, Office of the
Assistant Secretary of the Army.

2. A three day workshop entitled, "Receptor-Mediated Binding and
Internalization of Toxins and Hormones™ was held at USAMRIID on 2U-26 March
1980. The workshop attracted leading authorities in these important areas of
medicine including the Belgium Nobel Laureate, Dr. Christian de Duve,
USAMRIID derived significant benefit from the workshop because: (a) the
validity of its research on toxins and hormenes was confirmed; (b) new
experimental approaches were discussed; (c¢) new lines of scientific
communication and collaboration were established.

3. More advances were made in finding ocu: how Pseudomonas exotoxin
A and the closely related diptheria exotoxin produced their specific .
toxicity. In vitro studies in cultured cells emrloyed radicactively labeled
exotoxin molecules to demonstrate that specific cellular receptors exist for
each exotoxin. ‘

4., A new synthetic medium has been devised for culturing high
levels of Legionella pneumophilia with no loss in virulence. This represents
a significant advance because, now, sufficient quantities 2f bacteria can be
produced to permit solubilized components to be characterized and the cell
wall, cell membrane and internal ~omponents to be purified in order to find
the most antigenic component of the bacterium to prepare a safe and effective
vaccine.

5. Rift Valley fever virus was studied in animals and the rat was
identified as a key for investigating the genetic aspects of host
susceptibility. Two types of the disease were demonstrated: acute death of
liver cells caused by unchecked virus growth; and late brain inflammation due
to virus growth plus an, as yet, undefined mechanism of disease progression.
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Ribavirin, antibody obtained from recovering animals or poly ICLC (an inducer
ot native interferon) were shown to be useful in the treatment of the liver
form of the disease; however, none wer2 effective against infection that had
reached the brain.

6. Lymphocyte traffic studies have demonstrated that several
ad juvants accelerate the movement of lymphocytes into regional lymph nodes.
CP-20-961 seems to be the most effective, has the least toxicity, and the best
chance to be used as an adjuvant for man.

7. Six strains of St. Louis encephalitis virus have been isolated
from hibernating adult Culex pipiens mosguitoes. How these mosquitoes became
infected has not teen fully determined, but early results suggest that an
infective bloodmeal eaten before hibernation begins, rather than passage of
virus by the female to her eggs (transovarial transmission), is the cause.

8. Aerosol research studies were initiated to determine the aerosol
infectivity and stability properties of the new bacteria that causes
Legionnaires' disease {Legionella pneumophila). A respiratory disease model
was developed in guinea pigs with response criteria consisting of fever,
weight 1loss and development of antibodies. The lethal dose of inhaled
organisms was insignificantly lower than that of injected organisms. = This
difference may explain why the organism can be disseminated by water cooled
air conditioning systems. It also showed that monkeys can also be used to
study the progression of Legionnaires' disease.

9. A solid support assay medium for the chemical binding of
antibodies against VEE virus was developed for use in a chemiluminescent
immunoassay system The system was xtremely fast for detecting the virus,
within 10 hours; morecver, the system was extremely sensitive, requiring only
100 to 1,000 infectious units of virus.

10, The anthrax program is currently being expanded by redirection
of programmed rescurces with the development of improved techniques for
producing, purifying and characterizing anthrax toxins. Particular emphasis
is being devoted to the preparation of larger quantities of protective antigen
(both in-house and contract witi. Michigan Department of Public Health). More"
protective antigen 1is needed in order to intensify current studies which are
concerned with its purification and chemical characterization.

11, Methods were devised to quantitate delayed hypersensitivity
reactions and to detect the magnitude of M™suppressor™ or "helner” functions of
different transfused lymphocyte populations in mice inoculated with the live,
attenuated tularemia vaccine. Protection against highly virulent tularemia
organisms appeared to require both T- and B-lyamphooyte activity.

12. The preparations and testing of Chikungunya 181 master seed,

production seed and vaccine are now underway in conformance to GLP and will
require (xtensive animal and human testing.
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13. While ribavirin was previously shown to have the ability to
protect test animals if given before signs of illness appeared, a major new

finding showed that it was effective even though treatment was not begun until
after the onset of clinical illness due to Machupo virus in monkeys and guinea

pigs, RVF infection in mice and hamsters, and to a limited degree, yellow
fever infection in monkeys.

14, The Institute acquired several fixed and transportable P-l
containment plastic human isolators (Vicker's) for the hospital care and safe
transport of patients suffering from highly contagious, often lethal
infectious diseases. In cooperation with the US Air Force, these units were
tested with normal volunteers under. long-flight conditions to simulate the
evacuation of a contagious patient from Panama to USAMRIID. The test was most
successful and established this unique mode of wmedical evacuation as an
achievable reality for future patients.

15. The phase-III testing of -a large number of experimental vaccines
was continued in the laboratory workera of USAMRIID and other collaborating
-institutions. These vaccines were administered primarily for the safety of
"at-risk" laboratory workers and included live attenuated TC-83 VEE vaccine,
inactivated EEE and WEE vaccines, inactivated Phase II Q fever vaccine,
attenuated live tularemia (LVS) vaccine, anthrax vaccine, inactivated RVF
vaccine, inactivated Chikungunya vaccine and polyvalent botulinum toxoid.

‘ 16. A new radioimmune assay was developed which is more simple,
rapld and sensitive than conventional plaque neutralization tests for
identifying viruses.

17. Isotachophoresis technology was developed and applied to rapidly

identify subclasses of IgG, one of the major human components of antibody
defense. Since efficient, as well as inefficient, patterns of immune response

may follow vaccination, the new isotachophoresis procedure can be used to
screen immunized individuals for the appropriateness of their immune response,
so that corrective action may “e implemented when possible.

18. An enzyme-linked immunosorbent assay (ELISA) was modified and
successfully applied to arbovirus identification. The test demonstrated
sufficient serospecificity to identify subtypes of Venezuelan equine
encephalomyelitis virus.

VI. - EXTRAMURAL RESEARCH:

While this report deals principally with USAMRIID's in-house effort,
total program progress is the result of the combination of the in-house effort
augmented and supplemented by efforts by contractors from academia and
industry. Individual contractor's research is synopsized in reports which are
filed with the Defense Technical Information Center (DTIC). A list of
contracts in place during FY 80 is included as Appendix C. Readers who want
specific contract report should make request to DTIC.
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VII. QUESTIONS:

Questions or comments about this report are welcomed and may be
addressed to:
Commander

USAMRIID
Fort Detrick, Frederick, MD 21701
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Project No. 3M162770AB71: Prevention of Military Disease Hazards (U)
(3M162776A841)

Task No. 3M162770A871 BD: Evaluation of Experimental Prophylactic and
: Therapeutic Regimen in Man

Work Unit No. ng 88 &3{3 Evaluation of Experimental Vaccines, Prophylaxis
(841 and Therapy in Man for BW Defense Against Infectious
Diseases of Special Military Importance

Background:

This work unit is a comprehensive research effort incorporating all areas of
human volunteer testing and evaluation, ag well as utilization of exper.’.nental
vaccines, antimicrobial drugs, hyperimmune plasma, and special medical isolation
procedures in man. This work unit incorporates studies of prophylaxis and ther-
apy against both potential biological warfare threats, as well as infectious
diseases of special military importance. The Medical Research Volunteer Sub-
jects (MRVS) Program has enabled USAMRIID to actively comduct clinical studies
involving human volunteers.

Progress:
Vaccines

Rocky Mountain Spotted Fever. Protocol FY 80-1, an addendum to FY 78-4, "To
Asgsess Booster Dose Efficacy and Safety of the Rocky Mountain Spotted Fever
Vaccine, Undiluted (IND 862)" was performed. Seven (7) volunteers who had previ-
ously been volunteers on FY 77-2 (The Clinical Evaluation of the Two Dose Schedule
of the Inactivated RMSF Vaccine, 1.3 dilution) and/or the FY 78-4 (The Clinical
Evaluation of the Two Dose Schedule of the Inactivated RMSF Vaccine, Undiluted),
were administered one additional 0.5 ml dose of the undiluted vaccine. This third
"booster" dose was given between 16 and 24 months after their first 2 doses. All
6 complained of local pain; 3 complained of pain lasting 2 days while 2 complained
of pain lasting 3 days. In one case the pain was described as moderately severe
and that person also noted a 6. x 6 cm area of induration which was similar to that
noted after receiving the botulism vaccine which also contained formalin. Two
individuals noted erythema and one person noted transient temperature elevation
to 99.6°F orally. A large boost of the IFA titer was noted while the microagglu-
tination (MA) titer remained constant. Lymphocyte transformation results were
invalid due to technical difficulties.

The interlot comparisons of potency and stebility performed by Merrill-National
Laboratory for the RMSF iots 1 through 3 were received. Analysis showed that Lot
1 of the Merrill-National (MN) vaccine is only about one-half as efficacious as
Lot 1 of the USAMRIID-prepared vaccine, Lot 2 of the MN vaccine being only about
2/3 as efficacious as the USAMRIID-prapared vaccine Lot 1. Lot I of the MN vac-
cine may be similar to USAMRIID's. rhere is a quantative difference of rickett-
sial organisms per lot. Merrill-National Lot 1 has only 3.1 x 107 rickettsia/ml,
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whereas MN Lots 2 and 3, and USAMRIID's Lot 1 all have between 1,1 and 1.3 x 108
ml. Based on this information it was determined to use only MN Lots 2 and 3 for
safety testing in immune volunteers,

Project FY 80-4, "To Assess the Efficacy and Safety of Merrill-National
Rocky Mountain Spotted Fever Vaccine, Lots 2 and 3, an addendum to FY 76-1, The
Proposal for the Clinical Evaluation of a Two-Dose Schedule of Inactivated RMSF
Vaccine, Undiluted (IND 862)" was tested in 4 USAMRIID employees, both civilian
and military. The volunteers were selacted on the basis of previocusly elevated
MA or IFA titers to RMSF. After baseline physical examinations and laboratory
work were satisfactorily completed, each person was inoculated SC with 0.5 ml of
the 1:10 dilution of either lot. There were no local or systemic reactions. MA
titers failed to show any change at either 7 or 28 days after the inoculatiom.
Only one of 4 persons showed at least a 4-fold titer rise by the IFA method. 1In
summary, MN Lots 2 and 3 appear safe to use in immune subjects, although efficacy
and immunogenicity cannot adequately be determined.

USAMRIID was host to a conference called by Robert Edelman, M.D., Chief,
Clinical Studies Branch, The Microbiology and Infectious Disease Program, Nation-
al Institute of Allergy and Infectious Disease on 9 November 1979 in order to dis-
cuss a draft of the protocol for the RMSF vaccine efficacy trial at the University
of Maryland. Representatives from the Center for Vaccine Development of the Divi-
sion of Infectious Disease at the University of Maryland; The Bureau of Biologics;

. The National Institutes of Health (NIH) and USAMRIID were present. Relevant human

and animal studies with RMSF vactine were reviewed. The data obtained from FY
80-1, assessing the booster dose efficacy and safety was forwarded to Dr. Edelman
and was used to help in gaining approval for the NIH challenge study. Upon com-
pletion of the testing, the safety and immunogenicity of MN Lots 2 and 3 vaccine
will be provided to NIH and the Urniversity of Maryland for the challenge study.

Q Fever Vaccine. No progress was made in evaluating the Formalin-Inactivated,
Dried Henzerling Strain, Phase I Q Fever Vaccine, NDBR 105 (IND 610), due to a
prolonged 1llness and subsequent resignation of the principal investigator.

Dengue Virus Vaccines. The following studies on Immunization with Live
Attenuated Dengue Virus Vaccine were done in collaboration with the Department
of Virus Diseases, WRAIR.

Protocol FY 80-2, Study No. 3: Response to Varied Doses of DEN-2 (PR-159/
S-1) Given Subcutaneously to Adult Volunteers with Prior Yellow Fever Immunizationm.
Sixteen adult volunteers all of whom had previous yellow fever immunization were
divided into 4 groups. Three groups of 5 volunteers each received SC 0.5 ml of
the candidate DEN-2 vaccine at one of the following dilutions: 1071 containing
4.3 x 103 PFU, 1072 containing 5.5 x 102 PFU or 10~3 containing 7.0 x 101 PFU.
One other volunteer received a placebo. The recipient of placebo and one of the
recipients of the 1073 dilution of vaccine were found to have low levels of DEN-2
neutralizing antibody against the vaccine parent strain, PR-159.

Biweekly serum samples were obtained; viremia was demonstrated in 2 sub-
jects on days 10 and 14, respectively. Each had received the 1071 dilution of
vaccine and were unique in the study group in that they had previrusly received
only one yellow fever immunization within 4 months of the DEN-2 vaccine trial.
One of these was the only volunteer that experienced a fever >38 C that could be
attributed to the DEN-2 immunization.
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Five of the 14 seronegative recipients seroconverted, including those who were
viremic. The 502 immunizing dose for yellow fever immune subjects calculated on
the total experience from studies 1 and 3 is approximately 103.3 PFU, Antibody
titers on day 30 were consistent with those seen after a primary infection; however,
considerably greater cross-reactivity was found for other flaviviruses, than is seen
following a primary DEN-2 infection in a flavivirus nonimmune individual. The anti-
body responses appeared to be sustained, All 5 of the subjects who seroconverted
maintained both HI and neutralizing antibody titers 6 months following immunizatiom.
In 4 of them neutralizing antibody titers were greater than 1:100.

None of the volunteers reported local reactions at the injection site. A
variety of febrile illnesses were reported by 3 of 16 volunteers during the 21 days
following vaccination. Only one illness could be attributed to DEN-2 immunization.
Two of 5 of the seroconverters had leukopenia at some time during the 21 days. The
results suggest that DEN-2 (PR-159/S-1) vaccine is safe and contained 103-3" pru
median immunizing doses calculated on the basis of 19 yellow fever immune recipients.

Protocol FY 79-1, Study No. 4: Response of Previously Dengue-~2 Immunized Adult
Volunteers to a Booster Dose of DEN-2 (PR-159/S-1) Vaccine. Twelve adult volunteers
who had been inoculated with the DEN-2 (PR-159/S-1) vaccine 4.5 to 18 months previ-
ously, were divided into 2 groups and reinoculated SC with undiluted (1,1-5.8 x 105
PFU/0.5 ml) vaccine. Volunteers were followed as outpatients for 21 days and were
required to fill out symptom checklists, to take oral temperatures daily and to ob-
tain routine laboratory tests each week.

None of the volunteers developed fever (oral temperature >100 F) but 7 of 12
noticed soreness at the inoculation site between days 0 and 2. One volunteer also
noted some redness of the innculation site from days 0-2. Five volunteers experi-
enced brief headaches. One volunteer developed unexplained abdominal pain with
pyuria; another was treated for bronchitis during week 2.

Only 2 volunteers developed a 4-fold rise Jn serum neutralizing antibody fol-
lowing revaccination; both persons had seroconverted after the first dose of vac-
cine. There is no evidence that revaccination is either harmful or would increase
the level of protection of recipients against wild-type dengue-2 infections.

Protocol FY 80-3, Study No. 5: Responses to Administration of DEN-2 (PR-159/
S-1) Vaccine by an Intradermal Route to Adult Volunteers. Eight (8) adult volun-
teers with no previous reported exposure to flavivirus received 0.5 ml of either
undiluted DEN-2 vaccine (PR-159/S-1) containing 1.2 x 103 PFU {6) or placebo (2).
The vaccine was administered using a jet injector gun (Scilentific Equipment Co.,
NY) equipped with an intradermal nozzle. There were no long-term local reactions
following vaccine administration by this route.

Three individuals developed antibody following immunization; one recipient had
only HI antibody, which was detected at 30 days but had disappeared by 60 days.
Another recipient had an HI titer bdy 30 days, developed neutralizing antibody by
60 days but lost both antibodies by 6 months. The third person developed high anti-
body titers by both tests by 30 days which persisted throughout the follow-up per-
iod. This subject had a high titered, broadly cross-reactive antibody response,
which suggested a previous experience with flavivirus. The low conversion rate
(3/6) and the lack of sustained antibody response in individuals without previous
experience with flavivirus indicates that intradermal inoculation has no advantages
over the SC route of vaccine administration.
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Rift Valley fever (PVF)(Protocol FY 78-1, During this period, experience
continued to be gathered with the vaccine NDBR-103., It was demonstrated that the
administration of two 0.5-ml doses of Lot 6, 2un 1, did not result in attainment
of reliable level of immunity in human subjects, No difference was detected among
the various lots of the vaccine when given as three 1-ml doses. However, the num-
ber of persons tested, 2 and 3/lot, in the interlot comparison did not permit

high confidence in the significance of these comparisons,
i

During this reporting period, 22 persons at USAMRIID received the NDBR-103
vaccine as part of their inoculation schedule for work-related exposure risks.
0f these, all but 5 developed adequate PRN titers of >1:40, Each of the subjects
received doses of 1 ml of Lot 6, Run 1, given on days 0, 10, and 28. Of the 5
who failed to develop adequate titers, 3 developed titers of 1:10 and 2 developed
levels of 1:20 when measured on or about day 42. One of these, WHE, subsequently
had a laboratory exposure to RVF virus, At the time of the accident his titer
was 1:40; after the accident the titer rose to 1:640. During this time several
blood samples were drawn, none of which revealed any viremia. There was no clin-
ical 1llness associlated with this laboratory exposure. Of those vaccinated at

‘ USAMRIID, none reported any reaction to the vaccine.

Eighty-three persons were vaccinated at the U.S. Department of Agriculture,
National Animal Disease Laboratory (NADL), Ames, Iowa with Lot 6, Run 1 of NDBR-
103; of these, 4 developed titers <1:40. Thus, from a total of 105 recipients
of 1 m1 of Lot' 6, Run 1, 9 failed to develop adequate antibody titers. Pre- and
post-immunization sera were collected on RVF vaccine immunized United States,
Canadian and Swedish military personnel serving with United Nations Forces in the
Sinai Peninsula. Results are not yet complete fr.m these studies, No significant
adverse reactions have been reported from these trials.

The first human ctest of the vaccine TSI-GSD-200 (Protocol FY 79-5) involved
testing of Lot 1, Run 1, in doses of 1.0, 0.3, and 0.1 ml given SC on days 0, 10,
and 28 to 4 and 5 volunteers. The results of this experiment through day 182 are
included in Table I. Table 1I tabulates maximum titers for each recipient on or
before day 91 in relation to the dose. Previous experiments in hamsters have
indicated that this response is linear. When plotted and analyzed by least-
squares, the regression coefficient was consistent with that observed in animals
under gimilar test circumstances, giving some measure to the variability in the
human response to a given dose of the vaccine. Based on these data, it was
elected to test all subsequent lots at a dose of 0.3 ml so that any significant
difference among the lots could be detected and so that if need for operatiomnal
employment arose, the most efficient dose of the vaccine could be utilized rather

than uniformly recommending a possibly wasteful, l-ml dose.

Partial results of vaccination of humans with 0.3 ml of TSI-GSD-207 lots
1-8 on days 0, 10, and 28 are now available and are presented in Table III. How-
ever, some sera were not collected due to unavailability of subjects. Lots 3 and
7 appear to be significantly less efficacious than Lots 1, 2, 4-6, and 8.

As tabulated in Tabla IV the mouse potency test (r=0.33) did not correlate
with the human potency results (r=0.65). More useful laboratory animal models

are under study at this time.
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TABLE I. PRNgg RESPONSE OF HUMANS FOLLOWING INJECTION OF 1.0,
0.3, OR 0.1 ml OF TSI-GSD-~200 LOT 1 ON DAYS 0, 10 AND 28

RECIPROCAL PRNgg BY DAYS

SUBJECT DOSE (ml) 14 35 42 91 182
Cross 1.0 160 320 320 80 20
Delong 1.0 20 40 80 240 40
Lovett 1.0 40 1280 1280 160 80
McGookin 1.0 NA NA 640 160 160
Blagg 0.3 80 . 320 160 80 40
Blount 0.3 20 20 160 40 40
Useldinger 0.3 <20 40 40 5 <5
Virga 0.3 5 80 40 40 <10
Beauchamp 0.1 80 160 160 40 40
Doty 0.1 <5 <5 <40 <5 <5
Joffe 0.1 20 80 160 >10 40
LeBlanc 0.1 <5 <5 <40 >20 20
Voelmeck 0.1 <5 . <5 <40 <5 NA

TABLE II. HIGHEST TITER MEASURED ON OR BEFORE DAY 91 IN RESPONSE
TO TSI-~GSD-200 VACCINE GIVEN ON DAYS O, 10 AND 28

HIGHEST GEOMETRIC % NON-
DOSE PRNgO MEAN TITER RESPONDERS

1.0 ml 320 380 0
80
1280
640

0.3 ml 320 112 0
160
40
80

0.1 ml 160 14 40
<5
160
20
<5
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Malaria, During the last year phase II studies of the experimental anti-
malarial drug halofantrin (WR 171,669) were continued (Protocol FY 80-7).
Results of the studies are summarized in Table V., To date, halofantrin has re~
sulted in cure of malaria at all dose levels tested, From studie now in pro-
gress it appears that this drug will be effective in a single dose. No signif-
icant toxicity has been encountered in any of the volunteers,

Botulinum toxoids. The production and evaluation of new and improved botu-~
linum toxoids presents many problems. Toxoids are available, in limited quanti~
ty, for inducing immunity to only 5 (A-E) of the 7 (A-~G) immunologically distinct
types of botulinum toxin. The equine antitoxins currently available for the
treatment of botulism are responsible for adverse reaction in approximately 21X
of recipients. ‘

The immunogenicity and reactogenicity of two lots (MDPH A-2, MDPH B-1l) of
a newly bottled pentavalent botulinum toxoid in 52 volunteers were evaluated and
compared to the currently used Parke-Davis-produced investigational pentavalent
botulinum toxoid (Project No. FY 79~4). There was no significant difference
between the incidence of local reactions in volunteers immunized with either of
the two new MDPH lots nor were there any significant differences between local
reactions occurring in volunteers immunized with either of the MDPH lots of tox-
oid and the local reaction in those volunteers immunized with the Parke-Davis
toxoid. No systemic reactions occurred in any immunized volunteers.

There was no statistically significant difference demonstrated between the

immunogenicity, as measured by serum neutralizing activity, of the two MDPH toxoid
lots for Types A, B, or E toxin. There were no significant differences between

TABLE IV, HUMAN AND MOUSE PQTENCY DATA FOR LOTS 1~8 OF TSI~GSD-200

RECIPROCAL LOG I{ITER REPLICATIONS

LOT  RUN DAY 42 IN MAN MOUSE EDsq (m1)®
1 2
1 1 2.05 0.0055  0.0045
2 2 2.21 0.0050  0.0035
3 1 1.98 0.0050  0.0050
4 2 3.1 0.0110  0.0045
5 1 2.89 0.0110  0.0050
6 2 2.74 0.0030  0.0090
7 1 1.68 0.0080  0.0040
8 2 2.43 0.0090  0.0120

8 Mouse ED5( measured by Salk Institute using method of
Reed & Munch.

e
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the immune response elicited against Type A and Type E toxins in volunteers
immunized with either of the MDPH toxolds and those immunized with the Parke-~
Davis toxoid. However, the immune response elicited in volunteers by both MDPH
lots, A-2 and B-1, to Type B toxin was significantly (P<0.01) greater than the
response elicited in volunteers immunized with the Parke-Davis toxoid.

To date, over 80 volunteers have been immunized, under the auspices of
Project No. FY 79-3, with pentavalent botulinum toxoid for the purpose of eval-
uating the immunologic response to the booster administration of botulinum tox-
old, adsorbed, pentavalent (ABCDE) (IND 161), and to qualify the volunteers for
participation in a plasmapheresis program which has yielded over 1200 liters of
Botulism Immune Plasma (Human) IND #1332.

Half-1life values (Project FY 79-7) for the neutralizing activity of five
separate units of Botulism Immune Plasma (Human) when infused into 5 volunteers
ranged from 11-17 days to 42-49 days with a group average of 21-27 days. 1In 4
of 5 volunteers the actual period of "protection', expressed as the number of
days the reciplents' titer to Type A toxin remained above 0.25 IU/ml of serum,
equaled or exceeded a predicted period of "protection."

In an effort to evaluate the immunologic response of a booster, adminis-
tration of monovalent (Type B) botulinum toxoid singularly and in conjunction
with the booster administration of a pentavalent (ABCDE) botulinum toxoid, 62
volunteers were immunized under Protocols FY 80-5 and FY 80-6 with 0.5 ml of the
newly bottled MDPH botulinum adsorbed monovalent type B toxoild. The immunologic
responses induced in the volunteers are currently under evaluatic-. ‘

All of the volunteer projects involving botulinum toxoids or botulism immune
plasma were performed in collaboration with Work Unit No, 871 BA 123, Development
of Effective Countermeasures Against Poisoning with Microbial Toxins of Military
Importance.

Hospitalized Exposures

Lagsa fever (LAS), There was one admission to the clinical isolation
facility during this year resulting from an accidental exposure of a subject to
LAS virus. The subject was treated in the usual manner with immune plasma, and
at her own request, received ribavirin. There were no complications from the
administration of ribavirin; however, an allergic reaction due to immune plasma
occurred. The urticarial reaction responded promptly to antihistamines. The
patlent was discharged after 21 days of isolation in good health. No signs or
symptoms of LAS developed.

Korean hemorrhagic fever (KHF). A senior civilian microbiologist was
treated with immune plasma for a possible exposure. No disease occurred.
There were multiple admissions of healthy volunteers to the clinical isolation
unit as part of simulated exposure exercises.

Evaluation of the Vickers Aircraft Transit Isolator,

Several healthy volunteers were admitted to the Vickers Isolation Units as
part of simulated exposure exercises.

Publicacions:

None.
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23 (U) Characterize host immunity induced against respiratory infections by adminis-
tration of microbial antigen by aerosol, intranasal and parenteral routes to appro-
priate animal models. Determination of optimal methods of immunoprophylaxis is an
essential element in military medicine as a major determinant of resistance against
potential BW respiratory pathogens. ‘

24 (U) Immunogenic determinants for resistance against aerosol-disseminated respiratory
disease are being studied in the Fischer 344 {nbred rat/tularensis model system. The
rats vaccinated by different routes (aerosol and parenteral) are then treated with an
immunosuppressant drug before and after vaccination to evaluate the contribution of the
various effector arms of immunity to the host's defense against respiratory tularemia.
25 (U) 79 10 - 80 09 - Immunosuppressant cyclophosphamide (CY) pretreatment of Fischer-
344 rats vaccinated with either the live vaccine strain (LVS) or an inactivated
vaccine of Franciscella tularensis resulted in a significant suppression of humoral
agglutinins correlative to suppression of serum IgM levels. Macrophage inhibition
factor (MIF) activity for CY-vaccinated and non-CY-vaccinated rats was indistinguishable
from nonvaccinated control rat responses, indicating that MIF was not of adequate
ensitivity for use as a correlate of cellular {mmunity in these rats. Skin test
reactivity as an indicator of delayed type hypersensitivity in vaccinated rats also was
naffected by CY treatment.

In other studies, 98 - 1007 of rats passively transferred with whole immune serum
rom rats vaccinated 3 times with LVS survived an aerosol or intraperitoneal challenge
ith virulent F. tularesis. Of control rats recelving normal rat serus, 92 ~ 100X
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BOLY OF REPORT

Project No. 3M162770A871: Prevention of Military Disease Hazards (U)
(3M162776A841)

Task No. 3M162770A871 BB: Prevention of Bacterial and Rickettsial Diseases
of Potential BW Importance

Work Unit No. 871 BB 125: Mechanisms of Immunoprophylaxis Against Aerosol-
(841 00 003) Disseminated Respiratory Diseases

Background:

Microbial pathogens capable of causing significant incapacitation or death
when inhaled as small particle aerosols (SPA) have long been considered potential
BW threats (1). Ideally, protection against such airborne diseases would be
provided by immunoprophylaxis. In attempts to induce immunity against aerosol
disseminated pathogens, however, one must consider the relative importance and
interactions among humoral, lncal and cell-mediated immunity. All the component
arms of immunity and their interrelationships may well be dependent on the
method used to stimulate host protective immunity. The live vaccine strain (LVS)
of Francisella tularensis is being used to vaccinate inbred Fischer-344 rats
(F344) to investigate basic mechanisms of host immunity against lethal regpiratory
tularemia. The effectiveness of aerosol vaccination and various parenteral routes
to induce infection related antibody and cell-mediated immune responses important
for protection against aerosol challenge with virulent F. tularensis is being
compared and characterized. 1In addition, efforts have been directed towards
studylng the effects on host immunogenesis and protective immunity of (a) an
immunosuppressant, cyclophosphamide (CY), which suppresses the induction of
humoral antibody and may potentiate the cellular immune response and (b) passive
transfer of various fractions of tularemia immune serum in the F344 rat.

Progress:

Previously, we reported that treatment of F344 rats with CY administered IP
at a dose of 50 mg/kg body weight 3 days prior to vaccination and on days 7 and
18 after vaccination with either LVS or the inactivated Foshay type vaccine (F0)
resulted in total or almost total suppression of humoral agglutinins (USAMRIID
Annual Report, 1979). Despite the lack of significant levels of serum agglutinins,
practically all of the CY-treated LVS~ and FO-vaccinated rats survived aerosol
and IP challenge with virulent F, tularensis. 1In fact, the survival rate of the
CY-treated vaccinated rats was not different from that of vaccinated coatrol
rats that had high levels of serum antibodies. All nonvaccinated control and
CY-treated rats died within 14 days after challenge.

These data indicated that the serum antibody produced by a single LVS
vaccination may not be a critical component of the immune system in providing
full protection against lethal respiratory tularemia. Since arlier studles
showed that humoral antibodies induced by LVS vaccination were predominantly
IgM, experiments were performed to determine the effect of CY treatment on
immunoglobulin levels of LVS- and FO-vaccinated rats. Efforts also were directed
towards determining whether CY treatment of vaccinated rats would result in a
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significant increase in the macrophage migration inhibition factor (MIF) or
skin test response for delayed type hypersensitivity (DTH) as indicators of
cellular immunity. The results of serum Ig and serum agglutinin assays fo-
vaccinated rats pretreated once with CY are shown in Table I. 1Ig content of
gera were determined by the Mancinl radial immunodiffusion procedures employing
specific rat anti-Ig serum fractions procured from Miles Labs, Inc. Serum
agglutinins were measured by microagglutination (MA) on days 7, 14, and 21
after vaccination. The values shown for IgM represent the mean diameter of
precipitin rings obtained for duplicate serum samples and are representative
of the relative concentration of IgM in the serum samples. Since CY treat-
ment neither depressed nor increased IgM or IgA levels over baseline, these
values were excluded from Table I.

TABLE I. ANTIBODY RESPONSE OF VACCINATED RATS WITH AND WITHOUT CY PRETREATMENT

IgM BY DAYS GFOM. MA TITER BY DAYS
TREATMENT (mm diam.) (reciprocal)

(n=8) 7 14 21 7 14 21
CY-LVS 4.69 5.08 4.83* 16 80 254
Lvs 5.08% 5.73* 4,95% 271 642 270
CY-FO 4.68 4,78 4,60 56 70 34
FO 5.16% 4,74 4,54 113 88 44
CY control . 4.60 4.71 4.68 0 0 0
Room control 4.53 4,71 ' 4.64 0 0 0

*P < 0.01, ANOV, vs. values in same column.

Pretreatment of the LVS~ and FO-vaccinated rats with CY did not cause any
rise of decrease of IgM when compared to the baseline values measured for either
of the nonvaccinated groups of rats. In contrast, IgM levels were significantly
higher at all assay periods for the LVS-vaccinated rats not treated with CY.

The elevated levels of IgM for the LVS rats for 21 days corroborated our
previously reported findings. For FO-vaccinated rats not treated with CY, a
significant increase of IgM occurred only on day 7 and thereafter declined to
baseline values. This rather weak IgM response is attributed to the poor
immuncgenicity of the inactivated FO vaccine and the probably rapid elimination
of the FO vaccine from the host. The relative poor antigenicity of the FO
vaccine also can be reccgnized by comparing the agglutinin titers measured

for the FO and LVS rats. Even with CY treatment, vaccination with FO always
resulted in much lower serum titers than those obtain in rats vaccinated with
LVS. A similar pattern was observed with FO and LVS rats were treated with

CY. Since humoral tularemia antibodies are predominatly IgM (2), one would
expect reasonable correlation with MA titers. The data in Table I substantiate
this correlation. Lack of increase in IgM levels generally coincided with low

MA titers.

Data also were obtained on possible use of skin test responses for DTH
and degree of MIF activity as indicators for cellular immunity in CY~treated
and non-CY-treated vaccinated rats. The rats were pretreated with CY ésg gm/kg)
3 days before vaccination with either LVS given IP at a dose of 1 x 10"~ cells
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of the FO vaccine. Skin tests were performed by 1D injection of 0.1 ml of FO
vaccine. Skin tests were performed by ID injectign of 0.1 ml of FO vaccine
containing 1.0 ug of bacterial nitrogen (* 1 x 10° dead cells). Skin reactions
were assessed by measuring skin-fold thickness with skin calipers at the site
of injection 4, 24, 48, and 96 h and 1, 2. and 3 weeks postvaccination. The
data shown in Table II are based on the 24-h reading at which time maximum skin
reactivity was observed. Each data point is a mean derived from assays of 5
rats.

TABLE II. MIF AND SKIN TEST RESPONSE OF VACCINATED RATS WITH AND WITHOUT CY

PRETREATMENT
RESPONSE BY WEEKS
No. with MIF/Total Skin Test Positivity
TREATMENT 1 2 3 1 2 3
CY-LVS 1/5 0/5 0/5 3+ 24 +
LVS 1/5 - 1/5 1/5 I+ 2+ +
CY-FO 1/5 0/4 0/5 + - -
FO 0/5 1/5 0/5 + - -
CY controls 0/5 0/4 0/2 - - -
Room controls 0/5 0/4 1/5 . - - -

aBased on 1+ to 4+ 8-24 h.

Blood samples drawn prior to skin tests were assayed for MIF activity using
the indirect MIF assay procedure. Only the LVS rats showed definitive skin
reactions indicative of DTH; DTH persisted for > 2 weeks. Skin test reactivity
of these LVS rats was not affected in any manner by CY pretreatment. Only minimal
skin test response (l+) was measured for FO rats. This is not unexpected for
animals administered an inactivated vaccine. Treatment of these rats with CY,
however, did not augment the skin test response as has been reported for FO
vaccinated guinea pigs (3).

Perhaps the 50 mg CY dose given in our experiments was not sufficiently
high to cause any intensification of DTH. Published reports record doses admin-
istered to mice, guinea pigs and outbred rats to be from 200-300 mg/kg body weight.
CY dosages at this level, however, are lethal for F344 rats,

MIF activity also was not augmented by CY treatment in vaccinated rats. In
fact, results for vaccinated rats, with and without CY, were no distinguishable
from the results obtained for nonvaccinated control rats. Only an occasional
rat showed minimal to moderate MIF activity as had been observed in previous
experiments. These results indicated that MIF 1is not a sensitive enough correlate
for cellular immunity in F344 rats.

To infestigate further the relative role and interaction of humoral and
cellular immunity in respiratory tularemia, research was initiated on the effects
of passively transferred F. tularensis antiserum in F344 rats. These studies
algo would provide baseline data for anticipated passive transfer experiments
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wherein F344 rats would serve as recipients for serum or spleen cells or lympho-
cytes from vaccinated donor rats in which humoral or cellular immunity would ‘e
modified by appropriate immunosuppressant agents, e.g., cyclophosphamide, sati-
thymocyte serum. In addition, these studies could provide additional information
on the still controversial problem of the degree of resistance conferred against
tularemia by passively administered antibody in recipient animals.

Immune serum for passive transfer was obtaineg from F344 rats vaccinated 1P .
with LVS at 1, 2, and 3 weeks at dose levels of 10, 10?, and 107 cells,
respectively. Two other groups of rats were injected on a similar schedule for
control purposes. One control group received normal rat serum, the other group
was injected with sterile, modified casein partial hydrolysate (MCPH), the
solution used as the growth and suspension medium for LVS. One week after the
3rd injection, all rats weraz bled out, serum separated, pooled for each group,
heat-treated at 50°C for 30 min, and assayed for LVS agglutinin titers. For
the passive transfer studies, recipient F33 rats were injected IP with 0.7 ml
of either the LVS immune serum (anti-LVS), normal rat antiserum (NRS) or MDPH
antiserum at 16-18 h preceding aerosol challenge. This time-lapse provided
for the serum to be distributed through the body of the recipient host. All
recipient rats then were challenged by exposure to aerosols of virulent F.
tularensis SCHU-4 or by the more stressful IP route. The survival response
data accumulated for 3 experiments are shown in Table III.

TABLE III. SURVIVAL RESPONSE OF PASSIVELY IMMUNIZED RATS TO CHALLENGE WITH
F. TULARENSIS, SCHU-4

ROUTE

PRECHALLENGE SERUM CHALLENGE
(titer) (loglo dose) NO. SURVLIVED/TOTAL x OF DEATH

Anti-LVS Aerosol ‘ 28/29 97 6

(1:1548) (5.8)
1P ‘ 13/13 100 -

4.7)

Normal Rat Serum Aerosol 1/11 9 . 4,2
(0) (6.1)

194 1/9 - 11 4.7
(4.5)

MCPH Aerosol 0/9 ) 5.3
(0) (6.1)

1P

(4.5)

All but one of the 42 rats which received the LVS immune serum survived both
types of challenge. None of the animals appeared 111 during the 30-day observa-
tion period. Of the control rats that received the normal rat serum, only 10Z
survived and all of the rats passively transferred with MCPH died by day 6.

Of additional interest were the assay data (Table IV) obtained from the
LVS-antiserum rats at selected days post challenge. Ccntrol rat data are not
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shown as concentrations cf challenge organisms in fissues were at typically
high levels and early deaths occurred. It is important to note that specific
tularemia serum antibody was detected by MA in the antiserum of recipient rats
for a 3-day period after passive transfer.

TABLE IV. RESPONSE OF LVS PASSIVELY IMMUNIZED RATS TC CHALLENGE WITH F.
TULARENSIS, SCHU-4

NO. POSITIVE

MEAN MA TITER (log,, organisms)

ASSAY DAY (reciprocal) Lung Spleen

Aerosol challenge
with 10%:3 (n=4)

1 28 4 (4.6) 0
2 30 4 (5.6) 0

3 10 4 (6.2) 2 (4.7)
7 40 4 (5.0) 3 (3.6)
10 125 4 (4.5) 3 (3.9)

IP challenge with
1047 (n=2)

1 10 0 0

2 20 0 0

3 10 ‘ 2 6.7 0

7 20 2 (3.7) 1 (3.5)
10 80 2 (4.9) 1 ¢4.9)

No tularemia antibodies were detected in rats given either normal rat
serum of MCPH serum. The presence of preformed antibodies, although at a low
level may well have orevented early splenic infection. In fact, the temporal
pattern of spleen and lung infection observed in the passive transfer rats
closely resembled the tissue infection patterns usually observed to actively
lmmunized animals following either aerosol or IP challenge with virulent F.

tularensis.

The reason for the survival of the passively immunized rats observed over
the 3 experiments is currently undefined. Kostiala et al. (4) have reported
that passively transferred immune serum is devoid or protective immunity. Their
cierion of protection, however, was based only on the magnitude of decrease in
the level of growth in the liver and spleen of the LVS organisms used to challenge
the passively immunized rats. Survival after challenge with virulent F. tularensis
was not studied by them. Thorpe and Marcus reported that the passive transfer of
immune tularemiz serum mitigated the normal course of infection but not the
mortality in guinea pigs, rabbits and mice (5). However, their method of vacci-
nation consisted of one SC injection of an attenuated strain of F. tularensis,
followed 3 weeks later by SC injection with 103 to 10A cells of a virulent strain;




e

N T ey e T b 2t

PRI i S S L L o A O RO NI 1

19

animals were bled out 3 weeks later. It is possible that in our experiments,
the regimen of 3 consecutive weekly vaccinations with increasing doses of LVS
may have stimulated the production of soluble lymphokines, or as suggested in
a personal communication with A. 0. Anderson, formerly of Pathology Division,

a soluble low MW T-cell receptor which, being present in the transferred serum,
conferred protection. The 3-week vaccination schedule also may have stimulated
production of IgG antibodies and combined with IgM, which is produced within
the first week of vaccination, resulted in a significant cumulative resistance
to tularemia. We conducted studies, therefore, to attempt to determine the
critical factors responsible for the protection afforded the passively trans-
ferred rats in our experiments.

A preliminary study was initiated in collaboration with MAJ D. Reichard,
Physical Sciences Division, on the capacity of various fractions of F,
tularensis antiserum injected IP in F344 rats to protect against lethal tularemia.

Serum fractions consisted of dialyzed immune serum (Code I) to remove low MW

soluble T-cell receptors and other soluble lymphokines, a (NH,).SO, preci-
pitate containing total Ig components (Code II1), a supernatant fraction from
the precipitated phase (Code I1I), a purified IgG (Code IV, and a purified IgM
fraction (Code VI), and 2 nonspecific precipitated factors (Code V and Code
VIiI). In addition, whole LVS immune serum was treated with 2-mercaptoethanol
(2-ME) to eliminate IgM but retain potential soluble protective factors (Code
IX). For control purposes, whole normal rat serum (Code VIII) and whole LVS
immune serum (Code X) were included. Rats were passively immunized by IP
injection with 0.7 ml of either whole tularemia antiserum or normal rat serum
or with the various fractions derived from the immune serum. All recipient
rats were challenged IP with 0.5 ml of 2 x 10° cells of virulent F. tularensis,
SCHU-4, 16-18 h after passive transfer. Just before IP challenge, blood was
obtained from 2 rats of each group via orbital sinus bleeding; serum samples
were assayed for the presence of LVS serum agglutinins. "All animals were
observed twice daily for morbidity or mortality for a 2l-day period. The
response data obtained for these rats are shown in Table V.
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TABLE V. EFFECT OF PASSIVELY TRANSFERRE? SERUM FRACTIONS ON SURVIVAL OF F.

TULARENSIS~CHALLENGED RATS (10” SCHU-4) (a=6/group)
TRANSFER SERUM
MA RECIPIENT SURVIVAL MEAN DAY

Code Titer MA Titer No. yA OF DEATH |
I Immune 320 20 6 100 - |
II NHASOA PPt 640 - 40 6 100 -
111 NHASOA super. 0 0 3 50 6.97
Fraction

|
v 0.01 M IgG 40 0 3 50 4.94 |
v 0.08 M nonspec. ppt 20 0 2 34 5.66 E
VI 0.16 M IgM 80 0 3 50 6.31 :
ViI 1.0 M nonspec. ppt 20 0 2 34 4.91
Controls |
ViiI Normal 0 0 0 0 6.41
IX 2-ME-treated 80 20 5 83 6.03
X LVS immune 1024 20 6 100 - |

All rats passively immunized with whole LVS immune serum (Code X) survived
the challenge while all control rats given normal rat serum died within 10 days.
0f interest was that the dialyzed immune serum and the precipitate also conferred
total protection, indicating that 1f a soluble lymphokine (t-cell receptor) was
the essential protective factor, it's MW was high enough to be retained by the
dialyzing membrane. It was learned later that the dialyzing membrane used |
retained all protein with a MW > 12,000; it had been planned to removed all soluble
protein with a MW of < 20,000. Also of importance with the full protection offered
by the reconstituted precipitate fraction containing all immunoglobulins. This
suggcsts thae, at least in the rat, although IgM per se may not be a critical
determinant of resistance to tularemia, the combined total Ig portion of serum by
the purified IgG and purified IgM as single entities was only 507 of the protection
obtained with the total Ig fraction. This observation also is compatible with the
premise that IgG is subsequently induced by the 3X vaccination procedure and in
combination with the earlier produced IgM, which 1s still readily detectable at
28 days, results in a cumulative protection above that conferred by the individual
IgG and IgM fractions. Although the nonspecific precipitate fractions showed
some protection (347 survival), this can be explained by assuming probably contami-
nation of these fractions with IgG and IgM as indicated by the MA titers of 1:20.
Results obtained with immune serum treated with 2-ME is of interest as this appears
to be additional evidence of the possible protective effect of IgG antibody and/or
possible lymphokines, 1f one assumes that the IgM antibody indeed was neutralized
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by the 2-ME treatment. The 1:80 agglutinin titer obtained for this fractionm,
therefore, would be accounted for by IgG. On the basis, it again appears that
IgM, per se, 1s not an essential immune defense element against lethal tularemia.

It is emphasized that the data on serum fractions possibly transferred in
F344 rats were derived from one experiment in which small number of animals
were used. However, the data point up some interesting and pertinent approaches
to delineate the factors present in tularemia immune serum that may be
responsible for the protection obtained in passively immunized rats. Con-
firmatory experiments are in progress to accumulate animal responses. Experi-
ments also will be conducted to study the protective effect of serum fractions
obtained from tularemia vaccinated rats treated with immunosuppressant agents,
as well as investigating further the stimulation of IgG and IgM antibody by
varying vaccination regimens and their subsequent role in host immune defense
mechanisms.
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BODY OF REPORT

Project No. 3M162770A871: Prevention of Military Disease Hazards
(3M172776A841):

Task No. IM162770A871BC: Prevention of Viral Diseases of Potential BW
Importance

Work Unit No. 871 BC 134: Determinants for Virulence and Attenuation of Arbo-
(841 00 009): and Arenavirus Vaccine Candidates

Background:

Lassa virus 1is an arenavirus which has been associated with severe, often
fatal infections of man. Outbreaks of Lassa (LAS) fever have been reported in
Nigeria and Sierra Leone, and serologic avidence suggests the presence of Lassa
virus in Guinea and Senegal (1-3). :

Management of clinical cases has been largely symptomatic and supportive.
Specific treatment of this virus disease, which may be associated with mortality
rates as high as 40% 'in hospitalized patients, has until recently not been
attempted. Immunotherapy has been tried in a small number of patients (4), with
equivocal success and essentially no supporting virologic data to évaluate
critically treatment efficacy. Animal models are needed to understand the
pathogenesis of LAS virus, and to test promising antiviral drugs and immuno-
therapy regimens. An effective vaccine would also reduce the risk to laboratory
workers and hospital personnel exposed to this life-threatening virus. This
work unit is focused on the development of useful animal models, caundidate
vaccines and assessment of antiviral drugs and immunotherapy regimens to prevent
and control LAS fever in man.

Progress:

Table I extends preliminary data reported last year which suggest that
rhesus, cynomolgus, and African green monkeys sustain severe, usually lethal
infections following LAS virus inoculations, while squirrel and capuchin
monkeys sustain only mild infections. Rhesus monkeys inoculated with 12 PFU SC
(1.1 logjp PFU) were uniformly killed (6/6) while only 6/10 died at the higher
dose. We observed a similar phenomenon among outbred guinea pigs; 35/40
Inoculated with 1.3 logjg PFU died, in contrast to 17/40 inoculated with 6.1 1og10
PFU. These findings suggest the possibility of an interference phenomenon
operational in the intact susceptible animal; this possibility should be
investigated in more detail. It also suggests that the rhesus (inoculated with
low virus doses) is as useful as the cynomolgus monkey for protective efficacy
studies. To determine if other primate species were more susceptible to low vs.
high doses of LAS virus, 1.1 logjo PFU doses were inoculated into African green
and capuchin monkeys. African greens were uniformly killed by the low virus
dose, while capuchins were still uniformly resistant, although all 4 capuchins
seroconverted by indirect fluorescent antibody (IFA) test 16-21 days, indicating
inapparent infection. Monkeys of all species, including those that died, sero-
converted by IFAT, even though thet were usually still viremic, suggesting the

a -
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possible role of virus/antibody complexes in the pathogenesis of this disease.

In untreated, surviving rhesus monkeys, seroconversion was titrated by
IFAT several weeks before neutralization Table I1. Optimization of the
neutralization test 1s described in a following section of this report. However,
it is clear that neutralization and IFAT antibodies represent 2 independent
responses to LAS infection, both in rhesus monkeys and in cynomolgus monkeys
treated wtih ribavirin (Table 1I1).

TABLE II DEVELOPMENT OF NEUTRALIZING AND IFAT ANTIBODIES IN SERA OF
SURVIVING RHESUS AND CYNOMOLGUS MONKEYS

DAYS AFTER ANTIBODY TITER

INOCULATION PRNg( LNI® IFA

Rhesus’ = 20 > 2560

24 2560

28 0.4 2560

43 2.1 2560

61 2.6 3120

180 4.1 2620
Cynomolgus®© b

30 <10 5956

45 <10 2.4 8413

66 16 2.9 7080

95 26 2.8 7080

187 35 4.1 3550

305 73 >5.3 1170

4Geometric mean log neutralization index (1:10 dilution serum) based on
4 monkeys Inoculated with 6.1 1°g10 PFU.

bMonkeys still viréﬁic ~ LNI determination was impossible.

CCynomolgus monkeys treated with ribavirin (30 mg/kg/day) initially on day 4
following virus inoculation.

Further descriptions of the unmanipulated primate models include total and
differential leukocyte counts, hemoglobin, SGOT and CPX determinations. In
general, fluctuations were mild in capuchin and squirrel monkeys, and pronounced
in the lethally-infected primate species, except for hemoglobin which did not
vary significantly in any monkeys examined. SGOT and CPX elevations were
significantly elevated within 7 days of infection and peaked by day 10,
corregponding to the hepatocellular necrosis apparent in HE sections of livers
obtained from dead monkeys. Monkeys of all 5 primate species sporadically shed
virus from the nasopharynx ard in the urine, during the first 4 weeks of infection,
suggesting that horizontal transmission might occur between infected and
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and susceptible primates in close contact with each other.

The distribution of virus in tissues of dead monkeys was determined by
infectivity titrations (Table III1); results will eventually be correlated with
the distribution of viral antigens detected by immunofluorescence and the
severity of histopathologic lesions. In cynomolgus, rhesus, and African green
monkevs, significant viral replication was detected in all viscerzl tissues
tested. In contrast, brain stem, cerebrum, and spinal cord (the CNS) contained
minute quantities of infectious virus, probably from contained blood. By FA,
no virus was detectable in the CNS, with the possible exception of vascular
endothelium. Electron microscopy of CNS tissues in thin section is required to
resolve the important question of whether LAS virus infects vascular endothelium
within the CNS.

The distribution of virus within tissues of cynomolgus monkeys which died
in spite of ribavirin treatment (initiated too late on day 7), was somewhat
different from untresated monkeys (Table III)., Virus was totally excluded from
liver, being undetectable by both infectivity titration and direct immuno-
fluorescence. Likewise, virus was apparently excluded from kidney, pancreas,
salivary gland, and bone marrow, and titers were reduced in most visceral tissues;
however, virus was recovered from brain stem at concentrations exceeding contained
blood; it 1s not possible to determine whether the degree of viral replication
observed was of pathologic significance, In contrast, replication in the lung
was only slightly reduced. Histologically, often severe interstitial pneumonia
was observed, and by immunofluorescence, massive aggregates of LAS antigens were
observed within thickened alveolar septae. These results suggest that ribavirin
administered paren*terally was ineffective against pneumonic LAS, however, it is
possible that ribavirin administered by aerosol would be effective in delivering
active drug to the lungs where it is critically needed, a testable hypothesis
using either monkeys or guinea pigs. (See Work Unit A870 BB 042).

Development of a leutralization Test for LAS Antibodies, A sensitive and
reproducible assay system is required to measure neutralizing antibody in immune
plasma for immunotherapy and survey sera, and to evaluate vaccine efficacy.
Efforts to develop an assay were stalled until we realized that the neutralizing
antibody respouse develops relatively late in convalescence, and that sera
containing high titered antibody measured by IFAT may contain little or no
neutralizing antibody.

Using late convalescent, hyperimmune monkey serum, and a late convalescent
human serum, we examined several variables in the neutralization test for the
purpose of optimizing the procedure, using Vero cells to determine plaque
reduction endpoints. We performed serum—dilution and virus-dilution tests
using fresh and heated immune serum supplemented with either fresh or heated
monkey or guinea plg seruym as a complement source (Table IV). Using the virus-
dilution procedure and a 1:10 dilution of immune serum, fresh (unheated) serum
yielded higher LNI values than heated immune serum; the addition of fresh
normal serum restored LNI titers partially, Similar results were obtained for
human immune serum. The effectiveness of fresh guinea pig serum equalled or
exceeded that of fresh monkey serum. In the serum dilution test, it
appeared that fresh normal serum more completely reversed the effect of heating.
However, PRNgg titers were relatively low even under optimal conditions. It
appears that only low dilutions of immune serum effectively neutralize LAS virus,
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TABLE 1V, NEUTRALIZATION OF LAS VIRUS%BY LATE-CONVALESCENT ANTISERA TESTED
UNDER VARIOUS CONDITIONS. |
|

NORMAL SERUM (10%)

Immune Serum Monkey Guinea Pig Fetal Calf NEUT. Ab TITER
Fresh 3 Fresh A Fresh & A PRNTg, LNID
Monkey » ‘
+ + ; 160 >4.2
+ + 40 2.7
+ / + 160 >4.2
+ + 40 2.6
+ j + 40 >4.2
: |
+ + | 160 1.9
+ + | : 20 1.0
+ P+ 320 1.7
+ ; + 40 1.0
+ ; + 20 1.4
‘ |
Human . + | 20 1.7
+ + ( 10 1.5
+ S 20 2.5
+ : + 10 2.5
+ \ + 10 2.2
+ + 10 0.8
+ + { <10 1.2
+ L+ 20 1.7
+ | + , <10 1.4
+ + <10 1.3

%Heated-treated.
bHighest serum dilution producing less than 202 of control number of plaques.

cLog neutralizing index, using serum diluted 1:10 in HBSS containing 10% normal
serum (heated or fresh).

The virus dilution neutralizationitest thus appears to be more sensitive

and reproducible than the serum dilution test. Unfortunately, this test requires
a relatively large volume of serum, which presents a special problem for serc-
logic surveys. A reasonable compromise: appears to be a "modified VDN" in which

a single tube containing serum is challenged with 1000 PFU., If the mixture
results in plaques too numerous to count, the LNI is <1, Count:ble plaques yield
LNI between 1 and 3. No plaques imply an LNI >3, Using this m:dified procedure,
we are now examining human sera obtained sequentially following confirmed LAS
infection, as well as convalescent monkey sera and survey sera from Sierra Leone.

ek e e o e .
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higher dose of ribavirin (90 mg/kg/”ay).
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was a tolerable dose: all 6 monkeys died, but viremias were low. Very lit
virus was recoverable from the viscera, and no viral antigens were detected
in froz=2n sections stained by FA.
viral-induced lesicns, but widespread toxicity, especially depletion of

erythroblastoild stem cells, suggesting a drug~induced death.

Histopathologic examination revealed few

Subsequent

studies conducted under work unit A871-BE-144 demonstrated the potential of
ribavirin to induce these lesions when administered at high dosage levels.

Thus, at this point it appears that the most effective treatment of advanced
LAS in monkeys is the combination treatment using ribavirin (30 mg/kg/day) +

immune serum.

We assumed, erroneously, that this

tle

Guinea pig models to supplement primate models for lethal LAS infection.

Two models for lethal arenavirus disease in guinea pigs have been developed.
One, using adapted Pichinde (PIC) virus, was described in detail last year.
an extension of these studies, we tested the protective efficacy of immune

plasma, Table VI, One sample obtained early in convalescence (day 35) had an

IFAT titer of 10,240, but negligible neutralizing antibedy (LNI = 0.3).

In

The

other plasma, obtained day 145, had an IFAT titer of 5,120 but an LNI = 4.4.
The "early' plasma failed to protect guinea pigs, viremias of animals treated

with undiluted '"late" plasma were fully protected; their viremias were sub-

stantially reduced. However, "late'" plaswa was totally ineffective when diluted

1:10, Table VI.

- TABLE VI

PROTECTION OF STRAIN 13 GUINEA PIGS INFECTED WITH ADAPTED PIC
“VIRUS BY IP INOCULATION OF IMMUNE PLASMA (1 ml undiluted, days
0,3.6).
DEAD/TOTAL VIREMIA - LOGlO PFU/ML, # BY DAY
GROUP (mean day
of death) 5 8 12 15 19
Untreated 8/8
controls (17.6) 1.8 4 0.71 3.38 +0.35 4.4 + 0.44 5.0 +0.54 5.7 +0.80
"Early'" immune 5/5 1.5+ 0,12 2,36 + 0.36 4.4 + 0.26 4.0 + 0.17 5.7 +0.26
plasma (LNI,0.3) (20.6)
"Late' immune 0/5 1.7 + 0.22 1.80 + 0.29 2.3 + 0.75 <0.7 <0.7
plasma (LNI,4.4)
"Late" immune 5/5 1.9 + 0.12 2.34 + 0.30 4.4 + 0.19 6,0 + 0.24 all dead

plasma (1:10) (17.6)




4 el Y o bt e e

30

Serum and ribavirin therapy initlated late after LAS infection of cynomolgus
monkeys. Previ~us studies suggested that ribavirin or serum therapy was effective
when initiated early, but not late after infection. Studies presented in Table
V extend these data to include monkey groups treated initially om day 7 or 10
Ribavirin alone in the usual (maximal tolerable dose of 30 mg/kg/day)protected
only 4/8 monkeys treated initially day 7. Hyperimmune serum therapy was even
less effective, since 5 of 6 monkeys treated initially on day 7 eventually died.

TABLE V EFFECT OF RIBAVIRIN AND/OR IMMUNE SERUM TREATMENT INITIATED 7 OR 10
DAYS AFTER LAS VIRUS INFECTION OF CYNOMOLGUS MONKEYS

L0Gyq PFU/ml SERUM + SE

DAY AFTER
INFECTION ' Serum Only Untreated
‘ 30 mg/kg/day 90 mg/kg/day day 7,10,13 Control
Ribavirin, day 7
3-4 2.4 + 0.31 2.1 + 0.38 3.2 + 0.93
6-7 4.2 % 0.14 3.1 % 0.58 4.4 % 0.13
9-10 4.1%0.19 2.9 % 0.53 4.7 % 0.17
13-14 4.0 ¥ 0.23 2.9 % 0.50 4.9 ¥ 0.42
16-17 3.4 % 0.31 3.6 ¥ 0.61 2.2
19-20 3.2 ¥ 0.50 3.3 % 0.67 2.4
23-25 2.3 + 0.95 3.6 + 0.28 <0.7
27-28 <0.7 4.4 <0.7
DEAD/TOTAL . 4/8 6/6 5/6
Ribavirin & serum, day 10
3-4 3.1 + 0.32 2.5 + 0.51
6~7 4.2 ¥ 0.24 4.0 ¥ 0.30
9-10 5.7 ¥ 0.07 5.5 F 0,12
13-14 4.3 % 0.16 5.5 ¥ 0.17
16-17 3.3 + 0.14 4.1 +0.21
19-20 0.8 +0.21 3.0 + 0.36
23-25 1.2 ¥ 0.37 All dead
27-28 <0.7
Dead/Total 0/6 12/12

However, as reported last year, the combination of ribavirin + immune serum
initiated day 7 protected all monkeys. We have extended the treatment delay
until day 10. All 6 monkeys were protected, although the mechanism by which
the antigerum + drug acted additively or synergistically has not yet been
determined. It is possible that the effect was simply additive, and that
combinations of 2 marginally effective regimens resulted in adequate treatment.
To probe this question more deeply, we attempted treatment of monkeys with a
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LAS virus also kills strain 13 guinea pigs, Table VII. Similar to the
observation for adapted PIC, the infectious Jose of Lassa approximates the
lethal dose of 1 PFU, since no strain 13 guinea pig that survived in the
titration seroconverted. In contrast, outbred guinea pigs were relatively
resistant. They were readily infected, since all guinea pigs inoculated with
2 PFU or more seroconverted, but lethality appeared to be dose-independent,
since a small fraction of outbred guinea pigs died at each dosage level tested.
The uniform susceptibility of strain 13 guinea pigs to Lassa infection makes
them preferable to outbred animals for detailed pathogenesis and protective
efficacy studies.

Viremia titers based on 8 guinea pigs were remarkably uniform (Table VIII).
All guinea pigs died 14-20 days after infection, with viremias approximately
4 Logyp PFU/ml. SGOT were elevated by day 7 and countinued to increase during
the course of the infection. A serologic response, measured by IFAT was
detectable by day 7, and continued to increase until death. Again, the
possibility of circulating virus/antibody complexes was suggested.

TABLE VIII VIREMIA, SGOT AND IFAT RESPONSES IN SERA OF STRAIN 13
GUINEA PIGS FOLLOWING LAS INOCULATION

DAYS AFTER VIREMIA SGOT IFAT
INOCULATION Logo PFU/ml + SE IU/L + SE TITER
0 <0.7 26 + 3 <10
4 2.2 + 0.26 25 + 7 <10
7 3.2 + 0.14 96 + 29 8
10 4.4 + 0.08 NT 51
13 3.6 + 0.20 196 + 51 304
17 4.0 + 0.33 256 + 58 580

A sequential sacrifice study of LAS infected guinea pigs revealed the source
of blood-borne virus to be most visceral tissues. Again, CNS tissues (brain)
appeared to be largely excluded (Table IX), Immunofluorescent examination of
these tissues provided similar information. Surprisingly, however, the extent
of histologic distribution seen in H&E sections was minimal; the immediate
caugse of death is unexplained. However, in most respects, the LA3 guinea pig
model approximates the primate models and should prove to be useful for
sequential sacrifice studies to probe the modes of action of antiviral drugs and
immunotherapy regimens, and to test efficacies of candidate vaccines.
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TABLE| IX LASSA VIRUS CONCENTRATZIONS IN TISSUES OF INBRED (STRAIN 13)

| GUINEA PIGS

{ LOGy g PFU/ml OR g + SE BY DAY AFTER INOCULATION
|
TISSUE 4

7 10 13 17
Plasma 2.2 +0.26 3.8+ 0.14 4.4+ 0.08 3.6+ 0.20 4.0+ 0.33
Liverf 3.7 #0.18 4.6 +0.21 5,1+ 0.06 5.6 + 0.30 5.6 + 0.21
Spleen 5.7+0.70 7.8+ 0.11 7.3+ 0.95 6.3+ 0.50 6.8+ 0.06
Pancreas 6.2 +#0.20 5.9+ 0.32 6.3 +0.20 6.3+0.10 6.5+ 0.16
Kidney 1.7 4+ 0.66 4.5+ 0.31 5.9 +0.06 6.1 +0.12 5.8 + 0.09
Adrenal 4.1 +0.46 4.3+ 0.16 5.3 +0.13 5,6+ 0.20 5.6 + 0,16
Lung ' 4.4 +0.85 6.1+ 0.28 5.9+ 0.16 6.9+ 0.26 6.9+ 0.27
Heart 2.5+ 0.73 4.4 + 0.23 5.7 + 0.10 5.