Session 6: Further Research

Prioritizing exploratory research objectives
to facilitate vaccine development

C. S. Schmaljohn
US Army Medical Research Institute of Infectious Diseases



Research Priorities

WHO Target Product Profile: LASV Vaccine
i WH @onsiders that the highest priority for development is for preventiveu s e 0

U Define Virus Diversity
A Gene sequencing/reverse genetics

A Develop standardized assays to detect all strains

U Develop/Characterize Animal models

A Identify immune correlates
A Compare protective efficacy
A Measure safety




Define Virus Diversity
research prioritization considerations

LASV has a high level of nucleotide sequence diversity and clusters based
on geographic location rather than year of isolation

Genomic evidence supports the idea that the majority of infections are the
result of multiple independent spillover events occurring from distinct
reservoir populations with limited movement

The current diagnostic tests are biased toward strains for which the
assays were designed to target; consequently,

A most detected cases are from patients admitted to specialized LF healthcare
facilities, like Kenema General Hospital in Sierra Leone and Irrua Specialist
Teaching Hospital in Nigeria

A itis likely that mild cases of LF are not detected or misdiagnosed in countries and
regions where these specialized centers and active surveillance programs do not
exist



Define Virus Diversity
research prioritization considerations
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Define Virus Diversity
research prioritization considerations

Are rodents infected with LASV in regions that have not reported Lassa fever?
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Animal Models ’
research prioritization considerations §“

Strain 13 guinea pigs Hartley guinea pigs

U The most common small animal model for LASV is Strain 13 (inbred)
guinea pigs

U Strain 13 guinea pigs are not readily available

A Support for a commercially available, characterized colony would facilitate
LASV animal model studies

U Hartley (outbred) guinea pigs can also be used, but require more
adaptation of the virus

A Support for adapting strains of LASV to Hartley guinea pigs for distribution
to investigators (e.g. BEI resources)
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Animal Models

research prioritization considerations

Cynomolgus macaque Rhesus macaque

U Cynomolgus macaques most commonly used NHP model
A Full GLP natural history study to characterize disease course

A To compare vaccines, a well-characterized virus stock should be
available to all investigators

A Determine relevant challenge dose (1,000 pfu is standard, but
other doses not compared)

A Fully characterize chronic disease course in NHP to include
deafness

U Rhesus macaques show lower incidence of disease
A Explore as a model for sequelae in survivors?

U Marmosets are a good disease model, but are fragile and
difficult to work with



Animal Models

challenge model considerations

Human or rodent isolates?
A Most studies conducted with Josiah (human)

A Human: severe vs. mild disease?

Challenge dose
A TCI D506s vs. PFU/ FFU?

A high titer or low titer?

Route of inoculation:

A s.c.vs.i.m. vs. mucosallresp.?
Uniform lethality or not?
Standardized euthanasia criteria

Disease parameters to be measured
A Telemetry?

A Viremia?
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Survivors of experimental challenge
Viremia and Neutralizing Antibodies
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A Survivors (green) were viremic

A Neutralizing antibodies (measured
by PRNT) correlated with virus
clearance

Cashman KA, et al. 2018. Immune-Mediated Systemic Vasculitis as the Proposed Cause of Sudden-Onset

Sensorineural Hearing Loss following Lassa Virus Exposure in Cynomolgus Macaques. MBio 9.
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K. A. Cashman et al., 2018. MBio 9.

Survivors (green) were chronically
il with symptoms including:

A hunched posture

A reduced appetite

A tremors

A ataxia

All 3 survivors displayed hearing
loss by subjective measures; e.g.

A Response to startling sounds

A Tuning fork tests
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Pathological Evidence of Autoimmune
Vasculitis in LASV Survivors

A. Thickening of hepatic vessels

B. Coronary vessels exhibiting incremental
vascular dilation and st

C. Multiple foci of interstitial testicular
hemorrhage

D. A white fibrous nodular pancreatic mass
consistent with previous human autoimmune
vasculitis diseases

K. A. Cashman et al., 2018. MBio 9. 13
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Survivors, but not non-survivors, had CIC and ANCA lasting until the end of the study

K. A. Cashman et al., 2018. MBio 9. 14



Serological Evidence of
Autoimmune Vasculitis
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LASV Persistence in Survivors at 45 days post-infection
In-Situ Hybridization using an L segment (polymerase) nucleic acid probe
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LASV RNA (red) was detected in arteries with perivascular
lesions in brain, heart, kidney and liver 16



Persistent Lassa virus antigen in the arteries
with perivascular lesions in the brain

Green = LASV antigen
Blue= DAPI

Red = endothelial cell marker Red = Smooth muscle cell
marker

Lassa virus appears to persist in vascular lesions in smooth muscle cells

K. A. Cashman et al., 2018. MBio 9.



LASV-Associated Deafness
Conclusions

Auditory waveform is
recorded by device

Lassa virus infection of cynomolgus macaques causes an acute
biphasic disease resulting in death 12-18 days post-infection or
survival with chronic, neurological effects

Acute sensorineural hearing loss is a consequence of infection in
approximately 30% of human survivors, and in our study, we show
that a similar proportion of infected cynos also develop deafness, as
confirmed by subjective tests and BAERCOM analysis

Distribution of severe tissue pathology and deafness in the surviving
cynos is most likely due to a systemic autoimmune response that
resembles autoimmune-associated deafness in humans
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LASV Persistence in Survivors
Conclusions

A There is strong evidence for Lassa virus persistence
in a variety of tissues after recovery from acute
disease

A Smooth muscle cells surrounding vascular tissue
appear to be a target for persistent infection

A Viral persistence could play a role in chronic effects in
observed in survivors
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Research Prioritization
Challenges

U Characterize virus strains

A Process for making gene sequences and isolates readily available
to all investigators

A Process for selecting assays, developing reagents, distributing to
all labs

U Develop animal models

A Immune markers demonstrating vaccine efficacy may differ
across vaccine platforms

A For each platform identify relative role of LASV specific
antibodies and markers of cell-mediated immunity

A Animal modeling should also include studies on cross protection,
vaccine safety, protection from deafness and neurological deficit



