SHEDDING RISK WITH
INTRACEREBRAL INOCULATION OF

THEILER'S MURINE
ENCEPHALOMYELITIS VIRUS:
INFORMING A RISK ASSESSMENT

A case study in building a “win-win-win” scenario

Dave Pawlowski, PhD, RBP
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Biosafety Is risk
assessment driven

Each organism presents different risks

Each recombinant Nucleic Acid
technique or study presents different
risks

Not everyone Is
comfortable with this!

BASICS

How CRISPR Works
Bacteria use a weapon called CRISPR to julienne imvading viruses. Scientists can hijack this process to chop up sequences of DNA they

would like to modify instead. Unlike previous genome-editing methods, the CRISPR systermn uses a single, all-purpose enzymme, called Cas?,
1o do the slicing. All the researcher has to do is create an RMA “guide” to steer it there; RMA is vasthy easier to synthesize than enymes.

1 Construct an
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Hemagglutinin Envelope Plasma membrane

Cell wall

Ribosome

Chromosome

MNeuraminidase Pili

RMNA Flagella

Influenza virus Rod-shaped bacterium

iruses and bacleria come in different shapes and sizes. but bacteria are usually about 100

limes bigger. Virus particles can enly invade our cells if they have a surface protein that fits a

receptor on the cell's surface. Hemagglutinin is the key that lets flu virus into our cells. The

hairy pill on bacterial cells allow them to anchor onto our tissues, while ribosomes assemble
;
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Most people like
projects to fit into
boxes

Guidance documents and experience
lead to classification of experiments into
one size fits all boxes.

Risk Groups
Biosafety Levels

BBP rules/Universal Precautions

Often, this works but
some projects deserve
more scrutiny

CDC Biosafety Levels

High Risk
Microbes

Dangerous and exotic, posing a high risk of aerosol-transmitted intections. Infections
caused by these microbes are frequently fatal and without treatment or vaccines.

Examples: Ebola, Smallpox.

Microbes there can be either indigenous or exotic, and they can cause
serious or potentially lethal disease through respiratory transmission.

Fxamples: HIV, H1NT Hua, Yersinia pestis {the Plague),
Tuberculosis, SARS, Rabies, West Nile Virus, Ricketts.

includes bacteria and viruses that cause only mild disease to
humans_ or are difficult to contract via aerosol in a lab setting

Yﬂderat& potential hazard to personnel and the environment.

Low Risk

MAlime b a
IVilei Goe

w

V4
£

Mot known to consistently cause disease in healthy
adult humans, and of minimal potential hazard to
Eiboratory personnel and the environmenl.

Examples: cani

Examples

scherichia oo

R“:‘R(g)"“p Agent Risk Description

Agents that are not associated with disease in
(¢ fiealthy adult humans

Relation of risk groups to biosafety levels, practices and

Examples equipment

Bacillus subtilis, Escherichia coli K12,
adeno-associated virus (AAV)

Agents that are associated with human
diseasewhich is rarely serious and for which
preventive or therapeutic interventions are
often available

RG2

Staphylococcus aureus, Salmonellasp,
Herpes simplex viruses, Adenovirus

Diagnostic
services and
research

As BSL-2 plus
special clothing

Special
Containment | diagnostic

Biosafety cabinet and/or
other primary devices

Agents thatare associated with serious or
lethal human disease forwhich preventive or
therapeutc nterventions may be available

controlled access | for all activities

directional airflow

services and

Mycobacterium tuberculosis, Bacillus
research

anthracis, HIV

Agents that are likely to cause serious or
lethal human disease forwhich preventive or
therapeutic interventions are not usually
available

As BSL-3plus
airlock entry,
shower exit and
special waist
disposal

Class-3 BSC or positive
pressure suites in
conjunction with class-2
BSCs, double ended
autoclave trough the
wall and filtered air

Maximum | Dangerous
Containment | pathogen units
BSL-4

Ebolavirus, Marburg virus, Lassa virus
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This Particular Case:
Theiler’s Murine
Encephalomyelitis
Virus (TMEV)

Is a non-enveloped, +stranded, RNA
picornaviridae

I
IF|

Is normally an enteric virus (stomach
bug)

Is very virulent — runs rampant
throughout animal facilities if it gets in

|

Stable on fomites

outbreaks can have serious
consequences for research projects

Does NOT infect humans
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TMEV Injected into
the brain of a mouse
creates a disease
analogous to Multiple
Sclerosis (MS)
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Meaning, mice with intracerebral (IC)
inoculated TMEV are model organisms
for the study of MS!!!!
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1)

2)
3)
4)
5)

So, what'’s the problem?

Animal Facility POV

Consequences of a
TMEV outbreak are
incalculable

Dedicated space
ABSL-2 only
Strict PPE

Chlorine dioxide decon of
everything

1)

2)

3)

4)

Pl POV

IC inoculation is not the
same as enteric infection

Dedicated space and ABSL-
2 procedures are too costly

PPE guidance does not
make sense (the virus does
not infect people)

Decon is costly and cannot
even occur in some cases
(sensitive equipment)

1)

2)

BSO POV

Stuck in the middle, | see
both sides of the debate

Biosecurity —
biocontainment issue
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What happens when The e oy o e ok

peo p I e d isag ree O n Biological Risk Assessment & Mitigation Tool
containment levels & Primary nvestigtor
practicesf) Building: Room Number:

Key Characteristics:

An angry professor

’ -BSOs ih dee thought
BSO must scrutinize the experiment: - v | '

In depth risk assessments assist in
determining the safety and containment
requirements for each experiment.
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The risk assessment shows that we didn’t
have enough information
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What specific info are we missing for a complete
risk assessment?

Do IC inoculated mice shed the TMEV
virus?

Can IC inoculated mice infect other
mice?

Do IC inoculated mice actually create a
biological barrier to TMEV spread?
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Filling In the risk assessment gaps

Conversation with the Conversation with the Pl in Conversation with the Lab
graduate student in charge of charge of the project Animal Facility Management
the project 1) are you willing to let your 1) Will you accept the results of
1) are you willing to do some grad student do some extra our work?
' ?

extrg Work to ma!;e your life work 2) If so, will you relax the

easier in the end 2) Spilit the cost? rules?
2) Pote?tlal $ to pay for 3) Potential publication 3) What else can | do for you...

supplies

4) Relaxed LAF rules WORKING TOGETHER AS A TEAM?

3) Potential publication
5) CHEAPER overall

IT'S A BOLD STRATEGY COTTON, LET'S SEEIF
ITPAYS OFFE "OCHO™
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Do some science!

BSO and Grad student designed a study to obtain the missing
data for the risk assessment!

The BSO actually received a small grant to help fund the project!!

UUP Professional Development Award 889303-68 - FY13/14

Sat back and provided guidance to the Grad Student ©
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dl 3
Acute Phase of TMEV infection A 01 3 5 7 14 21 days

Chronic Phase of TMEV infection 4 months
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Table 1. Ct for TMEV-infected and saline-injected biomaterials during acute infection

Positive
AC ute P h ase TMEV-infected Saline-injected Virus
TMEV1 TMEV2 TMEV3 TMEV4 | Salinel Saline2 Saline3 | Contro
1 NA NA NA NA NA NA NA
3 NA NA NA NA NA NA NA
) _ -§ 5 NA NA NA NA NA NA NA 10.85
TMEV is found only in the s 7 NA NA NA NA NA NA NA '
CNS of IC inoculated mice 14 NA NA NA NA NA NA NA
during acute infection stage 21 NA NA NA NA NA NA NA
1 NA NA NA NA NA NA NA
Meaning they are NON- s s | NA  NA NA NA | NA NA Na
infectious!!! § 3 7 NA NA NA NA NA NA NA 10.58
14 NA NA NA NA NA NA NA
21 NA NA NA NA NA NA NA
1 NA NA NA NA NA NA NA
3 NA NA NA NA NA NA NA
§ 5 NA NA* NA NA NA NA NA 10.72
7 NA NA NA NA NA NA NA
14 NA NA NA NA NA NA NA
21 NA NA NA NA NA NA NA
Brain 32.12 34.59 28.99 29.83 NA NA NA 10.35
Spinal cord 27.66 NA 27.33 36.75 NA NA NA
Each column represents a subject or the viral supernatant. *Amplification past Ct 39 was
detected, but melt curve data indicated it was an unrelated product.
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Viral load in CNS

TMEV concentration appeared to be from
100 pfu — 4000 pfu/mL of tissue.

Table 4. Ct and viral titer

Conc
(pfu/mL
Ct )

12.44  100x108
16.09 100x10°
19.93 100x10%
23.92 100x10°
27.87 100x10?
31.66 100x10!

: —— TMEV Standard Curve
Conc: concentration, in
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Table 5. Ct and viral concentration in CNS
Brain Spinal cord

Conc Conc

Ct (pfu/mL) Ct (pfu/mL)

TMEV1 33.73 385.76 29.73 4155.69
TMEV?2 36.22 87.68 NA NA

IVSVAE 3141 1533.96 29.70 4243.14
ISAVZa 31.69 1298.56 38.99 16.82

Rows represent infected subjects. Conc: concentration in

PFU/mL.
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Ch ronic Phase Table 3. Ct for TMEV-infected biomaterials during chronic infection

] TMEV-infected Bositive
Virus
. Month TMEVS TMEV6 TMEV7 TMEV8 TMEV9 Control
TMEV is found only in the = 2 NA NA NA : :
CNS of IC inoculated mice 8 NA NA NA NA NA
during acute infection stage ol 4 NA NA NA
Meaning they are NON- = 2 NA NA NA . .
infectious!!! c_; 3 . _ _ NA NA 11.14
4 NA NA NA
" 2 NA NA NA . .
S 3 . . . NA NA
- 4 NA NA NA

Each column represents a subject or the viral supernatant
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Applied Biosafety
publication

http://apb.sagepub.com/cqi/reprint/21

/31142 .pdf?ijkey=KMIiF6lzz0OcuvRwz
&keytype=finite
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Informing a Risk Assessment spasseput com
®SAGE

Claire M. Modica'?, Michelle L. Sudyn'?, R. Zivadinov®”,
and David R. Pawlowski**

Abstract

Theiler's murine encephalomyelitis virus (TMEV) is a naturally occurring enteric infection, easily passed from mouse to mouse in
communal housing. However, TMEV is often inoculated intracerebrally (IC) to produce a mouse model of multiple sclerosis (MS).
It has long been accepted that maintaining colonies of IC-infected mice within laboratory animal facilities poses a risk of spreading
infection from mouse to mouse via the fecal-oral route as well as contaminated equipment or personnel. Interestingly, the extent
of virus shedding from |C-inoculated mice has not been investigated, although several publications have remarked on the lack of
virus in the peripheral body of this MS mouse model. Viral shedding, thus infectivity, would require that TMEV escape the central
nervous system (CM3) and be found in bodily secretions. We hypothesized that if the virus can escape the CNS, it would be found
circulating within blood or other secretions postinjection (Pl), after the blood-brain barrier has been experimentally breached.
The data presented show no TMEV RNA was found in the serum, saliva, or feces during the acute and chronic infection stages,
although all subjects were positve for TMEVY RNA in the CNS. These results, in conjunction with published anecdotal evidence,
suggest that mice |C-inoculated with TMEV are not contagious, and thus a relaxation of containment methods is warranted. This
report is an example of a collaborative effort between biosafety and research professionals to identify and collect scientifically
relevant data to inform a risk assessment.

Keywords
Theiler's murine encephalomyelitis virus, TMEV, risk assessment, viral shedding. gPCR
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WIN

Pl & Grad student
1) An extra publication
2) Decreased cost

3) Decreased stringency of
PPE

4) Decreased stringency of
decontamination procedures

In the End

WIN

Lab Animal Facility
Management?

1) Peace of mind

2) Relaxation of oversight

WIN

EHS
1) Publication
2) Viewed as a Facilitator

3) Good will
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MANY THANKS TO:

Claire Modica, PhD

Robert Zivadinov, PhD

UB EHS leadership

UB LAF management

UUP Professional Development Award



