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BEMERGINANFECTIONSSEPARATINGACTFROMHCTION

. Provide a definition of an emerging infection/pathogen or+gmerging
pathogen

. Apply the information presented from the examples offered as to how
they might appreciate and understand the risks associated with an
emerging or reemerging pathogens

. Evaluate and rank the relative risk that emergingfemerging
pathogens might represent to their community

. Explain to colleagues, staff and patients the value proposition that
routine vaccination affords to them individually, and to facilitating

protection from pathogens
. Actively contribute to the formulation of plans for the dentistry and

his/her community that can mitigate the effects of emerging and extant
pathogens.
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Bottom Line Up front for an Emerging Infectious Disease

1. How contagious is the microbe?
v [221 Fd 0KS NXaS yR laasSaa GKS NaajiX
y SAR&0V2 It seems substantially infectious, more so than SARS from 2003
y  Droplet secretions and fomites (like countertops, restaurant menus, etc.)
y There are asymptomatic carriers are among us helping to facilitate spread.

2. How deadly is the virus?
y LiQa KIFENR (02 1y2¢ eSiGd .dzi 0KS TFlLalftAade
y Today the global case fatality rate was 6.2%; today ~ 2.8% why?
y  Still substantiallyess than SARS from 2003 (10%) and MERS (36%)

3. How long does it take to show symptoms?

y Possiblypetween 2 to 14 days (mean of Sllowing the illness to go undetected
y  There are asymptomatic carriers among us, helping to facilitate spread!
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Bottom Line Up front for an Emerging Infectious Disease

4. How much have infected people traveled?

y The virus spread quickly because it started in a transportation hub in China and folk
were/are shedding virus before symptomatic.

y Hence the need for global & local social distancing

5. How effective will the responses be?
vy LYAUGAFfteée O0KS 2dl dhd Kl & LINI AaASR
pna L} dza ¢2dZ R FlFAf IABSY | £ NBI a
O2dzy UNASakNBIA2YyaX Uz2RIFIé Al0Qa 0SSY

6. How long will it take to develop a vaccine?
y Avaccine is still a year + awayat minimum
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The Initial Questiorg What Is an Emerging Infection

A Since 1970 ~40 infectious disease have emerged
A Chikungunya~1952 Tanzania (to become contorted) ~1 M
A Pontiac Fever or Legionella ~1968 or 1976
A Ebola ~1976

A HIVLAIDS ~1981 new data reveals but really the beginning of the
20h century

A SinNombre (1993)
A SARS ~2003

A Influenza ~2009
A MERS ~2012

A SARSC0OV2




The Initial Questiorg What is an Emerging Infection

V Previously undetected or unknown infectious agents

V Known agents that have spread to new geographic locations
or new populations

V Previously known agents whose role in specific diseases has
oreviously gone unrecognized.

V Reemergence of agents whose incidence of disease had
significantly declined in the past, but whose incidence of
disease has reappearedhis class of diseases is known as re
emerging infectious diseases.
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SinNombreorthohantavirus

y Generally a zoonotic infection that has jumped and
F RIF'LIWGSR G2 Ad&a yS¢é K2aiox
yly 2dzioNBF{1 2F | LINBJAZ2d
y Sin Nombre orthohantavirus

y May 1993 unexplained pulmonary illness
In southwestern US AZ, NM, CO and Utah

y N A young, physically fit Navajo man suffering from
shortness of breath was rushed to a hospital in New
Mexi co and died very rapil 4 g

yviWhile reviewing the res u %
personnel discovered that#, & °
had died a few days before after showing similar e
symptoms, a piece of information that proved key to
di scovering the di sease. o0&

yWhat are you thinkgyg
plague?

buboni c
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SinNombreorthohantavirus

U SinNombreorthohantavirus
y/ 2y &ARSNJ 0KS F2ff26Ay3

us Cases by State (Jan-Dec, 2018) DC

* Status at time of reporting. Symptom onset data missing for 12 cases, these cases al
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Re9 YSNEHSYy OS X
Flint once thrived as the home of the nation's largest General Motors plant.
The city's economic decline began during the 1980s, when GM downsized.

In 2011, the state of Michigan took over Flint's finances after an audit
projected a $25 million deficit.

In order to reduce the water fund shortfall, the city announced that a new
pipeline would be built to deliver water from Lake Huron to Flint.

In 2014, while the pipeline was under construction, the city turned to the Fli
River as a water source. Soon after the switch, residents reported changes
the water's color, smell and taste.

Officials failed to applycorrosion inhibitorgo the water.

As a resultJead from agingpipesleachedinto the water supply, leading to
extremely elevated levels of theeavy metal neurotoxirand exposing over
100,000 residents to elevated lead levels.

¢tKS [SIR @2dz (y2¢ lo2dz2iX 6KIG @&2d
was the emergence of Legionella in the water that killed 12 people and
sickened at least 87 in Flint between 2014 and 2015

Low Chlorine levels supported a bloom of
This pathogen, Legionella pneumophila
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April 15
o First human infection with new influenza A HIN1 virus detected in
California.

April 22
o CDC activated it's Emergency Operations Center (EOC).

April 25
o The World Health Organization (WHO) declared a public health
emergency of international concern.

1080}

OS X

April 17

o Second human infection with the new influenza A HIN1 virus
detected in California about 130 miles away from first infection, with
no known connection to previous patient.

April 18

o First novel 2009 H1N1 flu infections were reported by CDC to the
World Health Organization (WHO) through the U.S. International
Health Regulations Program.

April 21
© CDC publicly reported the first two U.S. infections with the new H1N1
virus.

© CDC began working to develop a candidate vaccine virus.

April 23
o Two additional human infections with 2009 H1N1 were detected in
Texas, transforming the investigation into a multistate outbreak and

response.

LY ¥t dz2Sy 1 |

a |
What we did on April 30, 2009

https://lyoutu.be/4xfiPRxcXp4

%MUSC
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https://youtu.be/4xfiPRxcXp4

END2 A OO < CE N
SARS-CoV-2 ) Seasonal & West Nile virus

> T ) >
YL

Nextstrain.org
“‘;;__,-ﬂ-.

. Enterovirus D68
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Improved Understanding of Transmission, Natural History and Pathogenesis
our Path Towards Addressing Emerging Pathogens




WHATWILLTHEFUTURBFFERORCONTROLLINGFLUENZA

CDC Yearly Lab Work on Flu Viruses Infographic

CDC Yearly Lab Work on Flu Viruses

About 90,000 specimens are tested
in 93 state/local public health labs.

CDC conducts full genetic sequencing
on about 6,000 flu viruses each year.

CDC tests about 2,000 flu virusesto
determine their immune properties.

CDC prepares as many as
50 viruses for possible use
in vaccine production.

0

In 20162017
y 1,000,000 More than 1 million patient

specimens are tested in clinical labs
participating in CDC domestic disease
surveillance.*

y 90,000 About 90,000 specimens are

tested in 93 state/local public health
labs.

y 6,000 CDC conducts full genetic

sequencing on about 6,000 flu viruses
each year.

y 2,000 CDC tests about 2,000 flu viruses

to determine their immune properties.

y 50: CDC prepares as many as 50 viruses

for possible use in vaccine production.
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WHATWILLTHEFUTURBFFERORCONTROLLINGFLUENZA

CDC Yearly Lab Work on Flu Viruses Infographic

CDC Yearly Lab Work on Flu Viruses

About 90,000 specimens are tested
in 93 state/local public health labs.

CDC conducts full genetic sequencing
on about 6,000 flu viruses each year.

CDC tests about 2,000 flu viruses to
determine their immune properties.

CDC prepares as many as
50 viruses for possible use Ge t

in vaccine production. va C Cfna t e d

@ www.cdc.gov/flu
*2016-2017 Influenza data as reported by CDC's .
Influenza Division, National Center for Immunization

“and Respiratory Diseases (NCIRD)
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http://www.cdc.gov/flu/images/freeresources/media/animated-take-3-fight-flu.gif

What will the future offer for controlllng
Influenza?

Thoughts on I\/Iedlcatlons. .

& Vaccmes

100 molecules NA/virion,
Segment 6

. 3,000 molecules/virion
Segment 7,




The above image shows the different features of an influenza virus, including the
surface proteins hemagglutinin (HA) and neuraminidase (NA). Following influenza
infection or receipt of the influenza vaccine, the body's immune system develops
antibodies that recognize and bind to “antigenic sites,” which are regions found on
an influenza virus' surface proteins. By binding to these antigenic sites, antibodies
neutralize flu viruses, which prevents them from causing further infection.

Hemagglutinin

M2 ion

channel

Ribonucleoprotein
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What will the future offer for controlling

Influenza?

Today in the US the FDA Approved Medications for
Influenza are

yRapivab(peramivir)

yRelenza (zanamivir)

yTamiflu (oseltamivir phosphate, also available as gener
yNewest- XofluzeP(balozavirmarboxil (2018))

)’/See https:.// www.cdc.govVilu/treatment/ whatyoushould.htm
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What will the future offer for controlllng
Influenza? /

Take home

Drugsprevent new
viruses from emerging
from infected cells

E MUSC



What will the future offer for controlling
Influenza?

FDA Approved Medications for influenza
yRapivab(peramivir)
yRelenza (zanamivir)

yTamiflu (oseltamivir phosphate, also available a
generic)

What about other targets?
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What will the future offer for controlling

| |
nfluenza? —
I u [ TCNO32 Zanamivir
FDA Approved Attachment » Peramivir
Approved in Other Countries \ Budding Laninamivir
In Clinical Trials /\
Fludase

Medications

7 NG 3
Targets of Opportunity?

processing
, ) . _ } T Packaging
y Modes of action of influenza anftivias

y FDA approved "Green Pimodivir
y Other Countries l Endocytosi —
y Those in trials irRed Amantadine

R d Fusion and I [aiption

lllllllll a J

MEDI8852 uncoating o> wa Y

MHAA4549A - l] Replication

Vis-410 C— RNA A

CT-P27 p— Nudeus Favipiravir
CR6261

CR8020




Improved Understanding of Transmission, Natural History and
Pathogenesis on our path towards a Universal Vaccine

Precise Characterization of Circulating Influenza Viruses

y Improve genotypic and phenotypic characterization of circulating viruses associated with
adverse clinical outcomes, host immunity, and vaccine failures.

—— 8 Viral Segments Subject to Drift and Shift

y Develop and test models predicting the influence of preexisting immunity on virus evolution tc
anticipate the next emerging dominant seasonal influenza virus strain.
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WHAT WILL THE FUTURE OFFER FOR CONTROLLING VIRUSES?
ISSUE 11 THEY ARE EVERYWHERE




SARSC0oV2 An emerging disease

¢CKS ljdzSaiuA2yaxX¥FNRY (2RI
WILLTHINGEVERETURNONORMA?
yWhy are cases rising?
yIs a second wave inevitablé®ill it be gradual or more of a spike?

yHow can WE prevent another shut down?

yHow will a second wave impact us if it occurs during flu
season?

yWhat is the latest information on treatments that work?
yWhen will a vaccine be available?
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Why Bats?

A Aside from humans, ba
are only mammal that
can fly

A They echo locate
A Congregate Iin caves

A Zoonosis that jJumped It -
the other ¢

2| We too, echo locate
v JMarnceoma l |
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SARSCo\2 canclillary questions

1. How long does it take a single infected person to yield one million infected people?
2.What is the effect of physical distancing?

3. Why was the initial quarantine period two weeks?

4. How do N95 masks block SARB\2?

5. How similar is SARGo\2 to the common cold and flu viruses?

6. How much is known about the SARR®\/2 genome and proteome?

/. What can we learn from the mutation rate of the virus?

8. How sable and infectious is the virion on surfaces and in the air?

9. Are people usually diagnosed before or after they are contagious?

10.What is the difference between infectious or contagious and infected?
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The Homework and Cheat Sheet
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SARS-CoV-2 (COVID-19) by the

numbers

Abstract The COVID-19 pandemi

is a harsh reminder of the fact that, whether in a single human host

or a wave of infection across continents, viral dynamics is often a story about the numbers. In this
article we provide a one-stop, curated graphical source for the key numbers (based mostly on the
peer-reviewed literature) about the SARS-CoV-2 virus that is responsible for the pandemic. The
discussion is framed around two broad themes: i} the biclogy of the virus itself; ii) the characteristics

of the infection of a single human host.

YINON M BAR-ON, AVl FLAMHOLZ, ROB PHILLIPS AND RON MILO*

Introduction

The COVID-19 pandemic has made brutally clear
the need for further research into many aspects
of viruses. In this article we compile data about
the basic properties of the SARS-CoV-2 virus,
and about how it interacts with the body (Fig-
ure 7). We also discuss a number of questions
about the virus, and perform 'back-of-the-enve-
lope’ calculations to show the insights that can
be gained from knowing some key numbers and
using quantitative reasoning. It is important to
note that much uncertainty remains, and while
‘back-of-the-envelope’ calculations can improve
our intuition through sanity checks, they cannot
replace detailed epidemiological analysis.

Eight questions about SARS-CoV-2

1. How long does it take a single infected
person to yield one million infected
people?

If everybody continued to behave as usual, how
long would it take the pandemic to spread from
one person to a million infected victims? The
basic reproduction number, Ry, suggests each
infection directly generates 2-4 more infections
in the absence of countermeasures like physical
distancing. Once a person is infected, it takes a
period of time known as the 'latent period’
before they are able to transmit the virus. The
current best-estimate of the median latent time
is =3 days followed by =4 days of close to

Bar-On et al. eLife 2020;9:e57309. DOI: https://doi.org/10.7554/elife.57309

maximal infectiousness (Li et al, 2020a;
He et al, 2020). The exact durations vary
among people, and some are infectious for
much longer. Using Ro=4, the number of cases
will quadruple every =7 days or double every
=3 days. 1000-fold growth (going from one case
to 103) requires 10 doublings since 210 . 103; 3
days x 10 doublings = 30 days, or about one
month. So we expect =1000x growth in one
month, a million-fold {10%) in two months, and a
billion fold {10%) in three months. Even though
this calculation is highly simplified, ignoring the
effects of ‘super-spreaders’, herd-immunity and
incomplete testing, it emphasizes the fact that
viruses can spread at a bewildering pace when
no countermeasures are taken. This illustrates
why it is crucial to limit the spread of the virus
by physical distancing measures. For fuller dis-
cussion of the meaning of Ry, the latent and
infectious periods, as well as various caveats, see
the section on 'Definitions and measurement
methods’ below.

2. What is the effect of physical distancing?
A highly simplified quantitative example helps
clarify the need for physical distancing. Suppose
that you are infected and you encounter 50 peo-
ple over the course of a day of working, com-
muting, socializing and running errands. To
make the numbers round, let's further suppose
that you have a 2% chance of transmitting the
virus in each of these encounters, so that you

10f 15

SARS-CoV-2 (COVID-19) by the numbers
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Size & Content

Diameter: =100 nm
Volume: ~10% nm?= 103 fL
Mass: ~10° MDa = 1 fg

Genome

Nucleotide identity to SARS-CoV-2
91% 80% 55% 50%

& ak

Spike trimer batCoV  pangolin CoV  SARS-CoV-1 MERS common

Length: =10 nm cold CaV

Copies per virion: =100 . oRF1a oRF1b s 3w 7ban
— (300 monomers,

measured for SARS-CoV-1) PLpo acLpro Rdftp Hel";-o . s 67a

Afinity to ACE2 O I P O 13

receptor K =1-30 nM | polyprotein

primed by TMPRSS2

Membrane protein 1 Envelope protein
2000 copies =1000 copies =20 copies

(measured for (measured for (100 monomers, measured
SARS-CoV-1) SARS-CoV-1) for TGEV corcnavirus)
Host Cells

(tentative list; number of cells per person)

Type | & Il pneumocytes (~10"" cells)
Alveolar macrophage (~10'°cells)
Mucous cell in nasal cavity (~10° cells)
Host cell volume: ~10% pm? = 107 fL

Antibody Response - Seroconversion

Antibodies appear in blood after: =10-20 days
Maintenance of antibody response:
=2-3 years (measured for SARS-CoV-1)

Virus Environmental Stability

Relevance to personal safety unclear

half-life time to decay 1000-fold
Aerasols: =1hr =4-24 hr
Surfaces: =17 hr =4-96 hr
SODASI (1 nrienet ol 2020)
and metals

Based on quantifying infectious virions. Tested at 21-23°C
and 40-65% relative humidity. Numbers will vary between
conditions and surface types (Otter et al. 2016).

Viral RNA observed on surfaces even after a few weeks
(Moriarty et al. 2020).

virions not to scale

Length: =30kb; B-coronavirus with 10-14 ORFs (24-27 proteins)

Evolution rate: ~103 nt” yr! (measured for SARS-Cov-1)
Mutation rate: ~10°% nt'! cycle" (measured for MHV coranavirus)

Replication Timescales

in tissue-culture

Virion entry into cell: ~10 min (measured for SARS-CoV-1)
Eclipse period: ~10 hrs  (time to make intracellular virions)
Burst size: ~10° virions  (measured for MHV coronavirus)

Concentration

maximal observed values following diagnosis
(Woelfel et al 2020; Kim et al. 2020; Pan et al. 2020)
Nasopharynx: 105-10° RNAs/swab
Throat: 10108 RNAs/swab

* Stool: 10*-10° RNAs/g
Sputum: 108107 RNAs/mL

RNA counts can markedly overestimate infectious virions

"Characteristic” Infection Progression in a Single Patient

Basic reproductive number Ry: typically 2-4
Varies further across space and time (Li et al. 2020; Park et al. 2020)

(number of new cases directly generated from a single case)

infection with
virus Case Fatality Rate (EC
diagnosis after =5 days

Incubation period: =5 days

(99% = 14 days unless asymptomatic

exposed infectious

Infected Fatality Rate

Recovery
mild cases: =2 weeks

Interval of half-maximum 3
infectiousness =4 days 3

- Latent period =3 days

severe cases: =6 weeks

Inter-individual variability is substantial and not well characterized. The estimates are parameter fits
for population median in China and do not describe this variability (Li et al. 2020; He et al. 2020).

Note the difference in notation between the symbol =, which indicates "approximately” and connotes accuracy 1o within a factor 2,
and the symbol ~, which indicates “order of magnitude” or accuracy to within a factor of 10.



https://doi.org/10.7554/eLife.57309

What i1Is SARS-CoV-2 and COVID-19?

Human Coronavirus & Disease

+ ss nofsegmented enveloped RNA virus

Four
Common Human
Coronaviruses

229E
NLG63

OC43
HKU1

Uses AG
NL63 (mi

229E 4o

-

OC43

NL63

Receptor in Lung (LRTI)

d URTI),

97| BatSL-CoV 7CA5 2018
L BaiSL-CoV ZXC1 2018

2019-nCoV HKU-57-001 2020

\ 08— f HEL ) f
2019 ) ‘

Human SARS-CoV G202 2003
Human SARS-CoV Bj01 2003
Human SARS-CoV TorZ 2003
Human SARS-CoV HKU-39849 2003
Paguma SARS CoV HOMSZ/61/03 2003
Bat S1-CoV RsSHOO14 2013
Bat 5L-CoV Rs4255 2016
Bat SL-CoV Rs3367 2013
q7] Bat SL-CoV Rs4231 2016

Bat CoVYN2018D 2018
| 72 | Bat CoVYN2018C 2018

L Bat SL-CoV Rs672 2006

= Bat SARS-related CoV BM48-31 2009
Bat CoV HKU9-1 2006

— Bat CoV HKU4-1 2006
’— [ —— Bat CoV HKUS-12006
991 Human MERS-CoV 2012

Human CoV HKLUL 2004
99 Human CoV 0043 2003
Human CoV 229E 2000

Other Human
Coronaviruses

SARS-CoV-2
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SARSCoV-2
YESBUTNOE

The New York outbreak has
cosmopolitan origins, but the
majority of cases are attributab
to introductions from Europe.

The outbreak in New York City
shows mixing of cases across
5 boroughs.

The Midwest outbreak is
heterogeneous and is the res

of many independent
introductions.

26.636 substitutions per year
3,575 genomes Dec 204&ug 2020

ISIT CHANGING?

Genomic epidemiology of novel coronavirus - Global subsampling
n team. Enabled by data from (] H-l D}

&) Maintained by the Nexts

Showing 3575 of 3575 gen

pled between Dec 2019 and Oct 2020.

Phylogeny Geography RESET ZOOM

The outbreak in California is
related to both nearby
Washington State and distan

New York.

Ongoing outbreaks in Utah an
Idaho are closely related.

2020-May 2020-Sep
Date

Diversity ENTROPY EVENTS | AA NT

The decisions made by eac
state profoundly impacts the fa
of the others. Safely easing
restrictions in any state will
require coordinated } b e % = 2 ok o ro me == ut = = i
containment, with all states —
acting to protect each other. L=

200 ) ) a0 T00m 2500 14500 ) a0 20000 2w 24500 26000 2800
1 %




THE GLOBAL SITUATION AS OF 26 AucG 2020

’24,007,049’1 Confirmed + il ¢ o

Estonia

" 821.6548 Confirmed Dead . ., ™™ s

Germany
Erance < _}J‘kla:m Kazakhstan
& =) ’ "
Italy .%(.,645,49._. Mongolia

5802450 W g o
179 ,éf[é I Cyvorus Alghanistan Japan
2 y 658 y 3 24 Morocco - “;:;e' : Iran Maintand China
N ail

Pakistan

: Algeria Nepal
M 127 681 Libya® & Egypt A
exiCO 1 Saudi Arabia b India Bangladesh Hore K
$ an ong Kong
Dominigan Rep. Mauritania Laos
- Niger Philippines
Guaterala adrs Chad Sudan Yemen Thailand %
o 3ambia
Costg Rica Nigeria :
"Y\ Uiberia Ghana B Ethiopia Shi Lanka
' Cameroon
Malaysia
Kenya Indonesia

Democratic

Republic of Congo
i e Papua New Guinea

1 July 2020
e 710,538,577 Confirmed +
W.‘, Ambibwe s 512 6898 Confirmed Dead

Australia

South Afnica

RESER

Average daily cases per 100,000 people in the past week

2 [ 10 14 Fe:;gé;o New Zealand

https://www.nytimes.com/interactive/2020/world/coronavimaps.html



https://www.nytimes.com/interactive/2020/world/coronavirus-maps.html

THE GLOBAL SITUATION AS OF ToDAY 23 OcT 2020

’ 420755680 Confirmed += .4
a2

Kazakhstan

Mongolia
8 ,482 758 Uzbeidstan North Korea
i) et
2 2 3 8 8 6 Afghanistan ; ~ v
) Iran Mainland China
" ait Pakistan m i
; Uﬁ‘j India Myanmar Hong Kong
Dominican Rep.
f ° Sudan Eritrea Thailand Philippines
6 Honduras Senegal ila
1 7 48@ Djibouti
cha Guenea o)
Ghana D Ethiopia S Lanka
Liberia
3 755 Cameroon s
alaysia
Kenya Indonesia

Democratic
Republic of Congo

1,649,351 (9.80%)
92.6 % Recovery rate

Papua New Guinea

1 July 2020
Mmt::;wm 10,538,577 Confirmed +
Botawina 512,6890 Confirmed Dead, ...

South Africa

Angola

Average daily cases per 100,000 people in the past week

| [

2 & 10 14 Few or no New Zealand

https://www. nyticraﬁeses.com/interactive/2020/wor|d/coronavhmaps.html



https://www.nytimes.com/interactive/2020/world/coronavirus-maps.html

Are we In the second wave?
Not yet
& COVID-19 Dashboard by the Center for Systems Sci e T T —— b u t i n

gl obe

t he
(5.1 M) we

é
SC
5;1

Colorado, 32,715; 1,690 dead 5,456,574
/ - h- ~ COVID-19in South Carolina -

Why are cases rising?

Is a second wave inevitable?
Will it be gradual or more of a
spike?




HOW CONTAGIOUSTHEVIRUS 2 RRTANSWEKX

Part 1 of the answer e
V Coronaviruses can move using air currents, small particles move further,
larger particles fall out of the air

V Can survive on surfaces for ~ 28 d
| S

)
i

(PMCID-PMC7538848)

A Likely, large larger particles, CDC guidar@®, Will limit inhalation risk, other mask types help contro
expiration risk from the asymptomatiepngptomatic/symptomatic
A Envel oped Virus, so, soap and water & ethan
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http://www.ncbi.nlm.nih.gov/pmc/articles/pmc7538848/

HOW CONTAGIOUSTHEVIRUS 2 RRTANSWEKX
Let 6 s c¢ on st aldly Batbbcaet 4

~15 f ol kseé

Ro of 2 =225
2.5 =871
3.0=3,375
3.5=13,071
4.0 = 50,625 > S
4.5 =196,070
5.0 = 759,375 infected
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