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We	know	the	value	of	preven;on	

•  In	the	1700s,	in	Europe	
alone	400,000	people	died	
every	year	of	small	pox	

•  Jenner	





Infec&vity	

	

Transmissibility	



How	is	an	epidemic	generated?	
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Endemic	equilibrium	
	R0	X	Se/N=1		
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Factors	affec;ng	transmission	and	
natural	history	of	disease	

•  Who	gets	infected?	
•  Who	develops	immunity?	How	broad	is	
immunity?	

•  What	processes	generate	direct	or	indirect	
contacts	that	can	transmit	infec;on?	

•  What	factors	affect	transmission	given	a	contact?		
•  What	environments	allow	survival	and	growth	of	
an	agent?		

•  What	is	the	paRern	of	disease	in	infected	
individuals?	



We	have	understood	and	had	the	
ability	to	track	diseases	for	a	long	;me	

•  Bubonic	
plague	in	
Europe	from	
1340	to	1350	

28/02/20, 7:00 AM4 reasons disease outbreaks are erupting around the world - Vox
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Spread of bubonic plague in Europe from the 1340s to the 1350s. 

These pathogens spread at a relatively slow pace. It took more than 10 years for

plague to spread across Europe, for example.

Air travel changed all that. "The jet plane took off in the '70s and accelerated during

the '80s and '90s," said Duane Gubler, an infectious diseases specialist and former

director of the division of vector-borne disease at the Centers for Disease Control

and Prevention. "So now we have this modern transportation or globalization that is

moving animals, humans, commodities, and pathogens around the world."



But	today’s	world	is	very	different	and	
the	;melines	for	spread	have	changed	
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Favela da Rocinha, the biggest slum (shanty town) in Latin America, located in Rio de Janeiro, Brazil. 

Not only are people and goods traveling farther and at a greater volume and speed

than any other time in history, but people are also more likely to live in densely

populated urban environments.

More than half of the world's population now lives in cities, and just about every

country on the planet is becoming more urbanized. Global health researchers have

called the trend "an emerging humanitarian disaster."

That's because most people don't live in relatively clean cities like Washington, DC, or

Munich. "Most cities are unplanned, and many people — tens of millions — now live in

crowded, unhygienic conditions," said Gubler.

Cities can be perfect breeding grounds for disease to spread. Consider the ongoing

Zika outbreak in Brazil. Not only was this an old virus in a new country that caught



The challenge of epidemics 
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Approaches	to	control	of	epidemics	

•  SARS	epidemic	curves	
– Screening	and	quaran;ne	
– Barrier	nursing	510   Wallinga and Teunis

 Am J Epidemiol   2004;160:509–516

The etiologic agent of the disease, a coronavirus, was identi-
fied on April 16, 2003 (5). Estimates of important epidemio-
logic measures such as the case-fatality rate and the
incubation period were reported in May 2003 (6–8).

Despite the rapid progression of understanding of the new
disease, differences between the epidemic curves (numbers
of probable SARS cases by date of symptom onset) have
been awaiting further explanation. For the affected regions,
these epidemic curves have been publicly available from the
end of March 2003 onwards (9), and they reveal distinct
temporal patterns in numbers of SARS cases. This is espe-
cially remarkable for the epidemics in Hong Kong, Vietnam,
Singapore, and Canada, since these epidemics started almost
simultaneously in late February 2003 and similar control
measures were put in place at almost the same time in March
2003 (figure 1, parts a–d). The question arises as to whether
the affected regions differed in terms of transmission poten-
tial for SARS or effectiveness of control measures. In this
paper, we interpret the observed epidemic curves with regard
to disease transmission potential and effectiveness of control
measures, and we compare the epidemiologic profiles of
SARS outbreaks in Hong Kong, Vietnam, Singapore, and
Canada.

DATA

Observed epidemic curves

The epidemic curve is the number of reported cases by
date of symptom onset. For each reported case i, we denote

the symptom onset date by ti. For the SARS epidemics in
Hong Kong, Vietnam, and Singapore, we derived the dates
of symptom onset from epidemic curves provided by the
World Health Organization (9). For Canada, we used the
epidemic curve provided by Health Canada (10).

Observed distribution of generation intervals

The generation interval, denoted by τ, is the time from
symptom onset in a primary case to symptom onset in a
secondary case. Sometimes this generation interval is called
the serial interval (8) or generation time (11). The generation
intervals observed during the SARS outbreak in Singapore
are well described by a Weibull distribution with a shape
parameter α and a scale parameter β, with values corre-
sponding to a mean generation interval of 8.4 days and a
standard deviation of 3.8 days (8). We denote this distribu-
tion by τ ∼ w(τ|α,β).

ESTIMATION OF REPRODUCTION NUMBERS

Reproduction numbers

The key epidemiologic variable that characterizes the
transmission potential of a disease is the basic reproduction
number, R0, which is defined as the expected number of
secondary cases produced by a typical primary case in an
entirely susceptible population (12–15). When infection is
spreading through a population, it is often more convenient
to work with the effective reproduction number, R, which is

FIGURE 1. Epidemic curves (numbers of cases by date of symptom onset) for severe acute respiratory syndrome (SARS) outbreaks in a) Hong
Kong, b) Vietnam, c) Singapore, and d) Canada and the corresponding effective reproduction numbers (R) (numbers of secondary infections
generated per case, by date of symptom onset) for e) Hong Kong, f ) Vietnam, g) Singapore, and h) Canada, 2003. Markers (white spaces) show
mean values; accompanying vertical lines show 95% confidence intervals. The vertical dashed line indicates the issuance of the first global alert
against SARS on March 12, 2003; the horizontal solid line indicates the threshold value R = 1, above which an epidemic will spread and below
which the epidemic is controlled. Days are counted from January 1, 2003, onwards.
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Ebola	in	West	Africa	2014/2015	

Vaccine	trials	



Why	think	of	vaccines	when	other	
approaches	work?	

•  Preven;on	is	beRer	than	cure	
•  Prepara;on	compared	to	uncertain	scale	of	
response	

•  Challenges	in	epidemics	
– Screening	needs	
– Trained	staff	
– Surge	capacity	in	hospitals,	people/resources	
–  Impact	on	other	programs	



What	can	vaccines	do	to	disease?	

Vaccines	prevent	2-3	million	deaths	a	year	
7000	deaths	a	day	
300	deaths	an	hour	
5	deaths	every	minute	
	
And	this	is	only	coun;ng	deaths,	not	all	sickness	prevented	
	



The	World	Bank	es;mates	that	Ebola	cost	4	billion	US	dollars	in	direct	
costs.	54	billion	US	dollars	total	costs	

Indirect	costs	
•  Death	of	healthcare	

professionals	
•  Quaran;ne	

necessitates	
expensive,	rigorous	
screening	and	closure	
of	borders	

•  Reduces	trade	and	
travel	

•  Affects	food	supply	
(<30,000	cases	but	
>1000,000s	affected)	

15	

Rebuilding	is	expensive.	

A	pandemic	could	cost	up	to	570	Billion	US$		in	a	year	



Calls for global action 
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Preparedness  

In response to Ebola-a new initiative 

Response Sustainability 
Create durable and 
equitable solutions for 
outbreak response capacity 

Advance access to safe and 
effective vaccines against 
emerging infectious diseases 

Accelerate the research, 
development and use of 
vaccines during outbreaks 

Coali;on	for	Epidemic	Preparedness	Innova;ons	



Ra&onalize	&	
accelerate	

	
Coordinate	

Priori&ze	&	
facilitate	

The CEPI response 

Rationalize and accelerate research and 
development responses to new outbreaks 

Coordinate resources of industry, academia, 
governments, philanthropies, and NGOs  

Prioritize platform technology and vaccine targets 
and facilitate the advanced development of 
vaccines for emerging infectious diseases 



Ra;onalize	and	accelerate	

•  WHO	R	and	D	Blueprint	
•  Updated	for	top	ten	threats	every	year	

•  And	disease	X	
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Advance at least one 
vaccine for each 

pathogen through 
phase IIa and stockpile 

within five years of 
funding 

CEPI’s strategic portfolio targets 

Support activities 
enabling late stage 

development, 
prequalification and 

access 
 

Advance through phase I 
multiple rapid response 

platforms with potential to  
significantly improve speed 

of vaccine development 
against multiple pathogens 

MERS-CoV Lassa Nipah Chikungunya Disease X Rift Valley 
Fever  



Dec	2019-Jan	2020	Pathogen	X	
28/02/20, 8:07 AMSARS-CoV-2 (BNO News / BNO Noticias Coronavirus tracker) - Google My Maps

Page 1 of 1https://www.google.com/maps/d/embed?mid=1a04iBi41DznkMaQRnICO40ktROfnMfMx&ll=29.295503538172714%2C-40.5901877250451&z=1

SARS-CoV-2 (BNO News / BNO Noticias Coronavirus tracker)

Map data ©2020 Terms 5,000 km

SARS-CoV-2 (BNO News / BNO Noticias Coronavirus tracker)



Not	unexpected,	zoono;c	diseases	
from	AIDS	to	Zika		 28/02/20, 7:00 AM4 reasons disease outbreaks are erupting around the world - Vox
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The global number of human infectious disease outbreaks and richness of causal diseases, from 1980 to

2010. Outbreak records are plotted with respect to (a) total global outbreaks (left axis, bars) and total number

of diseases causing outbreaks in each year (right axis, dots), (b) host type, (c) pathogen taxonomy, and (d)

transmission mode. 

Many of the pathogens that spark deadly outbreaks aren't new. Researchers have

known about Zika since the 1940s and Ebola since the 1970s. Some of these viruses

have evolved with humans for hundreds or thousands of years.

But viruses, bacteria, and fungi can now spread around the world with greater

effectiveness and speed than ever before. And when they turn up unexpectedly in

new places, they catch doctors and health systems — and people's immune systems

— off guard.

Here are four key reasons we're seeing an uptick in infectious diseases around the

world:

1) More travel, trade, and connectivity
For most of history, humans lived in small, disparate bands that were relatively



Coronavirus	has	sparked	an	infodemic	

•  Manmade	bioweapon	

•  More	than	100,000	
have	died	

•  No	evidence	based	on	
sequencing	data	

•  Just	over	2800	as	of	
yesterday	



(snopes.com, politifact.com, factcheck.org, truthor-
fiction.com, hoax-slayer.com, and urbanlegends.
about.com) by parsing the title, body, and verdict
(true, false, or mixed) of each rumor investigation
reported on their websites and automatically
collecting the cascades corresponding to those
rumors on Twitter. The result was a sample of
rumor cascades whose veracity had been agreed
on by these organizations between 95 and 98%of
the time.We cataloged the diffusion of the rumor
cascades by collecting all English-language replies
to tweets that contained a link to any of the
aforementioned websites from 2006 to 2017 and
used optical character recognition to extract text
from images where needed. For each reply tweet,
we extracted the original tweet being replied to
and all the retweets of the original tweet. Each
retweet cascade represents a rumor propagating
on Twitter that has been verified as true or false
by the fact-checking organizations (see the sup-
plementarymaterials formore details on cascade
construction). We then quantified the cascades’

depth (the number of retweet hops from the
origin tweet over time, where a hop is a retweet
by a new unique user), size (the number of users
involved in the cascade over time), maximum
breadth (the maximum number of users involved
in the cascade at any depth), and structural vi-
rality (23) (a measure that interpolates between
content spread through a single, large broadcast
and that which spreads through multiple gen-
erations, with any one individual directly respon-
sible for only a fraction of the total spread) (see
the supplementary materials for more detail on
the measurement of rumor diffusion).
As a rumor is retweeted, the depth, size, max-

imum breadth, and structural virality of the cas-
cade increase (Fig. 1A). A greater fraction of false
rumors experienced between 1 and 1000 cascades,
whereas a greater fraction of true rumors experi-
encedmore than 1000 cascades (Fig. 1B); this was
also true for rumors based on political news (Fig.
1D). The total number of false rumors peaked at
the end of both 2013 and 2015 and again at the

end of 2016, corresponding to the last U.S. presi-
dential election (Fig. 1C). The data also show
clear increases in the total number of false polit-
ical rumors during the 2012 and 2016 U.S. presi-
dential elections (Fig. 1E) and a spike in rumors
that contained partially true and partially false
information during the Russian annexation of
Crimea in 2014 (Fig. 1E). Politics was the largest
rumor category in our data, with ~45,000 cas-
cades, followedbyurban legends, business, terror-
ism, science, entertainment, and natural disasters
(Fig. 1F).
When we analyzed the diffusion dynamics of

true and false rumors, we found that falsehood
diffused significantly farther, faster, deeper, and
more broadly than the truth in all categories of
information [Kolmogorov-Smirnov (K-S) tests are
reported in tables S3 to S10]. A significantly greater
fraction of false cascades than true cascades
exceeded a depth of 10, and the top 0.01% of false
cascades diffused eight hops deeper into the
Twittersphere than the truth, diffusing to depths

Vosoughi et al., Science 359, 1146–1151 (2018) 9 March 2018 2 of 6

Fig. 1. Rumor cascades. (A) An example rumor cascade collected by our
method aswell as its depth, size,maximumbreadth, and structural virality over
time. “Nodes” are users. (B) The complementary cumulative distribution
functions (CCDFs) of true, false, and mixed (partially true and partially false)
cascades, measuring the fraction of rumors that exhibit a given number of
cascades. (C) Quarterly counts of all true, false, and mixed rumor cascades

that diffused on Twitter between 2006 and 2017, annotatedwith example rumors
in each category. (D) The CCDFs of true, false, and mixed political cascades.
(E) Quarterly counts of all true, false, and mixed political rumor cascades that
diffused on Twitter between 2006 and 2017, annotated with example rumors in
each category. (F) A histogram of the total number of rumor cascades in our
data across the seven most frequent topical categories.
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•  Falsehood	diffused	significantly	farther,	faster,	
deeper,	and	more	broadly	than	the	truth	in	all	
categories	of	informa;on	

•  False	stories	inspired	fear,	disgust,	and	surprise	
•  False	news	spreads	more	than	the	truth	because	
humans,	not	robots,	are	more	likely	to	spread	it		

SOCIAL SCIENCE

The spread of true and false
news online
Soroush Vosoughi,1 Deb Roy,1 Sinan Aral2*

We investigated the differential diffusion of all of the verified true and false news stories
distributed on Twitter from 2006 to 2017.The data comprise ~126,000 stories tweeted by
~3 million people more than 4.5 million times.We classified news as true or false using
information from six independent fact-checking organizations that exhibited 95 to 98%
agreement on the classifications. Falsehood diffused significantly farther, faster, deeper, and
more broadly than the truth in all categories of information, and the effects were more
pronounced for false political news than for false news about terrorism, natural disasters,
science, urban legends, or financial information.We found that false news was more novel than
true news, which suggests that people were more likely to share novel information.Whereas
false stories inspired fear, disgust, and surprise in replies, true stories inspired anticipation,
sadness, joy, and trust. Contrary to conventional wisdom, robots accelerated the spread
of true and false news at the same rate, implying that false news spreads more than the truth
because humans, not robots, are more likely to spread it.

F
oundational theories of decision-making
(1–3), cooperation (4), communication (5),
and markets (6) all view some concep-
tualization of truth or accuracy as central
to the functioning of nearly every human

endeavor. Yet, both true and false information
spreads rapidly through online media. Defining
what is true and false has become a common
political strategy, replacing debates based on
a mutually agreed on set of facts. Our economies
are not immune to the spread of falsity either.
False rumors have affected stock prices and the
motivation for large-scale investments, for ex-
ample, wiping out $130 billion in stock value
after a false tweet claimed that Barack Obama
was injured in an explosion (7). Indeed, our re-
sponses to everything from natural disasters
(8, 9) to terrorist attacks (10) have been disrupted
by the spread of false news online.
New social technologies, which facilitate rapid

information sharing and large-scale information
cascades, can enable the spread of misinformation
(i.e., information that is inaccurate ormisleading).
But although more and more of our access to
information and news is guided by these new
technologies (11), we know little about their con-
tribution to the spread of falsity online. Though
considerable attention has been paid to anecdotal
analyses of the spread of false news by the media
(12), there are few large-scale empirical investiga-
tions of the diffusion ofmisinformation or its social
origins. Studies of the spread of misinformation
are currently limited to analyses of small, ad hoc
samples that ignore two of the most important
scientific questions: How do truth and falsity
diffuse differently, and what factors of human
judgment explain these differences?

Current work analyzes the spread of single
rumors, like the discovery of the Higgs boson
(13) or the Haitian earthquake of 2010 (14), and
multiple rumors from a single disaster event, like
the Boston Marathon bombing of 2013 (10), or it
develops theoretical models of rumor diffusion
(15), methods for rumor detection (16), credibility
evaluation (17, 18), or interventions to curtail the
spread of rumors (19). But almost no studies com-
prehensively evaluate differences in the spread
of truth and falsity across topics or examine
why false news may spread differently than the
truth. For example, although Del Vicario et al.
(20) and Bessi et al. (21) studied the spread of
scientific and conspiracy-theory stories, they
did not evaluate their veracity. Scientific and
conspiracy-theory stories can both be either true
or false, and they differ on stylistic dimensions
that are important to their spread but orthogonal
to their veracity. To understand the spread of
false news, it is necessary to examine diffusion
after differentiating true and false scientific stories
and true and false conspiracy-theory stories and
controlling for the topical and stylistic differences
between the categories themselves. The only study
to date that segments rumors by veracity is that of
Friggeri et al. (19), who analyzed ~4000 rumors
spreading on Facebook and focusedmore on how
fact checking affects rumor propagation than on
how falsity diffuses differently than the truth (22).
In our current political climate and in the

academic literature, afluid terminology has arisen
around “fake news,” foreign interventions in
U.S. politics through socialmedia, and our under-
standing of what constitutes news, fake news,
false news, rumors, rumor cascades, and other
related terms. Although, at one time, it may have
been appropriate to think of fake news as refer-
ring to the veracity of a news story, we now
believe that this phrase has been irredeemably
polarized in our current political and media cli-
mate. As politicians have implemented a political
strategy of labeling news sources that do not

support their positions as unreliable or fake news,
whereas sources that support their positions are
labeled reliable or not fake, the term has lost all
connection to the actual veracity of the informa-
tion presented, rendering it meaningless for use
in academic classification. We have therefore ex-
plicitly avoided the term fake news throughout
this paper and instead use the more objectively
verifiable terms “true” or “false” news. Although
the terms fake news and misinformation also
imply a willful distortion of the truth, we do not
make any claims about the intent of the purveyors
of the information in our analyses. We instead
focus our attention on veracity and stories that
have been verified as true or false.
We also purposefully adopt a broad definition

of the term news. Rather than defining what
constitutes news on the basis of the institutional
source of the assertions in a story, we refer to any
asserted claim made on Twitter as news (we de-
fend this decision in the supplementarymaterials
section on “reliable sources,” section S1.2). We
define news as any story or claim with an asser-
tion in it and a rumor as the social phenomena
of a news story or claim spreading or diffusing
through the Twitter network. That is, rumors are
inherently social and involve the sharing of claims
between people. News, on the other hand, is an
assertionwith claims, whether it is shared or not.
A rumor cascade begins on Twitter when a

user makes an assertion about a topic in a tweet,
which could include written text, photos, or links
to articles online. Others then propagate the
rumor by retweeting it. A rumor’s diffusion pro-
cess can be characterized as having one or more
cascades, whichwe define as instances of a rumor-
spreading pattern that exhibit an unbroken re-
tweet chain with a common, singular origin. For
example, an individual could start a rumor cas-
cade by tweeting a story or claimwith an assertion
in it, and another individual could independently
start a second cascade of the same rumor (per-
taining to the same story or claim) that is com-
pletely independent of the first cascade, except
that it pertains to the same story or claim. If they
remain independent, they represent two cascades
of the same rumor. Cascades can be as small as size
one (meaningnoone retweeted the original tweet).
The number of cascades that make up a rumor is
equal to the number of times the story or claimwas
independently tweeted by a user (not retweeted).
So, if a rumor “A” is tweeted by 10 people separate-
ly, but not retweeted, it would have 10 cascades,
each of size one. Conversely, if a second rumor
“B” is independently tweeted by two people and
each of those two tweets is retweeted 100 times,
the rumor would consist of two cascades, each
of size 100.
Here we investigate the differential diffusion

of true, false, and mixed (partially true, partially
false) news stories using a comprehensive data
set of all of the fact-checked rumor cascades that
spread on Twitter from its inception in 2006 to
2017. The data include ~126,000 rumor cascades
spread by ~3million peoplemore than 4.5million
times.We sampled all rumor cascades investigated
by six independent fact-checking organizations

RESEARCH
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In	today’s	world	we	access	
informa;on	easily	

27/02/20, 8:30 AMCoronavirus patients’ long ventilator stays put strain on hospitals - Health - The Jakarta Post
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More than two-thirds of critically ill patients required invasive breathing support,

doctors at the Jin Yintan hospital in the central Chinese city of Wuhan found in a study

of 52 such cases at the outbreak’s epicenter. (Bloomberg/File)

Critical care resources in central China are being strained by coronavirus

patients needing a month or more on mechanical ventilators, a study finds.

More than two-thirds of critically ill patients required invasive breathing

support, doctors at the Jin Yintan hospital in the central Chinese city of Wuhan

found in a study of 52 such cases at the outbreak’s epicenter.

The treatment was mostly for a respiratory complication that occurred in 26 of

the 32 people who died from the disease. That’s more than 80 percent.

The study shows the burden required to treat the 5% of so-called Covid-19

patients who develop critical illness, including septic shock and multi-organ

failure.

That burden could become more acute: More than 40,000 people

are hospitalized with Covid-19 in Hubei, health authorities for the Chinese

province said in a Feb. 23 statement. Among those, 8,853 cases are serious and

1,845 are critically ill. The total number of cases in China is about 77,000.

The severity of Covid-19 pneumonia “poses great strain to hospital critical care

resources, especially if they are not adequately staffed or resourced,” the

researchers said in the study, which was published Friday in the Lancet medical

journal.



Too	easily……and	inaccurately	

27/02/20, 8:28 AMUgly battles erupt as residents fight housing coronavirus patients in their cities - Los Angeles Times
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CALIFORNIA

Ugly battles erupt as residents fight housing coronavirus patients
in their cities

Protesters gather outside the federal courthouse Feb. 24 in Santa Ana before a hearing on sending people infected with

coronavirus to Costa Mesa. (Faith E. Pinho / Times Community News)

By LUKE MONEY

STAFF WRITER 

FEB. 26, 2020
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Social Stigma associated with COVID-19 
 

A guide to preventing and addressing 
social stigma1 

Target audience: Government, media and local organisations working on the new 
coronavirus disease (COVID-19). 

WHAT IS SOCIAL STIGMA?  

Social stigma in the context of health is the negative association between a person 
or group of people who share certain characteristics and a specific disease. In an 
outbreak, this may mean people are labelled, stereotyped, discriminated against, 
treated separately, and/or experience loss of status because of a perceived link 
with a disease.  

Such treatment can negatively affect those with the disease, as well as their 
caregivers, family, friends and communities. People who don’t have the disease but 
share other characteristics with this group may also suffer from stigma. 

The current COVID-19 outbreak has provoked social stigma and discriminatory 
behaviours against people of certain ethnic backgrounds as well as anyone 
perceived to have been in contact with the virus. 

 

WHY IS COVID-19 CAUSING SO MUCH STIGMA?  

The level of stigma associated with COVID-19 is based on three main factors: 1) it is a disease that’s new 
and for which there are still many unknowns; 2) we are often afraid of the unknown; and 3) it is easy to 
associate that fear with ‘others’.  

It is understandable that there is confusion, anxiety, and fear among the public. Unfortunately, these 
factors are also fueling harmful stereotypes. 

WHAT IS THE IMPACT?  

Stigma can undermine social cohesion and prompt possible social isolation of groups, which might 
contribute to a situation where the virus is more, not less, likely to spread. This can result in more 
severe health problems and difficulties controlling a disease outbreak. 

Stigma can: 

• Drive people to hide the illness to avoid discrimination  

• Prevent people from seeking health care immediately  

• Discourage them from adopting healthy behaviours  

                                                           
1 This checklist includes recommendations from Johns Hopkins Center for Communication Programs, 
READY Network. 



Coordina;on	for	public	protec;on	

Share:  
	

 



Internal	preparedness	

•  Who	responds?	
– Disaster/Emergency/Outbreak	
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Reporting Status of States/UT’s 

No. of States/UT’s Submitted outbreak report ( including NIL report) 31 

No. of States/UT’s Submitted ‘NIL’ outbreak report 15 

INTEGRATED DISEASE SURVEILLANCE PROGRAMME 
NATIONAL CENTRE FOR DISEASE CONTROL 

 22 Shamnath Marg, Civil Lines, Delhi-110054 
Tel No. 23913148, Fax No. 23922677; www.idsp.nic.in 

 

WEEKLY OUTBREAK REPORT 
 

 
Disease Alerts/Outbreaks reported and responded to by States/UTs through 

Integrated Disease Surveillance Program (IDSP) 
(25th November to 1st December 2019) 
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The	propor;on	of	cholera	appears	
low	given	the	number	of	acute	
diarrhoeal	disease	outbreaks	
affec;ng	adults	



Measuring	what	matters	in	public	health	

	

	

Measurement	matters.	It	makes	a	problem	and	its	size	
visible.	It	provides	evidence	to	inform	decision-making	
and	implementation.	Continued,	effective	measurement	is	
essential	to	tracking	trajectories	and	impact.	Measurement	
determines	where	public	resources	are	allocated	and	what	
goals	will	be	pursued.	Yet	we	frequently	measure	what	
does	not	matter	and	set	indicators	that	have	no	or	little	
relationship	to	the	outcome	we	want.	

In	public	health,	research	needs	to	be	carefully	designed	
and	done,	so	that	researchers	contribute	actionable	
information	and	tools.	I	will	use	examples	from	my	several	
failures,	many	course	corrections,		and	occasional	
successes	to	illustrate	the	important	of	identifying	
lacunae,	issues	with	overlap	and	interpretation,	
standardization,	timing,	and	tracking	in	public	health	
research	in	India.	

	
one small thought - in case you weren't already planning this, it might be nice if you 
can also illustrate how science and technology have contributed to measurement 
endeavors (e.g., new measurement and data-analytic tools/techniques) so that the 
scientists and engineers in the audience can also think about how they might engage 
with public health. 
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3. Why diphtheria is a concern: long-time vaccine, yet rising recent numbers 

Why	diphtheria	is	a	concern:	
long-time	vaccine,	yet	rising	
recent	numbers 

Diphtheria	is	an	infectious	disease	caused	by	Corynebacterium	
diphtheria,	a	bacterium.	The	primary	infection	is	in	the	throat	and	
upper	airways. 

• 		 
• 		 
• 		 

Written	by	Abantika	Ghosh	|	New	Delhi	|	Updated:	June	28,	2019	5:17:45	am	 
   
In 2018, Delhi witnessed a diphtheria outbreak. A total of 25 children died in September, followed by 
22 in October and 12 in November. 
The	diphtheria	vaccine	is	among	the	oldest	vaccines	in	India’s	Universal	Immunisation	
Programme,	yet	cases	in	the	country	have	been	going	up	over	the	last	few	years	after	
showing	a	remarkable	reduction	in	2015.	That	is	why	the	season’s	first	death	due	to	
diphtheria	in	Delhi	has	caused	an	alarm,	with	doctors	assessing	their	preparedness. 
A	look	at	diphtheria,	the	vaccination	programme	and	the	concerns: 

The	disease 
Diphtheria	is	an	infectious	disease	caused	by	Corynebacterium	diphtheria,	a	bacterium.	
The	primary	infection	is	in	the	throat	and	upper	airways. 
According	to	the	National	Health	Portal,	one	type	of	diphtheria	affects	the	throat	and	
sometimes	the	tonsils.	Another	type	causes	ulcers	on	the	skin;	these	are	more	common	
in	the	tropics	(places	where	all	12	months	have	mean	temperatures	of	at	least	18	°C).	
Diphtheria	particularly	affects	children	aged	1	to	5	years.	In	temperate	climates	
diphtheria	tends	to	occur	during	the	colder	months. 
READ	|	Season’s	first	diphtheria	death	in	Delhi,	doctors	sound	alert 
Diphtheria	is	fatal	in	only	5-10%	cases.	That	is	why	as	the	monsoon	approaches	and	
temperatures	start	to	come	down,	the	season’s	first	death	in	Delhi	is	being	seen	as	a	
warning	sign. 
In	2018,	Delhi	witnessed	a	diphtheria	outbreak.	A	total	of	25	children	died	in	September,	
followed	by	22	in	October	and	12	in	November. 
Periodic	outbreaks	of	the	disease	have	been	reported	in	India.	Integrated	Disease	
Surveillance	Programme	(IDSP),	National	Centre	for	Disease	Control	(NCDC),	Delhi,	
reported	as	many	as	7	outbreaks	of	diphtheria	in	India	during	2014. 
The	vaccine 
In	1978,	India	launched	the	Expanded	Programme	on	Immunisation.	The	first	three	
vaccines	in	the	programme	were	BCG	(against	TB).	DPT	(diphtheria,	pertussis,	tetanus)	
and	cholera.	In	1985,	the	programme	was	converted	to	the	Universal	Immunisation	
Programme	(UIP).	DPT	continues	to	be	a	part	of	UIP,	which	now	includes	12	vaccines.	It	
is	now	incorporated	as	a	pentavalent	vaccine,	(containing	vaccine	against	diphtheria,	
pertussis,	tetanus	[DPT],	Hepatitis	B	and	Haemophilus	influenzae	type	B).	UIP	aims	at	
giving	all	children	born	in	India	all	these	12	vaccines	free.	As	per	data	from	the	National	
Family	Health	Survey	4,	the	coverage	of	diphtheria	vaccine	is	78.4%. 
		 
The	vintage	and	coverage	of	the	diphtheria	vaccine	is	also	w 

Two	sets	of	
inves;ga;ons	into	
diphtheria	outbreaks	
in	India	in	2014		



Preparedness	for	research	

•  Ability	to	diagnose	
•  Ability	to	treat	
•  Ability	to	measure	
•  Ability	to	prevent	



CDC	distributes	tests	3	weeks	amer	
sequence	

28/02/20, 8:53 AMSingapore claims first use of antibody test to track coronavirus infections | Science | AAAS

Page 1 of 4https://www.sciencemag.org/news/2020/02/singapore-claims-first-use-antibody-test-track-coronavirus-infections

Related
‘A completely new culture of
doing research.’ Coronavirus
outbreak changes how
scientists communicate

A traveler wearing a protective facemask at Changi Airport in Singapore. The city has not seen
COIVD-19 cases exploding yet. ROSLAN RAHMAN/AFP VIA GETTY IMAGES

Singapore claims /rst use of antibody test to
track coronavirus infections
By Dennis Normile Feb. 27, 2020 , 4:30 PM

In what appears to be a Orst, disease trackers in Singapore have used an
experimental antibody test for COVID-19 to conOrm that a suspected patient was
infected with the coronavirus. The patient was one of two people who together
formed a missing link between two clusters of cases that each occurred in a
Singaporean church.

Researchers around the world are racing to develop antibody tests, also called
serological tests, that can conOrm whether someone was infected even after their
immune system has cleared the virus that causes COVID-19. The group that
developed the test, at Duke-NUS Medical School in Singapore, is among the front-
runners, although its assay has to be validated before it is taken into production and
deployed widely.

Current tests for SARS-CoV-2, the virus that causes COVID-19, look for genetic
material of the virus, for instance in saliva or nasal, oral, or anal swabs, using the
polymerase chain reaction (PCR). They have one huge drawback: They only give a
positive result when the virus is still present. The tests can’t identify people who
went through an infection, recovered, and cleared the virus from their bodies.

The new antibody test helped contact
tracers at Singapore’s health ministry
who have been trying to Ond the
source of a cluster of 23 COVID-19
cases at the Grace Assembly of God
church, which has two large houses
of worship in the city-state. Health
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Surge	capacity	in	hospitals	

•  Pre-hospital	
•  Outpa;ents	
•  Healthcare	facili;es	
•  Public	health	
•  Mental	health	
•  Mortuary	

Credit: Caritas Congo

Caritas Mbandaka-Bikoro says dozens of people have reported symptoms of fever,

abdominal pain, diarrhea and haemorrage since early April but the size and scope of the

epidemic is not yet fully understood.

The first urban case significantly raises the risk of an epidemic and Caritas has joined the

Congolese government, the UN World Health Organisation and other agencies in a joint

mobilisation to respond to the emergency.

Caritas is preparing for any escalation of the disease and will work strenuously with other

agencies to stop it from spreading to other countries.

A delegation of Caritas Congo led by Dr. Rose Mukunu went 16 May to Mbandaka along

with the Diocesan Office of Medical Surgery (BDOM) of Mbandaka-Bikoro.

“The situation is worrying because it’s urban unlike earlier ones,” said Dr Rose Mkunu. “We

do not have much control as yet over preventing contact with patients and that’s what is

dangerous. Caritas is doing everything it can to raise awareness and brief community and



Ability	to	measure	
 

 
  

 
 
 
 
 
 

 

Data as reported by 10AM CET 25 February 2020*       

Coronavirus disease 2019 (COVID-19) 
Situation Report – 37 

 

SITUATION IN NUMBERS 
total and new cases in last 24 
hours 

 
Globally  
81 109 confirmed (871 new) 

 
China 
78 191 confirmed (412 new) 

  2718 deaths (52 new)  

 

Outside of China 
2918 confirmed (459 new) 

  37 countries (4 new) 

    43 deaths (9 new)  

 
WHO RISK ASSESSMENT 
 
China Very High 

Regional Level High 

Global Level High 
 

 
 

 
 

      

 

 

 

  
  
  
          

 
 

 

 

 
 

 
 
 

 
1Novel, C.P.E.R.E., 2020. The epidemiological characteristics of an outbreak of 2019 novel coronavirus diseases (COVID-19) in China. Zhonghua liu xing bing xue za 
zhi= Zhonghua liuxingbingxue zazhi, 41(2), p.145. 

HIGHLIGHTS 
 

• Four new Member States (Algeria, Austria, Croatia, and Switzerland) reported 

cases of COVID-19 in the past 24 hours. Algeria is the first Member State of 

the AFRO Region to report a case of COVID-19.  

 

• For the first time, since the onset of symptoms of the first identified case of 

COVID-19 on 8 December 20191, there have been more new cases reported 

from countries outside of China than from China.  

 

• The WHO Director-General provided opening remarks at the weekly Member 

State briefing on COVID-19 regarding ongoing and future WHO missions along 

with priorities for control of the outbreak. For details, please go to this 

webpage. 

 
 

 

 

 

Figure 1. Countries, territories or areas with reported confirmed cases of COVID-19, 26 February 2020   
 

 
 

 

 

 
  

 
 
 
 
 
 

 

Data as reported by 10AM CET 25 February 2020*       

Coronavirus disease 2019 (COVID-19) 
Situation Report – 37 

 

SITUATION IN NUMBERS 
total and new cases in last 24 
hours 

 
Globally  
81 109 confirmed (871 new) 

 
China 
78 191 confirmed (412 new) 

  2718 deaths (52 new)  

 

Outside of China 
2918 confirmed (459 new) 

  37 countries (4 new) 

    43 deaths (9 new)  

 
WHO RISK ASSESSMENT 
 
China Very High 

Regional Level High 

Global Level High 
 

 
 

 
 

      

 

 

 

  
  
  
          

 
 

 

 

 
 

 
 
 

 
1Novel, C.P.E.R.E., 2020. The epidemiological characteristics of an outbreak of 2019 novel coronavirus diseases (COVID-19) in China. Zhonghua liu xing bing xue za 
zhi= Zhonghua liuxingbingxue zazhi, 41(2), p.145. 

HIGHLIGHTS 
 

• Four new Member States (Algeria, Austria, Croatia, and Switzerland) reported 

cases of COVID-19 in the past 24 hours. Algeria is the first Member State of 

the AFRO Region to report a case of COVID-19.  

 

• For the first time, since the onset of symptoms of the first identified case of 

COVID-19 on 8 December 20191, there have been more new cases reported 

from countries outside of China than from China.  

 

• The WHO Director-General provided opening remarks at the weekly Member 

State briefing on COVID-19 regarding ongoing and future WHO missions along 

with priorities for control of the outbreak. For details, please go to this 

webpage. 

 
 

 

 

 

Figure 1. Countries, territories or areas with reported confirmed cases of COVID-19, 26 February 2020   
 

 
 

 



Ability	to	do	research	 28/02/20, 9:03 AMThe coronavirus prompts a burst of clinical trials in search of a treatment - STAT

Page 1 of 2https://www.statnews.com/pharmalot/2020/02/19/coronavirus-clinical-trials-china/

T

1

 2

How many? The coronavirus is prompting a burst of clinical trials
in search of a treatment

By Ed Silverman3 @Pharmalot4

February 19, 2020

Medical staff members work at an exhibition centre converted into a hospital in Wuhan. STR/AFP via Getty
Images

he coronavirus sweeping across China has triggered a burst of research
activity aimed at finding a salve for the infectious disease, prompting more
than 120 clinical trials that have either gotten underway or are planned in
coming weeks, according to new data.

As of Wednesday, 124 studies have either commenced or are expected to do so



What	can	we	do	and	what	does	it	
take?	

•  Diagnos;cs	
•  Repurposing	drugs	
•  New	an;virals	
•  Monoclonal	an;bodies	
•  Vaccines	
•  Personal	protec;ve	

equipment	

•  Linking	all	stakeholders-
na;onal	and	interna;onal	

•  Sharing		
–  Data	
–  Reagents	
–  Protocols	
–  Pa;ents	

•  Suppor;ng	
–  Preparedness	planning	
–  Research	in	peace	;me	
and	in	war	
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The	example	of	
CEPI	
	

CEPI accelerates 
development of vaccines 

against emerging 
infectious diseases and 

enables equitable access 
to these vaccines for 

affected populations during 
outbreaks 

 
New vaccines for a safer 

world 
 
 
	

	



From	Jenner	to	Pasteur	to	Hilleman	

•  Isolate	
•  Inac;vate/ARenuate	
•  Inject	

Upto	the	1950s	

Bacterial	vaccines	
Diphtheria	
Tetanus	
Pertussis		
BCG	

Viral	vaccines	
Smallpox	
Rabies	

	



Amer	1950,	new	technologies	have	advanced	
vaccines	beyond	the	older	empirical	approaches		

2010	Reverse	
vaccinology	

1990	
Glycoconjuga;on	

1980	Recombinant	
DNA	

1950	Cell	culture	

•  MenB,	GBS,	GAS,	E.coli,	
S.aureus,	C.	difficile	

•  Men	ACWY,	Hib,	Pneumococcal	
conjugate,	GBS,	S.	aureus	

•  Acellular	pertussis,	Lyme	
•  Hepa;;s	B,	HPV	

•  Polio,	hepa;;s	A,	mumps,	
measles,	rubella,	varicella,	
rotavirus		



During	the	past	20	years,	new	technologies	have	
exploded	vaccine	design	

2019	New	
technologies	

2010	Reverse	vaccinology	

1990	Glycoconjuga;on	

1980	Recombinant	DNA	

1950	Cell	culture	

• Structural	vaccinology	
• Synthe;c	biology/	
RNA/DNA	vaccines	
• Adjuvants	
• Human	immune	
response	driven	
an;gen	selec;on	



The	cost	of	making	vaccines	

Registration 

Phase IIB                     Phase III Proof of Concept Pre-clinical Target Antigen ID 
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) Therefore,	vaccines	are	developed	when	
they	are	to	be	used	for	rou;ne	
immuniza;on	or	for	high	income	
popula;ons	and	a	high	return	on	
investment	is	expected.	

41	
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CEPI SARS-CoV2 platform technologies 
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By contrast, in non-immune cells, most of the interferon 
production is induced through the activation of the cyto-
solic receptors cytoplasmic retinoic acid-inducible gene I 
protein (RIG-I; also known as DDX58) and melanoma dif-
ferentiation-associated protein 5 (MDA5; also known as 
IFIH1)69,70. RIG-1 is activated by short, double-stranded, 
5ʹ-triphosphate RNA71, whereas MDA5 responds to long 
dsRNA and viral mRNAs lacking 2ʹ-O-methylation72,73.

Cytoplasmic RNA sensors mediate immune stimula-
tion and affect the efficiency of mRNA translation, which 
eventually leads to stalled translation, RNA degradation 
and direct antiviral activity (FIG. 4). These effects are 
partly mediated by protein kinase RNA-activated (PKR; 
also known as EIF2AK2), which phosphorylates the 
eukaryotic translation initiation factor 2α (eIF2α) and 
ultimately inhibits mRNA translation74. De-immunized 

Figure 2 | Principles of antigenencoding mRNA pharmacology.   
a | A linearized DNA plasmid template with the antigencoding sequence 
is used for in vitro transcription. The in vitro transcribed mRNA contains 
the cap, 5′and 3′ untranslated regions (UTRs), the open reading frame 
(ORF) and the poly(A) tail, which determine the translational activity 
and stability of the mRNA molecule after its transfer into cells. b | Step 1:  
a fraction of exogenous mRNA escapes degradation by ubiquitous 
RNases and is spontaneously endocytosed by cellspecific mechanisms 
(for example, macropinocytosis in immature dendritic cells) and enters 
endosomal pathways. Step 2: release mechanisms of mRNA into the 
cytoplasm are not fully understood. Step 3: translation of mRNA uses the 
protein synthesis machinery of host cells. The ratelimiting step of mRNA 
translation is the binding of the eukaryotic translation initiation factor 4E 
(eIF4E) to the cap structure222,223. Binding of the mRNA to ribosomes, 
the eukaryotic initiation factors eIF4E and eIF4G, and poly(A)binding 
protein, results in the formation of circular structures and active 
translation224. Step 4: termination of translation by degradation of 
mRNAs is catalysed by exonucleases225,226. The cap is hydrolysed by the 
scavenger decapping enzymes DCP1, DCP2 and DCPS32, followed by 
digestion of the residual mRNA by 5ʹ–3ʹ exoribonuclease 1 (XRN1). 
Degradation may be delayed if the mRNA is silenced and resides in 
cytoplasmic processing bodies227. Alternatively, endonucleolytic cleavage 
of mRNA in the exosome may occur228–230. The catabolism of abberant 

mRNA (for example, mRNA with a premature stop codon) is controlled  
by various other mechanisms231. Step 5: the translated protein product 
undergoes posttranslational modification, the nature of which depends 
on the properties of the host cell. The translated protein can then act in  
the cell in which it has been generated. Step 6: alternatively, the protein 
product is secreted and may act via autocrine, paracrine or endocrine 
mechanisms. Step 7: for immunotherapeutic use of mRNA, the protein 
product needs to be degraded into antigenic peptide epitopes. These 
peptide epitopes are loaded onto major histocompatibility complex 
(MHC) molecules, which ensure surface presentation of these antigens to 
immune effector cells. Cytoplasmic proteins are proteasomally degraded 
and routed to the endoplasmic reticulum where they are loaded on MHC 
class I molecules to be presented to CD8+ cytotoxic T lymphocytes. 
MHC class I molecules are expressed by almost all cells. Step 8: in 
antigen-presenting cells, to obtain cognate T cell help for a more potent 
and sustainable immune response, the protein product needs to be 
routed to MHC class II loading compartments. This can be accomplished 
by incorporating routing signalencoding sequences into the mRNA. 
Moreover, exogenous antigens that are taken up by dendritic cells can 
also be processed and loaded onto MHC class I molecules by a 
mechanism that is known as crosspriming232. Step 9: proteinderived 
epitopes can then be presented on the cell surface by both MHC class I 
and MHC class II molecules.
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STRUCTURE-BASED B-CELL-ONTOGENY
STRATEGY FOR INFLUENZA A VIRUS

While the structure-based strategies developed
for RSV may succeed with viruses that evade by
conformational change, many viruses do not
use structural rearrangements to evade the hu-
moral immune response. Unlike the metastable
RSV F glycoprotein, which rearranges to its
postfusion conformation even on infectious vi-
rus (Liljeroos et al. 2013), the type 1 fusion
machine of influenza Avirus, its hemagglutinin
(HA) glycoprotein, is stable under physiological
conditions; as long as the influenza HA glyco-
protein does not encounter acidic pH, it resides
in a stable prefusion state. Immune evasion by
the HA glycoprotein appears not to involve con-
formational change, but sequence diversity: ei-
ther antigenic drift (Carrat and Flahault 2007),
responsible for the ability of seasonal strains,
such as the H1 and H3 subtypes of influenza
A that currently cocirculate, to infect an esti-
mated 10% of the human population each
year; or antigenic shift (Alexander and Brown
2000), potentially involving zoonotic crossovers

from a highly diverse reservoir of influenza sub-
types, which reside in domesticated livestock
and migratory birds.

One potential approach to overcoming se-
quence diversity involves clues from antibodies
identified from natural infection: an antibody
to vaccine approach (Burton 2002). In such
an approach, antibodies with broad neutraliza-
tion activity unhindered by sequence diversity
would serve as templates for vaccine develop-
ment. Structure-based approaches can be used
to define the epitopes recognized by broadly
neutralizing antibodies and to create immuno-
gens that focus the immune response these sites
of viral vulnerability. At the Vaccine Research
Center, we have proposed the expansion of
this approach to include considerations of the
B-cell ontogeny by which effective antibodies
are generated (Kwong and Mascola 2012). In
such an expanded approach, it is critical to un-
derstand not only what antibodies are made of
and which sites of viral vulnerability they target,
but also the immunological pathways by which
antibodies are generated. In this approach, one
seeks to elicit effective antibodies by replicating
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Figure 1. A structure-based paradigm for vaccine development. (A) Natural infection induces a variety of
responses. In the first step of structure-based vaccine design, a potently neutralizing and frequently elicited
response is selected as a template for vaccine design. (B) The second step involves the structural determination
of the selected response, in complex with the eliciting antigen. Shown is the apex-directed antigen-binding
fragment of the D25 antibody (white and red) binding to the trimeric RSV-fusion glycoprotein (pink and green
surface representation, with one protomer in rainbow-colored ribbon). (C) An information matrix comprising
immunogen design, antigenic and physical properties, atomic-level structures, and immunogenicity is used to
determine properties that correlate with improved immunogenicity, and these properties are iteratively opti-
mized (Joyce et al. 2016b). (Panel from McLellan et al. 2013a; adapted, with permission, from The American
Association for the Advancement of Science # 2013.)
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Vaccine	development	in	the	21st	
Century	

•  Time	it	takes	to	develop	and	deliver	a	new	vaccine	to	market	remains	too	
slow.		

•  A	number	of	issues	contribute	to	the	delay:			

– Limita;on	of	animal	models	to	predict	and	mimic	vaccine-
induced	immunity		

– Limited	ability	to	generate	novel,	but	physiologically	relevant	
and	testable	hypotheses	about	the	mechanisms	of	vaccine-
induced	protec;on		

– Difficul;es	in	defining	correlates	of	protec;on		

– Poor	strategies	to	ra;onally	up	and	down	select	different	
vaccine	candidates	in	an	affordable	and	;mely	manner	

•  Exploratory	clinical	studies	could	circumvent	many	of	these	problems	
BUT	there	are	major	logis&cal	barriers	to	this	approach	



Current	pathways	



Product	development	through	experimental	
medicine	approaches	

Traditional Product Development 

Clinical		
Proof	of	Concept	

Preclinical		
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Clinical	trials	
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Clinical	trials	
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Exploratory Clinical Studies with  
non-candidate probe if critical to de-risk 

Explora;on	

Rapid evaluation of scientific validity  
for high risk concepts 

Positive Results  
Product 

Development program 
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Vaccines	have	poten;al	for	preven;on	
beyond	epidemics-for	all	of	society	



Vaccines	are	one	tool	of	public	health	
always	useful	in	peace	;me,	and	some;mes	in	war	

Duggal said this clearly shows that health expenditure in the country, especially

from the public sector, is inadequate. He argued that about 85% of the total out-

of-pocket-expenditure is spent on private facilities.

On this count too, India performs poorly in comparison to several other

countries. For instance, in China, out-of-pocket expenditure is as a percentage of

total health expenditure is 32% in China, 11% in US and averages around 18.2%

for the world, according to World Bank data for 2014.

Meanwhile, World Health Organisation data shows that Indian government’s

per-capita spending on health measured in dollars and adjusted for purchasing

power parity was $267 per capita per year, compared to $730 in China and $1318

in Brazil in 2014.

Some advocate an increase in public health spending each year, combined with a

strictly regulated private sector that provides specific services or technology that

the public sector does not offer at the moment. Others advocate handing over a

much greater strategic control of the health systems to private players. This often

comes coupled with the admission that government investments in health care

are unlikely to rise soon. The Niti Aayog said as much two years ago, while

building the case for the public-private partnership model that it suggested last

month.

Scroll.in looked at how the investment map for health care has changed since

2010 and how it stacks up against other emerging economies. While several

governments and researchers have talked about the need to spend at least 2.5%

of the gross domestic product on health, the Indian government only spends

about 1.4% of the GDP on the sector (in 2014). This have given a lot of room to

private players to enter the healthcare space. Private health spending in India

was more than double the government’s expenditure, at 3.3% of the GDP in 2014,

according to a recent PricewaterhouseCoopers report.

Percentage	of	GDP	spent	on	health	

63	million	have	catastrophic	
health	spending	annually!	
Without	outbreaks	

Protec;on,	planning	and	
policy		



	
	

Vaccines	transformed	public	health	in	the	20th	century	and	in	
the	21st	century	we	will	see	them	not	just	for	preven;on	of	
infec;ous	diseases	and	outbreaks	but	in	the	preven;on	and	

treatment		of	non-communicable	disease	
	
	

60%	of	vaccines	used	in	public	immuniza;on	programs	for	
children	use	a	vaccine	made	in	India	

	
But	we	can	do	more		

	



The	MenAfriVac	
story	
•  Meningi;s	Vaccine	
Project	(PATH,	Synco	
Biopartners,	CBER	and	
Serum	Ins;tute)	

•  <10	years,	70	million	US$	
•  Freeze-dried	
polysaccharide	of	
Neisseria	meningi;dis	
group	A	conjugated	to	
tetanus	toxoid	at	a	price	
of	0.50	US$	(other	
vaccines	50-80	US$)	
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