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Vaccines Success Stories: Smallpox

8 May 1980:

Smallpox Eradicated

1796.: Jenner vaccinating 

8 yr-old James Phipps 1796.



Human Monkeypox in the Kivus, a 

Conflict Region of the Democratic 

Republic of the Congo.

McCollum AM., et al., AM J Trop Med 

Hyg. 2015 Oct;93(4):718-21.

https://www.ncbi.nlm.nih.gov/pubmed/26283752


Source: ://www.infectionlandscapes.org/





CDV in Serengeti lions

Vaccine 1994

PDV in European Harbour seals

Nature 1988 / Science 2002
CDV in Baikal seals

Nature 1988

CDV in Caspian seals

EID 2000 

DMV

Med. monk seals

Nature 1997
CDV in macaques

China, EID 2011

Morbilliviruses crossing species barriers

A pandemic risk after measles eradication?

DMV 

Fin Whale Denmark 2016

(submitted)
Should we continue measles 

vaccination for ever?
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Long-term measles-induced
immunomodulation increases overall
childhood infectious diseasemortality
M ichael J. M ina,1,2* C. Jessica E. M etcalf,1,3 Rik L. de Swar t,4

A. D. M . E. Osterhaus,4 Bryan T. Grenfell1,3

Immunosuppression after measles is known to predispose people to opportunist ic

infect ions for a period of several weeks to months. Using populat ion-level data, we show

that measles has a more prolonged effect on host resistance, extending over 2 to 3 years.

We find that nonmeasles infect ious disease mortality in high-income countries is t ight ly

coupled to measles incidence at this lag, in both the pre- and post-vaccine eras. We

conclude that long-term immunologic sequelae of measles drive interannual fluctuations in

nonmeasles deaths. This is consistent with recent experimental work that attributes the

immunosuppressive effects of measles to deplet ion of B and T lymphocytes. Our data

provide an explanation for the long-term benefits of measles vaccination in preventing

all-cause infect ious disease. By preventing measles-associated immune memory loss,

vaccination protects polymicrobial herd immunity.

M
easlesvaccineswereintroduced 50 years

agoand werefollowed bystrikingreduc-

tions in child morbidity and mortality

(1,2).Measlescontrol isnow recognized

asoneof themost successful publichealth

interventions ever undertaken (3). Despite this,

in many countries vaccination targets remain

unmet, and measlescontinues to take hundreds

of thousands of lives each year (3). Even where

control has been successful, vaccine hesitancy

threatens the gains that have been made (1, 4).

The introduct ion of mass measles vaccination

has reduced childhood mortality by 30 to 50%

in resource-poor countries (5–8) and by up to

90%in themost impoverished populations(9,10).

Theobserved benefitscannot beexplained by the

prevention of primary measles virus (MV) infec-

tionsalone(11,12),and they remain acentral mys-

tery (13).

MV infection is typified by a profound, but

generally assumed to be transient, immunosup-

pression that renders hosts more susceptible to

other pathogens(14–17).Thus, contemporaneous

reductions in nonmeasles mortality after vacci-

nation areexpected. However, reductions in in-

fectiousdiseasemortality after measlesvaccination

can last throughout thefirst 5yearsof life(5–10),

which is much longer than anticipated by tran-

sient immunosuppression,which isgenerallycon-

sidered to last for weeks to months (16, 17).

Proposed mechanisms for a nonspecific bene-

ficial effect of measles vaccination range from

suggestionsthat livevaccinesmaydirectlystimu-

late cross-reactive T cell responses or that they

may train innate immunity to take on memory-

likephenotypes(13,18–21).Although well described

by Aaby (11, 12) and others (22) in observational

studies, primarily in low-resourcesettings, these

effects may not fully explain the long-term ben-

efitsobserved with measlesvaccination and can-

not explain the pre-vaccination associations of

measles and mortality we describe below. The

World Health Organization (WHO) recently ad-

dressed this issue (22) and concluded that mea-

slesvaccination isassociated with largereductions

in all-causechildhood mortality but that there is

no firm evidence to explain an immunological

mechanism for thenonspecific vaccinebenefits.

Recent work (17, 23) invoked adifferent hypo-

thesisthat alossof immunememorycellsafter MV

infection resets previously acquired immunity,

and vaccination preventsthiseffect.deVrieset al.

(17) reproduced transient measles immune sup-

pression in macaques, characterized by systemic

depletion of lymphocytesand reduced innate im-

mune cell proliferation (24). Although peripheral

blood lymphocyte counts were restored within

weeksasexpected (25), theauthorshypothesized

that rapid expansionsof predominantlymeasles-

specific B and T lymphocytesmasked an ablated

memory-cell population (17). In other words,MV

infection replaced thepreviousmemory cell rep-

ertoire with MV-specific lymphocytes, resulting

in “immuneamnesia” (17) tononmeaslespathogens.

Previousinvestigationsof virus-induced memory-

cell depletion suggest that recovery requires re-

stimulation, either directly or via cross-reactive

antigens (26–29).

We propose that, if loss of acquired immuno-

logical memoryafter measlesexists, theresulting

impaired host resistance should bedetectable in

theepidemiological datacollected during periods

when measles wascommon and [in contrast to

previousinvestigationsthat focuson low-resource

settings(5–12)] shouldbeapparent in high-resource

settings where mortality from opportunistic in-

fections during acute measles immune suppres-

sion was low. Relatively few countries report the

necessary parallel measlesand mortality timese-

ries to test this hypothesis. National-level data

from England, Wales, the United States, and

Denmark [ F1Fig. 1, A to C; see supplementary

materials (SM) 1 for details], spanning the dec-

adessurrounding the introduction of massmea-

slesvaccination campaigns,meet our datacriteria.

Toassesstheunderlying immunological hypo-

thesis (Fig. 1D) using population-level data, we

required that first, nonmeasles mortality should

becorrelated with measles incidencedata, espe-

cially because the onset of vaccination reduces

thelatter.Second,an immunememorylossmecha-

nism should present as a strengthening of this

association when measlesincidencedataaretrans-

formed to reflect an accumulation of previous

measlescases(ameasles“shadow”). For example,

if immunememory loss(or morebroadly, immu-

nomodulation) lasts 3 years, the total number

of immunomodulated individuals (S) in the nth

quarter can becalculated asthesum of themea-

sles cases (M) over the previous (and current)

12 quarters: Sn = Mn–11+ Mn–10+…+ Mn–1+ Mn.

In practice, we weighted the quarters using a

gamma function. Dividing Sby the total popula-

tion of interest thus provides the prevalence of

immunomodulation (seeSM 2, fig.S1,and movie

S1 for detailed methods). Third, the strength of

thisassociation should begreatest when themean

duration over which the cases are accumulated

matches the mean duration required to restore

immunological memoryafter MVinfection.Fourth,

theestimated duration should beconsistent both

with theavailable evidence of increased risk of

mortality after MV, compared with uninfected

children, and with the time required to build a

protectiveimmunerepertoirein early life(Fig.1D,

fig. S2, and SM).

To explicitly address whether the observed

nonspecific benefits of vaccination can be attri-

buted to the prevention of MV immunomodula-

tion, evidence for the four hypotheses must be

present separately within thepre-vaccine eras.

Reductions in nonmeasles infectious disease

mortality (SM 1) areshown in Fig. 1, for children

aged 1to9yearsin Europeand aged 1to14 years

in the United States, shortly after the onset of

massvaccination in each country. Thefall in mor-

tality waslater in Denmark,correspondingtothe

introduction of measlesvaccination in the1980s,

as compared to the late 1960s for the United

Kingdom and United States. In all locations,

measlesincidenceshowed significant (P< 0.001)

associationswith mortality (Fig. 1, E to G). How-

ever, effect sizes varied (fig. S3A), reflecting low

reporting in theUnited States[fig.S3Band (30)]

and changesin health carepracticebetween eras.
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Measles immune suppression; lessons from the macque model.

de Vries RD, et al., PLoS Pathog. 2012

CD45RA(-) memory T-lymphocytes and follicular B-lymphocytes killed



2010200019901980

Reperant LA, Cornaglia G, Osterhaus AD   Curr Top Microbiol Immunol.2013 

The importance of understanding the human-animal interface: from early hominins to global citizens



Human influenza: 

three appearances

Seasonal influenza

(A: H3N2, H1N1; B)

Avian influenza A: 

H5, H6, H7, H9, H10…  

Pandemic influenza

(A: H1N1, H2N2, H3N2, H1N1…?)



Russell et al. (2008) Science

Asia is the epicenter for both influenza A/H1N1 and /H3N2 subtypes.

Russel et al. Science, 2008  

But not for influenza B viruses.     van der Vries et al., submitted

Global Circulation 

of Seasonal Influenza A (H3N2) Viruses



Annual influenza-associated

mortality rates
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Thompson et al., JAMA 2003

chronic cardiovascular disease

chronic airway disease

diabetes mellitus

chronic renal dysfunction

immune-compromised

elderly ( 60 years)

pregnant women

children 5 months – 5 years

HIGH RISK GROUPS



Seniors’ Health:   
Adding Life To Years

60               70              80                90

Age

2000’s

1990’s

1980’s

McElhaney et al., 2010



Stroke. 2002; 33:513-518



Distribution of VE point estimates according to 

alternative outcome definitions.

Beyer et al., 2013 Vaccine:

‘Cochrane revisited’



SOURCE: ECDC

Vaccines don’t protect, vaccination does!!!



Possible decrease of antibiotics usage



Seroprevalence of antibodies against seasonal influenza A and B 

viruses in children in the Netherlands

Influenza A/H1N1

Influenza A/H3N2

Influenza A/H1N1 or A/H3N2

Age

Proportion of children lack HSI

Bodewes et al., 2011, Clin. Vac. Immunol. 18(3):469-76



Influenza has a sizeable burden on 

children and their families

1. World Health Organization (WHO). Wkly Epidemiol Rec 2012;87:461–76; 2. Lafond KE et al. PLoS Med 2016;13:e100197; 3. Heikkinen T et al. J Infect Dis 2004;90:1369–1373;  4. Heikkinen T et al. Pediatr 

Infect Dis J 2013;32:881–888

 Influenza occurs globally, with an annual attack rate estimated at 5–10% in adults and 20–30% in children1

 Young children are at high risk of influenza infection and complications

 Young children excrete more virus and longer

High risk of infection and 

complications

870,000 influenza-related 

hospitalisations per year 

worldwide in children aged <5 years2

Social, economic and 

healthcare burden

195 days of parental work lost in 

Finland for every 100 influenza-infected 

children aged <3 years3

Source of transmission

Children with influenza contribute 

to infection of others, including the 

vulnerable elderly4

1

8



Globally, less than a third of countries have recommendations for 

national influenza childhood vaccination

Ortiz JR et al. Vaccine 2016;34:5400–5405
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Influenza immunisation
policies

Africa The Americas Eastern Mediterranean

Europe South-East Asia Western Pacific

Global average

Global 
average: 

59% 28% 46% 42% 47% 45%

There is still room for improvement – only 28% of countries have a childhood recommendation





CI, confidence interval; ER, emergency room; GP, general practitioner; RR, relative risk; 

RRR, relative risk reduction

Among children with confirmed moderate-to-severe influenza, compared with controls, D-QIV:

Reduced 
use of antibiotics

Reduced 
risk of ER visits

+

69%
(0.8% vs 2.6% use)

Reduced 
risk of GP visits

65%
RRR

RR: 0.35 

(95% CI: 0.27–0.46)

80%
RRR

RR: 0.20 

(95% CI: 0.06–0.69)

Reduction

2

8

Presented ESPID 2017 http://espid2017.kenes.com/scientific-information/interactive-programme#.WTbbX_IzUid
Study 115345. 2017. Available at: www.gsk-clinicalstudyregister.com/

Exploratory objective, Total vaccinated cohort (TVC)

CI, confidence interval; ER, emergency room; GP, 

general practitioner; RR, relative risk; RRR, relative 

risk reduction

http://espid2017.kenes.com/scientific-information/interactive-programme#.WTbbX_IzUid
http://www.gsk-clinicalstudyregister.com/


Most recent pandemics

Spanish Flu 1918

Year

1918

1957

1968

2009

Subtype

H1N1

H2N2

H3N2

H1N1

Name

Spanish Flu

Asian Flu

Hong Kong Flu

Mexican Flu

Estimated deaths

20-40x106

1x106

7x105

2x104 – 3x105





Avian Influenza: Asia



Subtype

H7N7

H5N1

H9N2

H5N1

H7N7

H7N2

H7N3

H5N1

H7N9

H9, H10, H6..  Asia…

Country

UK

Hong Kong

SE-Asia

Hong Kong

Netherlands

USA

Canada

SE-Asia/M-East/

Europe/W-Africa

PR Chinahina

Year

1996

1997

1999

2003

2003

2003

2004

2003-17*

2013

ongoing

*CFR ~ 55%

# Cases

1

18

>2

2?

89

1

2

>850

# Deaths

0

6

0

1

1

0

0

>450*

>1500

<5

>600

<5

(increasing)

Recent zoonotic transmissions

from birds

-confirmed human cases-



HPAI H5N1 virus passaging in ferrets 

- toward transmissibility -

Published by AAAS

Five substitutions are sufficient for 

airborne transmission between ferrets
Munster et al., Science 2009

Herfst et al., Science 2012

Russel et al., Science 2012

Linster et al., Cell 2014



Heterosubtypic immunity
- animal models -



The frequencies of pre-existing cross-reactive T cells are 

inversely associated with illness severity in infected individuals.
- Sridhar et al., Nature Med 2013 19:1305–1312 -



Questions?



Available at: http://www.patriotsaints.com. Last accessed 02 November 2010.

H1N1 2009 pdm vaccines as non-safe medicine in the lay press



Edward Jenner

“father of vaccination”



CONCLUSIONS
Vaccination benefits beyond vaccinees: 

Prevention of:

 Immune suppression (measles)

 Protection from virus spreading allowing eradication

 Protection from previously conquered infectious disease (spreading)

 Spreading into vulnerable / at-risk 

 E.g. inluenza in the elderly

 AMR development

 Directly and indirectly (e.g. influenza) by reducing antimicrobial usage

 Veterinary vaccines (cattle, pigs, camels, chickens…)

 Infection with related pathogens?

 Hetero-subtypic / avian / pandemic influenza

 E.g. pox- and morbilliviruses



 Programme reflects One Health Agenda:

 Theme: One Health in underprivileged communities

 Co-organizer: University of Saskatchewan

 One Health Fellowship Fund

 www.onehealthcongress.com
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