LECTURE NOTES
Burden of vaccine-preventable

diseases: News and
epidemiological updates

Preben Aavitsland at EPCM, University of Basel, 3.9.2015

Summary

In this lecture at the University of Basel, Preben Aavitsland
discusses vaccines and vaccine-preventable diseases, with an
emphasis on disease burden.

These notes are not a word for word manuscript, but rather a
combination of the slides and some main points from the lecture.

Introduction
Thank you for inviting me. | will share some facts and views on | this column, please find links to
. . . o background material.
vaccine-preventable diseases and vaccines, specifically on these
five topics:
Contents

1. Vaccine preventable diseases

2. Burden of infectious diseases

3. Community immunity

4. Selected news and epidemiological
updates

5. (Criteria for introducing vaccines in
vaccination programmes)
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1. Vaccine-preventable diseases

The number of diseases that may be fully or partially prevented
by vaccines is steadily increasing. In most EU-countries, ten
diseases are targeted in national childhood vaccination
programmes. Usually, these ten diseases are covered by three
vaccine products, in one or more doses.

Coveredin most EU-countries Coveredin some EU-countries
Diphtheria Rotavirus gastroenteritis
Tetanus Tuberculosis
Pertussis HPV infection
Poliomyelitis Meningococcal disease
Hib-disease Influenza
Hepatitis B Hepatitis A

Varicella

Pnsumococcal disease
Other diseases

Measles Rabies

Mumps Yellow fever

Rubella Japanese encephalitis
Cholera
Tick-borne encephalitis
Malaria

Some diseases are targeted by the vaccination programme of
only some EU countries. And vaccines against yet other diseases
are used for special groups only, among them mainly travellers.

The European Centre for Disease Prevention and Control (ECDC)
maintains a public database of vaccination schedules in EU
countries:

ECDC Vaccine Scheduler:
http://ecdc.europa.eu/en/eurovaccine
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This is a very useful tool for studying the programme in individual
countries, or for looking across EU on the variation in schedules
for certain (or most!) vaccines. For instance, hardly any two
countries have the same schedule for measles vaccination.

2. Burden of infectious diseases

The burden of an infectious disease is a measure of the

population ill health (deaths and disability) resulting from the WHO on the use of Disability-
disease. Thus, we need to look at both severity of disease Adjusted Life Year (DALY) to quantify
(measured by e.g. case-fatality risk or disability risk) and the ;%brﬁ;?g%ﬁ;d'sease from mortality
potential for spread of the disease, which determines the number http://www.who.int/healthinfo/global_
of affected people. burden_disease/metrics_daly/en/
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These two factors are
independent. The product of
them can be seen as the
disease burden.

Both the severity and the
spread potential are
determined by features of the
infectious agent, the infected
host or the environment and

society. In the figure below, these features are listed.

Characteristics: Infectiousness,
pathogenicity, virulence, reservoir,
source, transmissionroutes

infectious agent

host

Characteristics: age, sex. immunity,
genes

Behaviour: work, nutrition, alcohol
and tobacco use, drug use, physical
activity, animal contact

environment and society

Physical: climate, temprature
Biological: fauna

Social: population density, housing,
medical standard, public health
measures

Preben Aavitsbn

For instance, the severity is mainly determined by the virulence

of the agent, the
immunity of the
host (which may
ameliorate, if not
fully prevent, a
disease), the
quality of
treatment, and the
underlying
diseases,
nutritional status

other disease,

® fregatment

and age of the
host.

nutrition, age

The spread potential is mainly determined by the infectiousness
of the agent (and its source and route of transmission), the
duration of infectivity of the host, the contact rate between the
infected host and other individuals, and the susceptibility of

those individuals.

The product of these four factors equals the reproduction
number R of an infectious disease in a given situation. R is the
number of secondary cases produced by an average infected
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The Global Burden of Diseases,
Injuries, and Risk Factors Study
(GBD) http://www.healthdata.org/gbd


http://www.healthdata.org/gbd

host.
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This product can be written like R = pcds:

Factor Infectiousness | Contact rate Duration of Proportion
of agent infectivity susceptible
Measures | Hygiene. Isolation of the | Treatment Vaccination
Personal sick. that kills
protective Quarantine of | agent.
equipment the suspects.

Acticity
restrictions.

We now see that vaccine-preventable diseases may vary along
both the severity and the spread potential axis. Take for instance
meningococcal disease: It is very severe, with a case-fatality risk
of 10-20 %. Its spread potential, however, is low (except for
some epidemics in the African «<meningitis belt»). Most cases are
solitary. Still, the high severity produces a rather high disease
burden (read area in the figure).

Measles, on the
other hand, has a
low case-fatality
risk in Europe;
perhaps 0.02%. Its
spread potential,
however, is very
large. The measles
virus spreads by
airborne
transmission. In a
population of only susceptible individuals, an index case will on
average infect around 15 people. (We say that the basic
reproduction number - Rq - is 15.) In the case of measles, then, it
is the high spread potential - not the severity - that causes the
high disease burden (green area in figure).

Meningococcal disease

severity

Measles

spread potential

One major problem with using only disease burden to prioritise
preventive resources among infectious diseases is that we then
© epidemi.as
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only consider diseases that we know and that have a measurable
disease burden. The last few years have, however, taught us that
diseases may emerge to rapidly cause heavy disease burdens.
Ebola viral disease, MERS and Nipah viral disease are just a few
examples. Usually, these new diseases emerge in humans from
an animal reservoir, which is not surprising. Vertebrates share
many diseases, and the closer two species are (in phylogenetical
terms); the more likely they are to share infectious agents.

Wolfe and co-workers have proposed a development two several
stages:

At the first stage there are agents that are present in only one or
a few animal species.

1 Swine fever, Foot and mouth
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At the second stage, we find infectious agents that occasionally
manage to jump from their animal hosts to infect humans, but
the agents are not adapted to humans and the spread stops.
Humans are a dead end; the reproduction humber among
humans is zero. Examples of such diseases include anthrax,
tularaemia, rabies, and borreliosis.

Anthrax, tularemia, rabies, ...

Avian influenzaH5N1 and
H7N9,MERS, Ebola, ...

Cholera, yellow fever, swine
influenzaH1N1,...

HIV infection, hepatitis B,
measles, rubella, ...
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Factors that increase the risk of spread from animals to humans
are the density of animals, the prevalence of infection among
them, the rate of contact between animals and humans, and the
infectiousness of this contact. Characteristics of the infectious
agent and a large phylogenetic distance between the animal in
question and humans may reduce the likelihood of interspecies
spread.

In this way, argues Wolfe, do we understand why some animals
more than others have been important sources of new zoonoses.
Rats have been important because we come so much in contact
with them. Chimpanzees have been important because they are
so similar to us. Elephants and polar bears, on the other hand,
are less likely sources because we tend to avoid close contact
with them (at least with the polar bears!) and they are not so
similar to us.

In the third stage, we find infectious agents that have their main
reservoir among animals, and that rarely infect humans and set
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«The burden of disease is a less
useful measure to set public health
priorities for infectious diseases as
compared with non-communicable
diseases. Ministers of health and key
policymakers should not be lulled into
thinking that the best use of
resources is to allocate them only to
the most obvious current problems.
The biggest public health impact
against an infectious disease is often
when the numbers are small. Good
public health sense would suggest
that ignoring many of the emerging
zoonotic diseases today because
they exhibit a low burden of disease
may result in catastrophic problems
tomorrow.»

Berkelman R, LeDuc J. How useful is
‘burden of disease’ to set public
health priorities for infectious
diseases? J Public Health Policy
2015; 36: 283-6.

Wolfe ND, Dunavan CP, Diamond J.
Origins of major human infectious
diseases. Nature 2007; 447: 279-83.
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off chains of interhuman transmission. The reproduction number,
however, is less than 1, so the epidemics sooner or later stop by
themselves. The disease cannot be sustained among humans;
rather it requires an animal reservoir.

Avian influenza H5N1 and H7N9 and MERS certainly are at this
stage. We used to classify also Ebola virus disease here, but the
recent outbreak in West Africa indicates that Ebola virus may be
close to a stage 4 pathogen.

At the fourth stage, we find infectious agents that once came
from animals, but since have adapted to humans. Over time,
humans have replaced animals as the main source of new cases.
Cholera, yellow fever and swine influenza H1N1 are examples.
When swine influenza HIN1 emerged among humans in 2009, it
was already so adapted to humans that infections from swine to
humans had little impact compared to interhuman transmission.
(In Norway, one of the few countries with no influenza in swine,
one issue during the 2009 pandemic was to avoid spread of
swine influenza H1N1 from humans to swine!)

At the fifth stage, we find infectious agents that have adapted to
humans so well that they no longer have an animal reservoir.
They have become exclusive human pathogens.

The enormous outbreak of Ebola virus disease in West Africa has More on Ebola: .
demonstrated the large disease burden caused by an emerging hitp://epidemi.no/?page_id=1158
disease. No-one could have foreseen this large disease burden,

not only from Ebola itself, but also from other diseases that have

been neglected while the health services in the affected

countries have been desperately fighting Ebola. Thousands of

children orphaned by Ebola are a huge extra burden.

) ) WHO on Ebola vaccines:
Fortunately, several candidate Ebola vaccines had been http://who.int/medicines/ebola-

developed and were almost ready for clinical testing when the treatment/emp_ebola_vaccines/en/
© epidemi.as
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