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Foreword
This booklet is the result of a lengthy collaboration between the two authors.
Our primary goal was to broaden our view of epidemics and their counterpart,
regressions. Any health hazard or health condition can affect the number of
epidemiologic cases and the people affected by them. It is not only infectious
diseases that can change their importance in a population. This is true for all
health threats and diseases. And this is precisely why epidemiology needs to
explore the causes of such changes. During our discussions of this booklet,
the world was hit by the Corona pandemic, and we concluded that we need to
focus not only on communicable diseases, but on all health-related problems.
We hope that readers will accept our generalized view of both the phenomena
of epidemics and regressions, their definition, classification, description, and
measurement of occurrence, and the assessment of such changes and their
management. We want to make it clear that we need epidemiology as much
as we need the contributions of bacteriology, virology, or immunology if we
are to address public health threats.
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1. Introduction
This brochure focuses on the following topics:
1. the characteristics of epidemics and regressions
2. the causes of epidemics and regressions
3. the epidemiologic consequences of changing exposures on
prevalence
4. the concepts of describing epidemics and regressions
5. the assessment of epidemics and regressions
6. the management of epidemics
Social Medicine and Epidemiology played a significant role during the
Industrial Revolution in Europe and North America in the 18th and the 19th
Century. This was the epoch of transition into a new era of production and
social life. But this epoch was also closely linked to terrible epidemics. These
epidemics always had and still have the same victims. It was the most
vulnerable parts of the populations: children, women, chronically ill people, the
disabled and the poor. These epidemics endangered the existence of Western
European societies in the 18th and the 19th Century.
Social Medicine became a fundamental science in the period of fighting
epidemics that followed from poverty, social deprivation, famine, unregulated
industrial production, and urbanization, but also from the destruction of the
natural environment. In particular, France, England, and Belgium, but later also
Germany or Scandinavia and the USA were affected. The epidemics
threatened the survival of large parts of the population of these regions. Antiepidemic measures became key conditions for the survival and economic
success of these societies. For these reasons, fighting epidemics was more
important than treating ill individuals. In addition, these were often diseases
for which therapies were not available.
These socio-economic transitions fostered interest in preventive activities.
The establishment of Public Health and the legally justified monitoring of
social, work, and environmental conditions through effective executive
infrastructures became urgently needed. France and England in particular
became models for many countries because they were leading in this new
field of science and its application in practice. Countries that followed this
example were, for example, the USA or Scandinavia and Germany. The
understanding of what epidemics are had been determined by communicable
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diseases and by the knowledge that the lower strata of the population are
increasingly at risk of suffering from them than the upper classes.
But there are more causes that harm the health of a population than just
infectious diseases. With every health problem, the number of those affected
can increase or alternatively decrease. And in addition, health problems and
their consequences will affect people differently. It is the quantitative
movement of epidemiologic cases and their unequal distribution that
determine the research questions of Social Medicine. For this reason,
Epidemiology is one of the most important methodological sources of Social
Medicine. But it makes no sense to limit the understanding of epidemics to
infectious diseases, against this background.
The public, the applied sciences of medicine, and in particular Social Medicine
and Epidemiology, are challenged to realize that not only the increase in the
prevalence of infectious diseases is an epidemic. Any increase in cases of
disease-specific prevalence and other health conditions is an epidemic and
its decline is a regression.
Social Medicine and Epidemiology are the basic sciences of Public Health and
of all preventive or medical activities that relate to entire populations or even
to selected parts of them. Public Health is the applied arm of these two
sciences. However, it must also be borne in mind that Public Health can only
fulfil its tasks if its population-based concepts of social prevention are
accepted by people and politicians. It makes a fundamental difference to save
the lives of single individuals or of entire populations or parts of them.
We see social prevention as a significant aspect of humanity that prioritizes
the well-being of all, not just of some. These types of societies accept the
interests of the majority of citizens and the need to save global living
conditions for the next generations as a priority and as a leading guide of
politics. This also includes setting legal norms to restrict individual liberties
when it comes to safeguarding the interests of a majority and saving its future.
In the case of communicable diseases, quarantine, and restriction of freedom
of individual decision-making is one of the crucial aspects, in many respects.
The fight against communicable diseases must be based on solidarity. But
solidarity needs norms, not any individual interpretations. This is the central
question in fighting epidemics.
The impact of any kind of epidemics does not affect people equally. For this
reason, Epidemiology and Social Medicine need to map the distribution of the
impact of epidemics on the population, rather than listing the amounts of
incident and prevalent cases. Social Medicine must reveal the heterogeneity
2

of a population and possibly also the social discrimination of social classes
by an epidemic. This could make research on epidemics unattractive to
policymakers, while regressions of disease-specific prevalence are always
welcome. It always seems difficult to distinguish between "responsibility" and
"guilt", in this respect.
The practice of Social Medicine and Epidemiology is Public Health, which
intervenes in the conditions of social life through surveillance, screening, and
the regulation of public life. This inevitably leads to conflicts between the
diverse individual interests and their lobbies. However, interventions are
legitimate if the interests in the coherence of the population and its future take
precedence.
There are more reasons for the quantitative dynamics of epidemiologic cases
than just changing the risks. The authors want to discuss the diversity of the
causes of the dynamics of epidemiologic cases. This brochure is primarily
intended to structure and to discuss these causes. The brochure focuses on
epidemics of infectious diseases, although any diseases can also be affected
by epidemics.
First, we need to clarify what the science of epidemics and regressions
ultimately is. This science is obviously Epidemiology, which studies the
dynamics of the health conditions of populations. The different dynamics of
their causes create inequalities within populations when they influence
clusters of people differently in terms of direction, severity, cluster-specific
penetration and in their social and individual consequences.
Readers need to be familiar with four basic terms: “INCIDENCE”, “PREVALENCE”, “EXIT CASES”, and “EPIDEMIOLOGIC POTENTIAL”.
The INCIDENCE counts the number of emerging, detected or diagnosed
epidemiologic cases. Therefore, it usually remains unclear whether the
incidence counts the number of cases that change their status from "being
healthy" to the status of "being sick", or change the status from "be at risk" to
"be infected". It is important to always keep in mind that the INCIDENCE is not
"automatically" the nominator for measuring the likelihood of getting infected
or of getting sick. The INCIDENCE stands mostly for the newly discovered
cases that are already part of the prevalence but are unknown until the time
of diagnosis. The difference between the newly emerging cases and the newly
discovered cases can be described by the "diagnostic interval" between falling
ill and the diagnosis of that status. Detected cases are defined as classifiable
health conditions or as diagnosed cases of a disease within a certain period
of time according to the ICD. Being aware of the difference between a new
3

case of disease and its diagnosis is one of the keys to understanding
Epidemiology. However, this difference is of particular importance in
infectious diseases, since undetected, but already prevalent cases not only
lack access to therapy. These cases also include undetected potential
spreaders of a disease.
When infectious exposure enters a population, we find some specific time
intervals of significant interest. A first is the interval at which people are "at
risk." A second is the interval between the infection and the first symptoms
that appear. A third is the time interval at which people can infect others, even
if they don't get sick themselves. Each of these states can theoretically be
described by its duration, by its quantities, and by its distribution in a
population in relation to significant variables such as age, sex or health status
and social characteristics. There are usually intervals between infection and
the detection of this fact. There is also regularly a time interval between
infection, the suspicion of infection and diagnosis. Each of these intervals
determine the estimation of the time interval of infectivity for others. Any
change in knowledge or hypotheses about these time intervals and any
change in the distribution of these time intervals under real conditions can
have enormous quantitative consequences and thus for the assessment of an
epidemic.
It is usually difficult to precisely identify specific epidemiologic clusters of
vulnerability or risk behavior. This is due to a lack of data and makes it difficult
to map the inhomogeneity of a population and to understand the specific
context of the mapped clusters. When scientists, media and decision-makers
talk about such potentials, they often use the term "risk group". They do not
do this on the basis of precise quantitative measurements, but in a qualitative
sense. In any case, however, it is based on the assessment of assumed or
measured differences in risks for at least two groups.

Example:
An often-used term in order to identify a “risk group” is the feature
“high age”. It is unclear what that really means. Neither the particularly discriminating age between “elder” and “not elder” nor the
specific biological features are defined. It is also unclear if the
meaning is “age” or its companion such as co-morbidities. We find
rather seldom characteristics for “risk groups” like “socially disadvantaged” or “living under discriminating labor conditions” etc. It
4

also seems to be a preference to characterize such groups by individual features but not by their social conditions and alternatives
of living under unhealthy circumstances.

PREVALENCE is the number of cases that are already present in a population
at a given time and in a defined region. In infectious diseases, the proportion
of prevalent cases that are infectious to others is of particular interest. These
are cases to be described by the time interval of infectivity. This interval
usually remains unknown, as only in exceptional cases is it possible to
diagnose a case at the time of infection. Thus, the known prevalence is
regularly smaller than the actual prevalence. The only way to describe a
prevalence close to its real-world sets is testing representative samples of a
concerning population.
Although the new cases discovered are called incidence, they are mostly
prevalent cases that are detected by testing. It is also common practice to
periodically measure the sensitivity and specificity of the tests used.
EXIT CASE describes the relocation of cases from prevalence. It is a matter
of logic that cases that go into prevalence must have the opportunity to leave
the prevalence again, for whatever reason. The main reasons for the exiting
cases are "recovery", "emigration" and "death".
The last basic term is EPIDEMIOLOGIC POTENTIAL. Others may prefer the
term EPIDEMIOLOCIC CLUSTER or the term RISK GROUP. Epidemiology
primarily poses the question of who is at risk. This term refers to the fact that
epidemiology deals with the heterogeneity of a population in terms of its
biological and social characteristics. Such potentials should be described by
their different effects on people on and their biological, social, or behavioral
characteristics. These potentials are subsets of a population with a specific
dynamic and with specific characteristics of renewal in their characteristics
and in their quantities. Whichever term the reader prefers, potentials, clusters
or groups, these terms discriminate populations through sinlge- or multidimensional classifications.

5
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The definition of epidemics and regressions

An epidemic is the increase in the number of most common cases of a
disease or other health conditions in a defined population per unit of time.
Regression is the exact opposite.

There are various definitions of what epidemics are. While some argue an
epidemic would be "the occurrence of a particular disease in a large number of
people simultaneously" (https://dictionary.cambridge.org), others define an
epidemic more precisely as the increase in prevalence. It also remains unclear
what a "large number of people" is, as it remains unclear what "occurrence"
means. There is clearly an interest in a more precise and a better
understanding of what is an epidemic and what is a regression.
It is a dilemma that we can only diagnose and count epidemiologic cases if
they already exist. There are few examples where diseases are diagnosed that
moment they occur. Therefore, we mostly count prevalent cases. The
diagnostic interval between the time of getting sick and that of diagnosis is
fundamental for the identification of epidemics, but also regressions. This is
especially true if the distribution of all case-specific diagnostic intervals
changes systematically over time. If this happens, enormous quantitative
effects can follow. We need to distinguish the temporal distribution of cases
where people get sick and the temporal distribution when they are diagnosed.
(Niehoff, J.-U. Social medicine systematically. 3rd edition UNI-MED Verlag,
Bremen, Boston, London, 2011, p. 65, ISBN 978-3-8374-1283-3).
Epidemiology is not to diagnose and treat individual cases of a disease.
Epidemiology helps to protect a population from threats and to make healthier
living conditions possible. Preventing epidemics and, if this goal is not
achieved, combating them may run counter to the interests of a few. But protecting the health of a population meets the needs of the majority and helps
to secure the future. Public Health can only successfully fulfil its tasks if it is
politically accepted as a general social vision and social responsibility. This
view makes Public Health a part of social policy and social management of
societies. But it also reflects conflicts of interest. Public health cannot fulfil its
task if governments do not care about people's health. There are compelling
examples worldwide of the enormous achievements of Public Health, both in
history and in the present, and there are examples of the opposite when
necessary Public Health measures are not accepted by societies.
6

Prevention policy requires specific scientific competences. Sociomedical and
epidemiologic analyses are intended to identify the causes of the quantitative
and qualitative dynamics of population-specific morbidity patterns. Both
fields of research must observe the distribution of hazards, but above all their
social distribution within the population. It is essential to continuously
describe the social distribution of health-related indicators and to identify the
most vulnerable parts of the population, or the winners of social progress and
those who fall short of trends or are even the losers of social transitions.
Against this background, Social Medicine and Epidemiology are looking for
answers to four questions:
1. Does the health of an entire population or defined parts of a population
change over time for the better or for the worse?
2. How can the population-based dynamics of health indicators be
explained, especially when different causes discriminate against
populations?
3. How should the direction of epidemiologic transitions be assessed?
4. What does Public Health need to do when the numbers of
epidemiologic cases change?
Any dynamics of prevalence can only show two general directions, namely
"increase" or "decrease". And this dynamic can only become judged as a
movement in the number of cases for the worse or for the better. This
distinguishes between "epidemics" and "regressions" and their social
characteristics for entire populations or for some of their subsets. But it is
preconditioning for such assessments to understand the reasons for change.
The authors of the “Principles of Epidemiology” (Principles of Epidemiology.
3rd edition, 2012 Atlanta, Georgia; published by the Centers for Disease Control
and Prevention) are describing epidemics similarly to our definition as given
above. It is their argument that an epidemic is “… the occurrence of more cases
of disease, injury, or other health condition than expected in a given area or
among a specific group of persons during a particular period. Usually, the cases
are presumed to have a common cause or to be related to one another in some
way (see also outbreak).”
This description refers to epidemics as the occurrence of "more cases ... than
expected". This "expectation" is the crucial point of this definition. It
encompasses both the difference between reality and expectations and the
difference between reality and its documentation. Such differences can only
be assessed on a qualified quantitative basis in relation to time. This requires
comparisons based on special measurements. In other words, Epidemiology
7

explores the causes of changing sets of cases in populations defined and
structured according to their specific socioeconomic characteristics.
What does “quantity changes” mean? We assume the authors are linking "more
cases" to the increase in prevalence. We share the view that epidemics are a
phenomenon of increasing disease-specific prevalence. This is a central point
of the definition: epidemics/regressions refer to the number of prevalent
cases, but not to the incidence. And it is required that these quantities change
over time by definition. The interest of epidemiology relates to these changes.
We are at odds with the authors mentioned when they use the terms "epidemic" and "outbreak" synonymously. We assume that the authors refer to a
(sudden) increase in prevalence as an "outbreak". An "outbreak" can be
caused by a natural or social disaster, or by transmitting infections to a
vulnerable group of people in a very short period of time. This kind of
occurrence is brilliantly described as a social phenomenon in the novel "A
Journal of the Plague Year" by Daniel Defoe (1660-1731). This plague year was
associated with the understanding of an event that ushered in the increase in
the number of people who fell victim to this disease. In the language of
Epidemiology, the prevalence increased rapidly due to the increase in cases.
But an epidemic is not necessarily due to an "outbreak" of something at a
given time-point.
An epidemic can have more reasons than the increase in incidence and is not
necessarily tied to an outbreak. A slight increase in prevalence over longer
periods of time may also indicate an epidemic. Thus, an epidemic does not
need an “outbreak”. This was different in the time of the great infection
epidemics. During this period, the duration of this type of disease was very
short. Neither the change in the distribution of diagnostic intervals nor that of
therapeutic intervals had a significant impact on prevalence. Thus, the
changes in incidence and prevalence were about the same. The change in the
respective quantities was a sufficiently good estimate for the incidence and
the prevalence. And what's more, the perception of an epidemic probably did
not refer to the incidence, but to the number of people dying.
Beyond this particular condition, we consider it necessary to make a clear
distinction between the movement of incidence and of prevalence when
defining epidemics. The specific meanings are defined by the fact that only a
certain group of diseases shares a short duration of a case, and that the
duration of a case is not necessarily a feature of an emerging disease. That
was certainly the reality in the past. But it is not the reality of the present, in
which prolonging a life with persisting diseases is often the only therapeutic
option and success. Today's medicine celebrates its successes by influencing
8

diagnostic and therapeutic intervals in a high and growing proportion.
Advances in medicine are allowing a growing proportion of people to live long,
even if they suffer from diseases that are not yet treatable. At the same time,
socially incriminated access to necessary medical care is an essential feature
of advanced health systems. Both advances can influence the movement of
the volumes of epidemiologic cases in such a way that they can trigger "false"
or only apparent epidemics and regressions.
The quantities of prevalent cases are said to be in equilibrium if neither the
incidence nor the mean duration of the specific disease changes. Under this
condition, the quantities of entering and exiting cases are equal. But then neither an epidemic nor a regression occurs.
Epidemics, their causes, and their dynamics are much more complicated than
an “outbreak” of something. Consequently, there are more reasons for “increasing cases” than “outbreaks”. In this sense, we need to classify epidemics
in a broader sense than they are defined in the cited "Principles of Epidemiology". An outbreak is a sudden event and as such is only one of the many
causes that can be blamed for the increase in prevalence of a particular disease. Therefore, epidemics must be classified according to the different reasons for the change in prevalence. The same applies to regressions.
And there is another consequence of the distinction between "incidence" and
"prevalence". This is the strict distinction between the cause of a single disease and the cause of an epidemic. As we understand it, a virus or other exposure can cause a disease. But this etiological cause is only a precondition
for an epidemic. An epidemic has causes which must be distinguished from
the diseases’ etiology. Thus, the causes of diseases and the causes of epidemics must be assessed separately. This is also true for the causality of a
regression. The term regression is often used in Epidemiology, but preferably
as a statistical tool, only. If Epidemiology is to analyze the increase of quantities of prevalent cases, it unavoidably has to analyze their declines, too. Both
the increases and the declines of cases have causes which have to be analyzed, and both these types of causes are relevant for Public Health concepts.
In general, Epidemiology is dealing with quantities of elements which are
called “cases”. If these cases are describing patterns of health within populations, these populations are objects of epidemiologic research. They are only
relevant objects under the condition that the quantities of cases are unequally
distributed in populations, respectively are not distributed by chance. Otherwise, there is no reason for analyzing the distributions of cases.
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It is one of the many special problems that people can suffer from more than
one disease at the same time. There are diseases that can occur only once in
a lifetime, other diseases can occur repeatedly, still others only affect certain
groups of people due to certain patterns of susceptibility or patterns of dangerous conditions. For this reason, an emerging disease cannot be easily
linked to a reference population. The number of epidemiological cases is a
subset of all occurring cases that cannot necessarily be attributed to a population and its subsets. Consequently, the sum of all occurring cases in a period
of time can be much higher than the total number of persons contained in the
population.
We avoid the term “frequency”. This term is used in some epidemiologic papers, but it is not clear what “frequency” means. Frequency can refer to the
number of epidemiological cases that relate to a denominator, or it can refer
to the periodicity of the cases that occur. The term does not differentiate precisely between the terms incidence, prevalence or baseline cases, which are
the empirical basis for measuring occurrence in epidemiology. If frequency is
understood as periodicity, this phenomenon is only one of the phenomena analyzed by epidemiology. The aperiodic changes in "quantities" are of course
also of interest for epidemiological analytics. We assume that the term "frequency" means what epidemiologists call "prevalence".
However, we fully share the interpretation of the term "pattern" as used in the
"Principles of Epidemiology". This term is central to understanding what epidemics and regressions are. More than that: the term is also adequate for describing the distribution of the manifoldness of health conditions in a population. We see reasons to prefer the term “pattern” to the established term “morbidity”, which is not precisely defined. It is simply that the “morbidity” of a population cannot be measured. It is only a term for qualitative assessments, provided there is a sufficiently complete quantitative picture available that covers
the total population and its socio-demographic subsets.
Epidemiology is not investigating the causes of a specific disease. This view
might raise controversies. Our position is that the term “cause” makes only
sense if seen in its particular relation to a specifically well-defined “effect”.
The effects investigated by Epidemiology are dynamics of quantities of cases
in heterogeneous populations. If these populations show different case-specific effects in the quantity and in the direction of changes, these effects will
occur as inequalities. Inequal distributions of effects result from different impacts on populations, in this light. Consequently, there is also a difference in
the meaning of “diversity” and “injustice”.
10

The causes of quantitative dynamics of cases and the causes of unequally
distributed effects of these dynamics are another specific research-subject of
Epidemiology. These causes are most of all caused by features and conditions which can become attributed to “social” impacts (which means manmade) and on the heterogeneity of populations. These effects are the real
causes of heterogeneity, both in terms of changes in morbidity patterns and
differences in people's health patterns. The evaluation of these phenomena is
another branch of research but requires more skills than epidemiology. Nevertheless, they are important for public health or norm-setting, and they focus
on interventions in the living conditions of a population and its different social
groups, strata and classes.
Consequently, preventing/treating an individual disease and preventing/combating an epidemic or fostering a regression are different interventive concepts. Social Medicine must develop methods to assess, to control, to overcome or to prevent true epidemics. To this end, the causes of such epidemics
must first be identified. That is the same with initiating and fostering regressions (see below). The main focus of epidemiology is not on the cause of a
single disease, but on the cause(s) of the penetration of disease-specific
causes into a population defined by its socio-demographic pattern, by region
and by time.

Example
Fighting smoking can be seen an important individual preventive
approach. This individual approach must be distinguished from
Public Health activities which might focus on the production, on
the distribution and on advertisements for tobacco products.

Finally, we entirely share the cited authors’ view that the objects of Epidemiology expanded from epidemics of infectious diseases to all the diseases and
health conditions being prevalent in the 20th Century and in the future. But that
is exactly the reason why we also need to expand our understanding of what
epidemics are. It is necessary to further develop the concepts of the measurements of occurrence of diseases, respectively of epidemics and regressions.
Both the spreading of infectious and of non-infectious exposures are causing
comparable quantitative dynamics although the mechanisms might be different. This is also true for regressions despite the mechanisms are likewise different.
11

The regular finding that health conditions are unequally distributed within populations is the issue of epidemiologic research, too. Inequity finally means that
something is not distributed by chance. Thus, the difference between a distribution by chance and the real patterns of the distribution of diseases and disability is the central concern of epidemiologic research. This inequality or heterogeneity is a prominent characteristic of populations and makes them
unique. Insofar, inequality is never the real problem. The real problem are social disadvantages of individuals due to their individuality. There is no rational
hypothesis that health-related chances and risks could or should be equally
distributed. It is also a basic knowledge for epidemiologists that the same exposure will not make the same epidemic in different social clusters of populations. This is particularly true if all the diverse populations are affected by
the same disease. The same spreadable exposure can cause diverse epidemics and preventive activities might cause different effects of a regression of
the prevalence.

Example:
The Sars-CoV-2 Pandemic in 2020 was still running when we were
writing this booklet. As any pandemic, also this one is gathering
many different epidemics under one term. In reality, these gathered
epidemics are as different as the global populations and their living conditions. Thus, the relating national epidemics of the USA, or
of India, of the PR of China or of the Philippines etc. are also as
different as the conditions at these countries. This is also true for
the many micro-epidemics inside these countries. Applying epidemiologic knowledge to the national conditions needs precise experience with the regarding countries when fighting and preventing a
national epidemic.

Different patterns of epidemics/regressions result from various sets of populations and their specific features. In agreement with the above quoted authors, we also state that Epidemiology is a basic science for Public Health.
Public Health is the application of the sciences of Social Medicine and of Epidemiology. While Social Medicine and Epidemiology are universal regarding
their theoretical fundaments, Public Health is not. It needs specific applications to specific populations and their subsets, but their national conditions
as well.
12

The conceptual framework conditions require
•
•
•
•
•
•

estimating the time intervals at which people are at risk
measuring the intensity (force) of exposures
the description of the mechanisms by which exposures permeate a
population
the investigation of the exposure-specific susceptibility of a population
the documentation of changes in prevalence
the analysis of the duration in which cases are belonging of the
prevalence

There is no reason to assume the appearance of epidemiologic cases would
be randomly distributed. Falling ill is not a destiny, with few exceptions. Falling
ill has causes and if the distribution and its quantitative patterns are changing
either epidemics or regressions occur. Epidemiologic cases do not follow a
Gaussian-distribution or a symmetric distribution in unselected populations.
We will find asymmetric distributions of cases within populations as long as
their elements are individuals and are various.

The cause of randomly appearing facts is the chance itself.

Pure chance knows no cause, offers no opportunity for change and knows no
dynamics. Pure chance is synonymous with fate, which needs no causal explanations or social intervention. This general observation also applies to the
distribution of health hazards and the distribution of disease and disability.
There is no rational hypothesis that exposures should be inherently the same
for all people. Nor is there any rational hypothesis that all exposures should
always have the same consequences or intensity for all elements of a population. Nor do we see any reason to assume that all individuals should have the
same susceptibility to every exposure. Any hypothesis that can be tested using epidemiology must accept the fact that the health status of individuals
varies and that there is no life with zero or randomly distributed exposures for
all.
Living conditions are no different, and the division of labor in particular distinguishes people according to the specific risks they pose to their health. This
is also true for lifestyles. These facts determine two characteristics of people
as fundamental: they are genetically and socially diverse, but also changeable
through their reactions to the environment.
13

Epidemiology analyzes the distribution of hazards and health conditions and
the modifiability of this distribution within biologically and socially distinct
populations.

There would be no epidemiology or public health activities if the types and
distribution of health conditions were the same in every population and at
every time. But even under such a hypothesis, diseases and disabilities are to
be assumed. In this case, which is only theoretical, the distribution of diseases
would be a natural constant like "pi" (π). Being healthy or sick would be a matter of chance or genetic determinants, a matter of biological characteristics,
as social Darwinists and racist ideologies claim. But history has proven: Humans are the only species capable of changing their health behavior in successive generations by acting collectively and in solidarity. Humans can do
this by changing living conditions and helping individuals when they suffer
from diseases.
Such active changes have been made possible by mankind at least since the
Neolithic Revolution. These epidemiological transitions have since balanced
epidemics and regressions, leading either to an improvement in health or to
its deterioration, even to the extinction of populations. The changes in health
hazards, their pervasiveness in socially organized populations, and their impact on social life are part of the evolution of humanity. The health hazards of
early Homo sapiens populations could only be managed through collective
action. Therefore, the transitions of health effects must be evaluated as
caused by changes in social life. This is also true for the results of these dynamics, namely the asymmetric distributions of emerging disease types
within populations and their prevalence.
The result of these epochal transitions is remarkable health improvements for
some of the populations. However, they also lead to growing disparities and
inequalities that can be perceived as injustice when populations lose the
ability to take collective responsibility for shaping the conditions of social life.
In this respect, epidemiology provides fundamental arguments against
practices of "victim blaming" (Ryan, W.: Blaming the Victim. ISBN 978-0-38472226-9, first published 1971; Crawford, R.: Healthism and the Medicalization
of Everyday Life. In: International. Journal of Health Services. 10(3), 1980, S.
365–388; see also the contrary hypothesis like “Moral Hazard” hypothesis
(Pauly, M.V., The Economics of Moral Hazard: Comment. The American Economic Review, Vol. 58, No. 3, 1968, 531-537, Pauly, M.V. (1971): Medical Care
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at Public Expense. A Study in Applied Welfare Economics. New York/Washington/London).
Epidemiology analyzes epidemiological transitions, their mechanisms and
outcomes. Assessment must be part of a public dialogue, but based on the
results of science. Population-based patterns of health conditions can vary
widely. Even when individuals are classified as suffering from the same diseases, population-based patterns of health states may differ. In this respect,
epidemics and their opposite (regressions) in epidemiology are by no means
to be described as individual characteristics. They are characteristics of populations. Any change in the health status of populations is an indication of a
change in population characteristics or a change in their living conditions.
Populations may suffer from epidemics or benefit from regressions, but individuals suffer or benefit only from their own status. Epidemiology cannot compare individuals, only populations and their social strata, by mapping distributions. This necessarily requires concepts to classify the diversity of people
and populations. This is different for clinical trials. Here, in fact, the concept
is to individualize people by matching or selecting them according to criteria
of "similarity" in order to be able to measure the intensity of the effects on
health. Predictive methods are also of interest to epidemiology, but not to predict individually classified cases, but to identify epidemics or regressions as
characteristics of populations and their ever-changing vertical and horizontal
social diversities.
Some discussants argue that epidemiology would only provide methods and
designs for use in quantitative-based medical studies. This argument includes
the view that these types of studies would be epidemiologic studies. We do
not share this view. We believe that clinical and epidemiologic studies are two
different types. The choice of study design depends solely on the question
being studied. The difference between findings about populations and about
individual subjects selected for clinical trials is fundamental. All science is
constituted by its specific questions and its hypotheses and theories, not by
its methods. Epidemiology cannot cover all the questions on which medicine
conducts research, although these medical studies also quantify their subjects.
The methodology of epidemiology relies more on set theory. It can calculate
probabilities only under very specific conditions (see below). Epidemiological
cases are regular summaries of individual cases. These cases are not homogeneous with respect to their sociodemographic and genetic characteristics.
This is different for clinical studies. The quality of clinical and etiologic studies
is determined by the quality of randomization. The quality of epidemiological
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studies is determined by the quality of their representativeness for the population studied.
There is no Epidemiology without a classification of populations and their
subsets.

Grouping elements as equal does not mean that they are identical. Each
individual element can be classified by many different concepts and for many
purposes. This also applies to the classification of epidemics and regressions,
to the classification of their specific epidemiologic potentials, to the
classification of those at risk or to the classification of the consequences of
epidemics and regressions, etc. The main goal is to classify both the subjects
(who) and the objects (what) for purposes of research.
A prerequisite for the classification of elements is to group them according to
well defined criteria. Problematic is the classification of individuals according
to their age. Medical sciences do not have a practicable measure of the
biological age of individuals. It uses calendar age as an estimate of biological
age. However, calendar age is not necessarily a good estimator of biological
age. This is a weak point of epidemiology, but many medical studies share
this dilemma.
To speak of an "increase" or "decrease" in prevalence only makes sense if
these observations relate to a clearly defined class of elements and to a
specific target. The subject of epidemiologic research are "cases". The
associated measure of time refers to an epoch or to a cohort. This can be a
birth cohort or an exposure cohort as well. The cross-section of a population
at a certain period of time or at a fixed time often have to be accepted as
fictitious cohorts. Epidemiologic studies begin by counting similar cases from
an inhomogeneous population at a given time period, with the aim of
measuring changes in the number of cases and describing differences in the
number of cases in different populations. It is a key question of epidemiologic
studies to make heterogeneous populations distinguishable by classification.
The practical relevance of epidemiology is precisely to measure and explain
the diversity of populations' responses to health threats.
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5

Dangers to health in transition

Epidemics and regressions are the mechanisms of the epidemiologic transitions.

There is no social life without life risks, which are unequally distributed within
population groups and over the lifetime of each individual. Health risks change
both across historical epochs and within the lifetime of birth cohorts or other
cohorts. A cohort is a group of people that, according to the understanding of
epidemiology, can only change when people leave it. Such changes are
evident both in the nature of the hazards and in their distribution within a
population. The containment of epidemics caused by infectious diseases and
the "new" epidemics of non-communicable diseases has been one of the most
notable changes in health threats in the last 200 years.
This has given epidemiology its importance in analyzing and identifying
changing threats to people's health. The "old" dangers remain a central topic
of epidemiologic research worldwide. But the changes in the prevalence of
non-communicable diseases today require the special analytical attention of
epidemiology. The change in health hazards can be described by various
characteristics. These are mainly the types of hazards, their sources, the
penetration within a population by such hazards, their intensity and duration
of exposure, and the different susceptibility of parts of the population.
New hazards must be identified and their significance to a population or to
parts of the population must be assessed. Consequently, the measurement
and continuous monitoring of threats to the health of a population are central
tasks of epidemiology and its practice. This practice is Public Health. It
includes describing those groups that benefit from preventive successes as
well as those that are not reached by prevention.
The effects of new health threats and their prevention are described by the
movements of prevalence. Their increase is usually always perceived as a
threat, even if the actual causes are unknown or these causes must be
evaluated positively. The importance of changes in diagnostic and therapeutic
intervals is often hardly noticed. In the case of epidemics of communicable
diseases, the changes of that intervals play a rather minor role. The duration
between an infection and the disease is constant in many communicable
diseases. This means that the dynamics of prevalence can be used as an
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estimator for the dynamics of incidence when it concerns diseases that
regularly lead to the use of medical assistance.
Nevertheless, it remains difficult to capture the dynamics of communicable
disease epidemics. Since incidence can only be measured in exceptional
cases, it must be regularly estimated. For this purpose, studies on
representative samples of the respective epidemiological potentials at very
short intervals serve. If necessary, the measurement of mortality is also
suitable to describe the dynamics of an epidemic.
Determining the transmissibility of diseases is no longer a fundamental
problem today. However, in the past, this required overcoming the belief in
supernatural forces or in the "miasma hypothesis". The discovery of the
biological causes of these types of diseases was a scientific revolution.
However, it did not explain the development of prevalence in the form of
epidemics and their regression. Ignorance of the causes of epidemics fosters
violence, panic, the persecution of victims, or even the interpretation of an
epidemic as a deserved punishment to be patiently accepted. To this day,
however, epidemics are evaluated by many people beyond scientific
rationality. In contrast, regression was and is seen as a mercy or reward.
The discovery of bacteria and later the discovery of viruses as causes of
diseases, as well as the discovery of vectors of transmissibility to the causes
of an epidemic, was more than a scientific revolution. It was a socio-cultural
rupture that opened up new perspectives for the social evolution of homo
sapiens. Dealing with epidemics has increasingly become a matter of
scientific evidence and a society's ability and will to accept "science", "health"
and "prevention" as priorities of a country's social management.
With the transition of previous morbidity and mortality patterns from
infectious diseases to noncommunicable diseases, the understanding of the
causes of epidemics needed to be broadened. Socially determined epidemics
of communicable diseases during the Industrial Revolution were replaced by
noncommunicable diseases and mortality patterns typical for populations
with increasing life expectancy. This was simply because changes in life
expectancy are only possible if the causes of death also change.
This change resulted from the successful social prevention of infectious
epidemics, mainly through the improvement of living and working conditions,
but later also through better housing conditions, hygiene, education, and
vaccinations, as well as through the improvement of medical treatments and
the access to them. With regard to these "new" types of diseases, many people
hoped to live with them for as long as possible for treatment was not available.
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Prolonging life became a priority for many people, even if they suffer from
severe health conditions, especially for the elderly and for children suffering
from genetic diseases. The "epidemiologic transition" and the transition of
mortality patterns was closely linked to the gain in life expectancy and to the
transformation of the social and demographic structures of the population
(Olshansky, SJ, Ault. The fourth stage of the epidemiologic transition: the age
of delayed degenerative diseases. The Milbank Quarterly, Vol. 64, No. 3 (1986),
pp.
355-391,
published
by:
Blackwell
Publishing
URL:
http://www.jstor.org/stable/3350025).
But Homo Sapiens did not gain new biological potentials for his life, but new
social potentials to use them. More and more people gained the chance to
make their biological potentials reality. The social privilege of reaching old age
has been overcome step by step, but is still a privilege for a great deal of global
and local populations. It was one of the consequences that the prevalence of
noncommunicable diseases increased mainly due to increased diagnostic
activities and the prolongation of life for some diseases that could not be
cured.
But infectious diseases have not disappeared. Consequently, Social Medicine
and Epidemiology must deal with epidemics as well as with the regressions
of communicable and noncommunicable diseases.
The gain in life expectancy, the increasing access to better diagnostics, to
strategies of early diagnosis and access to preventive treatments, but also the
growing chance for individuals to live long and with good quality, even if they
suffer from serious diseases, determine the dynamics of prevalence in many
countries today. And, of course, this "epidemiologic revolution" became a
matter of scientific, political, and public discussions, but also of conflicting
interests. These new epidemics, which we also refer to as "false" epidemics,
were primarily the result of effective diagnostics and therapy becoming
accessible to a growing portion of the population in countries that were able
to provide these capabilities to their citizens. This should also effectively
reduce socially discriminatory barriers of access to healthcare.
Consequently, the concepts of epidemiology had to be expanded in order to
explain the epidemiologic transition and to cope with the practical
consequences of this transition. Against this background, the increase in the
prevalence of noncommunicable diseases was, above all, a genuine societal
success and not a failure or harm or "failure of success" as it was called by
some discussants (Grünberg, E.M. (1977) "The Failure of Success" Milbank
Quarterly; 44:3-34). Overcoming fears of infectious diseases, but also limiting
the consequences of catastrophic working conditions and limiting the
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consequences of natural disasters or of famine, changed morbidity patterns
and causes of death for growing parts of the world's population.
This epidemiologic transition has found and continues to find two different
assessments: the majority sees this as a significant improvement in health
conditions, a minority as new epidemics that threaten the health of the
population. The background for assessing these "new" epidemics has
changed completely. This was discussed early on by Gompertz (1779–1865)
and Makeham (1826–1891). The results of their studies in the 19.th Century
are named the Gompertz-Makeham-Law in order to honor their achievements.
Studying epidemics means investigating why documented cases are increasing and/or why there is a shift in the time period during which they belong to
a disease-specific prevalence. This leads us to another definition:

The number of entering cases and the number of exiting cases have the
same magnitudes in a state of epidemiological equilibrium. If the quantities
in question are not in equilibrium, we speak of an epidemic or, alternatively,
of a regression.

The dynamics of the prevalence of a disease depends on the renewal-time of
the prevalent cases. This renewal is the result of the incidental cases and the
duration in which they are prevalent. In the case of many communicable
diseases, the duration of the disease is constant. This also applies to the
duration between an infection and the perception of symptoms. However,
neither infected nor sick persons are diagnosed as such at the time of the
respective event. Consequently, the so-called random sets are those that are
identified as new from the set of all prevailing cases. Thus, their number
depends on the newly infected and then diseased individuals as well as on the
activities within active search strategies and the acceptance of such
strategies in a population. This fact makes it difficult to interpret the dynamics
of incidence using probability calculations. In some circumstances, it also
makes such calculations impossible.
It had to be learned that the prevalence cannot grow only because of increasing hazards. Prevalence can also increase because the time-intervals in which
the cases are prevalent change. This may be due to either a shortening of the
diagnostic intervals or a lengthening of the intervals in which cases predominate. It also had to be learned that the quantities of new reflects the dynamics
of dangers to fall ill and of all the diagnostic and treatment measures that
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change the duration of the prevalence of cases. As a result, the number of
cases that prevail is actually increasing. These effects also prolong the time
of prevalent cases to renew or find a new equilibrium state.
The problem with this definition is their formal independence from the number
of cases in a state of equilibrium. The only defining characteristic for an
epidemic (for a regression as well) is the deviation from an equilibrium. This
also leads to an extended definition of Epidemiology.

Epidemiology investigates the causes of imbalances in the various
epidemiologic potentials of populations.

It is of considerable importance that any change in exposures or other effects
will also alter the remaining bio-socio-demographic potentials for epidemics
and regressions. Both epidemics and regressions are inevitably associated
with changes in the distribution of exposures in a population. Epidemiology
therefore needs a specific way of classifying diseases and other health
conditions, since it does not study the etiology and the pathogenicity of certain
diseases, but the causes of epidemics and regressions. These classifications
must take into account the following variables:
•
•
•
•
•
•
•
•
•
•
•
•

age of origin of individual cases
time and region of origin of the individual cases
gender-specific occurrence of diseases
genetic conditionality of diseases
susceptibility of individuals to certain diseases
repeatability of the disease within the interval of investigation
phase-modulated disease progressions
vectors of transmissibility of the disease
duration of the therapeutic interval of the disease
intensity of exposure
chances of recovery
probability of death

It would take expert agreements on how to scale these variables. But the
purpose is clear: Epidemiology needs multidimensional concepts to classify
epidemics and regressions depending on their specific causes.
The causes of this dynamic can be summarized in just four points:
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1.
2.
3.
4.

the change of health hazards
the change in diagnostic and/or therapeutic intervals
changing the accessibility of health care
the change in the socio-demographic characteristics of a population
and its life expectancy

It must be understood that each of these causes will affect biologically and
socially inhomogeneous populations differently. And every natural population
is inhomogeneous. Social medicine traditionally describes this inhomogeneity
through the vertically and horizontally unequal distribution of the social
characteristics of a population. There is no effect on humans’ health that
affects all people equally. And vice versa: the more inhomogeneous
populations are, the more complex and diverse are the effects of exposures.
Diversity also causes stability in terms of the impact on Public Health.

The effects of epidemics and regressions on inhomogeneous populations
are regularly unequally distributed.

The key to understanding epidemics and regressions is knowing the diverse
socio-demographic potentials for their occurrence. To assess the relevance
of the different types of dynamics during an epidemic, the quality of these
dynamics must be known. Epidemiologists also need to know which types of
epidemiologic potentials are affected by dangerous exposures, or which
epidemiologic potential benefits from protective rules and which do not.
Epidemiology must document the unequal effects of epidemics and
regressions on the population.
For this reason, epidemiology requires specific measurements of occurrence,
but also the definition of the regions where epidemics or regressions occur.
These definitions only make sense if they are precisely tailored to times and
periods, but also to subsets of populations. Although it is generally accepted
to relate epidemics to a defined area, not only the region is of interest, but also
the people living in these regions and their living conditions. Therefore, the
exposed or the population concerned, its quantities and socio-structural
characteristics are of great interest in the analysis of epidemics. In this
respect, epidemiology can also be seen as a "sister science" of demography
and/or sociology.
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This argument includes two positions:
1. Epidemics/regressions do not describe individual diseases or health
conditions, but the changes in the health status of populations.
2. Preventing epidemics or promoting regression means interfering with
the living conditions of populations.
Both the change in exposure and the change in the affected population can
lead to an epidemic or, alternatively, to a regression. When an epidemic
crosses natural or man-made borders, it globalizes exposure. In this case, we
are also talking about a pandemic. Therefore, a pandemic is always an
epidemic that has successfully crossed the borders of states and continents.
No national population can suffer a pandemic, but all of humanity can.

A pandemic is the aggregation of population-specific epidemics by the same
diseases, regardless of their different causes and damaging consequences
worldwide.

We still need to clarify three further terms. These terms are "Person", "Case"
and "Distribution".
Persons are the countable elements of populations and are subject to
epidemiologic analyses and to Public Health management measures. A single
person can cause many different epidemiologic cases. This is also known as
a person's "multimorbidity." The difference between persons and cases is
important for any measurement of the onset of diseases and for the number
of cases that occur in a population. If diseases are not repeatable, the
amounts of sick people and the quantity of the prevalence are the same. If
diseases are repeatable within an observation period (e.g., one year), they
must be counted separately according to the time-order in which they occur
for the persons concerned.
The epidemiologically relevant characteristics of persons are unequally
distributed in populations. These unequal distributions do not follow random
distributions. Therefore, they cannot be described by normal distributions.
This also means that the statistical parameters of such distributions cannot
be interpreted as characteristics of persons. Moreover, there would be no
epidemiologic research if the epidemiologic cases were evenly or randomly
distributed across populations, or if they never changed their quantities,
structures, and distributions. Therefore, it makes no sense to speak of an
epidemic (or regression) without naming the epidemiologic potentials
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concerned. The occurrence of an epidemic/regression must always be
associated with the naming of the parts of this population that are specifically
affected in a population.
It is the consequence of the given definitions that the quantity of the
prevalence (P) at a given time (the point-prevalence, see below) is always
proportional to the number of incident cases (I) in a given period of time (the
cumulative incidence, see below) multiplied by the average time interval (D) in
which these cases are belonging to the prevalence. If this time-interval (D) can
be assumed to be constant, P is a sufficiently good estimate for the number
of incident cases.
Therefore, the basic equation of Epidemiology is

P∼IxD

In the particular case of the equilibrium of the incidence with the exit cases or
if the duration (D) of a disease would be its constant feature, this equitation is

P=IxD
Therefore, the number of prevalent cases will increase/decrease as the
number of new cases and/or the average interval at which the cases are
prevalent increases/decreases. This leads to the simple fact that the
dynamics of P are determined by I or D. P roughly estimates a dynamic of I if
D is shorter than the observation period. Only under this condition is it justified
to assume that the changes in incidence would indicate an epidemic
(alternatively a regression) caused by changes in the risks to the health of a
population.

Any increase in prevalence is an epidemic. Any decrease in prevalence is a
regression.

This definition does not further differentiate between different types of
epidemics and regressions according to their respective types and causes. It
simply describes the movement of the sets of cases. Both types of dynamics
- epidemics and regressions - are defined by the movements of the sets of
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prevalent cases. This also implies a possible difference between the
movements of the number of cases and the movements of the number of
those affected. There are diseases that people can suffer from more often
than once within the observation period. The consequence is that people can
be logically related to the numbers of an exposed population, but not cases.
The documentation of the cases must make it possible to assign the cases
and the chronological order of occurrence to the persons who are the logically
associated potential. Therefore, we need to distinguish the dynamics of the
potentials and the dynamics of the cases. An individual is an element of the
total number of people affected. A case is an element of the sum of all the
cases that occur.
For this reason, it may be difficult to interpret the change in incidence. It must
be clear: Incidence is to be used for the calculation of probabilities only if they
can be associated with persons and the timing of an occurring
infection/disease. The times and time intervals at which the cases occur and
in which they are counted are congruent only exceptionally.
We refer to the difference between these periods as the "diagnostic interval".
The measurement of occurrence typically measures cases from the
prevalence of cases. This could lead to misunderstandings if the newly
diagnosed cases are referred to as "incidence" although they represent only
the subset of the prevalence recognized or diagnosed as new. It must be clear
that probabilities can only be calculated for events per observation time. They
cannot be calculated for the prevalence of cases where people are at risk or
ill.
Epidemiology must always distinguish the realities from its documented
quantitative images. The image is what we experience and count, but that
could be far from reality. In other words, it must always be checked whether
the epidemiologic reality and the image of this reality are congruent or at least
almost congruent. And, of course, the quantitative images don't tell us what
an epidemic or regression means for the individual and for the entire life of a
society.
Any attempt to move images of reality closer to actual reality will always have
consequences for the counted prevalence (P). This also applies to the
estimation of incidence (I), but also to the estimation of the intervals in which
people are at risk, as well as to the estimation of the times when people are ill
without having been recognized as such. Consequently, the time intervals at
which people are treated cannot be correctly assessed as part of the overall
time interval in which people are sick.
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Any dynamics of P can have more causes than the increase in hazards. In
particular, the measurement of D is highly problematic and can lead to
misinterpretations of epidemics and regressions. This is because D depends
on both diagnostic activities and effective treatment strategies. Any change
in diagnostic and therapeutic concepts and their accessibility to a population
will also change the distribution of treatment durations. This can have
significant consequences for the prevalence of cases. To understand this
dynamic, we need to determine exactly the different reasons for the change in
incidence and for the changes in the time interval of belonging to prevalence.
We prefer the term "exposure" to the term "risk" when discussing epidemics
and regressions. The term risk is already an assessment and can be
misunderstood by users as an exact quantitative measure that predicts the
probability of a case occurring. Risk assessment is a separate subject of
research. The term "risk" is very often not a measured probability, but an
experience-based qualitative assessment. We consider the use of the term
"risk" to be appropriate in clinical trials in which the subjects or the selected
cases examined are made as homogeneous as possible by the study design.
The statement "something is risky" is empty in the authors' understanding
from a scientific point of view since everything is risky. Assessments of this
kind depend on the specific contexts chosen. They do not necessarily follow
from the statement that an effect variable can also have undesirable or
negatively valued consequences.
For this reason, we doubt that probability measures can be adequately used
in most descriptive epidemiologic study designs (with the exception of
experimental or cohort studies or studies that explicitly are testing
hypotheses).
Under this framework, we try to present the types of dynamics of the
prevalence of epidemiologic cases depending on their causes of increasing
(epidemic) and decreasing (regression) prevalence in the following
classifications. Our understanding of such dynamics encompasses any
disease or health condition and sees communicable diseases only as a
specific pattern. Modeling of infectious epidemics was developed especially
by mathematicians (Hethcote, HW: The Mathematics of Infectious Diseases,
SIAM Review, Vol. 42, No. 4 (Dec., 2000),pp. 599-653 (55 pages), Society for
Industrial and Applied Mathematics. https://www.jstor.org/stable/2653135). The
author classifies infectious diseases considering the routes of transmission.
We recommend reading this paper, which could challenge nonmathematicians but can initiate fruitful interdisciplinary collaborations.
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We propose below a concept of how epidemics and regressions can be
classified in general. This classification includes all types of epidemics and
regressions according to their specific types of causality of the dynamics of
the prevalence. Our proposal attributes epidemics and regressions to eight
different types of causes. Of course, we do not assume that an epidemic or
regression can be described only by individual causes mentioned.

Table 1: Classification of epidemics

Variables
Class
Prevalence

Incidence

Duration
of the
case

Intensity
of exposure

Suscepti
bility

Populati
on penetration

Time at
risk

Real epidemic
type 1
Real epidemic
type 2
Real epidemic
type 3
Real epidemic
type 4
Diagnostic
epidemic
type 1
Diagnostic
epidemic
type 2
Therapeutic
epidemic
type 1
Therapeutic
epidemic
type 2

27

Both epidemics and regressions can be due to a complicated mix of causes
both at any point in time and during dynamics. We also consider it necessary
to emphasize the fact that this diversity of causes can have different effects
on different epidemiologic potentials. Any type of an epidemic and regression
can be found at the same time. For this diversity, the hypothesis is then also
allowed that different social clusters can be affected very differently. In fact,
this would also explain why different patterns of health-related conditions can
occur between different social or other epidemiologic clusters. In this light,
the differences in health between different clusters or potentials are caused
by different dynamics of prevalence. Thus, they are not due to different groupspecific natural conditions, but to social ones.
Table 1 classifies the different opportunities for an increase in prevalence. It
shows that there are more reasons for increasing prevalence than just the
increase in hazards. We try to illustrate the discriminated classes of
epidemics as follows:

Real epidemic
type 1

This type of epidemic is caused by an increase in the
intensity of a known exposure because its characteristics
change. These changes can lead to a growing incidence,
while all other effects remain the same. As an example, a
reduction in protection standards for workers in
hazardous industries can be used.

Real epidemic
type 2

This type of epidemic is caused by an increase in the
population's susceptibility to exposure. These effects will
lead to an increase in incidence due to a change in the
state of health of the exposed population, while all other
effects will remain the same. A deterioration in the
vaccination rate or average state of health can be used as
an example.

Real epidemic
type 3

This type of epidemic is caused by an increase in the
penetration of exposure in a population. This may be due
to a deterioration in prevention activities or to the
expansion of contacts with exposure, for example in the
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case of communicable diseases. Increasing travel
activities can be taken as an example.

Real epidemic
type 4

This type of epidemic is caused by an increase in the
period in which a particular population is at risk. The
extension of the period in which people are at risk. Thus,
even with low exposures, the incidences may increase,
even if the hazards are low.

Diagnostic
epidemic
type 1

This type of epidemic is caused by an increase in
incidence due to screening programs that follow earlier
detection of treatable diseases or preventive goals. This
causes timing effects or shortens the average diagnostic
interval in a population. The incidence increases
temporarily. An early detection screening can be used as
an example.

Diagnostic
epidemic
type 2

This type of epidemic is caused by an increase in
incidence due to changes in norms that distinguish the
statuses of "being healthy" and "being sick." This will lead
to an increase in cases, which will eventually remain at a
new level. Preventive goals can be seen examples of this.

Therapeutic
epidemic
type 1

This type of epidemic is caused by a prolongation of the
therapeutic interval. This can be the result of therapies
that prolong life but do not lead to healing. A frequently
used measurement method for this is the Potential Years
of Life Lost (PYLL), which are used in some countries as
standard providers for the use of new therapeutic
methods.

Therapeutic
epidemic
type 2

This type of epidemic refers to improved access and use
of already established therapeutic methods. More patients
will benefit from this access, which will affect the
distribution of the therapeutic interval within the overall
population. The same effect is possible if access to
treatment is denied due to a social crisis.

For regressions, a mirror-inverted classification can be specified.
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Table 2: Classification of regressions

Variables
Class
Prevalen
ce

Incidenc
e

Duration Intensity
of
the of
case
exposure

Suscepti
bility

Populatio
n
penetrati
on

Time in
danger

Real
regression
type 1
Real
regression
type 2
Real
regression
type 3
Real
regression
type 4
Diagnostic
regression
type 1
Diagnostic
regression
type 2
Therapeutic
regression
type 1
Therapeutic
regression
type 2

The explanation for the classes of regressions can be seen inverted to the
epidemics.
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This type of regression is caused by a decreasing intensity
Real regression of exposure. Changing product components or banning
type 1
pesticides in the agricultural industry can be an example
of this.
This type of regression is caused by a decreasing
susceptibility of the population to exposure. An
Real regression
improvement in the vaccination rate or a better overall
type 2
state of health of a target population can be taken as an
example.
This type of regression is caused by a decrease in the
penetration of an exposure into a population or by the
Real regression
limitation of contacts with exposure, for example in the
type 3
case of limiting exposure by remediation of living
conditions.
This type of regression is caused by a decrease in the time
Real regression a population is at risk. This may be due to the expansion
type 4
of protection rules or to changing biological (for example
age) or social characteristics of a population.
Diagnostic
regression
type 1

This type of regression is caused by a decrease in
incidence due to an extension of diagnostic intervals. This
may be the case if the accessibility of medical care
deteriorates.

Diagnostic
regression
type 2

This type of regression is caused by a decrease in
incidence due to changes in scientific norms that
distinguish the status of "being healthy" and "being sick."
This leads to a decrease in diagnosed cases per unit of
time.

Therapeutic
regression
type 1

This type of regression is caused by a shortening of the
therapeutic interval. This may be the case if treatment
durations are shortened due to poor access to medical
care as a result of a social crisis.
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Therapeutic
regression
type 2

This type of regression is caused, for example, by a
shortening of the therapeutic interval due to better
therapeutic options.

According to this classification, real epidemics and regressions are due to
four different mechanisms:
1. they may be due to the increase/decrease of the intensity (force of
morbidity) of a particular exposure
2. they may be due to the increase/decrease in the structural
susceptibility of a population to a given exposure
3. they may be due to the increase/decrease in the penetration of
hazardous exposures into a socially vertically and horizontally
structured population
4. they may be due to the increase/decrease in the time interval in which
individuals are exposed to exposure
These options differ in their mechanisms of action in infectious and noninfectious diseases. And of course: it can always be the case that one of the
mechanisms mentioned in the above tables affects a population at the same
time, but this to different extent and opposing directions. For this reason,
epidemiology can never assume that a population will react homogeneously
if it becomes affected by hazards or preventive measures.
The basics of this concept became developed by B. Kreuz (1919-1981) and
his research group at the Charité in Berlin and was first published in 1973,
when the research group measured, modeled, and discussed the reasons for
the increase in the prevalence of diabetes mellitus. (B. Kreuz, B. et al: Über den
Zusammenhang zwischen Krankheitsdauer und Morbidität. Ztschr. ärztl.
Training 67 (1973) 144-148). Our concept follows B. Kreuz and aims to further
develop his work. His research also reflects a very controversial discussion
that took place in the late 1960s and 1970s. For this reason, it seems helpful
to briefly recall the context of the controversies of the time.
With the increase in life expectancy, the structure of many populations and
thus also the landscape of diseases and causes of death changed. This
increase in life expectancy was determined by replacing those causes that are
typical of low life expectancy with those that are typical of a comparably high
life expectancy. The new patterns of health conditions and causes of death
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indicated an enormous change in morbidity structures. So, it had to be
understood that improved health conditions were associated with an increase
in the costs of medical care. This phenomenon of changing morbidity patterns
has been widely recognized as a result of new and increasing threats to health.
New epidemics became discussed as the 'burden of civilization'. The gain in
life expectancy was apparently paid for by new catastrophic threats to health
or by new types of epidemics. Some influential scientists argued that it would
be a "failure of success" to improve life expectancy, and suggested stopping
the prevention of historically experienced epidemics and their "positive"
effects on the natural selection of biologically and socially "weaker" elements
of populations. In particular, the nutrition in times of war and during the "Great
Depression" were seen as powerful mechanisms to prevent these
hypothesized new epidemics and the "failure of success".
Many politicians and publicists, but also scientists, emphasized the argument
that increasing life expectancy would be followed by an "expansion of
morbidity" (Olshansky, S, J. et al: Trading Off Longer Life for Worsening Health:
The
Expansion
of
Morbidity
Hypothesis.
1991,
https://doi.org/10.1177/089826439100300205). Opponents, on the other
hand, argued that there is a persistent "compression of morbidity" with
complex socio-demographic transitions. They also emphasized the argument
that the biological phenomena of aging are changing, as studies have shown
already in the early 1960s. More people grow old, and they aged more slowly.
These changes were mainly due to the improvement in education and the
decline in the number of people living in poor conditions.
This controversy was a new chapter in the old debates with Social Darwinism,
which was still powerful. The hypothesis of self-guiltiness for being ill also
argued that Public Health must no longer be of social importance and
responsibility to societies and their governments. But this is not only
reminiscent of history. It seems that the concepts of Social Darwinism have a
far higher "life expectancy" than a birth cohort of Homo Sapiens.
The hypothesis that the epidemiologic transition would be nothing more than
a severe epidemic was widely circulated by the mass media and by many
influential discussants. Some of the governments have drawn consequences
by weakening social responsibility for health and promoting “victim blaming”
rather than promoting social prevention. This concept was seen as the
preferred way to combat the "new" epidemics. These epidemics were
indicated by those diseases that were at the top of the lists of causes of death
of the very elderly. Influential participants in these discussions also
emphasized that there was no longer a rational argument for wasting money
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and intellectual resources on research into communicable diseases and the
epidemics that followed. As a result, Public Health and Social Medicine were
largely destroyed, in parts of the so-called Western world as well as in the
world of Eastern Europe. The dangers of the old epidemics have been
overcome, these debaters said, and there are no more reasons for research
into infectious diseases. The forced consequence was to replace social
responsibility for the health of the population with self-responsibility: this
meant that everyone should pay their own bills for medical care. There was no
longer any room for solidarity and social regulation. They should be replaced
by subsidiarity and charity.
It became the general opinion that people would no longer live under the threat
of socially caused infectious epidemics, but now under diseases for which
they themselves are responsible. Consequently, the argument was that there
were no longer any reasons for "socialized" health care for all. The era of
"victim blaming" began, it followed self-responsibility, the dismantling of
Public Health and the privatization of medical care systems, including public
insurance. The Health Belief Model and the so-called Moral Hazard Theorem
(Pauly, M.V., The Economics of Moral Hazard: Comment. The American
Economic Review, Vol. 58, No. 3, 1968, 531-537) argued that "socialized" or
"solidarity-based health care" would make people irresponsible. They would
not any longer take care of their own health under such systems. Solidary
health protection became the enemy of prevention. The moral hazard
hypothesis argued that solidarity would limit interest in individual prevention
and would support incentives to always want more medical treatment than
appropriate and necessary.
This was an important issue, especially for the lower strata of the countries
concerned, but also for solidarity with emerging countries. Some governments
that funded international organizations and offered aid to poor countries
began to change their policies, and solidarity came under enormous pressure.
Increasing life expectancy and the fight against social inequality has been
(and is) seen as a failure of national and global policies, at least in the eyes of
some particularly influential countries. Solidarity was simply and successfully
denounced as communism, and it had to be fought by all means. Social
prevention or Public Health, but also health strategies based on solidarity
declined, while health insurance and health care, now also called "health
industries", became part of big business. Instead of making people's lives
better, Public Health was systematically weakened, and the misunderstanding
of the epidemiologic transition became a center of very conflicting arguments
and interests.
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What readers should understand is the fact that the described dynamics
indirectly reflect the distributions of social differences and inequalities. Only
the knowledge of this diversity gives insight into the special social structure
of the quantitative dynamics of epidemiologic cases.
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6

The characteristics of epidemics and regressions

Any epidemics and regressions are to be described by specific courses and
dynamics, depending on their nature.

It must be emphasized that the aetiology of diseases does not explain the
course of epidemics or regressions. To explain an epidemic, we need
knowledge about the life of people under different social conditions. The fight
against an individual disease needs case-specific knowledge, the fight against
epidemics needs the political will and the power to intervene in social life. And
preventing epidemics requires changing living conditions for the better. And
that really makes a difference.
However, in detail, there are differences between infectious and non-infectious health conditions. These differences are primarily
•
•
•
•

6.1

different epidemiologic potentials and different mechanisms for renewing those potentials
different diagnostic and therapeutic intervals for infectious and noninfectious diseases
different time intervals during which vulnerable individuals are at risk
different mechanisms of penetration of exposures within a population

Epidemiologic potentials and their dynamics

We refer to "epidemiologic potential" as a set of people who can be classified
as similar in their susceptibility to certain health hazards and their
consequences. As far as we know, the term "epidemiologic potential" was first
used and discussed in 1987 in the analysis of the AIDS epidemic (Niehoff, J.U., Sönnichsen, N. (1987): AIDS – Characteristics of a Real Epidemic. Ztschr.
klin. Med. 42:2141-2145). The fundamental importance of such potentials
follows the inhomogeneity of populations in terms of biological and social
characteristics. This includes the inequality of parts of a population to come
into contact with exposures, then also to get sick and when they fall ill, to
suffer serious consequences. Epidemiologists need a clear picture of the
differences among vulnerable subgroups of a population potentially affected
by epidemics or benefiting from regressions. Not only the quantities, but also
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the socio-economic structural characteristics of the diverse epidemiologic
potentials are of relevance. The relevant characteristics are gender, age,
behavior, lifestyle, comorbidities, education, occupation, social resources, and
all other characteristics that describe the vertical and horizontal social
variance of these different potentials. Populations have the essential
characteristic of renewing themselves over time. The interval of renewal of
such potentials depends on the structure of the elements and the quantities
associated with them. In the case of infectious diseases, these potentials are
additionally characterized by the number of people who may become infected
and by their specific immunological status. In the case of the persons who
can be assigned to such potentials, it can be assumed that they are similar in
their circumstances and in their reactions to them. The measure of similarity
is variance but not the identity of any element. The number of epidemiologic
clusters or potentials and the dynamics of their structures determine the
distribution of all micro-epidemies within a population. This also determines
the distribution of vulnerability and its changes under the effects of
epidemics/regressions.
Epidemics of non-infectious diseases also require a specific mechanism to
spread specific exposure. The number of new cases of non-infectious
diseases depends on the number of effective contacts between the exposure
and the number of people exposed. The effective transmissions from a
particular host to a person is required in the case of a communicable disease.
When the host is human, the transmission reflects human-to-human contacts.
In the case of non-communicable diseases, the "contacts" between exposure
and the exposed shall be described by other social mechanisms of action,
such as social norms, fashions, advertising, working conditions, consumer
behavior or other life-environment vectors.

Example:
If there is a real epidemic of lung cancer caused by either tobacco
or asbestos, neither tobacco nor asbestos are the cause for it. The
epidemic needs mechanisms to spread exposure within its specific
epidemic potential. The spread can be caused by advertising
tobacco or by a lack of knowledge and motivation to quit smoking.
Asbestos can also be a condition for a disease, but can only
become the cause of an epidemic if there are no alternatives for
its use or if there are no regulations on living and working
conditions that prevent human-asbestos contact.
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The key to understanding epidemics/regressions is to know the sociodemographic structure of the various epidemiologic potentials of a
population.

Neither epidemics nor regressions are possible without the presence of such
epidemiologic potentials. These potentials correspond to the respective
groups of vulnerable persons, which are distinguished from others by quantity
and structure. These potentials are formed either by their particular
susceptibility and exposure-time or by their specific collective preventive
understanding and behavior, by age, gender, or other characteristics.
Instead of calling these clusters "potentials", one can also use the term "risk
group". We are not in favor of this term. It could involve a socially
discriminatory assessment of such groups and initiate constructions of selfguilt of those who belong to a risk group. These epidemiologic potentials
could also be referred to as groups of higher chances if they are less at risk
than other groups selected for such comparisons. The "risk" or the
"advantage" rating depends only on the selected group chosen for
comparisons. We do not know of any scientific concept that can distinguish
between "risk" and "advantage". This distinction depends solely on the
objectives and value concepts of those who carry out such assessments. In
this way, the subjective preferences of the reviewers can decide on the result
of the evaluation. We don't really know the line between risks and chance.
Therefore, when choosing comparisons, only the individually preferred
characteristics are important in order to define what is a risk or what is an
opportunity.
There is regular discussion about the "true" amounts of infected or vulnerable
people and about the dark figures. But any activity to bring the counted cases
closer to the actual ones would lead to concepts of total and permanent
surveillance of people. Doing so is certainly a global trend being encouraged
by a growing number of governments and private data industries that are
making aggressive commercial data brokerage big business. This trend is
driven by globalized data collection and merging industries for the purpose of
data trading and social scoring. But this is not acceptable for growing parts of
humanity.

38

The same exposure can cause different types of epidemics.

An ideal methodological concept for modelling epidemics is the stationary
population generated by decrement tables. These tables are commonly
known as "life tables". The dynamics of these types of populations depend
solely on the probability measures for their exits. This results in standardized
populations that can be elegantly used for risk assessment models. This
applies analogously to the modelling of incidences using "incremental tables".
These standard populations depend only on the current life expectancy of a
population. This then also determines the conditions for comparative
assessments.
This type of model makes it possible to calculate new cases in relation to such
standard population. With this methodology, epidemiologists have a tool for
assessing incidences and disease durations that are standardized according
to current life expectancy. This can also be used to model the sets and
structures of those cases that leave prevalence. In this way, it becomes
possible to model the quantity of a prevalence for the assessment of
epidemics and regressions. The dilemma is that epidemiologists need to
know the probabilities of the occurrence of new cases (this is the age-specific
cumulative incidence rate; see below) and of the cases that leave the
prevalence, i.e., the age-specific fatality rates or the probabilities of recovery
(see below). It is the reality that these data are either not available or are only
inappropriately structured and documented for this type of study, i.e., cannot
be obtained from secondary data.
For the analysis of very short observation periods, for example in the case of
an epidemic of infectious diseases, we can assume that the total populations
are in the state of relative stationarity. This cannot be assumed in the case of
prolonged epidemics and for specific epidemiologic potentials. In this case,
the epidemic itself is a reason that permanently changes the epidemiologic
potential. This is in addition to these changes due to ongoing demographic
change.
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6.2

Diagnostic and therapeutic intervals

The diagnostic interval is the period between the beginning of a disease and
its diagnosis. The therapeutic interval is the period between diagnosis and
the end of therapeutic intervention.

There is an additional interval for infectious diseases. This is the period between an infection and the appearance of the disease. All of these intervals
are significant in understanding epidemics and regressions. For acute-onset
diseases, such as many communicable diseases, diagnostic intervals are usually shorter than for noncommunicable diseases because infections are followed promptly by symptoms. It usually depends on people's decisions to see
doctors. Access to medical care systems is a prerequisite. The diagnostic interval may also depend on screening activities provided by Public Health organizations or in accordance with legal requirements.
The duration of these intervals is typically asymmetrically or even multimodally distributed. Their population-based distributions do not represent disease characteristics but primarily the quality of medical care systems. Timing
effects of these intervals may differ as follows:
•
•
•
•

the time-interval of exposure
the time-interval to visit a doctor
the time-interval to find the diagnosis of a disease
the time-interval of treatment and management of remaining symptoms

The distribution of these intervals within a population typically changes during
an epidemic/regression with notable quantitative effects. Such timing effects
are very important for understanding the dynamics of the quantities of cases
and their structural characteristics, such as age, sex, severity or recovery
rates, and social status. For acute communicable diseases, the experienced
severity of illness is often higher and more immediate than for chronic diseases. The time interval before the individual responds with illness is therefore
often shorter than for noncommunicable conditions. However, such measurements will vary regularly, especially when individuals belong to different social
classes or social groups in terms of horizontally and vertically discriminated
populations.
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6.3

Epidemiologic penetration

The epidemiologic penetration describes the mechanisms by which
exposures are distributed within the various epidemiologic potentials.

Both infectious and non-infectious diseases need mechanisms to cause
epidemics. These mechanisms are to be described by the preferred "vectors"
of penetration, which can be differentiated into physical, biological, or social
vectors. The penetration of exposures into a population is the driving
mechanism of a real epidemic.
The effectiveness of penetration of exposure into a population depends on
the characteristics of the affected population. These are
•
•
•

the numbers of effective contacts by potential spreaders
the susceptibility to exposure response
the intensity (force) of an exposure

Each of these characteristics determines the specific characteristics of an
epidemic. And each of these characteristics must be described by its
distribution within the various epidemiologic potentials. Although it may be
empirically difficult to measure and to classify the susceptibility of a
population and to calculate the intensity of infectious exposure, this is
basically possible. The description of the amounts of effective contacts with
dangerous exposure is comparatively complicated.
Knowing the number of people effectively transmitting exposure is central to
tracking the dynamics of an epidemic. It is unlikely that 1.000 infectious
people will have equally effective contacts and transmit infectious exposure
with equal amounts. It is therefore necessary to know not only the quantities,
but also the profiles of the most active potentials that drive an epidemic. The
same applies to those epidemiologic potentials that are preferentially and
more effectively infected than other potentials. In the case of non-infectious
epidemics, we ask the same questions: How "effective" are dangerous
working conditions or physical activities or, for example, the advertising of
unhealthy products or dangerous lifestyles?
While susceptibility describes the structure of individually endangering
circumstances, such as lack of immunity or suffering from comorbidities,
there is a lack of comprehensibility, self-managing, or meaningfulness, as
described by A. Antonovsky (1923-1994) (see Antonovsky, A.: Unraveling the
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Mystery of Health). How people deal with stress and stay healthy. Jossey bass,
San Francisco 1987).
It is fundamental to understand that only homogeneous populations are as
exposed as animal herds. However, relative homogeneity can be found in
smaller areas and in selected social groups of people with a lack of migration
or in those who live, for example, in gated residential areas. Homogeneity
could also be found in isolated ethnic or religious groups or in people living
under certain industrial working conditions. This also applies to population
groups that live below a similar social standard of living and share the same
lifestyle patterns. Other conditions can be found in populations affected by a
natural disaster or in groups of people who share the conditions of a disaster
in a factory or the conditions of a war battlefield. But even under these
conditions, people are usually unequally exposed. So-called “herd immunity”
is more of a political construction than an epidemiologic reality.

Example
One of the historical accidents often cited by epidemiologists was
the sinking of the Titanic. Analyses have shown that the probability
of survival depended on the rented deck. However, this was clearly
dependent on social class.

The effectiveness of preventive measures against real epidemics goes back
first to interventions to reduce the pervasiveness of exposures. This illustrates
the fact that prevention of epidemics is a social measure that must always
consider the given conditions of daily life. It is now basic knowledge that the
most successful prevention successes against epidemics became a reality
long before effective medical interventions such as vaccination were available
in history.
Limiting population penetration of non-communicable hazards requires
longer-lasting socio-structural changes in working and living conditions, as
well as improvements in general education. If limiting exposure penetration is
to be achieved quickly, as it is in case of infective hazards, it will be difficult to
do so without regulatory legal action. This makes it clear that the successful
fight against epidemics always requires political will and the ability to manage
health risks.
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6.4

The intensity of exposures

The intensity or force of an exposure is its specific characteristic.

Intensity measurements are as important for assessing exposures as they are
for assessing pharmaceutical agents, for example. Epidemiologists typically
use intensity measurements under experimental conditions. Although the intensity of an exposure is apparently independent of the different characteristics of the exposed population, the exposure must have a vector to affect humans. If this is the case, the effects on individuals will depend on the doses,
the type of application, and the time intervals during which people are exposed. When an exposure is identified as hazardous, it is a task of epidemiology to classify exposures according to their penetration patterns.

Example:
The bite of a rattlesnake is deadly to humans, and its venom must
be ranked among the highest hazards we know. But in most parts
of the world, and even in the parts where these snakes live, this
hazard is irrelevant as a public health problem. It is quite different
with Sars-CoV-2 or Vibrio cholerae. Not only is the intensity of
these infectious exposures high. There is also the likelihood of
coming into contact with these viruses under certain living conditions. Consequently, preventing the entry of these viruses into and
within a population is a public health challenge of the highest priority.

Measurements of the intensity of exposures are difficult to interpret beyond
an experimental scenario. And it is comparably difficult to use the results in a
population-based scenario effectively. It is comparatively easy when the effect of an exposure occurs in a short interval after exposure and when victims
are homogeneous in relevant characteristics. Then intensity measurements
are very qualified aids. These intensity measurements are much more difficult
to handle and to interpret when the persons at risk are biologically and/or socially very inhomogeneous. Therefore, if the interval between exposure and its
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effects is very long, the intensity measure is comparatively difficult to interpret.

6.5

The duration of epidemiologic cases

The duration of epidemiologic cases is reflected in the distribution of all individual time intervals between the beginning of cases and their end.

The agglomeration of all individual case-durations shapes a distribution that
is fundamentally determined by societal conditions, such as the accessibility
and quality of medical care, or by the diversity of occurrence of all cases of
the same disease in a population. These distributions differ from random distributions. Under the influence of an epidemic or regression, the distributions
of these intervals can change significantly. The effects which influence the
distribution of the duration of cases can significantly affect the dynamics of
prevalence within an epidemic. Such effects, or "timing effects," alter the quantities of newly detected cases by changing diagnostic intervals and early initiation of therapy.
Inevitably, as the distribution of diagnostic and therapeutic intervals changes,
so does the structure of epidemiologic cases. For understanding an epidemic/regression, the structural changes are usually more important than the
quantitative consequences for prevalence. The effects on false-positive and
false-negative diagnoses may be additionally important.
Timing effects, however, may also be due to innovations in preventive and
therapeutic approaches. These innovations may be evaluated as social innovations, as in the case of improved access to care. This could also be the case
if systematic screening programs are implemented and if society improves its
behavior on how to use medical care more effectively.
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6.6

The time interval of the risk to infect others

The time interval during which someone poses a risk to others is the interval
during which people can transmit an exposure to others.

These intervals are of particular interest for infectious diseases. But of course,
these intervals are also of interest when occupational hazards, environmental
hazards, or the use of addictive substances or hazards that cannot be controlled by humans affect individual health.
The prevalence of individuals potentially transmitting exposure is

Pr ∼ It1-t0 x Dr
It1-t0 ∼ Pr/ Dr
Dr ∼ Pr /It1-t0

Pr = prevalence of individuals being risky for others.
It1-t0 = cumulative incidence of those becoming spreaders
Dr = time interval of being risky to others (i.e., because of infectivity)

The calculation of this interval is a prerequisite for estimating the potential
new vectors of an exposure. The interval is the source of a persistent epidemic, but it is also the source of regression. While this interval can be assumed to be constant from pathogen intensity for communicable diseases,
for many other exposures this interval can change and vary widely.

Example
The time between infection and illness is thought to be a maximum
of 14 days for SARS-CoV-2, but with a maximum intensity of 5 days.
Infectivity is also thought to begin earlier than 2.5 days before illness and to end 9 days after the onset of the first symptoms. It is
also generally accepted that even infected individuals without
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symptoms can, by definition, infect others within the assumed maximum period of 14 days.

This highlights that even minor changes in assumed duration can be of enormous importance to the estimated prevalence of individuals who pose a risk
to others or are active carriers of infectious diseases. This uncertainty cannot
be avoided. It is, however, a problem for the management of epidemics.

6.7

The time interval at risk

People are at risk as long as they are exposed to a certain hazard without
getting sick.

People are at risk of becoming ill throughout their lives. Beyond this general
fact, there is interest in estimating the time interval between the onset of a
particular exposition and getting sick. This defines the appearance of a particular disease as a fraction of time, which can vary widely from seconds to
decades. It can also take the whole lifetime or exceed generations. It is only
useful to discuss such intervals in terms of a well-defined hazard and its specific impact on health.
The interpretation of these intervals can be difficult, especially when these intervals are very long and/or the number of incidences is very small. However,
the assessment of health hazards requires the calculation of the occurring
effects as functions of time. Such intervals can only be spoken of as long as
people do not suffer from the disease of concern. If there is an effect, it must
be decided whether the effect is due to the exposure. Clearly, the probability
of effects occurring as functions of time and the quantities of epidemiologic
potentials involved are of enormous importance in assessing the significance
of exposures.
For infectious diseases, the relationship between infectious exposure and its
effect is regularly very clear, as it is for all other diseases with short intervals
between exposure and effect.
The special interest of the epidemiologist relates to two facts: One is the association between case incidence and time. The other is the relevance of
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these associations to the moment of prevalence. The time interval in which
people are at risk depends on both the characteristics of exposure, the nature
of the specific disease, as well as social and individual conditions. Nevertheless, this interval can be modified by competing hazards, by aggregating various other risks, or by preventive influences that do not terminate the hazard
but reduce its effects or the time interval between an exposure and its effects.
In other words, the measurement of the risk interval requires an experimental
framework and always applies exclusively to the particular group of people
selected and their structure.
The interval depends on the age at which people are exposed or on the further
life span estimated for those exposed. This interval also depends on competing exposures and on other diseases that may mask the effects of the original
hazards of concern. These types of epidemiologic measurements reflect the
characteristics of the exposed population and exposure.
This issue is particularly difficult to handle because "age," "aging," and "remaining lifespan" are not biological constants. As a result, the "time interval
at risk" is difficult to calculate by non-experimental studies. Age, in particular,
is a characteristic that is difficult to measure. People with the same calendrical age may have different biological ages. The distribution of biological age
in a population is undoubtedly dependent on social class in terms of vertical
and horizontal social disparities.

6.8

The mechanisms of the penetration of exposures.

Every health hazard needs a pathway to be transmitted into a population.

These pathways are also called "vectors." Depending on the nature of a disease, these vectors are biological, chemical, physical, or behavioral ones.
However, they can also be seen as social "vectors" if they have to be associated with man-made conditions, such as living or working conditions, with
travel, with advertising of unhealthy products, or with social norms that promote risky behaviors, traditions, irrational beliefs, fashions, or, for example,
economic or political interests. Lack of resources and poor working conditions are important vectors to push epidemics. These vectors are often accompanied by low levels of education or lack of skills to combat such vectors
themselves. Every interaction between people and their environment is potentially a transmitting "vector" for exposures. Therefore, any transformation of
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living conditions can affect these vectors and cause an epidemic or, alternatively, a regression within the different epidemiologic potentials.
This can lead to fundamental problems for public health initiatives when there
are conflicting assessments related to such vectors. The conflicts can be
caused, for example, by political interests and motivations, by traditions, or by
working conditions. Knowledge of all these conditions will regularly be important in evaluating vectors for spread or reduction of exposition. While vectors for infectious exposures motivate most people to be preventively cautious, vectors of noncommunicable diseases are often socially accepted and
culturally pushed. They may also be supported and positively valued as features of individual freedom to choose lifestyles, even when they conflict with
the interests of a majority of a population.
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7

Quantification of epidemics and regressions

The quantitative impact of epidemics and regressions on populations are
basic arguments for their assessment.

The impact of an epidemic/regression is reflected in the changes of prevalence, either as a trend in the number of cases or as a trend in the number of
people affected. For appropriate descriptions, epidemiology has a set of
measurements to describe relative frequencies and calculating probabilities.
Probabilities are the quotients of the number of those who may experience a
possible event and those who actually experience an event. However, this is
only useful if these measurements are made with respect to a time interval.
Such quotients can only be calculated if the nominator and denominator each
have the same logical counting unit (persons or cases).
Assessments, on the other hand, require comparisons that presuppose the
structural comparability of the respective quantities.
Even precise methods of event measurement cannot completely close the
gap between reality and its image. One of the ways to solve this problem is to
use representative samples for cohort and cross-sectional studies under strict
rules to protect personal data. Especially in the case of communicable epidemics, structured screening activities are the method to obtain such data.
There would be no science if it were not able to quantify the objects and subjects of its research. Such measurements are of two types. One type is rates,
in the sense of a proportion of the quantities of epidemiologic cases and those
assumed to be possible cases. Another type is probabilities, which can be
used to predict the quantity of future events. Both types provide different possibilities for comparison, interpretation, and practical conclusions. It is also
possible to divide these measurements into descriptive and analytical measurements. The specific interest of epidemiology lies in the description of the
dynamics of epidemics and regressions. This includes the predictive estimation of their occurrence within specific populations or epidemiologic clusters
in defined regions as functions of time. Therefore, the theoretical concepts of
descriptive statistics, set theory, and probability theory, as well as various
modelling methods and game theory play a leading role in epidemiology.
Although it may be difficult to determine the nominators, it is usually even
more difficult to determine the denominators logically and quantitatively
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correct. When it comes to estimating the resources needed to secure aid, all
that is needed are the absolute numbers and knowledge of their distribution
within a population in the region concerned. However, for analyses related to
the dynamics and causes of inequitable distribution, epidemiologists need
norms or targets.
Epidemiologists need to know in particular
1. the dynamics of prevalence
2. the dynamics of incidence
3. the dynamics of recovered and fatal cases
4. the duration of the exposures
5. the duration of infectivity for communicable diseases
6. the diagnostic and therapeutic intervals under the given realities of
health care systems
7. the quantitative relationship between cases and persons
8. the epidemiologic potentials and their renewal intervals
9. the social and biological structures of the affected population
10. the sensitivity and specificity of the tests in the case of screening

7.1

Epidemics and regressions in communicable diseases

Epidemics and regressions due to communicable diseases also potentially
affect those parts of the population that are not directly affected by such
events.

Epidemiologists mainly ask which specific causes and conditions cause an
epidemic or regression and how to clarify which mechanisms cause the respective types of movements in prevalence (see Table 1 & 2). Clinicians and
microbiologists, respectively virologists are investigating the nature of the
germ and the impacts on individuals. Epidemics and regressions are social
events that potentially intervene in the whole of social life. It is the specific
task of epidemiology to quantify the dynamics of the corresponding
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prevalence. This includes the need to predictively estimate the changes in
such potentials which are due to the epidemics or regressions.
The sources of infection transmission are always the prevalence of the carriers of bacteria, viruses, or parasites. (See also Park, K. Park's textbook of preventive and social medicine. ; White, F., Stallones, L., Last, J.M. (2013). Global
public health: ecological foundations. New York, NY: Oxford University Press.)
Identifying these is particularly difficult under the pressure of ongoing epidemics. The crucial point is that human populations are diverse and inhomogeneous. This makes it difficult to calculate and to interpret likelihoods, such as
the cumulative incidence rates or fatality and recovery rates for it is tricky to
define the specific epidemiologic potential. The penetration of a population by
bacteria, viruses, parasites, air pollution or the use of drugs is the prerequisite
for epidemics.
The only fundamental differences between communicable and non-communicable diseases are the characteristics of the pathogens and the mechanisms
of their spread. The mechanisms of transmission and reproduction of infectious diseases determine the relevant vectors studied by microbiologists, virologists, and epidemiologists. It is important to know these vectors and the
data on the specific susceptibility of certain social clusters of the target populations. But non-infectious pathogens also need vectors for dissemination.
The relevant knowledge makes it possible to clarify the patterns of penetration
and the dynamics of epidemics within the different epidemiologic potentials.
It is especially important to know if infectious exposure can easily cross the
boundaries with potential others or if there are high barriers that must be overcome to become infected. Epidemiology needs data to measure the distribution of susceptibility to a specific exposure within the affected population.
This is necessary to describe the epidemiologic potentials and their different
social and biological patterns. This knowledge is the prerequisite for decisions on practical measures to combat epidemics or likewise to promote regression.
Transmission of infectious exposures is the central prerequisite for the occurrence of an epidemic due to infectious diseases. These transmissions can occur from animals to individuals and/or from one individual to another through
aerosols, droplets, or smear infections, via wound surfaces or through the consumption of contaminated food. Contacts between animals and humans are
typically selective and seasonal, but also localized. As a consequence, epidemics are also mostly seasonal and localized.
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7.2

Epidemics and regressions due to non-communicable diseases

Non-communicable diseases can affect the population through epidemics
and regressions just as much as communicable diseases.

We consider it necessary to briefly address epidemics/regressions due to
non-communicable diseases, although these are not the focus of this brochure. Any health condition can change the prevalence attributable to it. It is
of fundamental interest to clarify the direction of these changes, their causes,
and their dynamics, but also to identify those parts of a population that are
victims of these dynamics or else their winners. It is of particular interest to
make decisions about whether such movements are due to changes in exposures or to other causes. Measuring such changes requires concepts that
document prevalence trends in the respective epidemiologic potentials of interest.
As progress is made in overcoming the profound differences in life expectancy between social classes, we are seeing a fundamental change in morbidity and mortality patterns in all populations that benefit. The chances of recovery from serious diseases and of adding years to life are increasing. The structure of all emerging threats to good health and to a life span approaching biological possibilities is also changing morbidity patterns and causes of death.
The epochal epidemiologic change currently underway around the world follows the industrial revolutions in parts of the world and, unlike what began in
18th Century in Western Europe, is now very closely linked to better access to
medical interventions. This huge epidemiologic revolution was ultimately due
to improved living and working conditions and the gradual development of social standards. Sociologists will measure these improvements by observing
education, income, poverty, and famine or by assessing access to prevention,
health care and social security for growing segments of the population. The
resulting new conditions for health reflected in gains in longevity. This close
interconnectedness has turned into a process that is increasingly promoted
by medical prevention (especially vaccination).
The historically grown understanding of epidemics as being caused by poor
living and working conditions was largely lost. It was replaced by an interpretation according to which people who had the chance of a long life would now
have to pay for it by suffering the burdens of "new" epidemics. The winners of
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these advances were now called the "victims" of medicine's successes (the
"failure of success" theorem). The new types of epidemics, it is argued, would
be due to changes in the distribution of body weights, high blood pressure,
coronary disease, or diabetes. These diseases, and some more like Alzheimer's disease, became the examples of seemingly new epidemics: Those belonging to the upper classes now saw themselves as victims of a social
change they had caused and for which they now had to pay with "managerial
diseases". Fighting these "new" epidemics became a question of personal responsibility, but no longer a goal of public health.
It is not the aim of this brochure to discuss these controversies. We only want
to point out the consequences of these debates. These debates supported
and recalled Social Darwinist ideologies, but also of the fact that interest communicable disease epidemiology and public health practice had largely been
lost. Both social medicine and epidemiology and their practical applications
were seen as unnecessary, or at least not as necessary as in the past.
Such hypotheses were unacceptable to discussants who opposed the hypothesis of decreasing health status with increasing life expectancy. The hypothesis of a compression of morbidity in older age has been increasingly supported by empirical evidence. This transition is obviously linked to another:
The average speed of ageing is slowing down, at least for the middle and upper classes. Thus, the question whether the epidemiologic transition would be
brought about by new, frightening epidemics or by the prolongation of life and
significant prevention successes was a controversy of considerable public importance. Moreover, it took a long time to realize that persistent social inequality in life expectancy did not primarily minimize social distances in morbidity patterns, but limited the proportion of people affected by vertical social
inequalities.
But of course epidemics of non-communicable diseases are still a reality (see
epidemics due to inhumane working conditions and specifically industrial accidents in Bangladesh or India (The worst epidemic caused by the industrial
way of working - the Bhopal gas accident (1985) - is a prominent example.
Chernobyl, Fukushima, the Thalidomide epidemic, the Seveso disaster, children dying of famine, but also through wars, the displacement of people, the
policy of economic sanctions and the export of dangerous products or the
shipment of waste to developing countries are further examples.
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7.3

The dynamics of epidemiologic cases

There is a fundamental interdependence between the change in the quantities of prevalent cases and their structure.

The interdependence between changing amounts of prevalence and its structure determines the further dynamics of epidemics. These interdependencies
also influence the structure of the exit cases from prevalence. An epidemic
typically first affects the potentials with the highest susceptibility to exposure
and is then passed on to those with lower susceptibility. But these next epidemiologic potentials affected will typically contain a greater number of elements. These people will also have different age structures and will be relatively healthier with less severe disease outcomes. The inhomogeneity of the
population in terms of susceptibility, age, social conditions, or comorbidities
determines the further phenomena of quantitative and structural changes in
prevalence. The diverse social clusters are characterized by different probabilities of suffering an epidemic. Each new cluster that is affected has its own
specific structure and set of people. An epidemic will move from one cluster
to the next. In this way, each newly affected potential changes the characteristics of the epidemic, for example, by changing the age distribution, changing
the importance of comorbidities, or changing the social characteristics of
those affected. Thus, it may also happen that the cases reduce the distribution
of their severity.
Such effects determine the further dynamics of an epidemic or a regression.
For the dynamics of prevalence, it is important what kind of potential is initially
affected and what the characteristics of this specific epidemiologic potential
are. It is also always important to remember that epidemiologic potentials renew themselves by changing their structures and volumes in the course of an
epidemic or a regression. Epidemics and regressions "migrate" through the
epidemiologic potentials of a population. Depending on the speed, this could
lead to an interweaving of several types of epidemics within a population.
Even if there are new peaks in the course of an epidemic, they are not necessarily new waves of that epidemic. It is also possible that we observe simultaneously occurring epidemics within different clusters or potentials. Thus, it is
useful to distinguish further waves of an epidemic from new and differently
caused epidemics.
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Particularly in the case of epidemics of infectious diseases, there is an interest
in describing the jump of an epidemic from one epidemiologic potential to another and in distinguishing ongoing "waves" from newly emerging epidemics.

7.3.1

Measuring the changing incidence of disease

Quantifying movements in prevalence is a prerequisite for understanding epidemics and regressions.

One of the very first studies to use mathematics to describe epidemics caused
by communicable diseases introduced the so-called Basic Reproduction Number (BRN). This number was created in 1897 by the discoverer of the malaria
parasite and later Nobel Prize winner (1902), physiologist Ronald Ross (18571932). BRN was intended to indicate whether or not the new cases (incident
cases) and the exit cases were in balance. This figure was developed specifically for outbreaks of malaria epidemics, which depend on the dynamics of
the Anopheles population. Ross understood that not the Anopheles was causing that epidemic, but the dynamics of its population.
It was probably the first time in history that an epidemic was defined as the
imbalance of prevalence. This inevitably also defines a regression. Therefore,
we can assume that Ross was the first to understand that any quantitative
analysis of an epidemic (even a regression) leads to measuring the parameters that cause an imbalance in the amounts of "ins" and "outs" of all the different groups of prevalent cases in their different environments. This reproductive number created by Ross was further developed by Gregor Macdonald
(Macdonald, G. (1957): The Epidemiology and Control of Malaria. Oxford University Press, London ̧ see also Smith, DL, et al "Ross, Macdonald, and a theory
of the dynamics and control of Mosquito-transmitted pathogens". PLOS Pathogens. 8 (4): 1002588. doi: 10.1371/journal.ppat.1002588. ISSN 1553-7366).
The term now stands for several mathematical models used to calculate reproduction figures. These figures understand an epidemic / regression as the
movement of prevalence.
BRN was developed at a time when no one was discussing the question of
whether epidemics included those types of case dynamics caused by reasons
other than infection dynamics. (Readers who wish to read more on this subject are recommended the writings of Ross, R. (1905): The logical basis of the
sanitary policy of mosquito control. Science 22: 689-699. 22, or Ross, R.R
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(1911): Some quantitative studies of epidemiology. Nature 87: 466-467. 25. See
also Paul E.M. Fine: "John Brownlee and the measurement of infectiousness: a
historical study in epidemic theory" Journal of the Royal Statistical Society. Series A (General) Vol. 142, No. 3 (1979), pp. 347-362). In particular, Macdonald
described the fact that the number of cases following an initial one also depends on the interval during which a person or host can infect others. Variation and change in this interval therefore affect these quantities and their imbalances. The net reproduction figure is closer to reality in this respect. It estimates the reproduction number for inhomogeneous populations.
BRN is 1 when the number of hosts harboring the biological exposure and the
amounts of transmission are in equilibrium. The change in reproductive patterns of Anopheles will be reflected in an imbalance of prevalent cases of malaria. The argument has been that the time interval of infectivity is a characteristic of the disease-causing germ. And if the new cases leaving the prevalence within the time interval in which they are infectious have the same quantity as the incidence, the reproductive number will be permanently 1. The prevalence will remain in the status of stationarity under this condition. The consequence is fundamental: Any non-stationarity must have causes other than
those that the characteristics of biological exposure can explain. The explanation for a malaria epidemic must find the cause that alters the reproductive
patterns of Anopheles. This is not Plasmodium vivax itself. Already John
Snow (1813-1858) was able to show that the vector causes an epidemic, but
not the etiological factor that causes the disease.
We now know that this is true for every epidemic and every regression, but not
only for epidemics caused by biological exposures. And this is what makes
epidemiology the science of the dynamics of case rates, but not the science
of the causality (etiology) of diseases.
But there are other types of epidemics like Malaria in which the bacteria or
virus becomes transmitted from one individual to another. To get a picture of
the dynamic of transmission, we basically must understand that populations
are not a set of homogeneous elements. It is the consequence that a transmittable hazard will impact a population with inhomogeneous dynamics and
results. This makes it necessary to divide an exposed population into subgroups based on characteristics relevant to describing the inhomogeneity,
which we refer to as epidemiologic potentials. We almost never find a situation in which the structure of those being susceptible for an infection and
those being infective are the same, both in epidemics and regressions. Thus,
the likelihood to meet an infected person and the likelihood for an infected
person to meet a susceptible person is only the same if both share the same
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structure at the same time and region. In other words: Epidemics and regressions are the sum of microprocesses of different dynamics and causality.
The BRN represents the temporal distribution of the reproduction of the quantities of the predominant cases. However, the question arises whether this
distribution is a biological constant due to the characteristics of the etiologic
causes of a disease. We take the position that this interval is not only a feature
of the etiologic factor. It also represents a time distribution modified by the
diversity of epidemiologic potentials. This is significant because it leads to the
hypothesis that this interval can change during an epidemic. Therefore, the
epidemic/regression modifies the conditions for its own further dynamics.
We can assume that the distribution of the time interval between an infection
and a subsequent disease is largely stable and can follow a random distribution. This is certainly not the case when measuring the occurrence, as there is
typically an interval between the infection and its diagnosis (the diagnostic
interval). The distribution of these intervals is regularly not stable, not randomly and not symmetrically distributed. In other words, the distribution of
these intervals is changeable and modified by conditions attributable to social
conditions. These conditions can be assumed to vary for the diversity of epidemiologic potentials. Consequently, the equilibrium does not depend on the
pathogen (virus, bacteria, parasite), but on the activities used to detect the
new infections, which then pass into prevalence: The new cases detected depend on the diagnostic activities and on the change in testing activities over
time. But it also depends on the change in the potentials to become infected.
The BRN must be distinguished from the "effective reproductive number",
which accepts that parts and eventually an increasing proportion of a population have come into contact with the infectious exposure and have developed
partial or permanent immunity. Both "numbers" have no dimension. They are
neither epidemiologic rates nor probabilities. We must note that these numbers are modified by factors other than the characteristics of the exposure.
These modifying factors are predominantly social conditions and attitudes,
education, and behavior. These numbers are not able to predict a new epidemic or regression, nor can they be used to analyze why the prevalence
changes. But the figure supports necessary anti-epidemic decisions. It can
also help to prevent certain epidemiologic potentials from becoming victims
of an epidemic. However, this means calculating this figure separately for
each of the different epidemiologic potentials.
If epidemics affect the clusters carrying them differently, they are also triggered by different causes and possibly by different vectors. Anti-epidemic
management must be specifically adapted to each of the relevant potentials.
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7.3.2

The epidemiologic case

The epidemiologic case is the countable manifestation of a health condition.

In the perspective of epidemiology, a "case" is to be distinguished from a "person". A person is a carrier of one, but also of several cases. Countability
means, firstly, using standardized and scientifically recognized classifications, but secondly, it also means using methods that allow to classify correctly assigned a specific health condition. The methods of this assignment
are the methods of clinical diagnostics or screenings. From an epidemiological or quantitative point of view, it should be remembered that the quality of
diagnostics should be evaluated using sensitivity and specificity as a benchmark.

Sensitivity is the probability that a positive test indicates that a person has a
disease. Specificity is the probability that a negative test indicates that a person does not have a disease.

How are health conditions to be identified and classified as epidemiologic
cases? It is the current reality that sick people try to manage most of their
health conditions on their own without the help of doctors. It obviously takes
some preconditions to diagnose and document diseases. The documented
illnesses are therefore only a selection of all the illnesses that occur. The time
interval between a disease and its diagnosis usually varies greatly between
diseases and the individual experience of diseases. Epidemiologists therefore
only know the surface of all health conditions in a population. Even if there are
binding rules for documenting certain selected threats to individual health, diseases, or disabilities, the extent to which such documentation corresponds to
reality always remains uncertain.
Both nationally and globally, the reality of documenting diseases and causes
of death is largely unknown. This is also true for the documentation of hazards
and consequences of diseases. For this reason, countries would need specially adapted panels of a randomly selected population to provide a representative description of the health status of their population through at least
selective documentation of epidemiologic cases. Population-based systematic studies and medical systems utilization data are of particular interest in
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answering the question of whether populations are affected by epidemics or
whether their health status is improving.

7.3.3

Prevalence measurements

Prevalence counts the quantity of cases of a defined health condition.

Prevalence is the quantitative and structural potential for any further epidemiologic dynamics. It describes statuses at points in time, not causes of change
or probabilities.
Epidemiologists use at least three types of prevalence rates:
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Rates are relative quantities of nominating and denominating figures. Prevalence rates measure the proportions of individuals that are either exposed, infected or ill in relation to a set of individuals which are defined as the potential
origin of documented cases, respectively of those which are susceptible for a
hazard. This relation depends on the quality of documentation and on the definition what the true source of cases is. Prevalence rates describe the quantitative dynamics of disease-specific prevalence rates over time. They are not
measures of the hazards of exposures or of the change of probabilities becoming affected. They are counting cases in a specific status, only.
Documenting the absolute quantities of prevalence is helpful for resource allocation. Spatial and temporal comparisons, however, must always put these
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absolute numbers in relation to the denominator, which is the logic target population of the comparisons. The denominator chosen is the epidemiologic potential. This makes it necessary to distinguish between persons and cases if
more than one case can be assigned to a person within an observation period.
The total population is often taken as the denominator because the true epidemiologic potential remains unknown.
These types of epidemiologic rates are not probabilities and cannot be used
for predictive hypotheses or for analytical assumptions regarding the causes
of changing prevalence. To obtain this information, the reasons why a prevalence rate increases or decreases over time would have to be clarified. Only if
the interval in which cases are prevalent is very short can prevalence be used
as an estimate of incidence.
Point prevalence rates can only be measured under the conditions that daily
reports on the dynamics of prevalence are required by law or by insurance
regulations.
Period prevalence rates are of particular interest in longer-lasting epidemics.
These rates are a description of the impact on the population and its medical
care systems.
The lifetime prevalence rate (LTP) is a rather sophisticated number. It is a real
or, alternatively, a fictitious cohort information adjusted to the specific type of
decrement tables in the form of life tables. This rate can also be interpreted
as a standardized adjustment of the prevalence of a disease to the life expectancy of the given population of a region or for fictitious cohorts. While the
method is very elegant, the quality of the basic data is usually very poor and
does not allow the use of this potentially valuable information. LTP assumes
that the number of people with the disease and the number of cases have the
same quantities. This is the case when the diseases in question can occur
only once per lifetime. LTP plays a major role in some specific health insurance models.
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7.3.4

Incidence measurements

The incidence corresponds to the amount of newly detected cases.

Incidence is the epidemiologic potential of the further dynamics of prevalence. It denotes events that occur in a defined epidemiologic potential and a
defined time interval. The understanding of incidence demands the understanding of the difference between counting numbers of states and of events.
Documented quantities appear in the specific reference population or epidemiological potentials, which together constitute the total population. Thus, the
new cases represent a change of a defined status, such as the exposed, the
infected, the contagious, the sick, the treated, the recovered, or the deceased
due to the disease under investigation. Thus, the number of "new" cases depends on the number of those classified as belonging to the classes of particular interest. This number depends on many factors, such as the individual's
decision to be diagnosed, but also the commitment to be tested, the quality of
the diagnosis, or the accessibility of medical care facilities and active preventive measures. For this reason, epidemiologists must always assess how incidence relates to reality. This is particularly problematic if the reported quantities are distorted by social characteristics of patients or by socially different
access to the use of diagnostics.

7.3.4.1

The incidence rates
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This rate measures the proportion of newly detected exposed, infected, or diseased persons/cases relative to their specific epidemiologic potential, e.g., to
the average population during the observation period. But it always remains a
key problem for epidemiologists to decide whether the denominator in this
equation is logically related to the nominator. The incidence rate is not a probability.
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Example:
20 cases of tuberculosis per 100.000 individuals in a population
are reported. Assuming that the diagnosis is correct, it still remains unclear whether these 20 should logically refer to 100.000
individuals of the total population. It could easily be that only a
single and very specific social cluster of people living in exceptional conditions is the true epidemiologic potential. If this cluster
contained only 1.000 exposed people, it would make a significant
difference to risk-management whether 100.000 or only 1.000 people were the target population of concern.

Thus, incidence rates can provide direct and indirect information about important public health problems, but they do not measure the likelihood that the
population will contract tuberculosis. Rather, the rate depends on diagnostic
activities and on the particular structures of the logical reference population.
Consequently, this type of rate is information about the newly detected but
previously unknown cases in the given prevalence. Measuring the incidence
rate is therefore useful in describing the dynamics of the prevalence rate,
whatever causes this dynamics.

7.3.4.2

The cumulative incidence rate (CI)
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CI estimates the probability that a defined cohort (exposed, infected, ill)
changes its status at time interval t1 – t0. This interval also corresponds to the
time in which healthy people are at risk of becoming ill or the time interval in
which people still have an opportunity of remaining healthy. The methodological construction is the same as in the life tables, which measure the remaining lifetime after birth or from any age reached. This construction can be applied to any type of incidence. The limiting factor is the lack of data. Such
measurements are therefore hardly to be carried out under real practical conditions. For this reason, CI is mostly used under experimental study conditions
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designed as real or fictitious cohort studies to estimate the probability of occurring events.
Estimating the number of new cases by measuring CI aims to assess the occurrence of disease at specific time intervals after exposure of a healthy cohort. CI therefore makes it possible to predict the number of new cases as a
function of time after an exposure for defined cohorts. The cohort time interval allows two conclusions: One is that the interval between exposure and impact can be interpreted as an outcome that depends on the total risk time but
is independent of the age of the affected individuals. Second, this interval can
be related to the age-dependent lifespan measured after an exposure with its
effects. In this respect, the cumulative incidence rate is not only a predictive
measure, but also a measure of the significance of an exposure in terms of
further life expectancy after exposure. CI depends on the characteristics of
the exposure, but also on the characteristics of the exposed, such as gender,
age, general health status or social strata. The result is open for the assessment of this probability either as a risk or as an opportunity in the value range
of 0 and 1.
The measurement of CI is mostly useful in cohort studies of diseases with
short intervals between exposure and the occurrence of effects. This also allows the description of epidemics by calculating increment tables.

7.3.4.3

Incidence density (also morbidity power, instantaneous incidence
rate, person-time incidence rate, hazard rate)

This is a measure of the number of new cases as a function of the effects of
exposure per time unit.
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In general, this type of event density calculation estimates the number of new
cases as a function of time. It is assumed that the number of new cases would
primarily depend on the time a population is exposed to the acting exposure.
Against this background, two different constellations can be identified: (1) An
exposure is very effective and a specific effect (becoming ill or dying) follows
after a comparatively short time. (2) An exposure is not very effective, and it
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takes a long time before effects can be observed. Such intensity measures
are more useful if the time interval until the occurrence of the effect is short.
The concept of incidence density is used to measure the power of an exposure
under the condition of its time dependence. This measure is the first derivative
after time. This rate is also called hazard rate or instantaneous density rate.
The idea is to have a measure of the "force" or intensity of a given exposure
that is independent from the characteristics of the exposed individuals and
depends only on the characteristics of the exposure. It is also possible to interpret this figure as a measure of the "speed" with which an exposure is followed by an effect. However, this interpretation requires homogeneous populations and is not well adaptable to population-based studies.
Density measurement is not a measurement of a probability of disease occurrence, as cumulative rates are. It should also be noted that recurrent diseases
are counted as new cases, or that one disease may cause multiple cases per
person, complicating interpretation. The inverse of the incidence density is the
average risk duration and can also be interpreted as the average time interval
between two repeatable events.
The density is a theoretical measure that follows the hypothesis that an exposure-specific outcome would depend exclusively on the exposure and the time
of exposure (risk time). It is obvious that we may assume that effects after
long time intervals are not as deterministic as effects after short time intervals. The assessment of risk times is therefore the crucial point in density
measurements.
This measurement is also used, for example, by industries to measure the
quality of products. An example from this practical field might help to explain
its usefulness.

Example
The light bulbs produced by company "A" have an advertised
lifespan of five years, while the comparable product from company
"B" has a lifespan of three years. Using this data for quality ratings
makes sense under the assumption that the preferred product really has the promised longer lifetime with minimal variance between products. Further evaluation could help to adjust the prices
of the products to their different qualities.
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Similar examples can be found for management systems in economics, but
especially in the broad field of insurances and their interest in risk selection
through survival analytics. It could also play a crucial role in liability conflicts.
The interests of making such industry assessment models effective for insurance companies are understandable. But there are also obstacles. The longer
the risk period, the less we can accept the hypothesis of a simple deterministic
relationship between this time interval and the effects of exposure. Conversely, however, the concept could be very helpful in assessing very severe
effects in short time intervals between exposures and their long-term effects,
as is very often the case with occupational hazards or accidents.
While this method is widely used for intensity analysis, it is generally not used
as often for analyses in epidemiology. The critical point is the deterministic
nature of density measures. The probability of dying is always 1. Life determines death 100 per cent. The time at risk is the time at which all individuals
in a birth cohort die. The density measure determines the time when most
deaths are observed. In terms of lifetime, this measures the so-called "normal
lifetime", which is the age with the highest concentration of deaths-cases.

7.3.5

Recovery measurements

Recovery measures reflect the chances of being recovered from an illness.

These are measurements to assess the "natural" outcomes of diseases or
clinical treatments. But these types of measurements are also important for
assessing the severity of an epidemic and for analyzing the renewal of epidemiologic potentials.

7.3.5.1

Cumulative recovery rate (CRR)

Cumulative recovery rate (CRR)
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This CRR is a probability that is comparable to the cumulative incidence rate
from a methodological point of view and in terms of its construction and
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interpretation possibilities. The adaptation of this CRR to the mortality table
models also makes it possible to model the effects of epidemics by creating
decrement tables.

7.3.5.2

Recurrence density rate, also recovery force

Recurrence density rate (ID) =
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This rate is comparable to the incidence density rate. It is used to describe the
rate at which ill people move back into the healthy population or the population
at risk. This rate is not a probability or a characteristic of the affected population. The rate could be interpreted as a characteristic of the specific disease
and its treatment, and could also help to assess the severity of epidemics. The
commentary required is the same as that used to explain the incidence density
rate.

7.3.6

Measurements of mortality from diseases

The severity of an epidemic becomes assessed by using a variety of
measures of mortality.

The relevance of these types of measurements is due to the fact that they are
easier to document than those cases that are successfully cured, at least in
countries with sufficiently correct certified death certificates.

7.3.6.1

Crude mortality rate (CMR)

Crude mortality rate =
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Mortality refers to the absolute number of people who die in the observed time
interval. This number depends on the quantity of the population in absolute
numbers, on the absolute number of cohorts present in each of the existing
birth years, of the cohorts represented in the population in question, on the
survivors of these birth cohorts, and on migration rates. The mortality rate
does not measure the probability of dying. It merely balances the mortality and
natality rates and informs if a population growth or declines.
CMR relates the number of people dying to the total population. But it says
nothing about hazards, about differences in risks, or about changes in risks
over successive observation periods. CMR’s are used to describe whether or
not a population is in equilibrium with the natality rate, or whether a population
is increasing or decreasing in quantity. These crude rates therefore do not allow to assess an epidemic or a regression. But they could help to crudely assess the dynamics of an epidemic if better measurements are not available.

7.3.6.2

Standardized mortality rates (SMR)

SMR’s count death rates assuming a standardized population structure for
comparative purposes. It is an adjustment made to remove or also to measure
the influence of the age structures of the population and on the number of
death events on crude rates. Although many other structural characteristics
must be taken into account in comparisons, usually only age structures are
standardized. Therefore, the so-called standardized rates do not really standardize the structural effects on such rates. They only standardize age structures. For this reason, these types of rates must also be interpreted carefully
when they are used as arguments to explain structural similarities or differences or their changes over time. It must also be considered that age is not a
stable biological characteristic of individuals and varies within populations
and changes over time.

7.3.6.3

Standardized mortality ratios

These types of ratios are only useful for comparisons. This type of measurement forms a ratio of two standardized mortality rates. One is the observed
but standardized rate and the other is an expected standardized rate. The expected rate results from the assumption that the numbers from a stable
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population can be taken as a scale for the following observation periods. This
assumption could be criticized. In the case of short-lasting epidemics, this ratio is helpful in assessing the severity of the impact of an epidemic by comparisons. Epidemics of infectious diseases are often of short duration. Here,
these ratios are helpful. This also applies to regressions. The standardized
ratios are also frequently used when comparing specifically exposed samples
of people, e.g., when describing occupational risks.

7.3.6.4

Lifetime adjusted mortality rates

These rates calculate mortality under a life table framework, where the mortality rate per 1,000 of the table population is the reciprocal of life expectancy.
Assuming that the life expectancy of a birth cohort is 100 years, mortality rate
would be 10 per 1,000. If decision-makers want to prioritize epidemic control,
such adjusted mortality rates could be helpful.

7.3.6.5

Mortality rates by cause of death

Crude cause-specific mortality rate
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The crude cause-specific mortality rate deserves the same arguments as the
crude mortality rate. Despite this, these rates play an enormous role in public
and political discussion, but unfortunately also in scientific papers. It must be
understood that the sum of all occurring cause-specific mortality rates is always the crude mortality rate. Therefore, they cannot be used as measures of
disease-specific hazards.
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7.3.6.6

Standardized cause-specific mortality rate

This type of rate relates two standardized cause-specific mortality rates. This
rate requires the analogous comments as already discussed for the standardized mortality rate.

7.3.6.7

Excess mortality rates
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Excess mortality rates are used to compare the number of people who die in
two differently exposed clusters. It is used to compare clusters in series of
cross-sections. This use is only correct if the reference potentials are comparably structured or if these structures do not change during the comparison
periods.

7.3.6.8

Standardized excess mortality rates
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This way of measuring so-called excess mortalities is used to compare two
differently exposed but structurally standardized clusters of deceased people.

7.3.6.9

Excess mortality ratio
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This mortality rate relates two crude rates to each other. If the mortality rate
used as nominator is higher than the reference rate, this is assessed as excess mortality compared to the comparison population. This construction follows the assumption that the denominator can be used as a standard or norm.
However, this condition must first be justified.

7.3.6.10

Standardized excess mortality rates
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These standardized excess mortality rates are the same as excess mortality
rates. The difference is that standardized mortality rates are used. This is to
avoid the possible systematic error due to different age structures.

7.3.7

Fatality rates, also Case Fatality Rates

The assessment of the fatality of a disease can be made under the specific
condition that the probability of death is always 1. Lifespan is therefore the
true measure for assessing the risk to life from death. But we do not know the
individual potential for lifespan. Thus, we do not know the loss of years. So, it
is understandable that many methods have been developed to measure the
risk of death by differentiating these risks according to age, sex, social classes, or the specific causes of death. The only way to evaluate these "risks" is
to compare the different age-specific distributions of these risks within the
population. The lifespan distribution is changeable. So, changing the length of
life inevitably requires changing the causes of death. The many possible
causes of death "compete" for the chances of growing old because almost all
of them have an age-specific distribution. The hope is always that the age of
death may be close to the unknown biological potential of life. As long as the
mean life span is low, gaining years of life is the preference. If this proves true,
adding "life" to years might become the priority. But either way, it is always
true that these two preferences are closely related to social circumstances,
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an assessment that can never be made for single individuals, but only for clusters of them.

7.3.7.1

Cumulative fatality rate
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The cumulative fatality rate measures the probability of dying due to a classified disease. It is a measure of the cause-specific probability of death. This
rate is particularly valuable for assessment of epidemics because it can be
easily adjusted to the overall population mortality table to measure the impact
of an epidemic on (fictious) cohort life expectancy.
The sum of all cumulative fatality rates (and mirror-image cumulative recovery
rates) is always 1. But a problem could arise for such measurements when
used for people who die at old age. The reason for this is that the probability
data may show large random fluctuations due to the small numbers at old age
and due to the selectivity of specifying the cause of death at old age. For this
reason, life expectancy measures prefer to estimate the probability of dying
at old age rather than counting it. This estimate uses what is known as the
Gompertz-distribution. In other words: We could have no empirical measurement for the probabilities of dying, especially for the age with the highest density of deaths.

7.3.7.2

Fatality density rates

Fatality density rate =
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This rate requires the same comments that have already been made and discussed in the description of the density rates above. It is particularly important
to note that this rate does not allow survival times to be assessed by combining this rate with decrement tables.
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7.3.7.3

Lethality rate
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The lethality rate is, by its methodological nature, a crude rate. In the case of
infectious diseases, some authors also call it "Infection Fatality Rate (IFR(CFR,
IFR, andYou:WhatisthetrueCOVID-19deathrate?byTheBlabberingBiologist|Medium; last checked 01.08.2021). But this is a mistake. IFR is not a measure of
fatality (CFR). It is a measure of lethality that can be used to estimate fatality
under some conditions. The problem is that the lethality rates are typically
much lower than the fatality rates. This confusion can lead to serious misinterpretation of data-based empirical studies. Lethality quantifies the relative
number of people who leave the prevalence of a particular disease due to
death. It is not an adequate measure for assessing the risk of death from the
disease in question.

7.3.7.4

Standardized lethality rate

This is the same rate as the lethality rate, but it is adjusted to a standard population to avoid misinterpretation due to different age structures of the corresponding prevalence of people with the disease. The use of this type of rate
is particularly problematic when the denominators being compared are small
and when the causes of death “compete” with other relevant risks of dying, as
is often the case in old age.

7.3.8

Lifetime measurements

Lifetime measurements provide the critical methodology to assess the population consequences of epidemics and regressions.

As mentioned above the probability of dying is always 1. Therefore, the absolute numbers of dying people within fictitious cohorts depend only on birth
rates of previous birth cohorts, on migration rates and on the lifetimes
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achieved. When measuring the distribution of lifetimes, biases, such as those
due to changing birth or migration rates, must be eliminated. However, the
distribution of age-specific lifespans is the best estimate of a population's
mortality and for comparing positive or negative effects on lifespans by epidemics or regressions.
These measurements are based on the real mortality probabilities per age
group and are calculated with the specific method of the decrement table.
This is the scientific standard not only in demography, but also in epidemiology, in social medicine or in certain types of health care utility research, but
also in clinical studies. Besides measuring lifetime distributions, this method
also generates a population model that is stationary for varying life expectancies. The mortality population is independent of changing fertility or migration
rates in terms of quantity and structure. This makes this stationary population
an ideal construction for modelling epidemics and regressions, and for calculating loss of life as used in Potential Years of Life Lost (PYLL) measurements
or any other specific type of decremental table.

7.4

The renewal of epidemiologic potentials

Any epidemiologic potential is in a permanent process of renewal.

Epidemics permanently "consume" their specific epidemiologic potentials.
But they renew themselves as persons migrate in and out of prevalence.
These potentials not only renew themselves, but also change their structures
with consequences for the epidemics and the regressions. The duration of
this renewal process influences the further changes of the regarding potentials both in volume and in structure.
The mechanism of this renewal process is very simple: cases leave the potential to which they belong and move to another potential. Such epidemiologic
potentials can be, e.g., the clusters of the unexposed, the exposed or the sick.
Each case that enters an epidemiologic potential is an incident case. Any case
that leaves the prevalence we call here an exit case. It is therefore crucial to
know the duration for which a case belongs to the prevalence if an epidemic
is to be modelled.
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Figure 1: The renewal process of the prevailing cases

As simple as this renewal process is, it is important for understanding both
epidemics and regressions. It is also possible to say that incident cases and
exit cases are events, while prevalent ones denote a status that is renewed by
the two designated events. The simplicity of that model becomes more complicated if specific hazards change intensity or if specific epidemiologic potentials change vulnerability.
The different epidemiologic potentials differ in the probabilities of becoming
affected by specific exposures. Each type of epidemiologic potential must be
defined precisely according to region and time, but also according to the general health status and socio-demographic patterns of the specific potentials.
It makes no sense to discuss epidemics/regressions without defining the epidemiologic potential in question as precisely as possible. These specific clusters determine the following dynamics of epidemics/regressions. The quantities of these potentials and the cluster-specific internal structures, but also
the effects of the exposures concerned, may vary internally. However, they can
be classified as similar if the variance is low. Under this condition, any of the
various potentials can be considered homogeneous with regard to their specifically relevant characteristics. For these reasons, the potentials must be
carefully described by their structures when they are used for risk assessments, or for comparisons with other groups of people. Both for understanding an epidemic and for combating it, it is necessary to precisely know the
cases or the different clusters that are particularly at risk.
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Example
In some countries, the Sars-CoV-2 epidemic originated among
parts of the middle and upper classes who were enjoying their vacations and mass entertainment. In other countries, the epidemic
began among the poorest, the socially unprotected, or among people with particularly high susceptibility due to significant comorbidities. The epidemic thus encountered different initial potentials
in their specific social environments. This triggered a variety of
epidemics and different renewal mechanisms, which were of considerable importance for the further course of the epidemic within
specific overall populations.

The diversity of all these epidemiologic patterns is widely documented and
forms the backbone of social medicine and epidemiology far beyond the SarsCoV-2 epidemic. This knowledge is also the definitive argument against the
hypothesis that populations are comparable to herds.

Figure 2: The renewal process of the epidemiologic potential
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Such herds, especially in industrial livestock farming, are largely homogeneous in their biological characteristics. This homogeneity is one of the foundations of this type of animal production. But epidemiologists can hardly accept
the hypothesis that human populations are comparable to animal herds.
The controversy about the interpretation of human populations as animal
herds has been discussed as a strategic option of so-called "herd immunity"
in the fight against the COVID-19 epidemic. This discussion is fundamentally
reminiscent of all controversies about what populations are and thus also influences the discussion about the tasks of social medicine and epidemiology.
A special aspect is the intended assumption that populations are homogeneous. In fact, from an epidemiologic perspective, they are collections of diverse
epidemiologic potentials. Only the sum of all these subpopulations represents
the total population. As a consequence, research on epidemics/regressions
must investigate the renewal of all relevant potentials separately.
All these epidemiologic potentials are permanently renewed in volume and
structures both by demographic processes and by the specific effects of epidemics/regressions. These renewal processes co-determine the further
phases of an epidemic or a regression.

Example
The epidemiologic potential for cases of lung cancer can be partly
attributed to the prevalence of smokers, which is renewed by new
individuals entering the prevalence of smokers and by those leaving this prevalence. This potential includes individuals with different characteristics such as age, amount and type of tobacco use,
gender, or other conditions such as comorbidities or other exposures. They may selectively enter or selectively leave this prevalence because they become ill or because they leave this epidemiologic potential for other reasons (stop smoking, death for competing causes, migration, etc.).

To understand a tobacco epidemic, it is important to know the distribution of
the individual time intervals between smoking initiation and the diagnosis of
one or more health consequences of smoking. The change in this distribution
will influence the structural changes in the prevalence of smokers when a lung
cancer epidemic occurs in a population. If the renewal potential is related to
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infectious diseases, it is a definitional task to decide whether infected individuals are "merely" carriers of exposure or whether they must also be considered
sick themselves. But either way, they will be part of the prevalence of those
who are potential spreaders of the infections. It could be that the potential of
those who spread infections is more important for the dynamics of an epidemic than the potential of those who are ill.
It is easy to understand that the time interval during which people are at risk
themselves or at risk for others is a central feature for epidemiologists. This
time interval provides an estimate for the quantitative dynamics of an epidemic, or at least for epidemics of communicable diseases.

Example:
With a stable incidence of about 10.000 newly diagnosed cases
and an assumed time interval of infectivity of 14 days, the prevalence of active carriers of an infection would be 140.000 persons.
If this assumed interval is corrected by better data, the calculated
prevalence must also be corrected. Extending this interval to 20
days would increase the prevalence up to 200.000. But it would
drop to 80.000 if the duration of infectivity were to be estimated at
only 8 days.

The example is only a hypothetical construction. It is also only to be discussed
in the case of an equilibrium as it applies to the base reproduction number of
1 according to Ross and Macdonald. This number underestimates the quantitative dynamics of the epidemic in its initial phase up to the highest point of
the growth curve. And it overestimates the remaining dangers in the regressive phase of this epidemic.
The concept of modelling an epidemic using the reproductive number does
not consider some aspects of the epidemiologic potential for new infections.
This also precisely concerns the prevalent cases and their quantitative and
structural renewal. In general, it can be assumed that with the appearance of
an epidemic, the epidemiologic potentials with the highest susceptibility to infection are affected first. The epidemic then moves through the population by
"consuming" the different epidemiologic potentials one after the other. These
respective newly affected potentials may typically be characterized by
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decreasing cluster-specific susceptibilities and by specific mechanisms of renewal over time.
Starting from rather small but very susceptible potentials, epidemiologic potentials that are less susceptible but have a larger volume will usually be affected as the epidemic progresses. Epidemics thus increasingly affect the “fitter” parts of a population. Remarkable changes in the patterns of those affected can follow from this. Observers may find that the absolute numbers of
incident cases increase even though the potential specific susceptibility to exposure decreases, and severe disease outcomes also become less frequent.
Thus, decreasing mortality rates and improved recovery rates could be observed, even though the exposures are the same and the ability to treat the
disease has not improved. The age structure of exposed and infected individuals will also change. This is a remarkable process, as the population is discriminated by cluster-specific susceptibilities rather than changing penetration patterns.
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8

The phases of communicable disease epidemics

Communicable disease epidemics typically follow eight phases.

There are several proposals to classify epidemics into phases. These concepts follow different objectives and for this reason they are not comparable.
Readers interested in this topic and the respective concepts will easily find
them. We would like to mention only three examples:
1. https://www.verywellhealth.com/understanding-a-pandemic2615488;
2. https://www.who.int/csr/disease/swineflu/phase/en/;
3. https://economictimes.indiatimes.com/;
all last checked 07.10.2020.
Our proposal focuses on the mechanisms of case dynamics in the course of
epidemics and is explicitly not intended to compete with other purposes. Most
importantly, our proposal is open to discussion and continuous improvement.
In order to model the impact of epidemics or regressions on a population, the
phases and cycles of these dynamics must be quantified. This attempt must
also solve some problems. One of the problems is that it is easier to count or
estimate the epidemiologic cases, for an entire population, than it is to do so
for each of the epidemiologic potentials of that population. However, this
poses some problems since a generalized scheme cannot fully represent the
specific manifestations of all epidemics and regressions.

Phase 1: Epidemiologic latency

Epidemic latency is the time interval during which a disease-specific prevalence remains approximately at equilibrium.

Equilibrium is a period of latency in the sense of Ross and McDonald (see
above). This latency is independent of prevalence. Both an epidemic and a
regression can begin at any time during this period. The duration of this interval is indeterminate. The state of equilibrium can continue with fluctuations in
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the number of cases as long as the mean remains constant. However, this
interval depends on the characteristics of the specific epidemiologic potentials affected by an exposure and the effectivity of the health hazard. A single
epidemiologic case can terminate the equilibrium.
The interval of epidemiologic latency must be distinguished from the interval
between contact with a particular exposure and its individual response to it.
Both the disease-specific incubation period and the epidemiologic latency are
of interest for public health activities. The incubation or latency period of an
exposure of a particular disease must be known in order to measure the intensity of an exposure. This is particularly required for diseases caused by communicable, occupational, or other social conditions. (See for example Langholz, B, Thomas, D, Xiang, A, Stram, D: Latency analysis in epidemiologic studies
of occupational exposures: application to the Colorado Plateau uranium miner's
cohort. American Journal of Industrial Medicine, DOI: 10.1002/(sici)10970274(199903)35:3<246:aid-ajim4>3.0.co;2-6.) Epidemiological latency, on the
other hand, measures the time between the appearance of a first case and the
beginning of an epidemic. This may depend on the biological cycles of certain
germ species or their changes through mutation. However, it is also determined by man-made conditions. In this case, one also speaks of social conditions.
In this phase, there is at least one infected person. It is irrelevant whether the
number of prevalent cases is 1 or 1.000.000. If the quantities of incidence and
exit cases balance to zero, by definition there is no epidemic. The base reproduction number is always one as long as the incident and exit cases are equal.
However, the prevalence of infectious cases permanently has the potential to
trigger an epidemic, just as it has the potential to trigger a regression. However, a single case can serve as a trigger for transmission of infectious exposures and initiate an epidemic. At this stage, epidemic control measures are
very effective.

Phase 2: The beginning of an epidemic of communicable diseases

Every epidemic begins with the end of the status of epidemiologic equilibrium.

In the early stages of an epidemic, it is difficult to detect a single case or even
the quantitative instability in the prevalence of pathogen’s hosts. This would
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require an established mechanism for monitoring all conditions for all epidemics defined for such surveillance. Such surveillance requires permanently
functioning prevention mechanisms, even if there has not been an epidemic
for decades.
The beginning imbalance may be due to an increase in incidence or a decrease
in exit cases if the number of incident cases is at least above 2. The escalation
in prevalence has one main reason: the number of carriers of the infection is
increasing. But realistically, there is no chance of precisely determining the
start of an epidemic. The "starter" may be a single person, while other potential
hosts remain ineffective. At the moment of the emerging imbalance, the fight
against an epidemic becomes more important than its prevention. The beginning of penetration into a population, respectively the penetration into the diversity of epidemiologic potentials depends on the particular social characteristics of the victims. These characteristics are the cluster-specific vulnerability, the characteristics of their social mobility, the level of knowledge and education, the preventive behaviors, or the real alternatives for the individual lifestyles, etc.
Epidemics often begin with the smallest epidemiologic potentials. However,
these are often "high-risk" potentials. They often show the highest susceptibility to being affected by an exposure and also to transmitting an exposure, for
example a virus. In the case of infectious diseases, susceptibility is a complex
matter. Susceptibility refers not only to the proportion of people who are immunized (if vaccination is available), but also to people's characteristics,
which can be roughly summarized as biological and social characteristics
plus comorbidities. The more similar the starting potential is to its "neighboring" potentials, the easier it is for infectious exposure to jump to another potential. One can also say that the degree of heterogeneity or homogeneity of
the populations determines the progression of the epidemic.
It must be understood that an epidemic does not simply spread to an entire
population. It always selectively penetrates certain parts of a population that
can be discriminated by social, biological, and geographical characteristics.
An epidemic reveals the structure of overall populations and their characteristics that best suit the needs of infectious exposure for their survival and reproduction. One could argue that the bacteria or viruses divide a population
into relatively homogeneous sup-potentials and infect the total population by
migrating through the population, penetrating one potential at a time. The epidemic generates as many micro-epidemics as it finds specific potentials for
infectious exposure along its path. The path of the epidemic through a population can be described by the times at which the different potentials are
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affected. There is no epidemic without a population and no understanding of
an epidemic without understanding what the significant characteristics of a
population and its subsets are.
It takes a critical group of people who are susceptible to the infection to trigger
an epidemic. These persons must have ideal conditions for exponential
growth. (The so-called patient "zero" is a precondition for the emergence of an
epidemic, but not its cause). The cause of the escalation of transmissions is
the interaction of the effective spreaders with a specifically susceptible set of
uninfected persons. An epidemic begins with transmission to another person
who spreads the exposure in their specific susceptible cluster. The "unification" of cluster-specific epidemics, like any epidemic, is a social process. The
disease-causing bacteria, viruses or parasites move through a population with
the epidemic-specific host. While parts of the infected individuals may hold
the latent status, others may be the source for the start of an epidemic.
The beginning of an epidemic is not to be confused with the diffusion of chemical substances in a glass of water or of pheromones in the air. Rather, it begins in social networks that transmit exposure to an uninfected population.
But this happens with varying effectiveness in different clusters. The penetration follows patterns of life and behavior shared by people in similar social
circumstances. An "average" individual does not start an epidemic because
that "average" individual does not exist. An "average" individual represents a
distribution of certain characteristics and the variances of this distribution. It
is the shape of this distribution that is important for the start of an epidemic,
not the average. The concept of "average" individuals and the interpretation of
this individual as a "normal" person neither corresponds to reality nor is it helpful for the conceptualization of plans to combat epidemics. The start of an
epidemic reflects the social asymmetry of human populations: many infected
people may have few contacts, while a few individuals may be the relevant
spreading factors, possibly described by a Pareto-distribution.
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Phase 3: The exponential growth phase

The exponential growth of a disease-specific prevalence is determined by
the degree of homogeneity and the amount of epidemiologic potential driving the incipient epidemic.

The number of cases grows exponentially per unit of time in this phase. This
means that the prevalence in the early phases of an epidemic increases by the
same factor per unit of time. Two mechanisms could be responsible for this
phenomenon: The first relates to the fact that the starter-potential is homogeneous and contains a certain density of "super spreaders". The second could
be due to the time interval between infection and positive tested diseased persons. The onset of an epidemic therefore requires a critical number of “superspreaders” in order to initiate the exponential growth of prevalence. This also
means that new cases will be added to those that already exist. In contrast to
the underlying mathematical model of exponential growth, this interval is not
unlimited.
After its onset, the epidemic will pass through a population by infecting one
susceptible cluster after another. At the beginning of an epidemic, the clusterspecific susceptibilities are more important than the quantity of the specific
epidemiologic clusters. On the other hand, the quantities of “super-spreaders”
are important. This changes with the "consumption" of these first potentials
affected by the epidemic. The greater the relatively homogeneous prevalence
of spreaders, the higher the risk of an uncontrollable escalation of an epidemic. This is especially true for a socially homogeneous population with
closely linked epidemiologic sub-potentials.
This phase of escalation could be compared to an avalanche. It cannot be
stopped in the beginning, it moves at high speed and any attempt to stop it
fails.
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Phase 4: Slowing down the exponential epidemiologic escalation

The growth factor of exponential escalation of prevalence is decreasing.

The exponential escalation of case numbers slows down in this phase of the
epidemic. This is due to structural changes in the specifically affected epidemiologic potentials and to the growing number of prevalent cases leaving the
prevalence. The factors determining the exponential growth of prevalence
minimize its impact. In particular, the numbers of exit cases are increasing
and the numbers of first affected epidemiologic potentials are decreasing.
However, the epidemic also gains new epidemiologic potentials in this phase.
This means that the phase of slowdown will vary within the newly affected
epidemiologic potentials.
While the most vulnerable clusters determine the initial stages of an epidemic,
clusters with lower vulnerability increasingly determine the shape of the curve.
The prevalence growth factor may remain high or will only move slowly downwards in this phase. This is because the number of new cases is proportional
to the cluster-specific susceptibilities. It is also proportional to the amounts
of epidemiologic potentials specifically affected. While susceptibility may decrease (more people gain immunity), the number of epidemiologic potentials
infected at the same time may increase. Thus, prevalence may still grow despite decreasing vulnerabilities. This effect could be distorted due to the effects of extended testing activities and shortened diagnostic intervals (see
Tables 1 and 2). It must also be noted that anti-epidemic measures could increasingly determine the curve. But the traditional experience is that such effects selectively hit the social clusters of a population. The characteristics of
this phase also determine the next phase, which is actually a point in time but
not a phase.
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Phase 5: The maximum density of cases

Each epidemic reaches the point of maximum density of growth of prevalent
cases and thus a new equilibrium.

This point can be described both by the maximum of the prevalence and by
the time between the beginning of an epidemic and the reaching of this maximum. The growth factor of the quantities of prevalent cases is zero and the
BRN is 1 at this point. The dynamics of the epidemic stabilizes in a new equilibrium.
Phase 5 is a phase of indeterminacy: The curve can stay stable on that high
prevalence, it can become a phase of a new epidemiologic latency but can
also be the start of one or more new epidemic waves, or it can become the
start of a regression. The dilemma is that no one can judge this point unless
the epidemic has completed its cycle. No one can predict whether the curve
will become symmetrical, asymmetrical, or multimodal. There are some further difficulties. This highest point is difficult to quantify because of uncertainties about undetected cases or because of problems with the sensitivity and
specificity of testing methods. There is no basis for using this phase for predictions about the further dynamics of prevalence. This maximum point finally
represents a distribution of all analogous points of each of the micro-epidemics within the specifically documented population.
The timing of this phase in the course of the epidemic is of great importance.
The later this phase appears, the more time is given to the various epidemiologic potentials to renew themselves. The diverse renewal processes change
the structure of the potentials (age, social characteristics, etc.). Thus, it may
be that the fatality rate also changes and influences the motivation of preventive behavior. If so, these experiences could be counterproductive for social
and generally shared and accepted preventive public health initiatives. The
Economist magazine (https://tradesmithdaily.com/educational/why-flattening-the-curve-means-sacrificing-the-economy/; last reviewed 27.10.2020) discussed this concept for the COVID-19 epidemic, proposing to prolong the epidemic by “flattening the curve”. This concept has been favored by some politicians and is the basis to justify their policy making. But we do not know any
analysis of the impact on the further course of the epidemic, but assume increasing chances for the virus to mutate which could initiate new epidemics
(not waves).
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From this maximum point we find four different types of probable but alternative further dynamics:
1. The prevalence remains high.
2. The prevalence transits to a bimodal or even multimodal curve.
3. The prevalence shows fluctuations, while it is decreasing overall.
4. The prevalence is decreasing.

Phase 6: The regression of prevalence

The end of an epidemic begins with the regression of prevalence.

After reaching the maximum number of prevalent cases, the further dynamics
is open to several opportunities. These opportunities have already been discussed above.
Assuming that the distribution curve of an epidemic cycle with its two arms
could be described by a Gaussian distribution, we would have to accept the
hypothesis that the spread of exposure into a population would follow a random distribution. This is only exceptionally the case. Neither for epidemics
nor for regressions as classified in Tables 1 and 2 and for other epidemiologic
case distributions will we find randomly distributed characteristics.
If they are not artificially selected, human populations are never homogeneous. Therefore, there is no argument to assume a random distribution of
cases during an epidemic or regression. The distribution of cases is typically
skewed to the right or left or even multimodal. This allows the interpretation
that the distribution of prevalence is effectively due to social influences. The
movement of prevalence may show ups and downs, although overall prevalence continues to decline.
Finally, the prevalence can also change into a bimodal or even multimodal distribution. This allows us to interpret this as a new wave of the same epidemic.
It is like throwing a stone into a lake. This creates waves until the energy of
the throw is used up.
It is of both scientific and practical interest to clarify whether the empirical
observations are due to waves of an ongoing epidemic or to a new epidemic
of the same disease. The meaning of "new" follows the hypothesis that a new
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epidemic is due to the same disease but to different epidemic causes. If this
is the case, we would see arguments that this new epidemic is determined by
new causes and new structural characteristics of those exposed.
We usually find the aggregation of many individual epidemics that follow one
another in heterogeneous populations. This is due to the fact that the different
epidemiologic potentials of a population are affected one after the other. It
reflects the fact that populations are inequal in terms of both vertical and horizontal diversity. Only an analysis of the relevant socio-economic conditions
can clarify whether we are dealing with successive waves or new epidemics.

Phase 7: The slowdown of an ongoing regression

The regressive phase of epidemics is typically characterized by a leftskewed distribution of the overall dynamics of prevalence and typically slows
down in this phase of a regression.

The non-random distribution of the number of prevalent cases during an epidemic allows for the interpretation that their decline is also determined by unequal effects on the shape of the distribution. As a result, we often find a slowdown in the ongoing regression, which may be due to a new micro epidemic
caused by epidemiologic potentials that have been successfully renewed.
It is of particular importance to monitor deviating patterns of epidemiologic
potentials in this phase of regression. These altered potentials can easily trigger a new epidemic that could exceed the one just ending. The conditions for
new epidemics of the same disease are often related to false beliefs about
personal safety, dissocial behavior, patterns of social lifestyle, but also dramatic living and working conditions for parts of the population. However, it is
also possible that epidemiologic potentials are affected that previously did
not play a role due to low infectivity and therefore were not the focus of attention. This new epidemic could become quantitatively more important than the
one that is coming to an end.
The dynamics of progressive regression slow down, but do not disappear.
This is mainly because epidemics are aggregations of many individual microepidemics. These micro epidemics are either isolated "stragglers" of certain
epidemiologic potentials or they are epidemics caused by renewed epidemiologic potentials. In this view, they are either "waves" within the current
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epidemic, or they are new epidemics with different causes compared to the
epidemic just ending, even if causes of disease are the same.

Phase 8: The return to epidemiologic latency

The return to epidemiologic latency is the new status of an equilibrium of
prevalence and the final phase of a complete epidemic cycle.

This last phase ends the regressive arm of the prevalence cycle. The population returns to the status of epidemiologic latency. This phase can be the beginning of new epidemics at any time.
However, the epidemiologic potentials have changed at least partially through
experience and through the acquisition of immunity. The potentials may also
have changed in terms of their social norms and rules of life. Nevertheless, we
see reasons why new outbreaks of epidemics of any kind are possible at any
time.
The epidemic has "eaten" its victims, but offers the opportunity to renew epidemiologic potentials. People, and even societies, could lose their preventive
foresight, and infrastructures of social prevention and historical experience
could be lost. But new epidemics of the same exposure can occur at any time,
even if there is an increased level of immunity. In this respect, the possible
occurrence of a new epidemic remains an ongoing issue, but becomes part of
"normality" for the public and for individual lives. And if a new epidemic strikes
a population again, the impact on the severity of the consequences for social
life will be less, as long as the dangerous impact does not change its characteristics.
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9

The assessment of epidemics

The assessment of epidemics is the prerequisite for their successful management.

Any increase in a disease-specific prevalence is by definition an epidemic.
Therefore, epidemiology must measure and assess the increase and its specific causes. To this end, the question of which data best reflect an epidemic
must be answered. The answer depends on a number of factors, such as the
specific type of disease, the availability of data, the time interval between exposure and a disease, or the duration of the disease. Epidemiologists can directly count prevalence, incidence and exit cases only under certain conditions. Estimates and special methods are needed to get as close as possible
to the actual number of prevalent cases, their structure, and their dynamics.
The basic equation P ∼ I x D provides that knowledge, and at least two of the
relevant data allow the third to be estimated. The duration of the disease and
especially the time of infectivity is very often known for communicable diseases. This knowledge allows to estimate either the prevalence or the incidence. The best way is to set up some representative panels of a population
and test the people who belong to these panels regularly. It seems reasonable
to structure such panels according to regional and social characteristics.
Testing activities can only diagnose cases that are already prevalent. This is
a critical point, especially if the diseases in question are transmittable and the
tests are of poor sensitivity and specificity. Another critical point is that the
cases and super-spreader are not randomly distributed within the screened
population. The best available data are the quantities of very severe cases that
either require hospital treatment or have a fatal exit. If there are good estimates of the time interval between infection rates and hospitalization rates
and if death rates are available, it is possible to get a picture for the parts of
the prevalence that at least reflect the severe cases and their quantitative dynamics. Special decisions are needed about what kind of information to
prioritize. If preference is given to calculating the prevalence of those who are
active spreaders, preference must be given to knowledge of the numbers and
structure of the constantly renewing prevalence. In the event that decisionmaking demands knowledge about the subset of prevalence who need to be
treated in hospital, management needs data on the prevalence of severely ill
patients and the average duration of intensive care.
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Whatever the objective of assessing the increase in prevalence is, deciding
what type of epidemic it is (see Table 1) is important in assessing an epidemic. This question includes clarifying whether all the different epidemiologic potentials of a population are confronted with an epidemic and, if so,
which potentials are affected differently by the variety of causes. As a result,
the relevance of an epidemic must be assessed, considering characteristics
such as severity, impact on further life expectancy, availability of preventive
and therapeutic means or remaining disabilities. It is also necessary to assess
the quantitative importance diagnostic activities for different epidemiologic
potentials.
Epidemiology is more than counting cases and providing bar charts for public
discussion. It includes the responsibility to explain what charts do and do not
show. This is so important because such graphs may inform or disinform the
public, or they may simply cause fear or false safety. Both are not an appropriate response to an epidemic. We know of many examples in the past and
in the present that use epidemics for interpretations that do not correspond
to reality. An assessment of epidemics must be rational and based on complex knowledge for both individual and political decision-making. People are
ultimately the ones who suffer when interested groups use nonsensical assessments of epidemics and when distorted scientific facts are used for goals
other than dealing with epidemics. Such practices damage the public role of
science and open doors for speculation or misconduct, or even initiate discrimination against particularly vulnerable people.
Diseases affect individuals and their entire lives in the case of permanent disability. Epidemics, however, potentially affect entire populations and their social lives, but also their future existence under certain conditions. It makes a
difference to assess the burden of an individual suffering from a disease or
the burden of the population due to epidemics. This makes the assessment
of an epidemic a political and public issue of great responsibility.
What can science contribute to the assessment of epidemics? It can contribute facts, knowledge, comparisons, and options. Neither setting goals, nor establishing priorities and norms, nor monitoring social life are scientific tasks.
If they are done by applied sciences, these need legitimacy. But the question
remains to be answered as to what the sciences can contribute to this assessment. For this, criteria for the assessment of epidemics are needed first.
These criteria provide the types, causes and consequences of an epidemic.
But it must also identify the population groups particularly affected, the severity of the specific disease and the short- and longer-lasting effects of an
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epidemic on individuals and societies. In particular, we propose the following
indicators:
•
•
•
•
•

the movement of prevalence in the relevant groups of vulnerable and
affected people
the duration of exposure of vulnerable groups
the susceptibility of the different epidemiologic potentials to exposure
the consequences of the epidemic for the various epidemiologic potentials
the impact of the epidemic on social life

Populations differ in beliefs, interests, or responsibilities. Preventing and combating epidemics requires norm-setting, social surveillance, and the political
will to put public interests before the multitude of individual interests or even
socio-economic interests.
Assessing the significance of a specific epidemic in relation to other interests
are important conflict issues. These conflicts focus on socio-medical and epidemiologic research topics in the case of an emerging epidemic. It is a permanent dilemma that an individually harmful exposure may be of dramatic
relevance to an individual and its families, but may be of secondary relevance
to the majority of people. But anti-epidemic and prevention measures could
have a more severe impact on a single individual life than an epidemic might
have on a population. This dilemma can lead to considerable tensions between individual and social interests. But they cannot be resolved by sciences.
Consensus or priority setting are public issues, but they need time and
knowledge. Especially sudden threats like epidemics of infectious diseases
do not allow for extended public discussions and consensus outcomes. They
need immediate decisions and actions that can easily collide with concepts
of society or democracy. Concepts of the “decision theory” will not help either.
This requires prepared concepts for assessment and decision-making when
epidemics occur.
One of the main questions is whether science can "objectify" decision-making
in terms of evidence-based public health management. This booklet is not
written to discuss the relationship between science, policy makers, and the
general public. But the authors believe that science provides evidence and
tools. Decision-making itself, however, is a political and a public matter. This
is especially the case when an epidemic crosses borders, affects neighboring
countries and causes a pandemic. So far, there is no global institution that can
act independently of the will of national governments. Although the WHO can
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provide information and proposals, it is neither a legislative nor an executive
body.
In any case, the question of how to prepare for epidemics and how to respond
to epidemics that occur is a very important one. It is a problem that epidemics
vary in their individual and/or population consequences. Epidemics do not
only harm individuals. They also affect national and even global economies,
security, cooperation and competition, global production, travel, and other interdependencies.
When it comes to assessing epidemics under these conditions, it is inevitable
to classify epidemics from a social perspective. Such classifications will never
lead to a balance between the interests of all population groups. This also
applies to the relationship between science and politics.
Several studies on the development of standards and frameworks for the assessment of epidemics are of interest here. This booklet is not the place to
discuss these matters in detail. (See for example Reed, C. et al. "Novel Framework for Assessing Epidemiologic Effects of Influenza Epidemics and Pandemics",
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3557974̧
pmc/articles/PMC3557974; last reviewed 09.08.2020).
There is no concept of assessing the social consequences of epidemics with
a single indicator and even considering the manifoldness of characteristics. It
will take multiple scales to evaluate epidemics, or to initiate substantive debate and conflict far beyond scientific accountability.
There is a difference between assessing an individual case of a health condition in a clinical setting and assessing an epidemic. This also means that a
patient suffering from an epidemic disease may come to a different assessment of the epidemic than is shared by the public health authorities. Consequently, the assessment of an epidemic must be independent of the assessment of an individual case. Any classification of epidemics must be seen in
this light. The assessment of the severity of a disease and of an epidemic
therefore follows two different concepts.
We see at least these characteristics as relevant for the assessment of an
epidemic:
•
•
•
•
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the socio-demographic structure of the affected populations
the absolute numbers of prevalent cases to be expected
the cumulative incidence rates for people with and without comorbidities
the force of infectivity

•
•
•
•
•
•

the duration of active infectivity
the renewal time of the epidemic potentials
the vulnerability of the population to exposure
the social and age/gender penetration of the population by exposure
and its socially asymmetric effects
the cumulative hospitalization rates
the fatality rates

There are already robust models that measure the severity of epidemics and
pandemics of infectious diseases by quantifying the transmissibility and clinical severity of cases. This is, for example, the "Pandemic Severity Assessment Framework (PSAF)". (Qualls, N. et al. Community Mitigation Guidelines to
Prevent Pandemic Influenza - United States2017 (PDF). Morbidity and mortality
- weekly report. Centre for Surveillance, Epidemiology, and Laboratory Services,
Centers for Disease Control and Prevention. 66 (RP-1): 1-34. doi:
10.15585/mmwr.rr6601a1. ISSN doi:10.15585/mmwr.rr6601a1. ISSN 10575987, PMC 5837128 . PMID-28426646 .)
The PSAF model measures or estimates the transmissibility and clinical severity of infectious disease epidemics based on various indicators, such as
•
•
•
•
•
•
•
•

the basic reproduction numbers
the cumulative incidence rates
the outpatient and emergency visits by doctors
the population-based immunity rate
results from transmission experiments on animals and on genetic
markers
sick leave from school or work
the hospitalization rates
the death assessment rates, etc.

This assessment model provides reasonable results, but it excludes any assessment of the effects on society as a whole, on its social life and on the
economy, including in particular the effects on people who have to suffer from
poverty. Assuming that a population faces only horizontal inequalities, indicating a fairly homogeneous population in its socio-economic resources, the
model can be seen as supporting the assessment of epidemics and, alternatively, regressions. This is not the case when populations are significantly vertically discriminated, socially or by biological characteristics (such as gender,
age, and social support, but also by comorbidity). This would require adapting
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this framework specifically to the relevant social strata, for regions or less integrated population clusters.
One aspect of epidemic assessment is the clarification of priorities based on
data. In doing so, it is important to disclose the social and biological heterogeneity of the exposed and the diseased population and to accept that managing the medical treatment of the diseased, controlling the epidemic and preventing new outbreaks require different management decisions in relation to
the respective priorities. In this context, it is also imperative to have a sound
knowledge of the horizontal and vertical diversity of the population affected
by an epidemic, which requires accurate social demographic knowledge of the
population.
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10 The management of epidemics and pandemics
Epidemics and pandemics require specific concepts for management by the
institutions of Public Health and medical care, which must be regulated in
advance by the legislature and implemented by the executive bodies of a
country.

The difference between the management of epidemics and pandemics is the
national responsibility and competence in the case of an epidemic and the
need to accept the management of pandemics as a global responsibility,
which requires above all solidarity and cooperation. This also requires a common understanding of what an epidemic or a pandemic is. But it also needs
supranational institutions to legalize and implement management plans for
both prevention and control of pandemics. It is a realistic view that such management approaches will be limited to types of epidemics caused by exposures that could cross national borders. Infections caused by bacteria or viruses are such types of exposures. But there are many more such causes in a
globalized world of production, supply chains, travel, and damage to the
planet's ecosphere. The management of transmissible epidemics is just one
of the many challenges and focuses decision-making specifically on the following objectives:
•
•
•
•
•
•

data and information management
control of specifically relevant vectors, e.g., by limiting contacts, identification, and quarantine of hosts
systematic mandatory screening and tracing of certain epidemiologic
potentials
disinfection of the relevant natural and social environment
committed and active vaccination services (if vaccines are available)
active medical care and monitoring of the infected and the sick, but
especially of those who are unable to care for themselves

The greatest challenge in combating epidemics caused by communicable diseases is time. This time is determined by several aspects such as the transmissibility of a virus, its periodicity of occurrence or the interval of renewal of
the different epidemic potentials. Especially in virus-induced epidemics, it is
necessary to limit the time interval of an epidemic in order to reduce the probability of mutations that can be more dangerous than the original virus. It
might be understandable to vote for a strategy of "flattening the curve" when
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countries lack hospital resources. But if this strategic choice proves successful, it also carries the enormous risk of prolonging the most critical epidemic
cycles and paving the way for new epidemics due to mutated species of the
original virus. Therefore, especially in the case of virus-induced epidemics, it
is necessary to react quickly, strictly, and consistently. This requires existing,
effective, and prevention-oriented infrastructures for public health institutions.

10.1 Data and information management during epidemics
Data are the sources of information.

Successful management needs concepts to transform data into information.
This means that there must be a scientific institution that collects data and
processes and transforms it into information. This also includes a precise understanding of who the recipient of the data is. This is a critical point especially in the age of "digitalization". The data collector and the data recipient
often remain anonymous, and the recipient has no way of knowing the origin
of the data, its quality, or its content.

Example
Incidence is a commonly used number to describe epidemics. This
could lead to the misconception that incidence informs about new
cases. It does not. It is simply data that reflects the number of new
cases detected from prevalence. If there is no knowledge of prevalence, there is no chance of calculating a rate that informs how
many cases have been newly detected relative to prevalence or
other denominators. Thus, it is also impossible to estimate the
time distribution in which "incident cases" were already "prevalent".
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10.2 Screening
Screening is a method to identify and document prevalent cases.

Screening systematically examines groups of people for the presence of unknown hazards, existing diseases, or disabilities.
The history of screening goes far back to times when there were no "screens"
as we understand them today. But the concept was practiced long ago for the
recruitment of soldiers or workers. It was also used in the slave trade. Screening was also used to examine the stresses on workers' health in order to improve their living and working conditions. In this respect, the French physician,
social hygienist, and epidemiologist Louis-René Villermé (1782 - 1863) is
worth mentioning. He had himself "screened" about 760,000 workers in
France and Switzerland at the beginning of the 19th century. This led him to
the question of how to analyze such amounts of data. His friend, the famous
mathematician, physicist and astronomer Adolphe Quetelet (1796 - 1874),
was one of the first "epidemiologists" to work with such enormous amounts
of data (Quetelet, A., Physique sociale ou essai sur le développement des
facultés de l'homme, Brussels 1869; Sur l'homme et le développement de ses
facultés, ou essai de physique sociale, 2 vols, Paris 1835; Sur l'influence des
saisons sur la mortalité aux différens ages dans la Belgique, Brussels 1838;
Recherches sur la réproduction et la mortalité et sur la population de la
Belgique, Brussels 1832).
The current understanding of "screening" was developed by the U.S. Commission on Chronic Illness in 1951 (Commission on Chronic Illness: Chronic Illness
in the United States, Volume I, Prevention of Chronic Illness. Harvard University
Press; reprinted 2014 ed; ISBN10 0674497635; Public Health Papers No. 34,
Principles and Practice of Screening for Disease. WHO PHP 34.pdf; last reviewed 27 Nov 2020). The concept proposed regular screening of all (male)
American citizens as a basic method of prevention to avoid at least the most
common chronic diseases and disabilities. This concept also became one of
several roots of the many social scoring initiatives that were already developed and discussed after the World War I. It also became one of the foundations of the so-called Health Belief Model.
Regular participation in such screening is one of the foundations of prevention
strategies in some countries, while others use it selectively only for those people who need regular monitoring of their health status. It is particularly used
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in public health initiatives and nowadays also comes with incentives for Big
Data brokers that go far beyond prevention.
Screening must be understood and implemented as a program based on a
specifically designed and standardized organizational framework. Testing
procedures on individuals carried out unsystematically by medical care providers should not be called "screening". The reason for this is simply that the
quality and rationality of screening must be assessed in terms of "sensitivity"
and "specificity", or in terms of effectiveness, efficiency, rationality or appropriateness. Unsystematic testing does not allow for such evaluations. However, this regular and mandatory evaluation is a prerequisite for screening and
explicitly for specifying and structuring the concepts of public health. Unsystematic risk and disease identification is nothing other than gambling. And
every gambler justifies his actions by arguing that he knows someone who
knows someone who has won a bet on a slot machine. Screening is not to
confused with individual testing or diagnostic offerings from health care providers or random demands.
The difference between systematically and unsystematically conducted
screenings is fundamental: we would call an activity exclusively a screening if
it was first specifically evaluated for its effectiveness and enables to relate
results to specifically defined populations or clusters of them.
The key is the representativity of population related images. This is a rule
when the intention is to establish an organized and systematically offered program in order to combat epidemics. It is a prerequisite that such initiatives are
targeted and regularly tested for their specific effectiveness under conditions
of changing prevalence. The shorter the intervals between screenings, the
smaller the number of unknown prevalent cases. Screenings involve the need
to define the target population selectively and as precisely as possible.
Screening is done to find "true-positive" cases. But screening cannot predictively define "true-negative" cases, especially for infectious diseases. This
makes screening for infectious diseases a tricky business, as experience with
attempts to conduct systematic intervention studies in the 1970th or systematic HIV testing in the 1980th has shown.
Screenings are carried out through diagnostic tests, questionnaires, or physical examinations. They work well for infectious diseases only under certain
conditions. The goals of this type of screening are usually aimed at,
•
•
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excluding carriers of transmissible exposures from social contact
searching for contacts of active carriers

•
•

assess the quantitative and structural potentials of an ongoing epidemic
identifying high-risk spreaders of an infectious agent

Unlike other forms of screening, it is not a method to predict individual events.
It only gives an indication of a person's status at the time-point of testing.
Fighting epidemics can only successfully be done if it is targeted at population
or sub-sets of them. Single case or person focused interventions by individual
measures of individual medical care providers will not enable to overcome epidemics.

10.3 Prevention of infections
Prevention of infections is the key method to fight epidemics.

Prevention is a concept of intervention in the social life of a population. This
requires executive powers, and it confronts competing interests of individuals
or groups of individuals with collective priority settings. Preventive measures
need the consent of the exposed population. This makes social prevention of
epidemics a question of lived democracy.

Example
Some countries require seat belts when driving. But the same countries may not have a mandatory policy for vaccinations to prevent
epidemics, while they require wearing masks against infectious
aerosols. Others do not want to implement mandatory vaccination,
but forbite smoking in the public.

This example clearly shows that ideologies rather than scientific evidence or
the will of majorities of people formulate preventive concepts. Minorities of
people can decide on preventive measures against the will of the majority in
this way. This shows an increasingly important but fundamental conflict in the
management of epidemics: Individual interests gain precedence over the interest of the majority of a population. Social prevention and its regulatory
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policies are at odds with an interpretation of freedom that places policy deregulation above any other concept of life.

10.4 Public health management concepts against epidemics
Public health has been the most important weapon against epidemics in
Western Europe since the 18th Century.

In the past, epidemics had an enormous impact on social development. Famine, cholera and sexually transmitted diseases and more were reasons for
people's misery. Edwin Chadwick (1800 - 1890) became the founder of what
we now call public health. This concept became the main weapon against epidemics and their social causes. These weapons were eventually legal regulations for social security and the improvement of living and working conditions.
The same applies to education and, if necessary, access to social support.
Ecological threats (e.g., epidemics) can only be tackled jointly and in solidarity.
A powerful opponent of social responsibility is the idea of individual selfdetermination. Especially in parts of Europe, opponents of vaccination still
play a formidable role in the fight against communicable diseases. Their beliefs go back to philosophers like Kant (1724-1804), Economists like Malthus
(1766-1834) or the anthroposophist Steiner (1861–1925), as well as some religious beliefs and anti-scientific movements, and are directed against a social
responsibility to protect populations from health hazards. Individualism can
be both conformist and nonconformist in society, and can include or exclude
a sense of community protection. However, individualism is also a threat to
solidarity-based security systems and social prevention concepts of the
public health system. It aims at the political construction of individual selfdetermination as the basis of all civilizational and social evolutionary
interpretations of the future. In view of the great future problems of mankind
and under the conditions of unequal access to vital resources, this ideology
demands critical distance. The dogma of individual self-determination thus
also becomes the legitimation of an opposition to solidarity-based actions
aimed at collective danger prevention. Against this background, the refusal to
protect third parties (e.g., vaccination requirements and the wearing of masks
in the case of the Sars-Covid epidemic) prevents a rapid fight against
epidemics and enables their continuation through ever new mutations in the
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case of virus-related epidemics. The life concept of individualism can
therefore itself cause endemics.
The theorem that deregulation and self-determination would be the future key
concept of freedom has dramatic implications for any kind of social life. This
theorem is also very important for the willingness in some countries to continue the history of public health and to ensure social responsibility for people's health. Countries that pursue deregulatory policies regarding prevention
lose the intellectual resources and infrastructures to prevent and fight epidemics.
It is essential to renew and develop public health in a changing context. Public
health needs people's trust in its mission and independence from purposes
other than helping people to prevent epidemics. Changing technologies such
as artificial intelligence, file linking, or data tracking offer new opportunities
but need trust, experience and legal monitoring.

Example
The Sars-CoV-2 epidemic has been used by some countries to experiment with smartphone tracking concepts. But there is no convincing meta-analysis confirming the effectiveness of these technologies in combating the epidemic, until now. Nor do we know
whether people accept these technologies. In particular, we do not
know whether those who are at risk use these technologies more
intensively than those who are less at risk. But the potentials of a
digitalized world are obvious.

In order to track epidemics, it is often necessary to work with low-quality data.
The data allow no more than assumptions about reality and its changes in
both the short and longer term. The representativeness of these data remains
largely unclear. Therefore, numbers are often communicated, but it is not possible to decide who they are meant to inform, or which denominator can be
logically correctly assigned to them. Therefore, we know the data, but we do
not know what and about whom the data report. In the case of ongoing epidemics, the decision-makers are often left in the dark, but they have to decide
immediately, while scientists have years to draw their conclusions. This is especially a problem when there is a possibility that an epidemic could expand
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into a pandemic. Decision-makers are confronted with a variety of biased data
that is not easily understand or interpreted and may not reflect reality. Under
this condition, models and estimates can therefore always be more accurate
than the reported data. Especially under the pressure of an epidemic, the patterns of the temporal dynamics of an epidemic are often more valuable information than the absolute numbers. It does not matter whether the number of
cases at time tx is 10.000 or 15.000. However, it is important to know whether
the rates per unit time change at a high or a low rate.

10.5 The future of public health
The future is the sum of the options for today's action.

The effectiveness of public health in the US may be seen as critical, but its
scientific achievements are considerable. The following quote can therefore
also be seen as a global view of the challenges of public health:
“Because health is the result of many interacting factors, it stands in the
balance between economic, political, and social priorities and is caught in the
middle of necessary and important tensions between rights and responsibilities
- individual freedoms and community or social needs, regulation, and free
enterprise … . These tensions pose complicated questions. How can the public’s
health be maintained in the face of infectious disease threats without
compromising individual privacy and confidentiality? Or how can a vibrant,
prosperous economy be supported without sacrificing health to pollutants or to
occupational hazards? How can society balance the individual desire to pursue
the pleasures of life (e.g., food) with scientific evidence about health risk?
Alternately, how are increased employment, better housing, health benefits, and
an improved standard of living in a community achievable in the absence of
economic development? In addition to securing the economic, environmental,
and social elements that promote good health, how can more equitable access
to them be ensured?
Moreover, health is part individual good served by Medicine and part public
good secured by Public Health activities. Instead of complementary and
collaborating systems, the two disciplines, their institutional cultures, their
agencies and organizations, and the public’s opinion of them have often been
deeply divergent; and the individual focus of one and population focus of the
other have become further reinforced and polarized. Often it has been harder to
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motivate and accomplish the long-term changes needed in the broad
environments that influence health status because of the potential of
immediate “silver bullet” solutions that can address poor personal health once
it occurs. These attitudes and social influences may in part explain three
interrelated characteristics of health-related investment, policy, and practice in
this country:
1. the disproportionate preeminence given to the individual over the
population health approach.
2. the greater emphasis on biomedical over prevention research and on
medical care over preventive services; and
3. neglect of the evidence (and of the need for more empirical research)
about the multiple factors that shape individual and population health,
from the political to the environmental and from the social to the
behavioral.
… In fact, the majority of funding in the health care delivery system is public and
there is a major public investment in biomedical research, yet the United States
has failed to make the same level of commitment to population-based health
promotion and disease prevention as it has to clinical care and research and
biomedical technologies … The fact that excellent health care exists in this
country means little to millions who lack access to it or to those who are more
likely to experience poor health because of their race, ethnicity, or
socioeconomic status. Preventive approaches that focus on populations are
based on the evidence, presented in this report and elsewhere, on the multiple
factors that influence health. These factors or determinants of health affect
entire populations, and their impacts may occur long before the onset of
disease or disability. …
Furthermore, the nation has experienced deepening income disparities over the
past three decades; the incomes of the poorest fifth of the population have
remained static in absolute terms. Because many citizens face the possibility
of experiencing social and economic deprivation at some point in their lives and
these problems are associated with poorer health, society stands to benefit
from the enactment of social and economic policies that are founded on the
principles of reducing inequity. A national- or community-level commitment to
enact socially equitable policies is or likely to result in more equitable
opportunities over a lifetime for personal and societal advancement and will
ultimately lead to improved population health.” (United States Department of
Health and Human Services: Committee on Assuring the Health of the Public in
the 21st Century: The Future of the Public's Health in the 21st Century. The
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National Academy of Sciences. Bookshelf ID: NBK221239PMID: 25057638DOI:
10.17226/10548).
This quote makes it clear that the willingness to prevent epidemics and to actively fight them is a question of the ideological mainstream that directs the
policies of the countries in each case. In this respect, the future of public
health is not a question of necessity, but of the interests of those power
groups that lead the countries of our world.
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