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Embodiment [is] a concept that refers to how we literally
incorporate, biologically, the material and social world in which
we live, from in utero to death; a corollary is that no aspect of
our biology can be understood absent knowledge of history and
individual and societal ways of living
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Abstract This chapter deals on a theoretical level with the importance of interactions
between biological and social factors in the epidemic or pandemic spread of infectious
diseases. Biosocial interactions are a fundamental factor in the spread of infections,
and a more detailed understanding of these interactions is of scientific and practical
interest. To be able to describe systematics, it is proposed to link a classic model
of infectious disease epidemiology (the epidemiological triad) and a model of the
social determinants of health (ecosocial theory). To illustrate the approach, principles
of the biology of infectious diseases are examined more closely to identify possible
interfaces with social conditions that make it easier or more difficult for the pathogen
to spread. This presentation follows the biological process of an infection from
exposure to infection and subsequent disease. Step-by-step, it addresses pathogen
characteristics and their implications for the interaction with hosts and their social
contexts.
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1 Introduction

A pathogen needs the cooperation of its (potential) hosts for an epidemic or even a
pandemic to develop. These must either meet in large numbers and become infected in
the process or, in the case of indirect transmission, seek contact with the contaminated
material in large numbers. This is also the case with infectious diseases that affect
humans, which are the focus of this article. It follows that the behaviour of people
is a decisive factor in the dynamics of the spread of infectious diseases. However,
behaviour is to be understood here in the sociological sense, i.e., not as a purely
individual action but as collective, socioculturally shaped patterns of action of larger
social groups or entire societies. Of course, a single person who drinks contaminated
water, for example, can become infected with cholera. However, a major outbreak
will only occur if a large number of people drink from this source and no measures are
taken by the group to close or avoid this source. The interactions between pathogens
and hosts are, naturally, more complex in reality and depend on both the biological
properties of the respective pathogen and the concrete behaviours or reactions of
the population affected [1]. A few examples will illustrate this. The transmission
properties of a pathogen determine, for example, which social practice increases
the probability of infection in the first place. Regarding a respiratory pathogen that
is transmitted from person to person via aerosols, different social interactions pose
a risk compared with a sexually transmitted disease. Conversely, people at risk of
infection react to the characteristics of the pathogen, for example, by deliberately
refraining from certain behaviours or by taking organised measures at the social level
to specifically combat pathogens or prevent potentially dangerous social situations.

Despite the obvious need to consider pathogen characteristics AND the logic of
social practice and social structures when assessing outbreaks, research explicitly
addressing the principles of this linkage is comparatively rare [1, 2]. This is under-
standable, as research in the field of infectious diseases is also primarily disciplinary.
Microbiologists, virologists, infectiologists, psychologists, medical sociologists or
public health researchers each have their own perspectives on the phenomenon, and
even if the contributions of the other disciplines are certainly noticed, genuine inter-
disciplinary cooperation has been unusual thus far. In addition, the social dimension
of the spread of infectious diseases has generally been somewhat out of the focus of
research until recently. The social determinants of health (understood as social influ-
ences on population health) have been intensively researched, but mainly in relation
to noncommunicable diseases, such as diabetes, obesity or cardiovascular disease.
Infectious diseases, however, have special characteristics that make it difficult to
generalise scientific findings from research on other diseases. Research on social
determinants also tends to focus on the social sphere as a source of (causal) influ-
ences on health, while the biological processes mediating between social factors and
the emergence of a specific disease often play only a secondary role [3]. Of course,
there are exceptions in the field of infectious diseases, such as research on the social
conditions of the spread of HIV and AIDS, which has revealed, for example, the
importance of stigma, the influence of gender norms or the fatal consequences of



5 A Biosocial Perspective on (COVID-19) Pandemic Outbreaks ... 61

poverty for diagnosis and treatment [4]. However, little scientific evidence exists
for many other infectious diseases, and this applies not only to neglected tropical
diseases but also to globally occurring diseases, such as influenza.

Nevertheless, research has made important progress during the coronavirus
disease 2019 (COVID-19) pandemic. Within a short period of time, many new
empirical studies on different social influences on the course of the pandemic were
published [e.g.: 5, 6]. Thus, correlations that were already known could be replicated
for COVID-19, and those previously unknown were uncovered. Similarly, there have
been initial attempts in connection with COVID-19 to develop further at the theo-
retical level [e.g. 7]. In addition to new research, the COVID-19 pandemic has also
provided ample illustrations of how important it is in the practical management of
outbreaks that biological and social processes and their interactions are known to be
able to respond in a targeted manner with public health measures. One example is
the relatively long-standing uncertainty about the transmission routes (e.g., droplets,
airborne, fomite) of the severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) wild-type and its later variants. This lack of knowledge about the specific
sites and circumstances of infection has made it difficult to enact appropriate nonphar-
maceutical interventions and protect vulnerable populations at particularly high risk.
A lack of knowledge about relevant biosocial contexts thus carried the risk of misdi-
rection (by taking both noneffective or effective measures), which may have had
negative consequences for the control of the pandemic as a whole. In response to this
experience, there are calls from the scientific community and public health practi-
tioners for a science-based approach to both the biological and social determinants of
the COVID-19 outbreak (and future pandemics) to become part of organised global
and national pandemic preparedness and response [8].

What exactly such pandemic preparedness should look like regarding biosocial
interactions is not easy to answer at present. This is because the scientific founda-
tion is incomplete, as explained above. Against this background, this chapter deals
on a theoretical level with the significance of the interactions between biological
and social factors for the epidemic or pandemic spread of infectious diseases. This
biosocial synthesis also serves to describe vulnerability more precisely both as a
biological property and as a social property (e.g., belonging to a social group that is
frequently exposed to pathogens). The purpose of this chapter is to roughly organise
the field of research and to bring together previously known principles or hypotheses
in one contribution. I use a classic model of infectious disease epidemiology, namely,
the epidemiological triangle (also called the triad), as a theoretical framework. It
describes the causation of infectious disease as the product of an interaction between
pathogen, host and environment. However, it is precisely the aspect of the interac-
tion of the three factors that has, thus far, only been theoretically differentiated to a
limited extent. This also applies to the interaction of the biological characteristics of
the pathogen and host and the social environment in which both move. Accordingly,
I draw on ecosocial theory, a concept from public health research that describes
relationships between people’s social environment and their health. To explore the
possibility of linking the models, an exemplary analysis is presented in the second
part of this chapter. If focuses on the question of what conclusions can be drawn about
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relevant social factors from the knowledge of the biological properties of pathogens
alone. In other words, the biology of the pathogen is used to look at social factors
(biology to social).

2 Conceptual Framework

Following the arguments outlined in the introduction, a theoretical model to describe
biosocial relationships should be both disease-specific and integrate notions of
biological and social processes. A classic model of the development of infectious
diseases that fulfil these conditions is the epidemiological triangle. It goes back to
work in plant biology and veterinary epidemiology and postulates that three variables
and their interaction are crucial for infectious disease causation: characteristics of
the pathogen, the host and the environment [9, 10].

First, I would like to outline the basic characteristics of the pathogen. Only some
of the basic characteristics are explained here initially; a more differentiated consid-
eration will follow later in the text. It should be noted that the central feature of
the aetiology (development) of infectious diseases is the necessary presence of a
specific biological pathogen. These are different forms of organisms, whereby the
most important pathogens in human infectious diseases are viruses, bacteria, para-
sites, fungi and microbes [11]. The relevant pathogens are those that are able to
colonise and infect a host—in this case, a human being [12]. While colonisation is
superficial, infection is the penetration of the pathogen into the host tissue. For some
pathogens, such as many viruses, infection also means that the pathogen manages to
replicate initially in the host organism using its resources. When assessing how effec-
tively and efficiently a pathogen spreads (transmission), a third question is crucial:
which mode of transmission the pathogen uses to colonise and infect a host? This
also includes a consideration of the circumstances under which and the intensity
with which a host has contact with the pathogen, i.e., whether it is exposed to it.
Once an infection has occurred, the further course of the infection is also pathogen
specific. There can be symptom-free courses with complete healing and symptomatic
diseases up to chronic or fatal courses. Whether a disease develops from an infection
is determined by the pathogen’s individual pathogenicity (the ability of the pathogen
to trigger a disease). The severity of the disease, including the risk of a fatal course,
is related to the virulence of the pathogen [13].

The second edge in the triangle is the host. First, the host determines through its
behaviour (a) whether an exposure occurs at all and (b) if a superficially colonising
pathogen leads to an infection, for example, by preventive behaviour, such as hand
hygiene. A further host-related factor that is decisive for disease transmission is
the so-called susceptibility of the host, which denotes the probability that a host
becomes infected if exposed to a pathogen [14]. This is determined by the immune
system and the general constitution or resilience of the organism. Both have a genetic
component but are also flexible. The immune system, for example, is capable of
adapting to certain pathogens and developing immunity through previous infections



5 A Biosocial Perspective on (COVID-19) Pandemic Outbreaks ... 63

or external immunisation (i.e., vaccination) to improve its defense against subsequent
exposures to the same pathogen [14]. Once infected, immunity and constitution
remain important because they also influence the further course of the disease (in
interaction with the specific pathogenicity and virulence of the pathogen). People with
chronic preconditions, for example, may be particularly vulnerable to developing
severe disease if an infection occurs.

The environment, as the third variable, influences both the pathogen and the host
and determines how often and under what circumstances the two come into contact
with each other. Strictly speaking, it is, thus, less to be understood as part of a
triangle but rather as the framework within which host and pathogen exist and interact.
The environment was originally understood primarily as the natural environment in
the epidemiological triad [10]. Most pathogens need very specific environmental
conditions to develop and spread. Important examples are temperatures and their
seasonal stability, solar radiation, the presence of certain habitats or biotopes (e.g.,
stagnant water as a breeding ground for certain mosquitoes) and the presence of host
animals in the case of pathogens whose natural reservoir is animals (see below).
These conditions are both of current importance for existing pathogen populations
and formative in the long term, as they govern the evolutionary adaptation and genetic
development of these organisms.

The environment in the epidemiological triangle also includes the social envi-
ronment [13]. A generally valid and theoretically sound taxonomy of the social
factors that are relevant in this context does not yet exist. However, Van Seventer
and Hochberg have presented a list of broader categories in their presentation of the
principles of infectious diseases that are used here [13]. The categories “land use”,
“infrastructure” and “technology and industry” are directly related to the natural
environment. Land use covers a wide spectrum of human interactions with nature,
from agriculture and forestry to water resource management. Although Seventer
and Hochberg do not explicitly mention it, it can also include the built environ-
ment, i.e., settlements, cities, industrial areas, etc. Land use is a term that is used to
describe a wide range of human activities. The type and intensity of land use not only
change the natural environment and thus the living conditions for pathogens but also
determine the ecosystems in which people spend time and possibly come into contact
with pathogens. Under infrastructure, the authors sum up particularly those technical
infrastructures that are connected to pathogen habitats. These can be, for example,
defective water pipes on a small scale or systems for water treatment and supply of
entire regions on a large scale. Technology and industry also represent a broad cate-
gory that includes many subcategories from medical technology (e.g., antibiotics,
disinfection) to food processing and industrial animal husbandry. Another category
is “travel and commerce”, i.e., the movement and encounter of people and goods that
are potential reservoirs for pathogens (e.g., import of animals). “Economy” is also
listed as a factor, although Van Seventer and Hochberg define it quite narrowly and
focus primarily on economic inequality and its consequences for access to hygiene
and clean water/food. Closely related to this is the category “war and conflict”.
Refugee movements, unhygienic living conditions or a lack of access to clean food
are typical consequences of armed conflicts and make it easier for pathogens to spread
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in the populations affected. “Policy” is also on the list but is somewhat narrowed to
policy interventions aimed directly at controlling outbreaks. The final category listed
is “social/behavioural” norms and culture. Sociocultural factors shape individuals’
contact or hygiene behavior and, therefore, have a major impact on infection risks [1].
Examples of significant norms are conventions for distance or closeness in everyday
encounters, hygiene norms (e.g., regarding hand washing), sexual norms or norms
for illness behaviour in the case of a symptomatic illness.

This categorisation of social influences on infectious diseases is not complete.
The health care system, for example, and its effectiveness in preventing and treating
disease is missing. However, Seventer and Hochberg do not claim to be exhaustive.
Their aim is rather to illustrate the importance of social structures and practices
and identify important problem areas. Naming individual social factors of influence,
however plausible their significance may be in individual cases, can only be a first
step. These are not disjunctive categories but, instead, highly interdependent vari-
ables. Policy, for instance, influences almost all other categories but is itself also
influenced by them (e.g., technical progress can make regulatory action necessary).
Furthermore, it is necessary to define and specify idiosyncratic interactions with
the other two angles of the triangle, i.e. pathogen and host, for the various social
categories.

To grasp the complexity of the social environment and biosocial interactions
within the epidemiological triangle better, it might be useful to make references to
general theoretical ideas on the social determinants of human health. Nancy Krieger’s
ecosocial model [15, 16] is of particular interest in the case of infectious diseases. It
builds on more general models of the social determinants of health and extends them
by including ecological, epidemiological and medical-sociological ideas of disease
causation. First, it postulates that influences on health can manifest themselves on
different social levels, from the micro level of social actors to the meso level of
social networks and social environments (e.g., households, neighbourhoods, work,
consumption/markets, education) to the macro level of social structures and systems
(e.g., economic, political, health and legal system). Although the levels are inter-
dependent, they can each be conceptualised as specific environments that influence
people’s health-related behaviour in a characteristic way, as well as containing mate-
rial and psychosocial risks and resources for health. Another important element of the
model is the assumption that there is a modification of influences of the social envi-
ronment by the political economy of a society. This refers to systems of an unequal
distribution of resources (e.g., health, power, access to cultural capital, distribution
of income and wealth), which are linked particularly to the characteristics of gender,
race/ethnicity and social class. Structural distributional inequalities lead to health
inequalities in the next step, as socially disadvantaged individuals are more often
exposed to potentially harmful environments than better-off people. This structural
element is highly significant, as almost all diseases, including infectious diseases,
more often affect disadvantaged populations than more privileged populations (health
inequalities) [17].
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What distinguishes the ecosocial model from related models on the social determi-
nants of health is the explicit consideration of the biosocial processes that link influ-
ences of the social environment and human health. According to Krieger, confronta-
tion with the social environment leads to a so-called embodiment—understood as a
translation of environmental influences into pathogenic processes. In this context,
Krieger speaks of “pathways of embodiment [...], that involve exposure, suscep-
tibility, and resistance (as both social and biological phenomena)” [16, p. 225].
Embodiment can thus be understood as the interface between biology and the social
environment and is therefore of paramount importance for understanding the genesis
of diseases. If these processes are understood, it is possible to assess which social
factors can be considered influences in the first place and which biological factors
make people particularly susceptible to social influences. If embodiment is inter-
preted in this way, however, it is necessary to look at this interface in a disease-specific
way, since, as is well known, every disease has its own pathology.

However, the ecosocial model has not yet been adapted for the specifics of infec-
tious diseases—even though direct references to the epidemiological triad can be
seen in the concept of “pathways to embodiment”. In contrast to chronic degen-
erative diseases, where exogenous risk factors that arise in the social environment
(e.g., noise pollution in a noisy workplace) have an effect on the person and influ-
ence their health, in the case of infectious diseases, the pathogen and its peculiar-
ities must be considered an “actor”, so to speak. The social environment is then
no longer just something that affects a person via mediators (i.e., risk factors) but
can also be, for example, the physical habitat for the pathogen. Exemplarily, a virus
that is transmitted directly from person to person spreads particularly effectively
in social contexts in which as many people as possible come together physically,
be it in large gatherings or through the contacts of mobile populations distributed
over a large area. If it succeeds in infecting a large number of people, it becomes
part of the social environment itself and can, in turn, infect other, previously unaf-
fected people. At the same time, the social environment shapes the resilience of the
members of a community, for example, via the influence that living and working
conditions have on the general state of health or the targeted build-up of immunity
to pathogens through socially organised vaccination campaigns. Thus, a continuous
and dynamic interaction between pathogens, hosts and the social contexts in which
they are embedded can be assumed [1, 18]. This idea of interaction is also taken
up by Merrill Singer and colleagues in their syndemic concept [19]. They focus on
explaining the phenomenon that certain diseases tend to occur together (clustering).
However, Singer and colleagues explicitly state that interactions between diseases
occur because “contextual and social factors create the conditions in which two (or
more) diseases or health conditions cluster” [19, p. 942].

In sum, linking the epidemiological triangle with ecosocial theory could provide
a suitable theoretical framework to hypothesise specific roles of social factors in the
spread of infectious diseases. As mentioned, the model needs to be adapted to the
specificities of infectious diseases. This is not possible in its entirety here due to the
complexity of the interactions indicated. Instead, the following section will take a
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first step by taking a closer look at the process of embodiment in infectious diseases
and drawing consequences for the analysis of social environments.

3 Characteristics of Infectious Diseases: Pathways
to Embodiment

There are a number of characteristics that distinguish infectious diseases from
noncommunicable ones. Knowledge of these is relevant in that the biological charac-
teristics help determine which social influences may be important at different stages
of the disease process. In this section, some principles of the biology of infectious
diseases are listed to identify possible interfaces with social conditions that make it
easier or more difficult for the pathogen to spread. I follow the biological process
from exposure to infection to disease and, step-by-step, address pathogen charac-
teristics and their implications for interaction with hosts and social contexts. The
explanations are general, make no claim to completeness and are not related to a
specific pathogen. To make connections clear, however, COVID-19 is repeatedly
used as an example.

4 Transmission: Modes of Transmission

The process begins with the colonisation and infection of a host by the pathogen. The
pathway by which this occurs is highly interesting regarding the analysis of social
influences, as it is usually directly associated with host behaviour. There are two basic
mechanisms: direct transmission of the active pathogen from host to host and indirect
transmission of the pathogen via the intermediate step of colonisation or infection of
a vehicle [20]. Many pathogens are able to transmit via both routes simultaneously,
but the efficiency of transmission may differ depending on the respective route [21].

The two routes can be differentiated further, which will be done here, first, for
direct transmission. In this case, there are various modes of transmission, which are
generally based on an infected person releasing contaminated material via a portal
of exit (e.g., respiratory tract) and this being taken up by another person via a portal
of entry [20]. Carriers are primarily body fluids, such as droplets or aerosols, which
are released with the respiratory air, blood, breast milk, tear fluid, sweat, semen,
vaginal secretions, urine or stool. Which carrier plays a role depends on the pathogen.
According to current knowledge, SARS-CoV-2, for example, spreads primarily via
secretions that are released with the breath [22, 23]. Droplets, i.e., larger particles of
salivary secretion that contain active virus material, are of particular importance. They
are produced in larger quantities primarily when speaking (or singing), coughing or
sneezing. Due to their size, however, they sink to the ground relatively close to
the infected person within a radius of only a few feet [23]. This is important for
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transmission because infection or initial colonisation by the virus occurs primarily
in the upper respiratory tract of the new host. In this respect, a certain physical
proximity of one to two metres to the infected subject is necessary to inhale droplets.
However, smaller particles (aerosols), which can remain airborne for longer periods
and over longer distances, also contain virus material and could initiate infections,
especially in closed rooms [24]. In addition, other modes of transmission are also
discussed, for example, contact infection through active viruses in stool or urine,
which, however, only seem to play a minor role overall [23].

If the transmission properties of the pathogen are known, conclusions can be
drawn about social situations that make exposure to a pathogen likely. In the case of
SARS-CoV-2, for example, situations in which people come together without much
distance and hold conversations or sing/play music together, as well as long stays in
unventilated rooms, would be risky. These general considerations allow the identifi-
cation of concrete social situations in which the risk of transmission is presumably
increased. In the case of COVID-19, these would be, for example, visits to concerts
with large audiences in confined spaces, working in open-plan offices, meetings in
confined spaces and school lessons in crowded classrooms without ventilation. Thus,
knowledge of the biological mechanisms involved in the transmission of a pathogen
alone allows hypotheses to be made about social contexts with exposure potential.
Many public health interventions to control infections are based on such hypotheses.
The discussions about nonpharmaceutical interventions must be seen against this
background, especially at the beginning of the pandemic when it was still relatively
unclear which modes of transmission were important and there was, therefore, a
great deal of uncertainty about which measures should be taken [25].

In indirect transmission, on the other hand, the pathogen spreads from one host
to another via a so-called vehicle. There are many possible vehicles of transmission.
Some pathogens are transmitted through another organism (so-called vector-borne
transmission), while others use all possible forms of inanimate matter (e.g., water-
borne, airborne, food-borne, object-borne) [21]. Examples are the vector-borne trans-
mission of plasmodia via mosquitoes (Anopheles gambiae) in the case of malaria
or the water-borne transmission of the bacterium Vibrio cholerae via contaminated
water in the case of cholera [14]. It should be noted that such transmission routes
are not always “true” indirect transmissions in the form of a host-vehicle-host chain.
There are also pathogens (such as certain bacteria) that permanently colonise inani-
mate matter and, from there, colonise one host after another. [20] Another variant is
that the original host is a vector per se. This applies, for example, to zoonoses, i.e.,
infectious diseases that can be transmitted from animals to humans. As in the case
of direct transmission, knowledge of the vehicles or possible intermediate steps in
the infection chain allows general conclusions to be drawn about potentially risky
social situations and practices. In the case of vectors, i.e., animals as the source of
infection, the characteristics and behaviour of the respective vector become a further
relevant factor of transmission in addition to the pathogen properties. In the case of
the malaria mosquito mentioned already, staying outdoors or in open spaces during
the vector’s active times and without mosquito protection are risky. Zoonoses also
affect the relationship between animals and humans, such as the forms and intensity
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of animal husbandry in agriculture or the conditions under which pets are kept. In
the case of transmission via the environment, on the other hand, all of the human
everyday behaviour around nutrition and hygiene (e.g., personal hygiene, cleaning
of surfaces) potentially plays a role.

5 Transmission: The Natural Environment

Transmission must be seen in the context of the natural environment and its diverse
physical and biological phenomena. The pathogens, their vectors and the hosts move
within this environment. Pathogens are generally dependent on certain environmental
conditions for their spread or are only able to survive under certain conditions. This
applies both to their modes of transmission and their general ability to reproduce,
for example, in a preferred vehicle. Which ecosystems pathogens prefer is highly
individual. There are those that occur exclusively in small ecological niches (often
parasites, such as the guinea worm), while other pathogens can potentially exist in
very many ecosystems [14]. There is a dependence on environmental characteris-
tics in both direct and indirect transmission. However, for pathogens that primarily
transmit indirectly, there is also dependence on the presence of their preferred vehicle
[26]. Therefore, the relationships of this vehicle to the environment and its preferred
habitats and biotopes must also be considered here. A certain dependence on climatic
conditions and their seasonal changes is also typical. The activity, for example, of
many pathogens fluctuates along seasonal variations in temperature, rainfall and solar
radiation [27, 28]. There are several reasons for this, for example, the availability of
vehicles changes with local weather conditions (e.g., standing puddles as breeding
sites for mosquitoes) [29]. In addition, the survivability of the pathogen outside of
a host can also be influenced by factors such as solar radiation or heat. However,
people’s behaviour also changes with seasonal weather, which is important for both
direct and indirect transmission: they consume certain foods seasonally, stay outdoors
for shorter or longer periods of time, or change their mobility and contact behaviour
depending on the environmental conditions. Exemplarily, more encounters take place
indoors when it is cold than during periods of high temperatures. On the one hand,
this makes the direct transmission of pathogens transmitted via droplets or aerosols
more likely; on the other hand, it reduces the probability of infection by a vector
whose habitat is outdoors (e.g., ticks).

It is not possible here to begin to comprehensively describe the complex connec-
tion between pathogens and the natural environment. The few aspects listed above
must therefore suffice to make clear that the embedding of the pathogen in its envi-
ronment also has consequences for its interaction with the social environment. the
questions in which concrete habitats pathogen and host meet and which moderating
influence environmental conditions have on the probability of exposure and infec-
tion are essential points. These considerations must also be seen in the context of the
massive anthropogenic changes that have affected the entire planet since industriali-
sation and its fossil economy. Not only global climate change and a general change in
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land use but also socioeconomic change, for example, related to mobility or income
distribution, are expressions of this [26]. This also changes the living conditions for
pathogens, and it is assumed that there will be more infectious diseases in the future
[30]. There are many reasons for this, such as global warming, which makes new
geographical zones accessible to certain pathogens (e.g., malaria, dengue fever), or
the increase in zoonoses due to the intrusion of immune-naive humans into previously
untouched biotopes or through intensified animal husbandry [26, 29]. SARS-CoV-2
is also suspected to be a zoonosis, and the natural environment of the pathogen is in
wildlife populations [31]. Only the intrusion of humans into these unspoiled habitats
and the capture and sale of creatures for food purposes would subsequently have
promoted the spill over.

6 Transmission: Timing

The last aspect to be addressed in the context of transmission is the time period
in the course of the stages of infection and disease during which an infected host
(source) can infect another host [13, 20]. This is particularly important in the case
of direct human-to-human transmission. Once the source is infected, the pathogen
usually needs some time to replicate and colonise a new host. The time it takes for an
infected person to become infectious and pass on the pathogen is the latent period.
This is followed by the period during which the person remains infectious (infectious
period). Another variable is the incubation period, i.e., the time between infection and
the appearance of the first symptoms of a disease. This is then followed by the period
of clinical disease. The ratio of the respective times varies between pathogens and
has a strong influence on the effectiveness of transmission. The time interval between
the latent and incubation period and the overlap between the infectious period and
the duration of a symptomatic disease are of particular importance. Asymptomatic
carriers (the latency period is shorter than the incubation period or the infectious
period is longer than the clinical period) are especially very efficient in passing on
the pathogen. The reason is an interaction with social practices. The appearance of
symptoms is an external sign of disease, causing infected people to reduce social
contact either independently or at the instigation of third parties (e.g., quarantine
rules, inpatient hospitalisation). Asymptomatic carriers, on the other hand, have no
reason to avoid social contact and thus cannot actively prevent the possible infection
of others. Knowledge of the latency and incubation periods is therefore essential for
dealing with outbreaks in society. Only then is it possible to develop appropriate
strategies. If, for example, it is known that transmission occurs primarily via asymp-
tomatic carriers, it is imperative to react at the societal level, for example, by carrying
out screening tests or imposing contact restrictions for entire populations at risk. In
the case of pathogens where the infectious period overlaps strongly with the clinical
illness, on the other hand, it is important to educate people to avoid social contact
when symptoms appear. In addition, in such a scenario, special attention must be
paid to the protection of those who care for the sick.
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7 Infectivity and Immunity

Asindicated above, an additional distinction must be made between exposure, coloni-
sation and infection. The exposure and subsequent colonisation do not necessarily
mean that the pathogen also succeeds in infecting the person affected. This is deter-
mined by an interplay between the characteristics of both the pathogen and host.
First, pathogens differ in terms of their infectivity, i.e., their general ability to infil-
trate the organism of the host. Both the biological mechanism of infiltration and the
dose of exposure required to enable the pathogen to infiltrate are decisive. SARS-
CoV-2, for example, has high infectivity according to current knowledge. The virus,
especially in its later variants (Delta, Omicron), infiltrates cells highly effectively by
docking with its spike protein to cell receptors (i.e., angiotensin-converting enzyme
2 receptor: ACE2) and subsequently use the protein production of the cell to repli-
cate and establish itself in the body of the new host [32]. However, the success of
an infection also depends on the viral load to which the person is exposed [33]. This
means that an infection becomes more likely if a high amount of virus is ingested in
contact with infected people who excrete high amounts of virus (e.g., during partic-
ularly infectious stages of the disease or in the case of “superspreaders” who excrete
an above-average viral load) [23].

However, the pathogen’s ability to infect now comes up against the host’s defense,
which, in the context of infectious diseases, is referred to as susceptibility, i.e., the
individual probability of becoming infected when exposed to the pathogen. [14]
On a biological level, susceptibility is determined primarily by the immune system
(although other factors also play a role, but this would go too far here). The human
immune system is highly complex and can only be described here in a general way.
What is important is that it has both a general, innate component and a variable,
adaptive component. The innate immune system is not very specialised and operates
against all pathogens it can recognise. Numerous processes are involved, such as
the initiation of inflammation or the destruction of infected body cells by natural
killer cells. The second component is the adaptive immune system, which is capable
of learning and developing specific responses for individual pathogens. Immune
memory is built up by previous infections with this pathogen or external immunisa-
tion (i.e., vaccination). If contact occurs again, the pathogen can be recognised, and
an immune response tailored to it can be initiated, for example, by killer T cells [14].
Nevertheless, there is marked variance between hosts regarding the effectiveness
of both the innate and adaptive immune responses, which means that some people
are more susceptible than others. The variance may be the result of normal genetic
diversity, but often the effectiveness of the immune system is associated with other
characteristics. One key factor is age. The adaptive immune system, for example,
must first be trained; thus, newborns or infants naturally have weaker defences against
pathogens. The functionality of the immune system in older age then decreases again
as a result of ageing processes, which also tends to make older people more suscep-
tible. In addition, the immune systems of men and women differ slightly, which can
lead to a different susceptibility of the biological sexes depending on the pathogen.
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Such a difference has been observed with SARS-CoV-2. The T-cell response of
women to the virus seems to be more robust than that of men; consequently, the
infection rates of men are higher than those of women [34]. However, the immune
system is not only determined by biological characteristics but also influenced by
external social factors. One of these, chronic stress, has been shown to affect the
immune system negatively [35, 36]. Since chronic stress is predominantly a product
of social stressors, such as confrontation with aggressive behaviour, the experience
of poverty and exclusion or poor working conditions, there are direct social influ-
ences on immunity here. Indirect immunisation through vaccination is also genuinely
socially mediated, since vaccinations have to be developed by scientific institutions
and made accessible by both the political and health systems.

Furthermore, the immune system is also influenced by the general constitution
or resistance of the organism. Preexisting conditions such as metabolic disorders
(e.g., diabetes) can weaken the immune system. The same applies to patients with
diseases that are treated by specifically reducing the immune system with medica-
tion. Immunosuppressants, for example, are used in the treatment of various tumours,
resulting in cancer patients becoming susceptible to infections. It should be noted
that the general constitution is also determined to a great extent by social living
and working conditions. Most widespread chronic diseases have a multicausal aeti-
ology, and their development usually involves numerous social factors, such as
socioculturally shaped lifestyles, stress or material disadvantage.

8 Pathogenicity and Virulence

If an infection occurs, immunity and constitution remain important, as they also
influence the course of the infectious disease. Two characteristics of the pathogen are
decisive here. Pathogenicity refers to the probability that an infection will also result
in a symptomatic disease, while virulence refers to the severity or danger of a disease
[20]. There is a high variance between different pathogens for both factors. Some
of them rarely cause clinical disease, while others almost always lead to symptoms
when infected. The dangerousness also differs. The most drastic indicator is the
probability of a fatal course (case fatality). This is very low for pathogens such as
normal cold viruses (e.g., rhinoviruses), while other pathogens, such as Ebola, have
very high lethality.

Influences on the resistance of the hosts and the role of social factors have already
been discussed in the previous section. However, at this stage of the disease, there
are further interactions with the social environment. The pathogenicity of a pathogen
is important in several respects for the social reactions to a disease. First, it deter-
mines how the social life of an affected society changes. If the pathogenicity is high
and, simultaneously, the number of people infected is considerable, a large number
of people will fall ill at the same time during an outbreak. On the one hand, this
increases the need for medical care and, thus, the pressure on the health system. On
the other hand, these infected people can no longer pursue their normal social roles
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for the duration of their illness. This can have consequences in many areas of society,
especially if employees are absent in large numbers and economic life is disrupted
as a result, or if care work is no longer performed and has to be compensated for in
some other way. During the COVID-19 pandemic, for example, essential workers
were temporarily affected by staff shortages. These were not only particularly health
professionals but also employees in the transport sector and the food industry [37,
38]. Such outages can threaten the security of supply and health care and have further
negative consequences for the health of the population. The lethality of a disease is
also a pathogen characteristic that determines societal responses. It is obvious that
the willingness to implement far-reaching measures to protect against infection will
be significantly stronger in the case of a particularly lethal disease than an infection
with only low lethality.

9 Conclusions

Biosocial interactions between the biological characteristics of pathogens or infec-
tious diseases and social factors have been discussed in this chapter. However, the
theoretical study of the biosocial basis of the spread of infectious diseases is not an
end in itself. The COVID-19 pandemic has clearly shown that measures taken to
prevent and control pandemics work, above all, if they interrupt chains of infection
precisely and reduce susceptibility and vulnerability. The selection of such measures
depends on the precise knowledge of both the biological properties of the pathogen
and the social framework of embodiment. In preparation for future pandemics, it may
therefore be useful to further develop the theoretical framework and test it empirically
in a targeted manner.

The proposal was made here to fall back on a classic model of infectious disease
causation but to combine it with a model of social determinants to be able to describe
the interface between the biological properties of pathogens and hosts and the social
environment in a conceptually better way. In my opinion, the theoretical analysis
shows that Nancy Krieger’s ecosocial theory is quite compatible with the assumptions
of the epidemiological triangle. In this respect, it could be worthwhile in the future
to develop an ecosocial model specifically for infectious diseases. This was only
possible here as an example, and numerous possible systematics could just be hinted
at. It would be desirable, for example, to further develop the taxonomy of relevant
social contexts or of individual social factors on the occurrence of infections. To
date, only general, incomplete category lists are available. In addition, the modes of
action of the respective context factors and their different significance depending on
certain pathogen characteristics still need to be understood better and systematically
described.

Furthermore, it could be useful to continue the research on the biosocial basis
of pathogen transmission and thus to work out the pathways to embodiment more
clearly. From the knowledge of the biological properties of pathogens, it is possible,
in principle, to deduce which social practices, situations and structures are associated
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with the probability of exposure, susceptibility and vulnerability to critical courses.
If it is possible to determine generalisable principles of biosocial interactions as
a function of the biological properties of pathogens, this could make it easier in
the future to estimate which spreading dynamics can be expected when a specific
pathogen encounters certain social conditions. It would be, for instance, conceiv-
able to draw up a kind of checklist of individual pathogens or pathogen groups
properties that could provide orientation in the assessment of a current outbreak.
This could also provide lessons for the early identification of social groups that are
particularly vulnerable in terms of risk of infection and/or severe courses. During
the COVID-19 pandemic, for example, socially disadvantaged people had a higher
than average burden of disease because their specific living and working conditions
made protective behaviours difficult and exposure to the virus more likely (e.g.,
cramped housing, need to use public transport). Although this health inequality was
uncovered by empirical studies relatively early in the pandemic, it was initially little
noticed by the public in many countries; consequently, only sporadic policy measures
were taken to protect these particularly vulnerable groups [8]. Therefore, systematic
preparation for pandemics, which is also oriented towards the biosocial basis of the
spread of infections, seems necessary to prevent such inequalities in the future.

Core Messages

¢ In the spread of infectious diseases, specific interactions between the biological
properties of the pathogen and the host, as well as the social context in which this
interaction takes place, play an important role.

e In order to describe biosocial interactions theoretically, classical concepts of
epidemiology can be linked with public health theories. Plausible connections
arise, for example, between the epidemiological triangle model and the ecosocial
theory.

e Vulnerabilities can be both biological (e.g. an increased biological susceptibility
of a person to become infected with a specific pathogen) and socially based (e.g.
social disadvantage). As both aspects interact, a multidimensional conception of
vulnerability seems to be necessary.

A continuous and dynamic interaction between pathogens, hosts and the social contexts in
which they are embedded can be assumed.

Nico Dragano.
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