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THE TRUE NATURE OF ZOONOSES: THE IDENTITY
OF TRANSMISSIBLE DISEASES IN MAN AND IN
OTHER VERTEBRATES

Fernando Dias de Avila-Pires'

There appears to me a strong analogy
between the same infection or contagion
producing the same result, or one closely
similar, in two distinct animals, and the
testing of two distinct fluids by the same
chemical reagent.

(Darwin, 1871)

ABSTRACT

This paper argues the nature and identity of diseases as they affect man and other vertebrates,
and its importance when selecting animal models for experimental laboratory research (Russell
et al., 2017). Here I stress the notion that in the case of the zoonoses, what is transmitted
are parasites/microorganisms and not diseases, as the same microorganism may cause distinct
clinical symptoms and signs in different hosts.
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This article discusses the nature and the assumed identity of diseases
that affect man and other vertebrates. In addition to philosophical aspects, this
question has a paramount implication when choosing an animal model for the
laboratory investigations of human transmissible diseases. My preliminary
question is: Was Darwin right? Do microorganisms that infect different
species of hosts cause the same disease in all hosts? What when the signs and
symptoms are different in distinct hosts? What is being transmitted?

Disease transmission depends upon the nature of symbiotic relationships
among organisms, as parasitism, commensalism, inquilinism, mutualism, and
foresia (Dubos, 1965; Whitfield, 1979; Boucher, 1985, Sapp, 1994). Although
association is a rule in nature, not an exception, it took a long time in the
history of biology before a true understanding of the relationships of animals,
plants, and microorganisms, was achieved. We must realize that microbial life
became known only after the invention of the microscope in the 17" Century.
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For the ecologist, the study of transmissible diseases became a special
chapter in the investigation of the relationships between microorganisms
and their hosts. In medical terms, the association of an animal with its
symbiotic microbiota is an infection - the use of infestation for helminthes and
ectoparasites, is to be forsaken. Infection, usually associated with disease, has
a different meaning in biology (Avila-Pires, 1983). As to the different types of
interactions among animals, Darwin dwelt mostly upon the agonistic aspects,
as predation and competition leading to natural selection, while cooperation
took longer to be investigated (Allee, 1951; Dugatkin, 1997).

The role of microorganisms as the pathogenic agent of transmissible
diseases was hardly recognized and understood before the works of Pasteur
and Koch, late in the 19" Century. It was only in 1860 that Louis Pasteur began
to apply the results of his investigations on fermentation and putrefaction to the
study of infectious diseases and to develop the concept of virulence. In spite
of the experiments performed by Pasteur, Koch, and those of Claude Bernard
upon non-human animals; the notion of the identity of the animal diseases and
the diseases of men rested, for most of the 19™ Century, upon the philosophical
arguments concerning the place of man in the natural world and in the belief
in special creation versus organic evolution (Huxley, 1863 and 1867). From
then on, modern medical parasitology and microbiology came of age (Kruif,
1926; Cox, 2002).

After Pasteur established the principle of unicausality, meaning that one
germ causes a single specific disease, and showed that infectious diseases were
caused by biological entities, several authors, among them Friedrich G.J. Henle
and Heinrich H. Robert Koch established the criteria for the identification of a
specific germ as the causative agent of a particular infectious disease. (King,
1952; Evans, 1976; Carter, 1985; Grimes, 2006; Ulmann, 2007). Although
opening a new era for biology and modern medicine, the ideas of Pasteur and
Koch were undoubtedly deterministic, and several contemporaneous authors
showed cases where the presence of a parasite was not sufficient to provoke
a clinical disease, beginning with tuberculosis itself. Different hosts show
distinct reactions to an infection, from a clinical disease to asymptomatic
tolerance. Myxoma virus is a good example: it causes skin tumors in Syvilagus,
a deadly one in Oryctolagus and no symptoms in human hosts.

The host as a filter

The theory of evolution is based upon the fact that individuals
in a population show genetic and resulting phenotypic variations. With
the exception of identical twins, no two individuals of the same species
are identical. Individual variation is a key to survival of a species when
environmental conditions change — the internal environment of the host, in
the case of endoparasites. Distinct hosts offer different conditions for the
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successful colonization by the same parasite. Those conditions select different
lineages (alleles) of parasites of the same species. That is the case of the malaria
parasites Plasmodium simium and P. vivax (Lim, 2005) historically considered
to be distinct species, P. simium parasitizing non human primates, and P. vivax,
our own species.

The elusive concepts of Health and Disease

Disease is generally — and loosely — defined as a physiological,
genetic, traumatic, psychological, behavioral or mental pathological condition
that affects an organism and/or its performance. Clinically verified, objective
signs, and individual subjective symptoms are combined to reach a diagnosis.

lllness is a term with special anthropological and sociological
connotation. Illness, sickness, impairment, disability, and handicap were aptly
discussed by Susser (1990), in the light of a WHO (1980) document, and of
Sigerist (1929) and Parsons (1951) theories of disease and social roles. They
are not of our concern in this article.

In this paper, we are concerned only with transmissible diseases.

The definition of Zealth adopted by WHO (1948) was repeated in the
Declaration of Alma-Ata (1978), and paraphrased in Redl & Wattenberg’s
(1951) definition of psychological adjustment: “..adjustment ...means the
‘ability of an individual to live harmoniously with his environment - physical,
social, intellectual, and moral...” and describes a condition seldom —if at all —
reached by any individual of any species, any time. In daily practice, health is
tacitly and loosely defined as the absence of declared disease and the occasional
difficulty or impossibility of performing normal physical or social functions.

AsIshowed elsewhere (Avila-Pires, 1998;2001 and 2008), pathological
lesions are structures that may be identified in fossil plants and animals that
lived before the appearance of Homo sapiens upon the earth. They may be the
result of external causes, as fractures, or of degeneration, or due to an infection.
Diseases and the diseased are situated at different levels of complexity: the
diseased is an individual affected with a pathological lesion or impairment,
while diseases are theoretical constructs or abstractions with different meanings
in different epochs and for different contemporaneous societies, cultures and
sub-cultures. They are composite categories, constructed from the collected
observations of individual cases or episodes. In a text book, the description
of the signs and symptoms of a disease usually stress individual variations by
stating: in most cases, the virus may cause, there could be, and such qualifying
observations. They are as artificial and composite as the schematic drawings of
organs and systems in textbooks.
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Chagas disease offers a good example. Carlos Chagas described
originally a disease he named parasitic thyroiditis or myxedema. This construct,
based on faulty observations that combined signs and symptoms of distinct
pathological conditions evolved in the following years to arecognizable parasitic
infection in humans and non-human hosts by a protozoan, Trypanosoma cruzi.

Causation and disease: Pasteur’s principles and Henle-Koch's postulates.
Who gave what to whom?

As a result, distinct parasite variants may cause the same clinical
disease, meaning conditions presenting the same signs and symptoms, and the
same parasite may provoke different disease signs and symptoms in the same
host species.

This must be the first and foremost consideration when choosing
laboratory animals for the investigation of human diseases and for test of
new drugs, as many infectious diseases that affect present day humans have
disappeared from their original non-human hosts (Russell et al., 2017).

Transmissible diseases in man and in other vertebrates: the zoonoses

In 2015 I discussed the historical origins of the concept of zoonoses, as
those diseases that affect men and other vertebrates (Avila-Pires, 2015). This
concept has been erroneously credited to Rudolf Virchow, but it was firstly
used in the present sense in a book published by Probstmayer (1863).

But we must ask if a disease is the same one in distinct hosts, human and
non-human, or even in different individuals, as questioned by Sournia & Ruffié
(1984) and Delaporte (1998). Do armadillos as Dasypus spp or marsupials as
Didelphis spp suffer from Chagas disease? Do they present the same signs as
humans? Romafia sign, for instance? And what about schistosomiasis, where
the parasite infects Didelphis but no eggs are eliminated with the stools?
Myxoma virus causes a deadly disease in rabbits but is harmless in man;
several diseases affecting only our species, acquired from other mammals in
prehistoric times, lost the ability to infect their original hosts.

As previously implied, the limits of variation in signs and symptoms
presented by different individuals are contemplated in the description of
each disease catalogued in ICD-10 (International Classification of Diseases).
As with the identification of plant and animal species, experts rely on those
diagnostic characters that allow them to distinguish between closely related or
superficially similar kinds, whether species or diseases.

So, what circulates between man and other vertebrates are parasites:
viruses, fungi, bacteria, protozoans, helminthes — not diseases, if we define
diseases on the basis of signs and symptoms.
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