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Medical Ecology

Fernando Dias de Avila-Pires

INTRODUCTION

In 1866, Ernst Haeckel, a German biologist,
proposed the name ecology for the study of the
relationships between organisms and environment,
then known as the balance or the economy of nature
(Avila-Pires, 1999b). At that time, Lamarck in
France, and Darwin in England, defended distinct
mechanisms for biological evolution. Lamarck
accepted the inheritance of body parts alterations in
response to both external physical environmental
factors and internal urges to satisfy new needs and
demands. Darwin laid more emphasis on the natural
selection of individual variations and, although
recognizing the influence of physical factors in evolu-
tion, defended the notion that morphological,
physiological, and behavioural adaptations gave an
organism an edge to survive and to leave viable
offspring.

The ensuing arguments concerning the relative
importance of the physical environment versus biotic
relationships as the main forces acting upon
biological evolution resulted in a growing accumu-
lation of ecological lore (Stauffer, 1957).

In 1935, Tansley, an English botanist, defined
the ecosystem as the basic unity of the ecological
trophic structure of biotic communities. The balance
of nature acquired a new meaning, distinct from the
simplistic creationist interpretation of Biberg and
Linnaeus, in the XVIIIth century, providing the field
of ecology with a theoretical model, based on the
recycling of nutrients and transfer of energy.

The building of the ecosystem concept had to
wait for contributions from chemistry, physics, plant
nutrition, photosynthesis, and the elucidation of the
processes of synthesis and decay of organic matter.
In the XVIIth century, the phenomenon of corruption
and the subsequent reorganization of living matter
occupied the minds of, and defied explanations from
naturalists and philosophers alike (Jacob, 1970;
Delaporte, 1979). It had to wait two centuries for
the answer.

The German chemists Wöhler and Liebig were
responsible for fundamental advances in their own
field and for the birth of organic chemistry. Indirectly,
they made possible the notion of ecosystem ecology.
Wöhler synthesized the first organic compound, urea

(Ramberg, 2000). Liebig elucidated the mechanism
of the organic matter synthesis by plants, later
detailed by Krebs, and established the foundations
of scientific agriculture (Rossiter, 1975). Primary
production stands at the first level of an ecosystem,
and the organization of mineral radicals and
compounds into organic matter is the basic echelon
of the trophic chain.

Prominent chemists in the XIXth century
defended the theory that putrefaction was a chemical
phenomenon. It would be one of their ranks to
explain it otherwise, as a biological process. Pasteur
began by trying to learn why milk spoil, and what
happens during the process of cereals fermentation
to make beer, and of grapes, to produce wine.
Through a series of famous experiments, Pasteur
discovered that yeasts performed the destruction of
organic matter, and furthermore that this was a
necessary condition for the maintenance of life upon
the Earth. In this context he delineated, in 1867,
what we nowadays call the biogeochemical cycle:

“It is abolutely necessary that the constituting
matter of living beings return, after death, to soil and
atmosphere, as mineral or gaseous substances, like
water vapour, carbon dioxide, ammonio, nitrogen,
elementary traveling principles that atmospheric
movements can transport from one pole to another
and in whichlife can sprout the elements of its endless
perpetuity. It is mainly through actions of
fermentation and slow combustion that the natural
law of dissolution and return to the gaseous state of
everything that has lived is accomplished. [...] its
elementary principles, carbon, hydrogen and oxygen
retake the form under which they are ready to reenter
a new cycle of life (Pasteur,1867).”

Contributions from the French physiologist
Claude Bernard, lifelong friend of Pasteur, were of
fundamental importance for the theory of trophic
relations. In 1854, during his second lesson on
general physiology at the Faculty of Sciences of Paris,
Bernard stated that nutrition is a fundamental
property of all living beings, animals and plants; he
defined it as a property of living molecules to attract
and incorporate other molecules from the environment
(Grmek, 1997). Furthermore, we owe him the
concepts of the internal and external environments
(Avila-Pires, 1978; Grmek, 1967).



98 FERNANDO DIAS DE AVILA-PIRES

Ecology at the level of the community, or
synecology, owes much to the concept of plant
formation and to phytogeography but it only became
a field of its own early in the XXth century, when
integrated researches in animal and plant ecology
became routine.

MEDICAL ECOLOGY

Although the natural sciences, and particularly
botany, were taught at medical schools until the first
decades of the XXth century, the reverse did not
happen, and the study of diseases fell outside the
concerns of early ecologists. The field of medical
ecology evolved along two main lines. One, which
we must recognize as protoecological, has its roots
in the Hippocratic correlation of health and the
elements and factors of the physical environment,
as he detailed in his famous discourse on airs, waters,
and places. Unfounded and spurious beliefs linking
meteorological conditions and disease, survives and
are still widespread nowadays. The other line derived
from modern concepts of general ecology, and arose
after the discovery of the vectors of infectious and
parasitic diseases (Avila-Pires, 1974; Avila-Pires,
2000).

Parasites are known since early times but many
had to wait for the invention of the microscope to be
identified, and most were described only after the
XVIIIth century, when the field of parasitology was
born. (Avila-Pires, 1998). The role of internal
parasites was disputed until late in the XIXth century,
many authors favouring the idea that they acted as
sanitary agents, cleansing the intestines. In the
Origin of Species, Darwin suggested that parasitic
worms, thanks to the facility of contagion, could act
as limiting factors of population growth by causing
limited epidemics, a notion he maintained in
successive editions of the Origin.

A long way separated those early conceptions
from the advanced views of endogenous ecology of
René Dubos (1965), where indigenous microbiota
are endemic, and alterations in the internal environ-
ment or in the balance of populations is the cause of
disease.

Louis Pasteur’s contributions to the foundations
of scientific medicine opened a new venue for the
understanding of the disease’s mechanism but
delayed the outcome of medical ecology. His demons-
tration of the theory of infections’ specificity and their
microbial origins, coupled with the advent of vaccines,
led medical doctors and researchers to a hunt for
pathogenic agents of diseases and to the simplistic

belief that the threat posed by infections could be
eliminated in the near future.

Medicine had been reduced, in the expression
of one of its sarcastic critics, to one ill, one pill, one
bill. But it gave a mortal blow to the miasmic theory,
and to the climatic determinism, of diseases.

After the Second World War, speed in travel
and communications shrank the world and ended
the apparent safety afforded by the limited
geographical isolation of affluent communities. At
the same time, the rapidly accumulating knowledge
on infectious diseases and disease transmission began
to profit from the advances in ecological thinking,
and in the development of ecological methods
(Hoogstraal 1956; Carmichael, 1952; Audy, 1958a;
Audy, 1958b; Heisch, 1956; Abdusalam 1959),
following a pioneer work by Strong (1935). The study
and control of diseases could no longer be reduced
to the identification of pathogenic organisms in a
petri dish, under a microscope.

The ecology of diseases had thus to wait for
the realization that there were other important
intervening environmental factors in the complex
equation of disease causation. Together with the
survival of the old notion of the climate determining
influence upon health and disease, social and cultural
aspects were discounted as important factors of risk.

The circumstance that led to a new way of
looking at this issue was the discovery of the part
played by vectors in the biological cycles of infectious
diseases.

François Delaporte (1986) remarked that the
discovery of the role of vectors, at the end of the
XIXth century, required, and at the same time
imposed, a profound modification in the way we
looked at diseases and at disease transmission.

As a young medical doctor working for a British
enterprise in China, Patrick Manson was struck by
the number of people he saw deformed by elephan-
tiasis (Manson, 1877; Manson, 1878). After a series
of incidents in which his very life was threatened, he
succeeded in discovering the microfilariae in the
blood of infected persons and in dogs. Calculating
that an infected dog might harbour up to two million
microfilariae in its circulatory system, he realized that
before reaching one hundredth of the weight of an
adult worm they would weight more than their host.
He aptly concluded that the first stage in the natural
history of the haematozoan was in the blood, but the
nest should be in the animal that fed on that fluid.
Following that line of reasoning, Manson tested and
proved his hypothesis by examining mosquitoes that
fed on one of his patients. The elucidation of the
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biological cycle of the filaria worm led him to several
important deductions. Manson demonstrated the
necessary coincidence of the distribution areas of
vectors and of the diseases they transmitted. He went
on to explain that the limited geographical distribution
of the mosquito vector was the reason why elephan-
tiasis was endemic only in tropical and subtropical
climates. He showed a correlation between the
presence of microfilariae in peripheral blood vessels
and the circadian cycle of activity of vector species,
and suggested that the disease could be controlled
indirectly through the control of the vector popu-
lations.

Veterinarians, used to the practice of collective
health assays, had a more epidemiological approach
to disease. Theobald Smith, inspired by Laveran’s
discovery of microorganisms living inside the red
corpuscles of the blood of persons suffering from
malaria, went on to unravel the complex cycle of the
piroplasma, involving ticks as vectors, responsible
for the Texas cattle fever in the United States (Smith
and Kilborne, 1893). It gave rise to the first campaign
in history to eradicate a vector in order to control a
disease.

In India, Ronald Ross, an army surgeon and a
student of Manson, was engaged in the search for
the malarial vector. In 1892, Manson had linked
different forms of the parasite to clinical symptoms
of the disease, and believed that mosquitoes became
infected when feeding on malarial patients. But he
also believed that the transmission depended on
mosquitoes dying in water and the parasites being
released, to infect whoever drank it. Being no
taxonomist, Ross was trying to identify the vectors
among mosquitoes of the wrong family. Transferred
to a malaria-free region, Ross turned to the study of
the parasites in birds and eventually demonstrated
the real path of transmission, involving culicid
mosquitoes. In Italy, the zoologist Grassi worked with
the same objective, but following a different line of
inquiry. He repeated the method used by Snow for
cholera, Simond for plague, and Finlay for yellow
fever. Grassi did no preliminary laboratory research,
but mapped malarial villages in the Mediterranean
region and compared the lists of mosquito species
found in each one of them, and those found in
malaria-free areas. While Ross demonstrated the role
of vectors in the transmission of bird malaria, Grassi
concluded, a few months later, that anopheles
maculipenis was the vector for human beings in
Europe (Peller, 1967). But for medical ecologists,
the story did not end with the concession of a Nobel
Prize to Ross, and with Grassi’s discoveries. Many

years later, discrepancies in the distribution of
malaria cases in relation to the presence of anopheles
maculipenis gave rise to a beautiful study that linked
taxonomy and ecology and showed that anopheles
maculipenis was, in reality, a politypic species
(Hackett and Missiroli, 1935; Thorpe, 1940) and not
all subspecies were vectors of malaria.

In terms of medical ecology though, the
discovery by Adolfo Lutz in 1898 (Lutz, 1903), regar-
ding the association of certain malaria parasites with
bromeliad plants in Brazil was more rewarding, as it
disclosed a network of relationships involving the
biotic and abiotic factors in a complex micro-
ecosystem.

Another line of inquiry was inspired by the
advances in plant and animal geography. The Swiss
Henri C. Lombard (1877-1880) explained in great
detail his own ideas about the climatic origin,
distribution, and seasonality of diseases. After a
discussion on the effects of cold, heat, humidity,
drought, air currents, ozone, electricity and magne-
tism upon the organism, he went on describing the
characteristic health conditions of each season. For
him, the diseases prevailing in each season in Europe,
are those of a corresponding zone of the Earth.
Hyperemia and respiratory diseases, common in
winter, would be the prevailing ones of the polar
regions; parasitic infections, in the tropical belt;
anemia in the fall, and plethora in the spring.
Lombard recognized a direct correlation between
seasonal diseases and those resulting from geogra-
phical circumstances. As Humboldt had stated,
altitude corresponds to latitude, as far as the distri-
bution of plants and animals is concerned.

In the XXth century medical ecology became a
discipline in its own right.

While epidemiologists searched for the origin
and distribution of diseases, and focused on a human
population, medical ecology directed its attention to
the relationships of biotic and abiotic environmental
factors in a pathocenosis. But to succeed, both had
to investigate the network involving hosts, vectors,
microorganisms, and their ecological relations in all
trophic levels. Karl Meyer (1942), one of the pillars
of modern medical ecology, describing the ecology
of plague, aptly recognized that it is fully realized
that the epidemiology of the wold rodent disease -
the effect of the plague bacillus on the rodent herd -
is far more important than the data on human cases.

Of the great epidemic scourges that had a
lasting impact upon the humanity, plague is noted
for having had a profound influence upon medicine,
the arts, religions, and on the weakening of social
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and cultural institutions. After the experiments
performed in India and published in 1898 by Simond,
implicating rats and fleas in the plague transmission,
researchers began to look for alternative hosts and
reservoirs of yersinia pestis. In April 1911, an
international conference was held in Mukden, by
invitation of the Chinese government, and the
outbreaks of 1910-1911 were scrutinized. One of the
participants was R.P.Strong, who, in 1935, was to
publish a seminal paper on the ecology of diseases.
A Chinese researcher, Wu Lien Teh was in charge
of field investigations, and published a number of
papers on the role of tarabagans as reservoirs. R.
Pollitzer accompanied him and later became one of
the pioneers of medical ecology.

In 1925, Charles Elton became interested in
the subject and published a paper on the role of
plague as a regulating factor of wild mammal
populations. He was then interested in the causes of
fluctuations of natural populations and in
ascertaining the role of climatic cycles and of
predation as the main determining factors (Elton,
1924; Elton, 1925).

In 1927, Elton published a text book on general
ecology, incorporating his knowledge of disease as
an ecological factor.

Russian authors were by then involved in the
study of the coincidence of zoonoses and certain
aspects of their geographical environment. In 1939,
Pavlovsky published his theory stating that the
problem of natural nidality should be worked out on
the basis of zoological, paraistological and ecological
studies combined with projects of a microbiologc
character and with the participation of
epidemiologists.

From 1930 to 1940, a number of projects were
engaged in applying ecological research tools to the
study and understanding of disease patterns, as for
instance, those of Hackett (1937) for malaria in
Europe, and Davis (1945) for yellow fever, in Brazil.

After the Second World War, medical ecology
grew in status and importance (Dubos and Schaddler,
1964; Dubos, 1965; Dubos, 1968; Sladen and Bang,
1969; Schwabe, 1968; Le Riche and Milner, 1971;
Fiennes, 1978; Croll and Cross, 1983).

We owe the modern ecological concept of health
as a homeostatic adjustment between an organism
and the physical and biotic environment where it
normally lives, to J. M. May. In 1958, and again in
1961, he stated that from the ecological point of view,
disease is very simply that alteration of living tissues
that jeopardizes their survival in their environment.

In the ecological context, infection is the result

of invasion or colonization of a microhabitat in a
host organism by symbiotic microorganisms.
Veterinarians contributed to endogenous ecology
through the investigation of ecological succession
and microbial ecosystems in the rumen of ruminants,
and studies of the colonization of the human
gastrointestinal tract opened a new field of
investigation (Sack, 1969).

Infectious diseases, and in special those that
involve complicated life cycles with free-living stages
and alternation of vertebrate and invertebrate hosts,
are of particular interest to ecologists. For them,
human and animal patients, as well as infected
plants, are ecological indicators. The real focus of
interest lies in the unraveling of the relationships of
all the elements interlinked in a complex network
that results in a disease.

Schistosomiasis provides a good example
(Bang, 1969; Dias et al., 1978). For many years it
was considered a human infection. The report of
introduced monkeys found naturally infected in the
Antilles was treated as a freak exception. During
the early 1950', field researchers in Africa and in
Brazil published the discovery of wild rodents with
the parasites. For the next twenty years, reports of
new findings appeared in the medical literature,
identifying over one hundred and fifty species of
distinct mammalian families and orders as natural
hosts. The question of the importance of non-human
reservoirs in the maintenance of endemic
schistosomiasis, of the possibility of animals
spreading the infection to schistosome-free localities,
and of their actual contribution to the epidemiology
of the disease could not be addressed without a field
investigation applying the proper ecological
methods. Those methods involved the estimation of
the size of several species’ wild populations, the study
of their natural patterns of behaviour, their territories,
movements and home ranges, longevity, food
preferences, preferred sites for the deposition of
excreta, and responses to human presence and
activities. Similar studies had to be made for the
intermediate snail hosts. Physical aspects of the
environment had to be determined, and the tolerance
levels for the larvae, young, and adults of all species
concerned had to be established. In water, velocity
of flux, pH, temperature showed to be all important
ecological factors, as was sunlight. The number of
viable eggs of schistosomes excreted by terrestrial
hosts that could reach water collections with snail
hosts, had to be compared with the contribution from
humans to establish their relative importance in the
epidemiology of the disease. Long term controlled
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experiments had to be made to see if the parasite
cycle could be maintained in the absence of human
hosts. Complex ecological models have been built
to try to estimate risk. They require the evaluation
of the chances that eggs of a parasite in the faeces of
a land mammal have to eventually reach the water,
in condition to infect a snail host, and of all the stages
in the life of the parasite to be eventually completed.

ENVIRONMENTAL HEALTH AND
SOCIAL RESPONSIBILITY

During the XIXth century a growing concern
with the protection of natural habitats led to the
establishment of the first national parks in the United
States. It represented a new way of looking upon
nature, distinct from the logic of the preservation of
strategic resources as trees for the building of ships,
or game for royal hunts, originated in the Middle
Ages. An international movement in response to the
warnings of natural scientists, concerned with the
threat of extinction of animal and plant species, led
to the adoption of laws for the the control of hunting,
fishing, and the over- exploitation of natural
resources around the world and to the creation of
the International Union for the Conservation of
Nature, later re-named to include Natural Resources.
Preservation of habitats evolved into the concept of
conservation, or rational use of nature, and recently
to that of sustainable development (Avila-Pires et
al, 2001). A series of international conferences took
place after 1960 (Avila-Pires, 1999a) and thirty years
later, in 1992, a summit meeting was held in Rio de
Janeiro where the Agenda 21 was drafted and
adopted. The inventory of the Earth’s biodiversity,
an old concern of naturalists and taxonomists became
a major preoccupation of governments, thanks to the
medical and drug industries.

The modern conception of the biosphere - a
name coined in 1875 by Suess, who credited his
inspiration to XIXth century’s proto-geochemistry
of Lamarck - was re-defined by Vladimir Vernadsky
(1929), to incorporate the cycles of elements on the
Earth’s crust. After WW2, the notion of
interdependence of living beings and the physical
environment gave also rise to the popular movement
known as ecologism. Its roots are found in the
collective fearsome realization that the Earth was
vulnerable and we had the responsibility of leaving
a clean environment to our heirs. Atomic bombs,
pesticides, pollutants, solid wastes and gaseous
emissions could jeopardize the survival of the human
race. A popular book by Rachel Carson published in

1962 catapulted medical (or health) ecology from
the laboratories to the media. It popularized
ecological ideas and originated the concept of
environmental health, or health of the environment.
Radiations, heavy metals, dumps of radioactive
materials, solid waste, polluted water from ponds to
oceans, are some of the subjects that became a matter
of concern of both scientists and lay people. Theories
concerning global warming and climate change
became popular subjects in newspaper and magazine
articles, news bulletins, conferences, and TV
interviews. They are nowadays the subject of
complicated international negotiations and the object
of agreements, disagreements, and treaties.

A few examples of the growing literature on
those subjects are enough to show how important
and multivariate they became, and a search at any
bibliographic database will disclose dozens, or
hundreds of books on each one of them.

A symposium on environmental geochemistry
in health and disease took place in 1968 (Cannon
and Hopps, 1971). Hinckle and Loring (1979)
presented an overview, by several contributors, of
the factors in the physical and social components of
the residential urban environment that bears upon
health, injury and disease. A growing literature on a
related topic, development policies on health, was
reviewed by Weil et al. (1990). The relationships
between health and environment in sustainable
development, a concept that arose at the Rio
Conference of 1992, was analyzed in a document
published by the World Health Organization in 1997.
Environmental epidemiology was the subject of a
guidebook published by the International Programme
on Chemical Safety (1983). A methodology for the
preparation of integrated studies on health and
environment impact assessment was published by
the British Medical Association in 1999. The
disputed and complex subject of climate change and
human health was covered in a book by McMichael
et al. that appeared in 1996. A report by a commi-
ssion of the World Health Organization encompassed
most, if not all, aspects of the problem, in Our planet,
our health (WHO, 1992).

In spite of the remarkable progress in our
understanding of the relationships between human
and animal health and our environment, and the
generalized concern with the impact of human
actions upon the biosphere, a widening gulf separates
the approach of scientific medical ecology from an
ideal conception of our planet, where nature is seen
as perfect, stable, ordained, equilibrated, and healthy.
A growing number of ONGs, with support from the
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media, spreads such ideal vision of the biosphere,
while an increasing number of individuals seek
comfort in alternative methods of treatment for real
or imaginary health problems. Some of those
methods are transplanted from ancient practices,
divorced from their cultural settings, and used outside
their original contexts. Social relativism and post-
modern philosophies have their part of responsibility
in this.

The science of ecology, based upon solid
scientific foundations has a virtual mirror image
which reflects a maze of false beliefs and half-truths
interwoven with ideological questions expressed in
a politically correct and pseudo-ecologic discourse.

It is a social responsibility of medical ecologists
to put this picture right.

KEYWORDS Ecology of Diseases. Environmental Health.
Conservation

ABSTRACT The science of ecology, based upon solid scientific
foundations has a virtual mirror image which reflects a maze of
false beliefs and half-truths interwoven with ideological questions
expressed in a politically correct and pseudo-ecologic discourse.
It is a social responsibility of medical ecologists to put this picture
right.
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