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Some tendencies in the global parasitological situation are considered from
the point of view of ecological parasitology. As the world’s human population
continues to increase, it is very likely that the role of parasitic diseases in
global health will also increase in the future. Most of well-established agents
of infection continue to exist and require huge funding for their control and
treatment. Moreover, ‘new’ infectious diseases are starting to be important,
and they are very likely to become even more important in the future because
of the rising density of the human population and the number of domestic
animals, as well as the very low rate of natural selection for gene combina-
tions governing resistance to parasites in the human population. From an
ecological parasitology perspective, the appearance of such ‘new’ infections
as Lyme disease, ehrlichiosis, AIDS, and others is considered to be inevitab-
le, considering the rise of the human population. The evolution of agents of
‘new’ lethal infections is a real danger. Considerable additional funding for
research, prophylaxis and treatment of parasitic infections will be needed to
overcome the effects of parasites in the future. This is the result of our high
density and the very low rate of natural selection. The cloning of animals
avoids the need for sexual reproduction, which evolved partly to resist nume-
rous parasites. If it becomes common, cloning will need an enormous arsenal
of drugs and careful management to protect such ‘monogenetic cultures’,
which are especially vulnerable to parasitic infections.
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Developing the means to ensure healthy living and
working conditions for the current and future hu-
man generations during intensive economic and so-
cial development is an important aim of ecological
investigation. Numerous ecological problems related
to the rise of the world population, such as pollu-
tion of the environment, disappearance of rare spe-
cies, shortage of fresh water, habitat destruction, di-
minishing stability of the energy balance in the biosp-
here, climate change, and others have been a con-
tinual focus of interest for ecologists [6, 8, 12, 15,
20, 23, 26, 27, 42]. However, the role of parasitic
diseases in global health during the current marked
rise of the number of human beings and domestic
animals has been insufficiently emphasised in the
ecological literature. The main aim of this paper is
to specify some tendencies for the future of man-
kind during the continuing population rise, based
on the fundamental rules of ecological parasitology.
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One of the most important achievements of eco-
logical parasitology in the 20th century has been
the understanding that agents of parasitic disease
are normal co-habitants of any biocenosis, and that
parasites and epidemics are important among wild-
life to maintain the qualitative and quantitative sta-
bility of biocenoses [2, 4, 7, 16, 21]. Each popula-
tion of free-living organisms is parasitized by nume-
rous species of parasites [32]. Moreover, the num-
ber of parasitic organisms, including those of viral,
bacterial and protistal origin, is much larger than
the number of free-living ones. Parasitism influen-
ces host mortality and fecundity, and thus repre-
sents an important evolutionary force [2, 7, 16, 21,
38] that is likely to contribute to the evolution even
of such global biological phenomena as sex and se-
xuality [16-18]. From the point of view of ecologi-
cal parasitology, parasitism and parasitic diseases can
be regarded as a mechanism for the regulation of
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host population density and stabilisation of ecosys-
tems [4, 6, 7, 19, 21, 32].

According to different estimations [35], the ove-
rall species number of microorganisms, protists,
plants and animals varies from 5 to 30 million. Ap-
proximately 2 million species have been described.
The great majority of living organisms are of mic-
roscopic and small size, while the larger animals
constitute an insignificant part of the biota [6, 15].
Taxonomic diversity, including the ratio between mic-
roscopic and macroscopic organisms (Fig., A), is an
important factor stabilising the biosphere [6, 23, 24,
40]. The latter is a closed system, in which a very
large part of the production and destruction of or-
ganic matter depends on numerous microscopic and
small organisms [6, 15, 22]. This is the main expla-
nation for why microscopic and small organisms cle-
arly predominate in abundance in comparison to
macroorganisms. Each species has an unlimited po-
tential for reproduction [12, 22-24, 41]. Parasitism
regulates host population density via diseases [4, 6,
7, 21]. If the density of any population increases
notably (Fig., B), it usually becomes susceptible to
epidemics that stabilise it, in accordance with the
ecological potential of the environment, via reduced
fecundity and increased mortality. As a result, the
size distribution of living organisms fluctuates ac-
cording to an evolutionarily-developed ratio (Fig.,
A). It is important to note that the parasitic regu-
lation of each species abundance depends on the
density of the host population [4, 6, 19]. Further-
more, parasitic regulation of a host population usu-
ally commences before a species destroys its envi-
ronment, particularly its food resources, which is im-
portant as it helps to maintain stability of ecosys-
tems. Additionally, this is a unique mechanism re-
gulating the density of living organisms, including
numerous species of predators [7, 21].

Human beings evolved in natural biosphere con-
ditions that existed long before the unfavourable
changes induced by anthropogenic disturbance. The
early biological evolution of Homo sapiens as of any
other biological species, was controlled by parasites
and natural selection. The devastating epidemics of
plague, cholera, smallpox, malaria and the remar-
kable losses due to various helminthiases, which we-
re especially dramatic in cities and during wars in
the 14th—19th centuries, were well documented [5, 10,
13, 28, 34]. In the developing world, especially in
the tropics, parasitic diseases, including yellow fever
and other arboviruses, rotaviruses, tuberculosis, try-
panosomiasis, malaria, leishmaniasis, filariasis, schis-
tosomiasis and numerous other infections, are still
causing mass morbidity and high mortality [30]. Du-
ring the past 200 years the human population has
increased more than 5 times; currently it numbers

Fig. Diagrammatic representation of natural (A) and dis-
turbed (B, C) relationship between abundance (ordinate)
of living organisms and their linear dimensions (abscissa)
in the biosphere. A — the evolutionarily-developed distri-
bution of these quantities. The great majority of orga-
nisms are microscopic or small in size (bacteria, fungi,
protists, invertebrates). They clearly predominate in num-
ber, while the large organisms (vertebrates) constitute a
minute part of the biota. An increase in abundance of
any population (B, shaded area) is normally accompanied
by epidemics (arrows) which finally stabilise the number
of each species in accordance with opportunities availab-
le in the ecosystem. C — the current distribution of dif-
ferent sized organisms in the biosphere due to anthropo-
genic disturbance. The huge peak in the number of large
species (shaded area) is due to the marked increase in
the human population and the number of domestic ani-
mals. Such disproportion causes many parasitological pro-
blems which are likely to be even more severe in the
future because of the burgeoning of well-established, and
the appearance of ‘new’, agents of infection the function
of which, in an evolutionary context, is to stabilise the
rise resulting from unlimited breeding of any living orga-
nism in the biosphere. A return to stability may be cau-
sed by massive epidemics of parasitic diseases. Additional
explanation is given in the text.
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approximately 6-10° and is estimated to rise to over
8-10° in 2030. Currently, people use approximately
10% of all biosphere production. This exceeds the
permissible proportion of consumption of biota re-
sources by large animals by approximately a factor
of ten [15]. The current rise of the number of hu-
man beings and domestic animals (Fig., C) is based
not only on increased food production and indust-
rialisation, but is also related to the revolutionary
development of medicine and medical industry, which
involve considerable expenditure on research, pro-
phylaxis and treatment of parasitic diseases. The cur-
rent marked disturbance in the distribution of living
organisms according to their size due to a signifi-
cant rise in the number of human beings and do-
mestic animals (Fig., C) is one of the most drama-
tic illustrations of the conflict between mankind and
the biosphere. This leads to conflict between the
ecosystem stabilising mechanisms represented by
agents of parasitic diseases, on the one hand, and
the rise of the global population, on the other. Hu-
man beings have been increasingly affected by dise-
ases caused by viruses, bacteria, protists, helminths,
and arthropods. The majority of well-established di-
seases such as arbovirus infections, tuberculosis, ba-
cillary dysentery, pneumococcal pneumonia, salmo-
nellosis, malaria, leishmaniasis, schistosomiasis, and
many others still exist and require massive funding
for their control and treatment, in part due to the
development of resistance by many strains of para-
sites to commonly used therapeutic drugs. For exam-
ple, because of the emergence of drug-resistant
strains, tuberculosis has returned and now kills over
2 million people a year [37]. According to recent
estimates [36], malaria is responsible for about 1
million deaths and over 200 million episodes of cli-
nical disease in tropical Africa. About half a billion
people in Africa, Asia, and South America are ex-
posed to endemic malaria, which is estimated to cau-
se 2.5 million deaths per year, of them, 1 million
are children [33]. Over 40 million people have been
estimated to be infected with trematodes causing li-
ver and lung infections [30]. The number of reports
of such traditional helminthiases as fascioliasis and
anisakiasis has also increased significantly in human
beings since 1980 [14, 25]. Even developed coun-
tries are not always able to prevent the great losses
and mortality caused by well-established agents of
parasitic diseases. An epidemic of drug-resistant tu-
berculosis [37] and an outbreak of encephalitis cau-
sed by West Nile virus [11] in and around the New
York City in the 1990s are the examples. The out-
break of tuberculosis lasted for years and cost about
USS$ 1 billion. A low rate of natural selection for
parasite-resistant gene combinations in the human
population must also be taken into consideration as
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a factor contributing to the currently increased hu-
man mortality and morbidity from parasitic infec-
tions, but this is difficult to estimate. Health agen-
cies certainly need to be improved permanently all
over the world to control parasitic infections.

Due to unlimited global migration and the re-
markable variety of both habitat and diet, people
are exposed to more agents of parasitic diseases than
any other species [3]. In spite of the efforts of me-
dical research, Homo sapiens is one of the most
parasitised of all animals. Approximately 400 spe-
cies of protists, helminths and arthropods (excluding
ticks and trombiculid mites) have been reported as
parasites of human beings under natural conditions
[3]- The great majority of them are rare. However,
even obscure parasites represent an important evo-
lutionary reserve as possible agents of important di-
seases in the future. Numerous human opportunis-
tic infections may be a good illustration of this ten-
dency. For example, being considered a rarity until
the discovery of the Human Immunodeficiency Vi-
rus (HIV), cryptosporidiosis now accounts for up to
50% of all cases of chronic diarrhoea [30]. It is
important to note that, from the point of view of
ecological parasitology, the appearance of ‘new’ hu-
man diseases is not an accident but a biological ine-
vitability related to the rise of the world population
(Fig. 1, C). Human beings form a huge ecological
niche, which is currently insignificantly inhabited by
parasites due to the efforts of medicine and the
medical industry. One of the current theories of the
evolution [22] predicts that such ‘relatively empty’
ecological niches themselves stimulate the evolution
of their exploiters. This is in accordance with an
important and well tested rule of ecological parasi-
tology which states that a marked rise of density of
any population creates favourable conditions for the
distribution of parasites and epidemics [7]. The cur-
rent demographic ‘explosion’ of the human popula-
tion is such a case. Such ‘new’ infections as the
Acquired Immunodeficiency Syndrome (AIDS), Ly-
me disease, ehrlichiosis, and some others, which we-
re recognised for the first time only in the second
part of the 20th century, are burgeoning. Rotavirus
infections kill about 600,000 children world-wide, and
currently there is no way to prevent the infection
[39]. Two decades after AIDS was first recognised
as a new infection, about 50 million people became
infected and approximately 20 million died [31]. This
is very close to the number of Europeans killed du-
ring the most devastating epidemics of plague in
the 14th century [9]. Because of the rise of the glo-
bal population and the number of domestic animals,
the importance of parasitic diseases for mankind is
likely to increase in the future due to burgeoning of
well-established infections and the appearance of
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‘new’ ones. The appearance of ‘new’ agents of let-
hal parasitic diseases, especially those of viral and
microbial origin, which have a great advantage in
the rate of evolution and adaptation to new hosts
due to their huge fertility and speed of reproduc-
tion, is very likely. Such infections are an ecological
factor which tends to stabilise the rise both of hu-
man and domestic animal populations (Fig. 1, C). It
is important to note that, because of a decreased
mortality from parasitic infections in developed coun-
tries and thus a very low natural selection rate for
gene combinations to resist parasites, the number
of susceptible individuals permanently increases in
the human population. Correspondingly, this leads
to an increased probability of devastating epidemics.
Due to the current molecular revolution in biology,
development of genomic technologies, and compu-
tational advances, the perspective of new drugs and
vaccine production has increased remarkably. Ho-
wever, these advanced biochemical and molecular
methods are expensive. Furthermore, global problems
such as drug-resistant pathogens, appearance of ‘new’
infections decreasing natural selection and thus the
accumulation of susceptible gene combinations in the
human population remain. African countries, which
are home to an estimated about 70% of all HIV-
infected people, currently receive a mere US$ 160
million for AIDS prevention. However, the World
Bank estimates that Africa alone needs about USS$
1-2.3 billion for this purpose [9]. The pharmaceuti-
cal industry is spending huge funds on research and
development. For example, the Centre for Medicine
Research International in the United Kingdom spent
over US$ 40 billion for these purposes in 1999 [1].
Unfortunately, about one-third of the world’s hu-
man population does not have access to essential
drugs [33]. Parasitic infection is an important pro-
blem for both public health and economic and so-
cial stability in every nation, especially in develo-
ping countries. The AIDS epidemic markedly stimu-
lated biomedical research and pushed it into the
global political arena. Mankind will certainly need
to provide considerable additional funding to main-
tain healthy life in the future. This is the cost of
our high density and the very low rate of natural
selection. A return to the natural proportion of lar-
ge organisms in the biosphere (Fig. 1, A) may be
caused by massive epidemics of parasitic diseases.
The evolution of agents of ‘new’ lethal infections,
especially airborne ones, which have a rapid rate of
distribution, is a real danger.

It is very likely that the important issues of ani-
mal cloning [29] may aggravate parasitological pro-
blems of mankind. One of the recent theories of
the evolution of sexual reproduction suggests that
sex and sexuality evolved, in part, to resist nume-

rous parasites [16-18]. Due to recombination, each
new sexual generation is genetically different from
its parents and thus is a ‘new habitat’, to which the
agents of infectious diseases need to adapt. Due to
natural selection, this adaptation takes time and is
costly in energy for the parasites. From the point of
view of the theory of sexual selection, cloning by-
passes the evolutionarily-developed sexual reproduc-
tion which continually provides hosts with new gene
combinations to resist parasites. Adopting cloning
as a common means of reproduction necessitates pro-
viding additional funding to resist parasitic infec-
tions.
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PARAZITINIU LIGU PRAKTINE REIKSME:
PROGNOZE EKOLOGINES PARAZITOLOGIJOS
POZIURIU

Santrauka

Atskleistos kai kurios globalinés parazitologin€s situacijos
plétros tendencijos ekologinés parazitologijos poziiriu.
Zmoniy ir naminiy gyviiny populiacijos gali toliau augti
tik didinant parazitiniy ligy tyrimo, profilaktikos ir gydy-
mo finansavima. Kadangi parazitizmas — nuo populiacijuy
tankio priklausantis reiSkinys, o Zmoniy ir naminiy gyvi-
ny skaiCius pasaulyje be paliovos didéja, parazitiniy ligy
vaidmuo ateityje taip pat sparciai didés ir turés dar dau-
giau praktinés reikSmeés nei dabar. ISlieka dauguma seny,
gerai zinomy infekciniy ligy, kuriy profilaktikai ir gydy-
mui reikia nepaprastai daug léSy. Atsiranda ir plinta nau-
jos parazity sukeliamos ligos. Tokiy naujy infekcijy kaip
Laimo liga, erlichioze, AIDS ir kity XX a. antrojoje pu-
s€je atsiradimas ir spartus plitimas ekologinés parazitolo-
gijos pozitriu yra desningi reiSkiniai, susij¢ su dramatis-
kai padidé¢jusia biosferos egzistavimo désniy ir augancios
zmoniy populiacijos disproporcija. Didziulis papildomas
finansavimas bus reikalingas ateityje, siekiant iSvengti di-
déjancio parazity poveikio zmonijai. Gyviiny klonavimas
yra zingsnis atgal nuo vyraujancio biosferoje lytinio dau-
ginimosi, kuris evoliucionavo kaip vienas i§ parazitams
pasiprieSinimo btdy. Masinis gyviiny klonavimas pareika-
lauty didziuliy 1éSy apsaugoti nuo parazity tokias mono-
genetiniy kultdiras, kurios yra ypac jautrios infekcijoms.

Raktazodziai: parazitiniy ligy evoliucija, Homo sapiens,
zmoniy populiacija, ekologin¢é parazitologija, gyviiny klo-
navimas, sveikatos apsauga



