
 

001

Citation: Goka K (2023) The importance of the ecology of infectious diseases in the context of Chytridiomycosis and COVID-19. Glob J Infect Dis Clin Res 9(1): 001-008. 
DOI: https://doi.org/10.17352/2455-5363.000054

https://dx.doi.org/10.17352/gjidcrDOI: 2455-5363ISSN: 

C
L

IN
IC

A
L

 G
R

O
U

P

Abstract

Pathogenic microorganisms and viruses are components of ecosystems. They have constructed endemic interrelationships with specifi c host species throughout the 
history of coevolution The spillover of pathogens from natural habitats into other areas causes encounters between the pathogens and new hosts that have never evolved 
immunity or resistance. The result is a rapid spread of “Emerging Infectious Disease” (EID).

During the acceleration of globalization, humans and societies have come to be the targets of infectious diseases caused by pathogens that have emerged from 
natural habitats. In the past few years, the newest EID, SARS-CoV-2, has spread throughout the world and has caused serious harm to human health and welfare.

With the growing social concern about the risks of the EID pandemic, there has been discussion that the destruction of biodiversity and environmental changes are 
closely related to the EID pandemic. There is a need to rethink the importance of conserving biodiversity if humans are to control the risk of pathogenic viruses and live 
in harmony with them.

Review Article

The importance of the ecology 
of infectious diseases in the 
context of Chytridiomycosis 
and COVID-19
Koichi Goka* 
National Institute for Environmental Studies, 16-2 Onogawa, Tsukuba, Ibaraki 305-0053, Japan

Received: 06 February, 2023
Accepted: 24 February, 2023
Published: 25 February, 2023

*Corresponding author: Koichi Goka, National 
Institute for Environmental Studies, 16-2 Onogawa, 
Tsukuba, Ibaraki 305-0053, Japan, 
E-mail: goka@nies.go.jp

Copyright License: © 2023 Goka K. This is an 
open-access article distributed under the terms of the 
Creative Commons Attribution License, which permits 
unrestricted use, distribution, and reproduction in any 
medium, provided the original author and source are 
credited.

https://www.peertechzpublications.com

Introduction

My own specialty is conservation ecology and my work 
at the National Institute for Environmental Studies involves 
countermeasures to the risk of invasive alien species. It is a bit 
of a stretch for an ecologist to become involved in a fi eld with 
such serious implications for public health as infectious disease, 
but I think that biodiversity and various environmental issues 
are closely associated with infectious disease pandemics and 
I believe that cross-disciplinary discussions and research are 
needed to address the problems caused by infectious diseases.

In this paper, I review the results of my own work as a 
conservation ecologist on the Chytridiomycosis pandemic. 
I discuss the diversity and endemism of pathogens and the 
need to understand the evolutionary and ecological aspects 
of pathogens in order to manage the risks associated with 
infectious diseases.

I surveyed the literature on the origin of COVID-19 and 
its impact on human societies and ecosystems using Google 

Scholar, CiNii and J-STAGE. I carried out an evolutionary, 
ecological analysis of the COVID-19 pandemic over the past 
three years with the expectation that the analysis would 
reveal the importance of biodiversity conservation and global 
environmental management in the fi ght against emerging 
infectious diseases in the future.

Emerging infectious diseases of amphibians: chytridio-
mycosis

I fi rst became involved in infectious disease issues because 
of my interest in a fungal disease specifi c to amphibians called 
chytridiomycosis. Since the 1990s, the fungus has spread 
throughout the world and has caused a biodiversity crisis by 
threatening endangered amphibians with extinction [1-3]. 
In 2006, the disease was confi rmed in Japan in an Argentine 
horned frog, Ceratophrys ornata, that had been kept as an exotic 
pet [4]. This discovery led to fears that the chytridiomycosis 
invasion would lead to the extinction of Japanese amphibians.

Our research team investigated the status of infection of 
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amphibians throughout Japan and overseas, and we collected 
and analyzed samples of chytridiomycosis DNA. Our analyses 
indicated that the endemic Japanese giant salamander, Andrias 
japonicus, and the Okinawa sward tail newt, Cynops ensicauda 
popei, were likely the original hosts of the fungus and further 
experiments showed that Japanese frogs had developed 
resistance to the fungus.

We concluded from our analysis of these data that the 
fungus had originated in Asia, including Japan, and that 
native amphibians in Japan had acquired resistance to the 
fungus through a long period of coevolution with the fungus 
[5,6]. Subsequent global DNA surveys of the chytrid fungus by 
European and American research groups have also suggested 
that the fungus originated in Asia [7,8]. The fungus was likely 
introduced from Asia into various countries around the world 
during the international transportation of various amphibians 
for food and pet markets. The beginning of international 
transfer of the fungus may date back to the beginning of 
Japanese immigration to Brazil around 1900 [6,9,10] (Figure 1).

Serious impacts caused by the chytrid fungus have been 
concentrated mainly in rare amphibian populations in high-
altitude jungle areas of Latin America and Oceania. Excessive 
tourism in natural forest areas (e.g., ecotourism) has been 
identifi ed as a cause of the chytrid fungus’ entering deep jungle 
areas.

The results of a series of studies of the chytrid fungus 
have provided important insights into the ecological aspects 
of infectious diseases. Pathogens such as fungi and viruses are 
diverse. Some are endemic to particular areas and/or originated 
in particular habitats. During their coevolution with other 
wildlife in local ecosystems, some micro-organisms establish 
symbiotic relationships with wildlife. When humans encroach 
on natural ecosystems and export pathogens that have been 
isolated there, they can spread the pathogen to other habitats 
and cause an infectious explosion of the pathogen among 

animals in other ecosystems that are not resistant to the 
pathogen.

This process is consistent with the mechanisms that have 
caused the infectious disease outbreaks that currently pose a 
threat to human societies. The case of the infection of frogs 
by the chytrid fungus suggests the need to recognize the 
importance of biodiversity and ecosystem conservation to curb 
infectious disease outbreaks in human societies.

Biodiversity disturbance and emerging infectious di-
seases

The world of wildlife is home to a variety of pathogenic 
microorganisms, including fungi, bacteria and viruses. From 
the human perspective, pathogens may seem like a nuisance, 
but as members of the biota, they have evolved among wildlife 
populations since ancient times [11-15] and are thought to have 
played an important ecosystem function.

In other words, pathogens are thought to function as 
internal natural enemies in nature by parasitizing or infecting 
populations of organisms to weed out individuals with weak 
resistance or immunity and adjust the population size. The 
result is the maintenance of the balance of the ecosystem 
[16-18]. 

For example, when the red tide plankton Heterocapsa 
circularisquama blooms in unusually high numbers in the ocean, 
the “natural enemy virus” HcRNAV infects H. circularisquama 
and reduces its density [19]. Even in the world of spider mites, 
there are specifi c parasitic fungi that spread infection and 
suppress population density when spider mite populations 
become dense [20,21].

In addition, interactions between pathogens and hosts, 
such as the arms race coevolution of virulence and immunity, 
have been important evolutionary drivers of diversity in both 
pathogens and host organisms [22-28].

Figure 1: Estimated process of spread of the chytrid fungus Batrachochytrium dendrobatidis throughout the world based on DNA phylogeny [5] and 
analysis of historical specimens [8,9].
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Since the 1970s, highly lethal viral infectious diseases 
such as AIDS (Acquired Immune Defi ciency Syndrome), Ebola, 
West Nile Fever, SARS (Severe Acute Respiratory Syndrome), 
MERS (Middle East Respiratory Syndrome) and new strains of 
infl uenza have been emerging around the world and causing 
serious health problems for human societies. Many of the 
pathogens associated with these emerging infectious diseases 
are considered to have originated from wild animals [29-32]. It 
is believed that these epidemics are due to the fact that humans 
have encroached deeper into the world of wildlife [33-37].

Johnson, et al. [38] carried out a statistical analysis of global 
data on zoonotic and related viruses transmitted by various 
groups of animals and found that the status of domesticated 
species has the largest infl uence on the number of mammalian 
viruses shared with humans. They found that there were eight 
times more zoonotic viruses in a given species of domesticated 
mammal than in wild mammalian species. Their network 
analysis of virus-sharing relationships among wild and 
domestic animals indicates that domestic animals share viruses 
that cause infectious diseases with various wild animals. These 
results mean that species of domestic animals have become an 
interface between the natural world and human society in the 
transmission of viruses as areas of domestic animal husbandry 
have encroached into wildlife habitats.

The network analysis also indicated that primate, rodent 
and bat species appear to harbor zoonotic viruses that are not 
well connected to domesticated species and other wild animals. 
The implication is that these species share zoonotic viruses 
directly with humans, without amplifi cation by domesticated 
hosts to facilitate viral sharing among species in other orders. 
For example, it has been noted that spillovers of HIV, which 
originated in monkeys and the SARS virus, which originated in 
bats, were caused by close contact between wild animals and 
humans through hunting and traffi cking [39-42].

Johnson, et al. [38] found that threatened species whose 
population size has been reduced due to exploitation have 
over twice as many zoonotic viruses as threatened species 
listed for other reasons. This discovery points to the need 
for strict measures to control infection of (i) those involved 
in hunting and trading, (ii) researchers and activists involved 
in the conservation and protection of threatened animals 
and (iii) people involved in nature tourism industries such as 
ecotourism, who observe these animals (including tourists).

For example, most biologists are at a loss to answer the 
question of whether they have ever paid attention to the 
microorganisms that accompany the soles of their shoes 
during overseas fi eld research. In many cases, biologists have 
captured animals with their bare hands. In fact, there have 
recently been cases in Japan where such images have been sold 
in the popular media. However, unintentional direct or indirect 
contact with wild animals poses not only the risk of pathogens 
being transmitted from the animals to humans but also the 
risk of transmission of exotic pathogens from the humans to 
the wild animals [43-46]. Researchers need to be aware of their 
own risk of infectious disease transmission.

Ecological implications of COVID-19: origins and spillo-
vers

The novel coronavirus SARS-CoV-2, which has continued to 
cause serious human health problems since the fi rst infection 
was reported in China in late 2019, is also presumed to be of 
wild animal origin.

SARS-CoV-2-related viruses have been reported from 
various Rhinolophus bat species inhabiting Asia, including 
China [47], Cambodia [48], Thailand [49], and Japan [50]. The 
lineage RaTG13, which is carried by Rhinolophus ferrumequinum 
captured in Yunnan, China, is considered to be most closely 
related to the novel coronavirus at the whole genome level [51]. 
Because the coronavirus harbored by pangolins also exhibits 
RNA sequences homologous to SARS-CoV-2, it has been 
suggested that this animal is also involved in the origin of the 
new infectious coronavirus [52-54].

Temmam, et al. [55] investigated coronaviruses infecting 
Rhinolophus bats in Southeast Asia by focusing on the homology 
of the spike protein sequence, which plays an important role in 
infecting human cells. They found several viral strains whose 
receptor binding domain (RBD) sequences of spike protein 
more closely resembled those of SARS-CoV-2 than those of 
RaTG13.

These results suggest that a group of viruses that are 
precursors of SARS-CoV-2 have been circulating and evolving 
in wild animal populations such as bats and pangolins in the 
Asian region. In recent years, deforestation for the purpose of 
road development, drilling for mineral deposits and expansion 
of agricultural land has been rapidly progressing in China and 
Southeast Asia. It is speculated that the human disturbance 
of the wildlife-virus symbiosis zone in these areas has given 
SARS-CoV-2, which happened to have evolved into a human 
form, a chance to spill over into humans.

Ecological implications in COVID-19: infection spread 
and evolution

COVID-19, which spilled over from the wildlife world into 
human society, spread to all regions of the world in just a few 
months after the fi rst cases were identifi ed. The speed of the 
spread of COVID-19 suggests the virus’ strong infectivity as 
well as its adaptability and environmental tolerance, which 
have allowed it to spread into any environment, regardless of 
climate or altitude.

The continued evolution of the virus in humans through 
mutation and genetic recombination [56] has resulted in 
mutant strains with further enhanced infectivity, virulence 
and resistance to immunity [57]. Since the global epidemic 
began, the number of new cases of this virus has fl uctuated 
from country to country and region to region, but on a global 
level, the fi gure has always been several hundred thousand or 
more per day and the infection is always spreading somewhere 
in the world [58].

If this situation is viewed from a population ecology 
perspective, regional populations of viruses form a 



004

https://www.peertechzpublications.com/journals/global-journal-of-infectious-diseases-and-clinical-research

Citation: Goka K (2023) The importance of the ecology of infectious diseases in the context of Chytridiomycosis and COVID-19. Glob J Infect Dis Clin Res 9(1): 001-008. 
DOI: https://doi.org/10.17352/2455-5363.000054

metapopulation structure in which they are connected to 
each other through gene fl ow. Each population increases or 
decreases in number more or less independently but the risk 
of extinction is very low thanks to the connections between 
populations. This metapopulation structure is thought to 
support a large population of genetically very diverse viruses 
and to sustain the evolution and spread of new variants. Until 
effective therapeutic agents are available worldwide, the 
effective population size of the virus must fi rst be kept low to 
prevent the emergence of new mutant strains and to protect 
the medical community. It is important for each country to 
keep a close watch on the virus mutation and take adaptive 
measures to prevent infection.

Many cases of SARS-CoV-2 being transmitted from humans 
to captive and wild animals have been reported, and in 2022, 
a viral strain that evolved specifi cally within white-tailed deer 
in Canada was reported to infect humans [59]. This suggests 
that SARS-CoV-2 can evolve repeatedly in wild animals and 
produce a spill-back that can infect humans again. Surveillance 
of SARS-CoV-2 in wild animal species will therefore be an 
important issue in the future.

Sociological lessons from COVID-19: independence and 
equality required of states and the international commu-
nity

The reason for the rapid global spread of COVID-19, 
arguably the fastest in the history of infectious diseases, can be 
attributed not only to the infectiousness of the virus itself but 
also to an overly-growing global economy. Taking advantage 
of the high-speed human fl ow network and over-tourism 
around the world, the virus spread rapidly to the remote areas 
of the Amazon and to localized areas in the North and South. 
(Of personal interest was the fact that in 2020, despite reports 
of the spread of SARS-CoV-2 to ethnic minorities in Brazil, 
Iwate Prefecture in Japan was defending itself with zero cases 
of infection).

Because the entire world is so dependent on the global 
economy, the stagnation of human fl ows and logistics after the 
virus spread resulted in tremendous damage to the economies 
of countries around the world [60]. Lenzen, et al. [61] analyzed 
supply chain losses in each country during the fi rst wave of the 
COVID-19 pandemic and found that supply chain losses were 
particularly large in China, the United States, and Europe. The 
indication is that these countries and regions are the mainstays 
of the international economy.

In a global economy where effi ciency is a priority, the 
production of many products, both agricultural and industrial, 
is concentrated in regions where manufacturing costs can 
be kept low. In particular, the entire world is dependent on 
the global supply chain for most medical supplies. When the 
global supply chain was disrupted by COVID-19 and as demand 
rapidly increased, the entire world, therefore, ran out of masks 
and ventilators, and treatment could not keep up with the 
rapid increase in the number of infected people. The result was 
a risk of medical collapse [62]. It can be said that the large 
damage caused by COVID-19 was brought about by the over-
globalization of human activities.

Furthermore, the economic and medical crisis has driven 
many countries to nationalism, which has accelerated the 
prioritization of national and individual economies. That 
prioritization has resulted in the stockpiling of natural 
resources and vaccines as well as the monopolization of 
profi ts. The result has been a further increase in disparities 
and inequalities among countries and their citizens [63-65]. 
The relentless attack of COVID-19 on the socially vulnerable, 
including those who lacked access to medical care because 
of poverty or were forced to work in jobs with a high risk of 
infection, spurred the spread of the disease [66-70].

Ecological implications of COVID-19: emerging infec-
tious diseases and global environmental issues

From a macroscopic perspective of the global ecosystem, the 
COVID-19 pandemic can be viewed as a natural phenomenon 
that was bound to happen. In a natural ecosystem, the only 
energy supplied by the outside world is solar energy. Plants 
use this solar energy to produce organic matter through 
photosynthesis and animals use the organic matter as a source 
of energy for vital activities. When plants and animals die, 
they become detritus, which is decomposed by detritivores 
into inorganic substances that again become raw materials 
for photosynthesis. In this way, natural ecosystems have been 
maintained as fully cyclical systems (top panel in Figure 2).

The arrival of humans has upset the balance and 
sustainability of the global ecosystem. Humans are apex 
predators, and the human population now numbers 8 billion. 
Humans exploit all resources from the natural ecosystem while 
continuing to rely on fossil fuels such as oil for energy and 
the production of materials. They release massive amounts of 
waste and greenhouse gases into the natural world (bottom 
panel in Figure 2).

When animal populations become so numerous that they 
place a heavy burden on the ecosystem, natural enemies evolve 
within resilient ecosystems. At the present time, the natural 
enemies of humans, who are causing the environmental 
burden, are precisely the viruses that cause emergent infectious 
diseases (bottom panel in Figure 2).

Human populations, with their enormous energy reserves, 
are easy prey for pathogenic viruses, and there is no way to 
avoid infection. The emergence of infectious diseases is a 
natural consequence of the natural order of things and the 
emergence of COVID-19 is a poster child for the era of human-
caused environmental destruction.

In a natural ecosystem, the biomass of each species is 
limited according to the number of resources it can exploit, 
and a stable recycling system is maintained by the formation 
of a pyramid structure (top panel). However, humans use fossil 
fuels to supplement other sources of energy and produce food, 
and they reign as huge biomass at the top of the food chain, 
where they upset the balance of the ecosystem and cause a 
variety of global environmental problems. Emerging infectious 

disease-causing viruses are evolving as natural enemies of the 

overly numerous human population (bottom panel).
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Conclusion

The occurrence of two very different infectious disease 
pandemics, Chytridiomychosis and COVID-19, has led to a 
common theory: pathogens have a native habitat and a natural 
host. Humans have entered that habitat and/or displaced the 
natural host. The result has been pathogen spillover.

Conserving biodiversity and maintaining a precise 
distance between humans and wildlife are considered critical 
to preventing infectious disease pandemics. The COVID-19 
pandemic, in particular, exposed the fragility of crisis 
management that was brought about by the global economy. 
Because the COVID-19 pandemic also contributed to economic 
inequality and discrimination in human societies, it increased 
the scale of casualties. This global epidemic showed that 
inequality and poverty in human societies are major obstacles 
to disaster risk management.

The phenomenon of emerging infectious disease viruses 
evolving and attacking humans as a natural enemy must be 
viewed ecologically as a mechanism of ecological resilience. 
To control the risk of infectious diseases and build a safe 

and secure society in the future, humans must aim for social 
equity and peace and at the same time, we must transform to a 
nature-friendly way of life that enables the sustainable use of 
natural resources.

Limitations

This review is only an attempt by the author, a conservation 
ecologist, to present ecological suggestions for countermeasures 
against emerging infectious disease risks, including COVID-19, 
based on extant data. The attempt will require analysis and 
validation from the professional perspectives of virology, 
pathology and epidemiology.

It is my hope that this review will promote ecological- and 
environmental-science studies of the COVID-19 pandemic and 
that the results from these new studies will contribute to the 
future development of ways to control emerging infectious 
diseases.
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