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Infectious disease has ranked as a major challenge to human progress, along with war and 
famine, and the leading cause of death and disability worldwide: at least 25% of human 
mortality is directly due to infectious disease (not complications thereof). This burden falls 
most heavily on children and disadvantaged minorities in developing countries.  There are 
too many diseases that are well documented in the literature to go through them in detail 
here. However, the key feature in many of these diseases is the fact that they are multi-
host pathogens and most cause acute febrile illness.
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The study of disease, especially zoonoses, depends on a thorough understanding of the 
interaction between the pathogen and the disease. 
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But the relationship between these three components is more complex than Koch’s 
postulates. Many factors affect human and animal susceptibility to disease. In addition, 
many factors influence the contact between humans and animals and disease carrying 
vectors.  Widespread environmental change and loss of biodiversity has far reaching 
consequences. 
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As Dr Weyer has pointed out, rabies is the poster child for a multi-host pathogen. Let me 
tell you about rabies in India as an example of how complex infectious disease 
epidemiology can be. In the 1990’s a precipitous decline in the number of vultures was 
noticed by an ecologist Mr Prakash who worked in a national park. Vultures play a crucial 
role in India in the removal of dead livestock, particularly cows which are venerated and 
therefore not consumed for food. The cause of the vulture mortality was eventually found 
to be an anti-inflammatory drug that was given to aging arthritic cows and is severely toxic 
to vultures.  However, the ripple effect of the vulture decline continues today because the 
absence of vultures has led to an explosion of other scavengers including feral dogs which 
are largely unvaccinated against rabies. As a result the human rabies epidemic in India 
began. The Who estimates that 18-20 thousand people, mainly children, die in India 
annually from rabies, or about 36% of the world’s human rabies cases. Rabies control 
requires a co-ordinated response from veterinarians to vaccinate dogs and discontinue the 
use of diclofenac, as well as education and the provision of correct medical diagnosis and 
treatment. To my knowledge the effect of increased numbers of other scavengers like 
rodents and the incidence of rodent-related disease in humans has not been studied.
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You may be aware of the spread of colistin and carbapenem resistant E. coli from China 
(reported in November 2015) to many other countries, including the USA (reported in 
August 2016). Antibiotic resistance genes occur in natural environments (soils, glaciers and 
water) and man-made environments such as hospitals as well as in people, their microbes. 
Oceans can become contaminated both by runoff of microbes carrying AR genes: 
Vancomycin resistant enterococci have been found in the sea after a sewerage spill and 
along shipping routes. Inappropriate use of antibiotics in human and livestock facilitate 
evolution of antibiotic resistant strains. 
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I would like to highlight the effect of human activities, including climate change, on the 
distribution and spread of vector-borne diseases. 
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Human and animal cases of the Angiostrongylus worm infection are increasingly common 
in Florida after re-introduction of the host, the giant African snail in 2011. The snail was 
initially introduced to Florida in the 1960s and eradicated thanks to a $1m budget. It is now 
thought to be transferred though the states’ large horticultural industry. The distributions 
of large numbers of insect-transmitted viruses are expanding throughout the world and the 
diseases they carry are too.
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In Brazil, on the 5th November 2015, a tailings dam of a local Samarco iron ore mine owned 
by BHP Billiton and Vale SA collapsed. A tidal wave of 32-40 m swept down river, drowned 
people, habitats and killed fish and other aquatic life. The accident polluted the Rio Doce
river causing Brazil’s most devastating environmental disaster. To date, the mine has not 
reopened or cleaned up the affected farming and forest. Flooded lands and lack of normal 
ecological control measured provided ideal circumstances for a population explosion of 
Aedes aegypti and other insects. At that point yellow fever was endemic in Brazil with a few 
cases a week largely in rural people far from vaccination programmes. The first human case 
of yellow fever in the central state of Minas Gerais where the accident occurred was 
recorded in Dec 2016. The epidemic has grown and spread, mainly affecting rural men who 
work in the forest. The disease was declared a national emergency in the state in 2018. An 
ecological disaster became a human health disaster, with loss of income due to loss of jobs 
and negatively impacted tourism. Not only that, on-going damage to the terrestrial and 
aquatic environment have decimating monkey and human food supplies in the forest and in 
February 2017, a yellow fever outbreak claimed the lives of over 600 monkeys, including 
the rare buffy headed marmoset. Other critically endangered monkeys are at risk making 
this a significant wildlife disease and conservation disaster. The forest has become 
uncannily quiet, as the numbers of the noisy brown howler monkey numbers plummeted. 
Sadly, people also kill the monkeys because they mistakenly think the disease is spread by 
them. The risk is that, as occurred in Luanda in Angola in Dec 2015, the disease could 
spread to the large urban areas. This is what happened with the Ebola virus outbreak in 
West Africa. So activities in many related health fields including education, vaccination, 
ecological reconstruction as well as vector control are needed to control the disease in 
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both humans and monkeys.
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Let us consider the recent Ebola virus outbreak from a shared pathogen perspective -
people largely become infected with the virus by foraging in the forest for bush meat until 
it’s disastrous spread to the cities. Ebola has, since the 1990’s represented a significant 
conservation risk to non-human African primates in central Africa, with repeated outbreaks 
causing serious population declines: over 90% (5000 gorillas) in a NW Congo sanctuary died 
of Ebola in 2003. Research shows that animal outbreaks of Ebola and many other shared 
diseases precede human outbreaks, and surveillance of animal mortality has helped predict 
and prevent human outbreaks through early warning systems where communication 
between veterinarians and doctors is in place. A recent World Bank report states that early 
control of zoonotic disease is both cost-effective and can prevent human disease.  In an era 
of tight budgets especially in developing countries, the economic savings can be enormous: 
the economic losses from the outbreaks of Nipah virus (Malaysia), West Nile virus (USA), 
SARS virus (Asia, Canada etc), HPAI, Mad cow disease (USA, UK) and Rift Valley Fever 
(Africa) between 1997-2009 are estimated to have been over USD 80 billion. We could use 
savings on that scale if we need to pay for free university education.
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Although bats are thought to be a reservoir, the pathways of disease transmission to 
humans are poorly understood and likely complex. Density factors affect all infectious 
disease dynamics: eg whole scale deforestation for overseas markets has facilitated 
congregation of maintenance and spill over hosts including humans around remaining fruit 
trees (especially in the dry season); expansion of human populations into the forest forces 
wildlife species into closer contact with each other; opening up of roads to export products 
as well as urbanization due to employment opportunities, war, poverty, poor health 
infrastructure influence human-human transmission rates and both the risk of disease and 
disease spread both through movement of infected humans and bush meat. 
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Lastly, it’s important to remember that infectious diseases can be transferred to animals by 
humans. The COVID-19 virus is a good example – as mink, cats, dogs and wild felids have 
been infected by humans. The number of cases of human tuberculosis in wild species at 
the NZG, mirrors the TB epidemic in South Africa.
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I hope I have convinced you that solving health problems requires co-ordination between 
many different fields. The world is a village, and as I hope the examples I have given 
illustrate, actions taken in one field almost certainly have consequences in other 
disciplines. 
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Discovery of the West Nile virus epidemic in the USA is a good example of how 
collaboration and communication between health officials in different spheres can work to 
improving human health: the virus was first introduced in the New York probably in an 
imported bird from Israel, and it was a veterinary pathologist Dr T McNamara that noticed 
that she was seeing increased mortality in free-flying crows in the Bronx zoo.  Zoo vets are 
in some ways better than doctors in detecting new diseases because they work with many 
species and expect new diseases including zoonoses. She suspected it was a viral disease 
and enquired of human colleagues, who commented that they were seeing higher than 
normal cases of human viral encephalitis but it was only when a veterinary colleague was 
able to isolate the virus that it became clear that it was a newly imported zoonotic disease 
affecting humans and horses as well as crows. Since then, the virus has spread throughout 
the United States and is now present in Canada and middle America. More recent research 
by ecologists has shown that cardinals and similar birds act as super-suppressors because, 
unlike species like crows, they don’t transmit the virus. Maintenance of forest patches with 
habitats for such species may be a way to reduce the viral population. It is important to 
know that insect eating bats eat between 600-1000 insects (including human and 
plant/crop pests) per hour – so habitats for bats should also be conserved. 
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The tools of the past - starting with pioneers such as Koch– have brought us to a good 
place. The cost, however, has been astronomical : we have been mortgaging the health of 
future generations  in order to realised economic and developmental gains in the present. 
Mining nature’s resources at an unsustainable rate and threatening our planet’s life support 
system in the long term. Biodiversity = robustness and our lives may depend on it. Two 
quotes by R Virchow.
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One Health is a tool to evaluate, monitor, treat and prevent shared human and animal 
health risks.  The pursuit of improving the health of people, animals and the environment 
requires an integrated world wide approach.
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