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Summary 

The Introduction provides a brief background on some relevant aspects of basic epidemiological theory 

related to the constraints that a finite population of hosts imposes on a pathogen to maintain a sustainable 

infection in the long term. On the one hand, frequency-dependent (typically sexual) transmission is 

potentially capable of being sustainable within relatively small populations, assuming that the pathogen 

has a means of ensuring long-term survival in an individual host in order to maximise the chances of 

onward transmission to other such individuals: typically a conspecific, although contact with flesh and 

blood may lead to ‘spill-over’ infections of other species. At the opposite extreme is density-dependent 

transmission mediated by indiscriminate means which may be either direct, through physical contact or 

by way of aerosols, respiratory droplets or faeco-oral transmission, for example; or by way of 

contaminated water or biotic vectors. Thus, in contrast to frequency-dependent transmission, pathogens 

which are reliant on host densities to sustain their populations are generally dependent on a very large 

element of chance in finding a new target of the same host species. 

In the long-term, the population of a pathogen is potentially unstable in simple evolutionary terms: 

selective pressures would be expected to inexorably lead to the pathogen’s increased virulence and the 

extinction of its particular host reservoir and thus the pathogen itself, unless it can find a new host 

population to transiently maintain itself. That this does not occur is the result of the fact that, to be able 

to survive and reproduce, the pathogen’s hosts are not passive targets: they have evolved a hierarchy of 

defence countermeasures in order to try to assuage such assaults, as part of an ongoing ‘arms race’ down 

the generations of those involved. As a result, such immune defence measures mean that, in vertebrate 

hosts which live in small groups such as typical of humans for much of their evolutionary history, 

pathogens causing only short-term infections will die out: their host’s acquired immunity will protect 

against reinfection by the same strain of pathogen.  

On the other hand, available evidence suggests that early hunter-gatherer groups of humans were 

infected with endemic viral pathogens which had been inherited from their anthropoid ancestors as 

‘hierlooms’; so far as can be speculated based on present-day evidence, these were mainly DNA viruses. 

After establishing an acute infection (which allowed an initial spread of contagion amongst the then-

existing members of a group), these were able to establish a latent infection in immune-privileged 

tissues; thereafter, contagious propagules reappeared at a generally much later date in at least a 

proportion of the population originally infected – typically as a result of aging and/or decline in the 

host’s immune system – to pass the disease on to immunologically naïve offspring and other 

newcomers. Tuberculosis, which was acquired as an infection of humans or their immediate ancestors 

(possibly due to the use of fire in smoke-filled caves) has a somewhat similar strategy.  

An alternative is that, rather than a pathogen being a specialist limited to only one particular species of 

host, it could instead evolve to be more of a generalist. The output of density-dependent pathogens 

(amongst viruses, rabies is a notable exception) is shed into the general environment, with infection of 

the same species of host being a matter of chance: indeed, with host species which are typically 

dispersed or live in small groups, the pathogen’s progeny are more likely to encounter potential host 
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species other than that from which they were shed. Thus there may be a selective advantage in being 

generalists which can be opportunistic to some degree at least and thereby try to establish infections in 

other, potentially new host species. Such ‘spill-overs’, or zoonoses, have been the source of various 

more recent human diseases, extending up to the present-day and more than likely into the future.    

The migration of groups of anatomically modern humans (with their associated disease burden) from 

Africa led to encounters with archaic humans (Neanderthals and Denisovans), and thus presumably at 

least some of the latters’ diseases (with hybridisation also playing a role in helping to combat these 

through sharing of genes for innate immune defence mechanisms). Subsequently, as human society at 

large has evolved, it is considered to have gone through three epidemiological transitions. The first and 

third of these have been the result of the acquisition of zoonotic diseases which have spilled over from 

other animals, to become endemic in some cases; it is suggested here that the distinction between these 

two is blurred. The second transition as generally recognised is related to the appearance of other, non-

communicable diseases and is only considered in passing. 

The first of these epidemiological transitions started with the so-called Neolithic Demographic 

Transition at different times in different areas, when groups of humans settled down and developed 

agricultural methods. The resulting increased, long-term contact with animals which were progressively 

domesticated in certain regions of the world, together with peri-domestic animals such as rats and mice 

which came to be associated with human settlements, provided the opportunity for certain of these 

animals’ diseases to spill over and possibly establish chains of infections in their potential new human 

hosts. The lack of hygiene and latrines also contributed to this scenario. An emerging awareness of viral 

infections found worldwide in humans today, together with their distribution in other animals, suggests 

a number of potential diseases which existed from this time in human populations, if not before. 

Thereafter. the growth and accretion of various societies to form progressively larger centres of 

population led to the emergence of ‘crowd diseases’ such as smallpox, measles and influenza: diseases 

which spilled over from domesticated farm animals to cause acute infections in humans as what were 

initially frequent ‘souvenirs’ from this more intimate contact. Once human populations were large 

enough, however, these could evolve to become endemic as new ‘heirlooms’, being sustainable without 

the need for continuing spill-overs from the original host reservoir. Having originated in a particular 

geographic region, these newly endemic diseases could then spread as a result of the progressive 

increase in contacts with other parts of the world, often with disastrous consequences for those on the 

receiving end. That zoonotic diseases are still a major issue today, given globalisation and the further 

increase in connectivity between disparate areas, is exemplified by the recent establishment of human 

immunodeficiency viruses as endemics; and by the recent threat posed by the West African Ebola 

eruption, for example.  

The fact that influenza A viruses are enzootic to wild populations of water-birds but can spill over to 

infect poultry together with pigs and other domesticated mammals poses the continuing threat of giving 

rise to a future human pandemic; East and Southeast Asia have been identified as a major potential 

source of such spill-overs, with intensive farming techniques increasing the potential risk. Other 

zoonotic spill-overs which, so far at least, have turned out to be less of a threat include irruptions – 

again centred on Southeast Asia in the case of the Nipah and SARS viruses, for example – which have 

wild mammals as their natural reservoirs and, in some cases at least, domesticated mammals as their 

intermediate amplifying hosts. To this end, known sources of potential human viral and tuberculosis-

related zoonoses are reviewed, with particular reference to this region, which is a recognised hot-spot 

for the emergence of these and other, as yet unrealised, possible threats to the world at large. 

New diseases originating as spill-overs have had profound historical influences, as evidenced by the 

Black Death and by the effects of smallpox and other contagions in the spread of European colonialism. 

Today, when spill-overs do occur, they can often incur considerable socio-economic costs over and 

above those directly associated with the disease itself, as exemplified by recent cases of SARS and 

Ebola; an important reason for this is associated high case-fatality ratios amongst those infected and the 

resulting spread of aversive behaviour and fear due to the threat of contagion. It is generally considered 

that not only increasing human mobility but also the development of intensive animal-rearing systems 

(and the associated mobility of livestock) pose a continuing threat through the appearance of new 
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variants of existing zoonotic diseases; together with the emergence of ‘new’ ones in peripheral 

communities colonising previously largely unoccupied land as a result of the relentless spread into what 

had been effectively virgin sylvatic habitats.  

This emphasises the need to adopt a One Health approach: monitoring of wild and (peri-)domestic 

animal populations (including humans) for pathogens associated with past and/or potential future spill-

overs, together with establishing networks of contacts amongst the medical and veterinarian professions 

along with policy-makers, educationalists and other stake-holders in order to prepare for what is 

generally considered to be an inevitable future pandemic, be it from a new strain of influenza A or 

another threat, whether identified (e.g. more virulent mutations of Nipah, SARS, MERS or other such 

viruses) or as yet unrecognised as such. To prepare for and thereafter contain any future spill-overs, 

there is the need for build the confidence of local communities, including traditional healers and 

religious bodies, through their active engagement; whilst being aware of factors which may work 

against this, including resistance to persuasion about modifying established cultural practices and also 

the spread of rumours and mis-information, including through the social media. More broadly, there is 

also the need to integrate and coordinate responses at the national, regional and global levels, as 

appropriate. 
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Core Text 

The following extracts and expands upon some of the key points in the various sections of 

the monograph, most especially Section VIII: full referencing (together with extensive 

footnotes) is provided in the monograph itself. 

I. Introduction 

Pathogenic diseases are a fact of life since its origins in the distant past, including for early humans as 

a result of ‘heirlooms’ inherited from their anthropoid ancestors. This long ancestry means that the host-

parasite relationship is dynamic, centred around evolutionary pressures acting on both parties to select 

for those members which maximise their own survival and, ultimately, the reproductive output of their 

respective complements of genes. In so doing, a parasite diverts some of its host’s limited resources 

towards its own ends, creating a ‘tension’ with the latter. Evolution will thus favour those individuals 

of a host population which develop defence mechanisms against such intruders: protective barriers to 

exclude parasites, together with the means for eliminating any that penetrate these, or at least for 

minimising the loss of such resources in situations where infection succeeds. The dynamic nature of 

evolution means that there is a never-ending ‘arms race’ between the parasites and their hosts. 

Furthermore, whilst humans have lived for much of their more than 200,000 year history as scattered, 

often nomadic hunter-gatherer groups, the transition to agriculture and the growth of ever-larger, more 

interconnected settlements thereafter has added another layer of complexity to this host-parasite 

dynamic, through not only the acquisition of ‘souvenir’ zoonotic infections as a result of ‘spill-overs’ 

from interactions with wild and other (peri-)domestic animals; but also some of these infections 

becoming established as endemics circulating within the human population at large (for example, 

smallpox, measles and the influenzas). Such spillings over of other diseases have continued up to the 

present, when the continuing growth and increasing interconnectedness of human populations has led 

to the emergence of ‘new’ viral diseases such as HIV/AIDS, Nipah, SARS, MERS and Ebola onto the 

radar of the medical and public health communities as potential epidemic or pandemic threats, one 

which has been realised in the case of HIV/AIDS.  

The rest of this section will consider some basic epidemiological aspects, with particular reference to 

‘micro-parasites’ (microbes: mainly viruses, bacteria and protozoa) which cause clinical diseases (i.e. 

those with manifest symptoms of infection). Thereafter, subsequent sections will consider the evolution 

of the human disease burden, mainly with regard to viral infections, in the face of that of society at 

large, and possible future threats (whilst bearing in mind the dictum “expect the unexpected”). However 

it should be noted that, as is becoming increasingly clear, the human microbiome includes not only 

parasites which cause overt disease but others which are normally symbiotic and may even benefit their 

hosts: various types of bacteria provide classic examples of this, but there is emerging evidence that the 

same may also apply for infections with certain viruses. 

It has traditionally been thought that communicable diseases should evolve to become relatively benign 

in their natural host species. Thus any viral or other pathogen which causes harm to its host was held to 

be maladapted; it would either evolve to be less markedly pathogenic or else die out along with the 

hosts which were infected. However this goes against a fundamental tenet of evolutionary theory: 
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evolution can only operate on existing organisms and the passing of their genes on to the next generation 

(their reproductive fitness), meaning that natural selection is blind to the long-term. Thus when two 

genotypes of a particular pathogen differ in their virulence,2 and hence their deleterious effects on their 

host as a consequence, the more virulent one would be expected to win out by producing more offspring 

to potentially infect other hosts. Taken to its logical conclusion, evolution should lead to a progressive 

ratcheting up of virulence over successive generations of the pathogen through the selection of those 

most productive mutations and their consequent progressively faster spread through the population at 

large, all other things being equal. Thus there would be incrementally more serious effects on their 

hosts, leading to the ever more rapid incapacitance and demise of many or all of the host population; 

the end result is that the parasite also dies out as a consequence. 

However, in reality, the life-cycle of a micro-parasite depends on two opposing factors: the need to 

establish an infection within an individual host, using the latter’s resources to maximise population 

growth therein; and the need for the current host’s survival for long enough for onward transmission to 

potential new ones thereafter. Increased host exploitation will have potentially more benefits in terms 

of the number of propagules produced, and thus the immediate evolutionary fitness of a particular 

pathogen at the expense of that of its present host; however this is associated with the costs that any 

increase in virulence has on the viability of the present host and hence its ability to serve as a source of 

infection of new hosts, with consequences for the fitness of the pathogen in the longer term. Thus there 

is an overall trade-off, between these two in order to optimise progression through the typical life-cycle 

and thereby maximise the pathogen’s chances of establishing a sustainable population.  

As with other types of parasite, the transmission of viruses to new susceptible hosts may be mainly 

frequency- or density-dependent, although there are intermediates between these two extremes. The 

former is typified by sexually-transmitted diseases; it is based on the number of contacts made by the 

infected host with others which are susceptible, being thus dependent on behavioural interactions rather 

than casual contact. Hence transmission is independent of host population density, so that such viruses 

can potentially persist indefinitely in even relatively small populations. The main constraint is that the 

pathogen is able to infect its host for sufficiently long in order to ensure onward transmission to at least 

one new conspecific on average, so as to maintain the chain of infection in the long term. This may be 

achieved not only by horizontal transmission between individuals but also vertically down the 

generations, from mother to young. Hence this mode of contagion automatically imposes a brake on the 

ratcheting up of virulence: new hosts have to survive long enough in order to be able to transmit the 

virus on to others, with the extreme where the offspring have to become sexually mature and thereafter 

mate in order to sustain a chain of transmission. Thus evolution should lead to a decreasing trend in 

virulence, potentially towards commensalism rather than parasitism, at least in small populations. 

Density-dependent transmission, on the other hand, involves random encounters, whether by direct 

contact or by way of a vector or other intermediary, with the probability of these increasing in proportion 

to the potential host population’s density. Conceptually, this means that a micro-parasite should evolve 

to maximise its basic reproductive number (R0): the “expected number of secondary cases caused by a 

single infectious individual in a fully susceptible population” (Viana et al., 2014), where unity reflects 

a simple one-to-one transmission chain.3 R0 is based on a variety of parameters, such that: 

  R0 ∝ SLβ 

where S is the number of susceptible individuals in the host population; L is the average duration that 

an infected host remains infectious; and β is the transmission coefficient, a measure of the onward 

transmission rate of the micro-parasite (its ‘strength’ or ‘force’). Values higher than one imply an 

exponential growth rate as a result of spreading infection; whilst those less than unity indicate a dead-

end infection (where R0 = 0) or a sputtering one which soon peters out. 

                                                            
2 As noted by Schall (2002), this term is interpreted differently by various authors; here it is considered to be 

proportional to the number of offspring produced by an intracellular parasite and their potential ability to infect 

as many new cells as possible (within the same host or a new one), thereby having manifest negative clinical 

consequences for the current host as a result in cases where the microbe is a pathogen.  
3 Note that such R values are averages: some individuals in a host population may be ‘super-spreaders’.  
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Thereafter, this Section considers the implications of the foregoing equation in terms of: 

1. strategies for optimising R0 from a density-dependent pathogen’s point of view;  

2. the impact of past ‘arms races’ with previous generations of the host species on the innate 

immune systems of the current hosts and thus the value of S;  

3. the spread of infection, the effective reproductive number (Re) and the effects of host population 

size, such that there is a critical community size (ST) below which the host species cannot serve 

as a sustainable reservoir; and the associated impact of 

4. so-called herd immunity when ST decreases to below unity as a result of a proportion of the host 

population in excess of 1 – (1/R0) being or having become4 resistant to further infection.  

  

Figure 1 Summary of some of the strategies that pathogenic viruses, together with the 

tuberculosis bacillus, have evolved to adopt in order to maintain sustainable infections of the 

normal host reservoirs. Black-filled boxes indicate that infection spreads from symptomatic hosts 

to those with whom they are in contact (directly or indirectly through sit-and-wait). Grey boxes 

indicate that only a proportion of individuals are infective; for rabies, this is because the ‘dumb’ 

outcome presumably has a lower transmission probability compared with the ‘furious’ one. 

Further details are provided in later sections of the text.  

It then considers viral strategies to circumvent some of the above problems, more especially where S 

for a particular host species is small and thus ST a limiting factor. 

1. One strategy is to establish a typically prolonged, latent infection whereby the virus can ‘hide’ 

from the host’s immune system to re-emerge and become infective at a later date, with the 

tuberculosis bacillus adopting a variant on this strategy (see Figure 1). Thus this converges with 

traditionally as frequenc-dependent. 

2. Another is for the pathogen to not specialise in just one host species but be a generalist able to 

infect a variety of different ones which it may encounter as a result of being broadcast from its 

current host (including new ones as a result of ‘spilling over’: so-called zoonoses). 

3. The case of the introduction of the virus which causes myxomatosis in rabbits to control this 

pest in Australia and France is briefly described.5 

                                                            
4 Through acquired immunity, including through vaccination as a result of modern medicine. 
5  “[C]oevolution of [this virus] and rabbits is a classic example of natural selection acting on virulence as a 

pathogen adapts to a novel host species” (Kerr et al., 2015). 
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Figure 2 A highly schematic generalisation of the stages in the establishment of an endemic human 

virus, based on the reviews of Wolfe et al. (2007a, b) and Woolhouse et al. (2012); examples of candidate 

viruses are indicated in the right-hand column. There are three major transitions with likely evolutionary 

implications: the initial spill-over from a reservoir to establish ‘souvenir’ stage 2 infections; the capacity 

for such infections to become progressively more virulent (in the sense of more infectious) in humans 

during stages 3 and 4; and the eventual specialisation of various viruses as endemics only able to infect 

humans (stage 5). 

II. Zoonotic Diseases 

3. Overview    

Where zoonotic spill-overs occur into other than the normal host species: 

1. this may lead to the over-activation of the latter’s innate immune system and a runaway positive 

feedback induction of inflammatory responses as a result of a ‘cytokine storm’, often with high 

case-fatality ratios (as seen with Ebola virus infections); 

2. thus such spillings-over typically have a low R0 

and lead at most to stuttering chains of infection 

which soon die out; 

3. however frequent such zoonotic events may mean 

that successful mutant pathogens can arise and 

become established in the new host species. 

Many modern human infectious diseases are now known 

to have originated as spill-overs (as is covered in later 

Sections).  

1. In the past, these have been apparently through 

sustained contact with domestic animals, where 

known. 

2. Such spill-overs were often unsustainable initially, 

due to small local human populations (Stages 2-3 in Figure 2). 

3. However increasing human population densities thereafter has allowed several to proceed 

towards Stage 5. 

                                                            
6 FAOSTAT, accessed 9/viii/2016 

Table 1 Production of selected livestock 

as a percentage of the world total in 2014. 

Numbers in brackets indicate ranking 

compared to other countries in the world, 

taking the ASEAN countries of Southeast 

Asia as a unit.6 

 China ASEAN 

Chickens 21.7% (1) 15.1% (2) 

Ducks 58.7% (1) 20.4% (2) 

Pigs 48.7% (1) 7.7% (2) 

Cattle 7.9% (3) 3.3% (7) 

Sheep 16.7% (1) 1.4% (20) 
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4. Increasing human encroachment onto previously largely uninhabited areas has increased the 

likelihood of encounters with novel viruses and other pathogens. 

5. The increasing global production of livestock, most especially in China and ASEAN (Table 1), 

increases the risk of these acting as intermediaries in the spilling over of pathogens from 

wildlife (as exemplified by influenza A).  

Table 2 Rabies as a threat to humans in various countries in the region, together with the efforts to monitor 

and control it.7  

 
Most recent 

occurrence Notifiable 

Bite 

incidencea 

Probability 

dog is rabid 

Mortality 

ratea  

Dog vaccination 

coverageb 

Brunei --- Yes 0 0.000 0.00 70.0% 

Cambodia Ongoing No 650 0.735 2.96 0.6% 

Indonesia > 1 zone Yes 105 0.442 0.08 23.8% 

Laos  --- --- 133 0.724 0.59 1.4% 

Malaysia > 1 zone Yes 0.001 0 0.00 70.0% 

Myanmar Ongoing Yes 1188 0.735 9.02 0.6% 

The Philippines Ongoing No 231 0.608 0.18 10.0% 

Singapore 1953 Yes 0.001 0 0.00 70.0% 

Thailand Ongoing Yes 587 0.201 0.09 49.5% 

Vietnam > 1 zone Yes 378 0.429 0.40 25.0% 

Australia 1867c Yes 0.001 0 0.00 70.0% 

Bangladesh Ongoing Yes 101 0.673 0.57 5.1% 

China  > 1 zone Yes 1108 0.555 0.44 14.2% 

India > 1 zone Yes 693 0.545 1.72 15.0% 

Timor Leste --- --- 105 0.442 0.00 23.8% 

a  Per 100,000 of human population. 
b The convergence on 70.0% presumably reflects having met the WHO’s (2013c) 

recommendations regarding minimum coverage for effective containment through 

achieving herd immunity in dogs.  
c  Excluding recent cases attributable to bats. 

2. Rabies: The Archetypal Zoonosis  

The rabies virus is typically transmitted from the bites of infected animals, most usually rabid dogs, 

although contact with aerosols or the body fluids of butchered animals which have been infected may 

also be a source. It spreads to infect the nervous system and effectively take it over, and thus the 

behaviour of the host; during this time, it also spreads from there to peripheral targets, including the 

salivary glands whence it can be transmitted by biting of potential future hosts. Infection is inevitably 

fatal in the absence of vaccination (typically as post-exposure prophylaxis) using an approach pioneered 

by the French chemist Louis Pasteur. 

Table 2 summarises recent data on rabies in the region.  

                                                            
7 From http://www.oie.int/wahis_2/public/wahid.php/Countryinformation/Animalsituation (accessed 22/vii/16) 

and Hampson et al. (2015b). 

http://www.oie.int/wahis_2/public/wahid.php/Countryinformation/Animalsituation
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Rabies is the top priority of the Ministry of Health of the Royal Government of Cambodia with regard 

to known zoonotic diseases. This reflects the fact that, with an estimated 800 to 900 cases each year, 

the immediate impact of rabies far exceeds that of the 56 human cases of avian flu over the eleven years 

up until 2014. A review of rabies cases treated by the Institut Pasteur over the period 1998–2007, mainly 

in Phnom Penh and the surrounding districts, identified dogs as the predominant source of human 

infections, with mortalities almost two orders of magnitude more than those from malaria or dengue. 

There is no evidence that attempts to cull stray dogs or wildlife reservoirs is effective in containing the 

rabies risk to humans; instead vaccination of these is the only effective route as part of a more broad-

based campaign involving local communities, as exemplified by a self-sustaining programme initiated 

in 2007 in the province of Bohol in the Philippines (see Section VIII.4). The ASEAN Rabies 

Elimination Strategy for the goal of a “Rabies-free ASEAN by 2020” was endorsed in observance of 

World Rabies Day on 28 September in 2014; this proposed to adopt an integrated ‘One Health’ approach 

(see Section VIII.4), including a drive for mass vaccination of at least 70% of dogs. Such conjoint action 

is necessary as part of the global goal of controlling rabies: whilst Malaysia was originally considered 

to be rabies-free after a case in 1999, a recent one appeared in a northern part of the country, close to 

the borders with Myanmar and Thailand. Another important component of this programme is education: 

surprisingly, a survey of rural villagers in Cambodia found that, whilst 69% thought that diseases could 

be caught from animals, less than 5% of those interviewed were aware that rabies was one, compared 

with 65% for avian influenza.  

III. The Origins of Present-Day Human Diversity: A Brief Synopsis 

The general picture which has emerged based on available fossil and other evidence is that anatomically 

modern humans (Homo sapiens) arose about 200,000 years ago on the savannahs of East Africa 

(although a recent fossil finding has both pushed back the time of their origin and their original range), 

as one branch of H. heidelbergensis which had appeared there about half a million years ago from H. 

erectus, the original developers of stone tools (Figure 3). Prior to this, some bands of H. heidelbergensis 

initiated a spread out of Africa about 500,000 years ago, to subsequently evolve into H. 

neanderthalensis adapted to the cold climate in Europe and Asia, as well as into Denisovans, a sister 

clade in Asia. 

1. Early Human Societies  

During their early history in Africa and for much of the time thereafter, anatomically modern humans 

were hunter-gatherers on East Africa. They likely lived in small groups, albeit with local 

communication amongst these. There is no overall support for much of the so-called ‘aquatic ape’ 

hypothesis. 

2. The Emergence from Africa  

Genomic and other evidence indicates that there was a major out-of-Africa migration of hunter-gatherer 

groups of H. sapiens about 50-60 thousand years ago, associated with an increased sophistication of the 

tools being produced. However modelling based on climate data and the associated sea-level changes 

during the late Pleistocene suggest several earlier ‘windows’ which may have permitted such initial 

migrations in response to unknown drivers. This and other suggestive evidence has led to the 

controversial conclusion that there may have been at least one prior migration of other anatomically 

modern humans eastwards along the southern coasts of Arabia and Asia towards Australia. 

Associated with the migration(s) out of Africa would have been many inevitable encounters with 

archaic humans. On the one hand, Liu et al. (2015) speculated that the evident presence of modern 

humans in southern China 80-120 thousand years ago, much earlier than in the Middle East or Europe 

(45 thousand years ago), might have been because greater competition with archaic humans in the latter 

areas acted as a brake on expansion as a result. On the other, there is accumulating genomic evidence 

for some degree of interbreeding with indigenous Neanderthals,  possibly in the Middle East during the 

initial phase of outward movement; and also, for present-day Melanesians and indigenous Australians, 

in particular, with Denisovans. Apart from sharing genes, they must also have exchanged diseases. 
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Figure 3  An attempt to capture the overall evolutionary pathways leading up to present-day 

humans. Note that this (as indicated by the long-dashed lines; those ending a diamond represent the 

approximate time of extinction) and the timeline are for heuristic purposes only: rather than being 

a simple ‘static’ family tree, attempts at tracing the ancestry of modern H. sapiens are dynamic, in 

a constant state of flux reflecting accruing evidence and controversy about how this should be 

interpreted (e.g. Lordkipanidze et al., 2013;. Meyer et al., 2016). Whilst H. floresiensis (the 

‘hobbit’) is now accepted as a bona fide diminutive hominin species from Indonesia (cf. the 

cautious approach of Klein, 2009), the dating of the remains has been recently revised back (Sutikna 

et al., 2016) and morphological analyses indicate that it may have originated from an earlier 

migration of a sister group to H. habilis, the evident ancestor of H. erectus in Africa (Argue et al., 

2017). There is growing evidence that there was at least some interbreeding of anatomically modern 

humans (H. sapiens) with archaic humans (H. neanderthalensis and Denisovans) who had preceded 

them into Eurasia, indicated by the lines with open-ended arrows at either end. Further details are 

provided in the text.  

3. Prehistoric Climate-Change as a Constraint and a Driver of Subsequent Human Evolution  

During this time, the drawn-out glacial-interglacial transition from the late Pleistocene to the early 

Holocene meant that there were complex fluctuations in temperature and resultant temporary returns to 

predominantly glacial conditions, the most recent being the Last Glacial Maximum (26,500 to 19,000 

years ago: the ‘Ice Age’). These led to local population contractions into refugia which (if they did not 

die out) created bottlenecks (the ‘Holocene Filter’) with limited ‘founder’ gene pools when the 

population underwent a rebound expansion in response to the return of more clement climactic 

conditions. The resulting differences between populations (ethnic groups or ‘races’) as a result of 
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genetic drift and selection processes8 thus mean that present-day H. sapiens is ‘polytypic’.9 Lahr (2017) 

identified the end of the main bottleneck as the melting of glaciers with the onset of the present 

interglacial, 14-15 thousand years ago with the transition to the Holocene. As a result, human 

populations rebounded to expand and diversify regionally, with the development of intensive foraging 

strategies and subsistence-farming (rather than traditional hunter-gatherer ones), leading up to the 

Neolithic Demographic Transition and thus the development of formal agricultural systems in different 

locales (see Section V).  In turn, this led to population growth and the need for further expansion as a 

result of the demand for suitable land for farming, with family-groups moving into areas not otherwise 

under cultivation. In addition, trade between often distant communities developed, mainly involving 

male members of the community, with the potential for the largely passive transfer of culture (including 

farming practices and linguistic elements) with often limited interbreeding. 

Thereafter, once much of such suitable land was already settled, continued expansion of populations 

with their increased demands for resources and other pressures led to territorial expansion, initially at 

the expense of their immediate neighbours, again typically involving mainly males; and later the 

occupation and colonisation of more distant lands by families of settlers at the expense of the local 

populace. As with previous stages, this would be expected to include the potential, at least, for the 

sharing not only of different alleles of genes but also strains of infectious diseases.  

4. The Progressive Development of Societies in Southeast and South Asia  

Until recently, reconstruction of the prehistory of humans in Asia has depended on scattered 

archaeological studies together with ethno-linguistic ones. However the so-called ‘Holocene gap’ 

means that it is difficult to determine to evolution of societies in Southeast Asia prior to about 2,000 

years ago, including tracking the importance of rice and other agricultural staples.   

Mainland Southeast Asia is home to five different language families – Austroasiatic, Tai-Kadai (Kra-

Dai), Tibeto-Burman, Miao-Yao (Hmong-Mien) and Austronesian – which originated in what is now 

southern China and adjoining regions with the development of agriculture and the domestication of rice. 

Subsequently, speakers of these spread centrifugally because of the resulting competitive advantage 

over indigenous hunter-gatherers or subsistence farmers.  

Linguistic and genomic studies suggest that the oldest migration involved speakers of Austro-Asiatic 

languages (Figure 4A) from southern China and what is now Laos. Subsequently, in the east, speakers 

of Austro-Asiatic languages were displaced or (more likely) assimilated over part of their range by an 

influx of those of a third linguistic family, Tai-Kadai, as a knock-on result of the Mongol expansion 

affecting southern China. Further west, there was an influx of speakers of Sino-Tibetan (Tibeto-

Burman) languages down the valley of the Salween River into what is now Myanmar, as well as portions 

of northeastern India. Elsewhere on the Indian subcontinent, evidence from linguistic, archaeological 

and genomic studies indicates that the presumed original Austro-Asiatic inhabitants were displaced over 

much of their range by post-Neolithic incursions from the northwest down the Indus valley, first by 

Dravidians who were in turn pushed southwards by Aryans (Indo-Europeans). As a result, the present-

day genetic diversity on the subcontinent is second only to that of Africa. Moreover, these studies have 

shown that this is associated with genomic evidence that the latter invasion, in particular, underlies 

present-day differences between ‘castes’; this practice would presumably have served as means of ‘ring-

fencing’ the spread of contagious diseases, to some extent at least.   

Whilst the expansion of the foregoing three language families would seem to have been mainly confined 

to the mainland, the fourth has been mainly associated with island Southeast Asia and beyond: linguistic 

                                                            
8 Including local strains of their infectious diseases. 
9 There is no evidence for so-called ‘racial’ differences. Thus comparisons of the genomes of even widely different 

ethnic groups with regard to general characteristics such as skin-colour, physiognomy and stature, for example, 

have found that there is little underlying differentiation, in terms of absolute differences in the allelic frequencies 

of specific genes. This reflects the fact that the control of such characteristics is under polygenic control by a 

diversity of often multi-functional (pleiotropic) genes: for example, height is determined by the interactions of 

alleles of at least 180 different genetic loci, with local selection pressures (whether purely natural or cultural, or 

a meld of the two) resulting in a shifting of the overall balance amongst these various alternatives. 
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analyses provide evidence that the Austronesian language family originated on Taiwan (Figure 4B). 

Speakers of what was to become the Malayo-Polynesian subfamily emigrated to the Philippines, to 

thenceforth radiate out through island Southeast Asia and beyond, to the islands of Polynesia (Far 

Oceania) as well as westward to Madagascar.   

In addition, Austronesian speakers later spread back from island Southeast Asia to the mainland: 

peninsular Malaysia and, more recently, the Champa polities of coastal central and southern Vietnam. 

Subsequently, as a result of conflict with the Khmer empire and then the downward movements of 

Vietnamese, speakers of Cham languages were displaced to refugia inland and on the island of Hainan. 

 

Figure 4 Overview of the evident evolution of the geographical distribution of the (A) Austro-

Asiatic and (B) Austronesian linguistic families in South and Southeast Asia. 
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5. Conclusions  

The initial expansion of the original founding population of emergent anatomically modern humans, 

first in Africa and then the emigration of one or more subsets of these world-wide involved small groups 

of families which split once they exceeded the number able to be supported by the present locale, or for 

other reasons. That the situation was likely to have been more complicated is indicated by present-day 

evidence that (reminiscent of similar observations regarding latitudinal differences in biological species 

and habitat diversities) there is a latitudinal gradient in cultural diversity, including that of languages 

and language families. These are more localised as discrete small groups in tropical regions; whereas 

the more seasonal and unpredictable, less productive higher latitudes support lower population densities 

with more extensive home-ranges and increased contact between groups. A correlational analysis found 

that low ethnic diversity was related not only to lower population densities and lesser habitat diversity 

but also to the latitudinal distribution of selected non-viral pathogens. Thus, it was speculated that 

pathogen burdens might have constrained the development of more complex indigenous societies at 

lower latitudes through effects on average individual productivity, as well as at least partially limiting 

communication and cooperation between neighbouring groups. This recalls the neo- and xenophobic 

components of the proposed ‘behavioural immune system’ which underpins Fincher and Thornhill’s 

parasite-stress hypothesis of sociality, as an explanation of linguistic and other cultural differences. 

Some other studies have suggested that spatial and temporal vagaries in productivity may have meant 

that, subsequent to the Neolithic Demographic Transition, agriculturalists had to rely on interactions 

between groups in order to seek buffers against risks associated with sedentarism, at least in the short-

term. This is especially likely to have been important in the floodplains of what is now temperate China, 

where the sustainable development of padi rice-culture south of the Yangtze River was communal (due 

to the need to develop irrigation systems and then to coordinate the resulting harvest), as compared with 

more northerly regions where wheat was the main cereal, being grown on small-holdings. In this regard, 

it can be speculated that the increased communal activity associated with padi-based agriculture in 

China and elsewhere in eastern Asia, together with the use of the irrigated fields by migratory and other 

water-fowl, may have seen the first emergence of strains of influenza A adapted to humans (with or 

without pigs as intermediary ‘mixing vessels’), to thereafter spread through transmission-chains as a 

result of increasing regional and, subsequently, transcontinental population movements; and that the 

development of intensive farming techniques over the past few decades has exacerbated this situation 

(see Sections VI.2, VII.1 and 4.i, VIII.3).  

For the most part, more long-range interactions typically involved mainly males, whether for trading or 

for raiding (or invading in the longer term), in search of access to needed (or at least desired) 

commodities.10 A corollary of this is that males are the ones most likely to be involved in the initial 

exchange between different societies of different strains of pathogens they have in common, together 

with other novel ones endemic to their respective environments (thus representing the first stages of the 

Third Epidemiological Transition). This inevitably complicates efforts to try to reconstruct the 

underlying patterns of viral evolution with respect to time and place of origin. 

Moreover co-evolution, whether of ancestral heirloom infections or novel, geographically restricted 

‘souvenir’ pathogens means that particular populations have developed at least a degree of resistance 

to locally important such threats. This is best documented for the various types of malarial protozoan 

parasites; more distant human populations are increasingly unlikely to share such defence mechanisms. 

Thus malaria and various arboviruses were a major threat for northern Europeans in their invasion and 

colonisation of the tropics; whilst their previously acquired endemic diseases had a profound impact on 

those they sought to conquer. Given the perceived threat of such exchanges for the invaders and those 

they invaded, the ‘behavioural immune system’ of Fincher and Thornhill might, through its xeno- and 

                                                            
10 Thus a ‘star cluster’ of characteristic present-day Y chromosome lineages have been attributed to the Mongol 

emperor Genghis Khan and his immediate male relatives: it is found throughout the extent of the original 

Mongol empire, in about 8% of all males there and thus about 0.5% of all males world-wide (Zerjal et al., 2003). 

Similarly, another Y chromosome lineage has been found at a high frequency (about 3.3%) in Mongolia and 

minority populations in northeastern China, which appears to date back about 600 years and has been suggested 

to be related to the founding of the patrilineal Qing Dynasty (1644–1912) by Manchu nobility.  
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neophobic components in particular, might serve to limit any such exchange of pathogens as suggested 

by the establishment of the caste system after the Aryan invasion of northern portions of the Indian 

subcontinent with its large, diffuse and diverse population; and by the emergence of racism.  

    IV. The Ancestral Human Communicable Disease Burden 

1. Overview  

Based on immunological surveys of so-called ‘primitive’ societies living as largely isolated small 

communities in sylvatic areas (with slash-and-burn agriculture and relatively settled small villages) in 

the upper reaches of the Amazon basin, Black (1975; Black et al., 1974) identified three different 

categories of infectious diseases likely to circulate in early humans.11 

The first of these comprised a few viral endemic diseases, which were mild but with high incidence and 

long-lasting (often latent: Figure 1) infectiveness after being acquired at an early age. Van Blerkom 

(2003) and Harper and Armelagos (2013) proposed additional members of this list of so-called 

‘heirloom’ diseases inherited from ancestral hominins. 

Black et al.’s second category comprised vector-transmitted arboviruses12 (and also e.g. malaria); these 

were characterised by a progressive increase in incidence with age in certain areas, as a result of chance 

exposure.  

Their third consisted of transient acute infections within a community causing an epidemic which then 

died out as a result of acquired immunity. Hence Black envisaged that any such infection was 

maintained by travellers circulating amongst communities, re-introducing infection into those where 

there were immunologically-naïve children born after a previous epidemic. 

The rest of this section will focus on the first of Black’s three categories, the so-called ‘heirloom’ 

pathogens; the third will be considered further in Section VI, whilst vector-borne diseases will only be 

considered incidentally throughout. 

2. DNA Viruses 

i. Herpesviridae  Apart from productive (‘lytic’) infections for the initial transmission to other cells (in 

the same host individual or another), these viruses exemplify one common strategy that allowed certain 

diseases to persist in small hunter-gather groups through establishing latent infections (Figure 1).  

a. Alphaherpesvirinae Human herpes virus 3 (varicella-zoster virus) causes varicella (chickenpox), 

typically in children where infection leads to a transient rash which disappears after a few days as a 

result of the activity of the immune system. In the short-term, infection can be passed on through 

aerosols as a result of coughing in the otherwise ‘silent’ period prior to appearance of the rash; thereafter 

an additional source of infection is from the exudate of the blisters. At an early stage in infection, the 

virus also invades sensory nerve terminals innervating the area of the rash to establish a latent infection 

in their cell bodies in the central nervous system; after a prolonged delay, the virus may reactivate in 

response to senescence, stress or other causes of depressed immune function, to then spread back down 

the axons to re-infect skin cells to cause a new, more widespread rash (‘shingles’ or zoster; more severe 

than the original chickenpox) which again serves as a means for spreading infection to those who are 

immunologically naïve (e.g. those born after the last outbreak). As a consequence, this would help to 

maintain the virus’ circulation down the generations within a small population.  

An overall similar strategy is also seen in herpes simplex viruses 1 and 2, which are mainly associated 

with cold sores and genital herpes respectively: a short-term infectious rash is accompanied by the 

                                                            
11 Black (1975; Black et al., 1974) noted the earlier work of Polunin on the diseases of the Orang Asli (indigenous 

peninsular Malays) was based on studies of peoples who have been in extensive contact with outsiders, both 

historically and in the recent past, and thus were unlikely to represent an ‘ancestral’ condition. 
12 Arthropod-borne viruses infecting vertebrates (e.g. dengue, Japanese encephalitis, yellow fever and Zika 

viruses). 
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establishment of latent infection in central sensory neurones to potentially reactivate transiently later in 

life in response to psychosocial and other stressors.  

b. Betaherpesvirinae Cytomegalovirus (Human herpesvirus 5) is associated with infections which are 

generally subclinical: there is an initial systemic phase, followed by latent infection in monocyte cell-

types of the immune system. Virions may subsequently be reactivated to be shed in various body fluids. 

Human herpesviruses 6 and 7 are two other betaherpesviruses which are closely related to each other, 

with an overall similar strategy.  

c. Gammaherpesvirinae The Epstein-Barr virus (Human herpesvirus 4) infects at least 90% of the 

population world-wide. Transmission is from mother to young in developing countries, enhanced when 

food is pre-masticated before being given to infants; infections are asymptomatic or with only minor 

non-specific effects. In developed countries, on the other hand, infection occurs mainly in adolescents 

as a result of exchange of saliva, leading to the development of infectious mononucleosis (glandular 

fever; originally called the ‘kissing disease’); whilst this eliminates most of the infected cells, some 

remain in the tonsils and elsewhere, where they can be reactivated at a later date, leading to the infection 

spreading to epithelial cells and viral excretion by the latter. There is also evidence that transmission 

may occur through male and female genital secretions. 

Kaposi’s sarcoma-associated virus (Human herpesvirus 8) is also found world-wide but with regional 

variations. Transmission is likely to be normally by way of saliva, mainly by horizontal transmission 

from the mother and from siblings. Again, latent infections can be reactivated in immuno-compromised 

individuals; as a result, the virus is a major cause of a type of cancer in AIDS patients. 

ii. Polyomaviridae These viruses are associated with persistent infections in humans. Sero-

epidemiologic studies indicate that BK and JC polyomaviruses are found worldwide in the kidneys of 

70-80% of adults as a result of childhood infection. Available evidence indicates that transmission of 

the JC virus is mainly from parents to offspring through prolonged cohabitation (almost a half of those 

infected discharge the virus in their urine); transmission may also occur by saliva and respiratory 

droplets, since these viruses are also found in the tonsils. Whilst normally asymptomatic, infections 

may be tumorigenic in immuno-compromised patients. A variety of different strains have been 

identified in the JC virus, in particular; however attempts to relate these to the original movements of 

humans out of Africa are inconclusive overall, probably because of the complex subsequent intermixing 

of host populations, in Southeast Asia as elsewhere.  

iii. Papillomaviridae Members of this family target basal epithelial cells of the skin and mucous 

membranes, wherein they proliferate; the infected cells also proliferate as neoplasias, leading to the 

creation of warts and papillomas. Transmission occurs through physical contact with these or shed cell 

husks; given that some virus-infected cells remain behind in the basal layer, infection would seem to be 

potentially life-long. Whilst the viral DNA normally remains as extra-chromosomal episomes it may be 

incorporated at random into the host cell’s genome; depending on where it is inserted, it may render the 

cell cancerous. One strain, human papillomavirus 16, is particularly oncogenic; it has been suggested 

recently that this may its having been acquired from Neanderthals. 

iv. Hepadnaviridae The hepatitis B virus is a leading cause of death worldwide. Apart from perinatal 

transmission from mother to child at birth, infection can also be spread by contact with infectious blood 

or other body fluids, including as a result of sexual activity; the virus can persist in the environment and 

remain potentially infective for at least a week after being shed and thus might enter through breaches 

in mucous membranes or the skin. The initial infection is typically asymptomatic in the young, with the 

majority of those infected through vertical transmission from the mother being immune-tolerant and 

thus going on to develop chronic infections with little or no evidence for liver pathology during a 

tolerant phase which may persist for up to at least 30 years although they are highly infectious through 

horizontal transmission. However the progressive random incorporation of viral DNA into the host 

cells’ genomes during this time may lead to the development of hepatocellular carcinomas. Where 

infection is delayed to progressively older ages as a result of horizontal transmission, the tolerant phase 

is progressively foreshortened; most adults only develop acute infections, with associated hepatic 

insufficiency, although 5-10% subsequently develop chronic hepatitis (generally milder than the acute 

response, but liable to lead to cirrhosis or hepatocellular carcinoma) after a variable period as 
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asymptomatic ‘silent’ carriers. Thereafter, in chronic infections, the disease transitions to an immune-

active (chronic or immune clearance) phase, where the liver may become inflamed and, in a proportion 

of cases, cirrhotic; this may alternate with inactive phases.  

Thus hepatitis B viral infection has the potential for long-term infections which can span the generations 

in a small, contained society. A variety of different strains have been recognised world-wide, with 

genotypes B and C and their associated subgenotypes mainly found in East and Southeast Asia, together 

with Australasia and Oceania; unlike other genotypes where studied, they have been mainly associated 

with vertical (primarily mother to new-born) rather than horizontal transmission. These two genotypes 

have been associated with more severe disease and more likely to proceed to chronic infections than 

genotypes A or D. However interpreting their distribution, including in relation to strains found 

elsewhere, is problematic; some evidence has been interpreted to suggest that some Asian strains may 

possibly have spilled over from other local apes (gibbons and/or orang utans); or may be shared with 

them through biting insects.  

v. Adenoviridae Most infections are asymptomatic in immunocompetent hosts; where clinical features 

develop, these are commonly associated with fever and respiratory symptoms, although some strains 

cause gastroenteritis. Even in asymptomatic individuals, virus may be shed from the respiratory or 

gastro-intestinal systems for a prolonged period of months or years as a result of infection spreading to 

lymphoid tissues such as the tonsils and the adenoids where latent infections may develop to be 

subsequently reactivated. Once shed, the viruses are resistant to environmental degradation, including 

through digestion by the gastrointestinal tract, and thus can be picked up from contaminated solid 

surfaces.  

vi. Parvoviridae Human parvovirus B19  causes mainly cold-like symptoms with respiratory secretions 

serving to spread the disease, although a mild rash (erythema infectiosum) may develop in children; 

about 20% of those infected are asymptomatic. There is evidence for cycles with a 3-4 year periodicity, 

with such as teachers being (re-)infected. Van Blerkom (2003) argued that B19 has a long evolutionary 

history in humans, based on its endemism worldwide and the fact that most species of parvoviruses are 

highly host species-specific. Seroprevalence studies indicate that half of German children in the age-

range 6-10 years had been infected, rising to about two-thirds of adolescents and about three-quarters 

of adults, with a similar pattern elsewhere in Europe. A study in Finland and Germany confirmed that 

this virus establishes life-long infections, remaining detectable in the tonsils, skin, liver and synovia as 

well as in pooled serum samples. 

3. RNA Viruses  

Other workers have only identifies one RNA flavivirus as a likely heirloom: the HGV/GBV-C virus or 

human pegivirus (one of the previous names for this was the hepatitis G virus, although there is no 

evidence that it is associated with liver disease, despite being related to the hepatitis C virus). Different 

strains have been identified in different parts of the world but again it has proven difficult to relate these 

to population groupings: intravenous drug use may have contributed to making the overall picture 

murky. 

4. The ‘Molecular Clocks’ Problem  

Traditionally, fossils have been used to build up a picture of how animals with hard skeletons have 

evolved over time; this is clearly impractical in the case of the likes of bacteria and viruses, for example. 

i. Development of Molecular Clocks as a Concept The incompleteness of the fossil record means that 

other attempts have been made in order to study the past evolution of organisms, including for dating 

the ancestry of different groups of humans. These have been based on the comparisons of the amino 

acid sequences of proteins and, more recently, those nucleotides in DNA. However such clocks have 

often given date-estimates which are contradictory with each other and through external calibration with 

the fossil record. 

ii. Molecular Clocks and the Study of Viral Evolution The same applies for viruses, more especially 

those using RNA, where dates derived from internal calibration are much more recent than would be 
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otherwise expected based on other evidence based on attempts at external calibration. The reasons for 

this are likely to be due to the fact that, whilst replication in these viruses is intrinsically error-prone 

(potentially an advantage in the need for adaptations as part of an ongoing arms race with the existing 

host species and also to open up the possibility of productively spilling over to infect new ones), there 

are constraints in the number of sites for particular mutations which are sustainable in the long run.  

5. The Origins of Tuberculosis  

The bacillus Mycobacterium tuberculosis initially establishes an asymptomatic latent infection (Figure 

1), typically in the lungs. Subsequently, the bacteria may become reactivated, possibly many years later 

and in only a proportion of those originally infected: typically about 10% prior to the HIV/AIDS 

pandemic. This development of a post-primary clinical disease typically occurs in old age (possibly 

related to immuno-senescence) or earlier as a result of poor nutrition or in otherwise immuno-

compromised patients: presumably this is in response to signals from the current host indicating possible 

demise, so that there is selective pressure for the bacilli to become activated for onward transmission to 

new more viable vehicle if they are not also to die out.  

Most other members of the genus Mycobacterium are so-called non-tuberculous saprophytes which 

break down plant matter in water systems and the soil, although some are also opportunistic pathogens 

of animals. As part of everyday life, early hominid populations would be exposed to these, from which 

the ancestral lineage of the M. tuberculosis complex evidently evolved to become an obligate parasite. 

It has recently been proposed that the disease originated as a result of early cave-dwellers’ use of fire: 

in such a confined space, this may have predisposed individuals to developing and sharing 

mycobacterial infections as a result of smoke-induced respiratory ailments. Subsequent evolution and 

specialisation meant that what was originally certain members of an opportunistic species became 

obligate pathogens. Moreover, having adapted to humans, available evidence indicates that the 

bacterium then spilled over into wild and domestic mammals (notably bovids: see Section VII.5.i). 

There is evidence that the bacterium accompanied humans out of Africa; and that different lineages are 

associated with different geographical regions, with different levels of pathogenicity, the Beijing strain 

of lineage 2 being a problem because of its virulence and the development of multi-drug resistance.  

6. The Question of Viral Commensals  

It has long been recognised that various bacteria typically exist as commensals with their hosts (typically 

on the skin and in the gut in humans), living together with them without normally causing any 

demonstrable disease unless the host is immuno-compromised or else exposed to an atypically high 

infection-load. This possibility has generally been ignored in the case of viruses: until recently, the 

search for viruses has been centred on those causing specific diseases such as hepatitis, based on the 

assumption that if an infection takes over part of a cell’s ‘machinery’ then it must have adverse effects, 

leading to the manifestation of overt clinical disease with consequences for those individuals infected. 

However, the human pegivirus would seem to be one candidate for a commensal RNA virus (see above). 

There is evidence for a number of DNA viruses which are commensals and thus possibly heirloom 

infections, rather than heirloom diseases. Potential candidates include members of the families 

Anelloviridae (represented by the TT viruses in humans) and Circoviridae, together with other members 

of the so-called superfamily of CRESS-DNA viruses.  

7. Conclusions  

All but one of those viruses proposed to have been heirloom infections from hominin ancestors are 

DNA viruses; and that, amongst RNA viruses, retroviruses – most especially spumaviruses – are notable 

by their absence, although human T-cell lymphotropic viruses are potential candidates in this regard 

(see Section VII.9.i).  

i. The Passage of Heirlooms It has been tempting to hope that comparative studies of pathogen 

phylogenomics might provide support for, and be supported by, genomic and other approaches to 

identifying the nature and time-course(s) of early anatomically-modern humans’ major movements out 

of Africa, allowing for the possibility of ‘zoonotic’ spill-overs from the archaic humans they met and 
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to some extent hybridized with (see Section III.2). With regard to the former, at least, this has been 

realised to some extent with studies on M. tuberculosis, as noted above. Studies on the stomach 

bacterium Helicobacter pylori, which may also be a human heirloom, also appear to be related to past 

major migrations, overall. 

In the case of viruses, the clearest evidence for transmission chains over time relate to the sharing of 

strains between native Americans and peoples of northeast Asia whence they originated; together with 

the spread there of other strains as a result of the colonisation of the continents by Europeans and the 

slaves and indentured labour which they brought with them. The picture elsewhere is much less clear-

cut. On the one hand, this may represent constraints on the mutational options open to many such 

viruses; on the other, it may reflect the increasingly dynamic exchanges between populations, as 

exemplified by the social history of Southeast Asia and adjoining regions.  

ii. Heirloom Strategies The small size of early human social groups imposed a constraint on those 

endemic infections which are specific to humans alone; as noted in the Introduction, this meant that 

there was the need for prolonged infections of individual group members in order that infection could 

be passed on to the next generation and other naïve conspecifics at a later date. Thus many heirloom 

viruses have two infective phases (Figure 1): one immediately upon initial infection to share within the 

existing group and, after a latent stage, a second delayed one in a proportion of the originally-infected 

population. Exceptions to this generalisation are the hepatitis B virus, where there is continuous 

productive infection and thus the long-term potential to spread to new ‘recruits’; and also commensals 

such as the human pegivirus.  

Such a strategy of prolonged infections requires that the pathogen be able to minimise the attention of 

the immune system. One tactic is to target ‘immuno-privileged’ tissues such as the brain and the 

urinogenital tract, together with cells of the immune system itself, wherein the virus is able to ‘hide’. 

Having established a symbiotic relationship with the current host is only a temporary solution for a viral 

population to be sustainable: the inevitable demise of the latter (through ageing or other more immediate 

causes) means that the ensconced pathogens will themselves also die out. Thus there is some evidence 

that latent viral infections can be re-activated by (stress-related) host signals which might portend this, 

thereby producing propagules so as to try to thenceforth infect a new host individual, of the same species 

or otherwise.  

V. The Idea of Epidemiological Transitions 

1. Overview  

As noted above, the progressive outward movement of small groups of anatomically modern humans 

from Africa was associated with the likelihood of the exchange of pathogens in encounters with the 

archaic humans who had preceded them; hybridisation also meant that they could exchange genetic 

haplogroups in order to better cope with the prevailing situation (see Section VI.4).  

Subsequent to this little appreciated (until recently) ‘Transition 0’, various populations of humans 

within and without Africa have evolved mainly socially to not only adapt to their immediate 

environment but also to adapt it to their immediate needs. As a result, it has been proposed that there 

have been three major transitions in the emergence of ‘new’ diseases. The timing of each of these has 

varied on a regional basis, being associated with profound changes in societal structure.  

2. The Neolithic Demographic Transition  

The invention and establishment of agricultural techniques led to the transition from small hunter-gather 

communities and the initial establishment of semi-permanent settlements to more sustainable food-

securing strategies in certain favourable geographical areas, as a prelude to the start of an ever-

accelerating increase in population growth and the founding of higher political structures. Thus a 

primary consequence of the development of agriculture was that the source of food could be 

concentrated in a particular area, rather than being dispersed; and that the surplus products could 

potentially be stored after harvest, thereby insulating the populace against seasonal and other longer-

term cycles.  
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Subsequently, after a delay and perhaps reflecting the ever-increasing pressure on their natural food-

source of large mammals, domestication of prey animals was initiated, where these had traits which 

made them amenable to this process. The increasingly close contact with various species of animals as 

a result of stock-keeping (including pastoralism) and, subsequently, pro-active animal farming with the 

subsequent selective development of domesticated breeds created the problem of the increased risk of 

diseases spilling over from these to infect humans and vice versa. Thereafter, as population densities 

rose, there was the increased risk that such zoonotic spill-overs (see Section II.1) might develop to 

become so-called ‘crowd diseases’ endemic to the associated human populations (see Section VI.2). 

Such spill-overs could occur not only from animals undergoing domestication as primary sources of 

food (e.g. poultry; various ruminants and other mammals) or as household animals (e.g. cats, dogs), but 

also from peri-domestic animals which became commensals (e.g. various rodents, such as mice and 

rats) associated with human settlements.  

The development of slash-and-burn agricultural systems, as early savannah-dwelling humans 

encroached on the surrounding forests and thus displaced their more typical tree-dwelling relatives was 

incidentally associated with the creation of stagnant bodies of water which served as a resource for the 

breeding of anopheline mosquitoes. A a result, one likely consequence was a vector-mediated spill-over 

of malaria parasites from other great apes and the evolution of new species of Plasmodium as endemic 

human diseases. More generally, such stagnant water and the absence of latrines also provided the 

means for water-borne infections, including viruses and bacteria associated with those of the 

gastrointestinal system, to become established.  

The overall result was that there is evidence for a general decrease in health, an increase in child 

mortalities and a resulting decrease in the average life-span, as compared with pre-agricultural 

communities. This contrasts with the next demographic transition, where there has been a decline in 

mortalities followed by one in fertility rates in industrialised societies. 

Table 3 Relative importance of infectious diseases* amongst the top ten 

leading causes of death in particular country income-groups for 2012 

(WHO).13 Note that tuberculosis (see Section IV.5) and malaria are not 

caused by viruses, as is also likely to be the case with most infections of the 

lower respiratory tract and also for diarrhoeal infections, especially in 

developing countries (Dennehy, 2005; O’Ryan et al., 2005). 

Communicable 

disease 

Low-

income 

Middle income 
High 

income Lower Upper 

Lower respiratory 

tract infections 
91 (#1) 53 (#3) 23 (#6) 31 (#6) 

HIV/AIDS 65 (#2) 23 (#7) --- --- 

Diarrhoeal infections 53 (#3) 37 (#5) --- --- 

Malaria 35 (#6) --- --- ---  

Tuberculosis 31 (#8) 21 (#8) --- --- 

* per 100,000 population (relative ranking)   

3. The Second Transition: Non-Communicable ‘Diseases of Civilisation’ Come to Predominate 

This was initiated in mid-nineteenth century Europe and North America, after the start of the Industrial 

Revolution. It was associated with a marked decline in mortalities from infectious disease as a result of 

                                                            
13 http://www.who.int/mediacentre/factsheets/fs310/en/index1.html; worldwide, deaths as a result of diarrhoeal 

diseases were comparable in numbers (1.5 million) with those due to HIV/AIDS, and thus were sixth-equal as 

a primary cause of death; amongst communicable diseases, only those associated with the lower respiratory 

tract were higher (3.1 million; ranking #4) (see also Fauci and Morens, 2012).  

http://www.who.int/mediacentre/factsheets/fs310/en/index1.html
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developing sewerage control systems and safe water supplies, together with other ongoing advances in 

medicine (e.g. the development of antimicrobials) and public health (e.g. mass immunisation 

campaigns). Thus, today, communicable diseases are only a minor cause of death in more developed 

nations (Table 3). 

In turn, this led to a counterbalancing increased incidence of diseases associated with over-nutrition (cf. 

those resulting from under-nutrition, especially during famines, in agrarian societies). There has also 

been an increase in chronic inflammatory diseases such as allergic and autoimmune diseases which has 

been attributed in part to an increase in hygiene – the ‘Old Friends’ hypothesis. In addition, prolonged 

life beyond the normal period of reproduction and thus beyond the scope of evolution by natural 

selection has been associated with the increased prevalence of ageing and diseases such as cancers.  

This transition was delayed and is still ongoing in developing countries as a result of globalisation, at 

least amongst the more affluent classes. In contrast to the first and third transitions, where a distinct 

pathogenic causative agent can typically be recognised and the appropriate general precautionary 

measures implemented, the chronic and lifestyle-associated diseases associated with this one are the 

result of the interaction of multiple risk co-factors which predispose particular individuals to suites of 

disparate symptoms belying any obvious common underlying cause. Nevertheless, there is evidence 

suggesting that the pathogen-driven selection for specific genetic variants in humans prior to this 

transition may have bequeathed a legacy for some to be more prone to develop the non-communicable 

inflammatory and other diseases which are characteristic of modern societies (see Section VI.4.vii). 

4. The Third Transition: Previously Local Infectious Diseases Threaten the Rich World  

This is also ongoing as a result of increasing globalisation, being characterised by the threat of ‘newly 

emerging’ diseases (i.e. recently recognised ones, including potential pandemic threats such as Ebola 

and related filoviruses: see Section VI.3.ii), together with re-emerging ones (including as a result of 

increased resistance to antibiotics).  These have typically emerged into the public consciousness as a 

result of posing a potential threat to the wealthier members of society, at the local and the global level. 

However, in the case of zoonotic spill-overs, it is often the poor, potentially undernourished and largely 

uninformed segments of society in the developing world, still stuck overall in the first transition and 

thus enjoying few of the benefits of the second, who are more susceptible in many instances, with global 

concerns arising out of a possible subsequent threat of the establishment and consequent spread to the 

otherwise insulated jet-setters. 

5. Conclusions  

Whilst there is evidence favouring a distinct entry into the second of these transitions, the first and the 

third would appear to smear into each other, reflecting the progressive expansion of contacts initiated 

during the Neolithic Demographic Transition and continuing at an accelerating pace up until today. 

Thus the fact that the inherent qualities of local species of animal meant that domestication was largely 

restricted to Eurasia, leading to spill-over infections and the emergence of crowd diseases there; 

thereafter subsequent population movements, from initially local ones to colonialism as the first stages 

in globalisation, led to the first major manifestations of the third transition, often with tragic 

consequences for those on the receiving end (see Section VIII.1). 

Towards the end of the twentieth century, the threat of new contagions became evident, together with 

the re-emergence of old ones which had evolved during an arms race against the succession of 

antibiotics which had been developed, leading to a rebound in death-rates from infections. This 

represents the third transition according to a conventional ‘First World’ perspective. 

The following section will consider those ‘souvenir’ diseases presumably acquired during the first and 

third transitions together. 

VI. The Continuum between the First and the Third Transitions 

As noted above (Section V), three epidemiological transitions have been identified in anatomically 

modern humans as various societies have evolved from their initial nomadic hunter-gatherer roots. The 

first of these, the Neolithic Demographic Transition, and the third have been associated with increases 
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in the burden of communicable diseases. Together, these belong to Black’s third category, envisaged to 

only transiently infect individual groups, but sustainable as a result of travellers moving amongst these 

and passing the infection on to communities where members were not immune or where a new, 

immunologically naïve generation had emerged after the previous outbreak. Rather than trying to 

allocate specific diseases to one or other of these two transitions, it is more convenient to identify three 

likely phases: early and middle (together generally comparable with the first transition as usually 

recognised) ones, with the middle phase overlapping with both the early one and a later phase 

(comparable with the third transition) to a greater or lesser extent. All presumably represent zoonotic 

spill-overs from a pre-existing pool of viral pathogens in other species (domesticated or otherwise). In 

some cases a prolonged period of evolution and the right epidemiological conditions have meant that 

certain of these have become endemic diseases in humans (see Figure 2). 

1. Possible Early-Phase (‘Hygiene-Related’) Diseases  

Based on studies of present-day pre-industrial societies, diseases from various micro- and 

macroparasites were likely to have been a major problem after the establishment of settlements, being 

spread by faecal-contaminated water due to the lack of latrines and other hygiene-related issues. Ewald 

(2004) has pointed out that the growth of such sedentary, infection-prone settlements would have meant 

that there was less of a selective constraint for pathogens regarding the survival of their hosts: as with 

those dependent on vectors (see above), pathogens might be expected to maximise the output of their 

progeny regardless, especially in the case of water-borne ones. Furthermore, the ability to survive in 

the external environment once shed would also increase the chances of spread through a ‘sit-and-wait’ 

strategy.  

i. Gastrointestinal Infections Diarrhoeal diseases are a major problem in infants today, being one of 

the most important causes of death as a result of communicable disease (Table 3). Overall, about a half 

are thought to be the result of zoonoses, mainly as a result of bacteria. Viral infections are more 

important in developed countries, principally by members of four groups: caliciviruses (noroviruses 

and sapoviruses), rotaviruses, enteric adenoviruses and astroviruses, as well as certain picornaviruses 

(although infections in each case are often asymptomatic); various bacterial and protozoan pathogens 

are also important in developing countries. However Finkbeiner et al. (2008) note that the possible 

pathogen responsible may not be identifiable in up to 40% of cases. 

Hall (2012) has suggested that Norwalk virus (a norovirus of the family Caliciviridae) may be the 

perfect human pathogen, in terms of its being shed prolifically (including via aerosolisation) in vomitus 

and diarrhoea, being thereafter highly contagious (including the ability to persist in the environment for 

up to two weeks), with only ten virions sufficient to establish an infection. The fact that it leads to only 

a short-term immune response means that reinfections can occur, aided by the virus’ mutability. These 

factors, together with the virus having a wide diversity of strains which are only moderately virulent, 

suggest that it could have become established early in the evolution of human societies, again as a result 

of sharing with domesticated animals (especially pigs: certain strains of the virus have been detected in 

retail pork).  

Worldwide, almost 100% of children are seroprevalent against members of the genus Rotavirus by the 

age of five, with evidence for zoonotic transmission as well as through water-borne infections; waning 

antibody titres mean that subsequent milder infections may recur.  

Amongst the picornavirids, enteroviruses are a major group which are pathogenic to humans. Human 

enterovirus C primarily affects the gastrointestinal tract, with faecal shedding often over a prolonged 

period; up to about 75% of those children infected are asymptomatic. However it may infect lymphoid 

tissues to establish long-term infections; thereafter the virus may spread into motoneurones in the spinal 

cord and the brain-stem where, in less than 1% of cases overall, this may lead to poliomyelitis with 

flaccid paralysis. The common lack of symptoms and the capacity for sustained infections led van 

Blerkom (2003) to suggest that the virus may have been endemic in early humans and accompanied 

them out of Africa but, if so, then it apparently did not cross over with the initial invasion of the 

Americas. Whilst polio infections, previously reported worldwide, have been almost completely 



The University of Cambodia Monographs Series 

22 

eradicated by vaccination programmes, enterovirus 71 (typically associated with ‘hand, foot and mouth 

disease’) has emerged as what has been described as the ‘new polio’.  

ii. Other Hepatitis Infections In contrast to hepatitis B (see Section IV.2.iv), the other bona fide 

hepatitis-causing viruses (A, C, D and E) use RNA as their mode of transmitting genetic information to 

prospective new hosts. Of these, hepatitis C, together with hepatitis B, accounted for 96% of viral 

hepatitis-related mortality globally (with an about equal contribution from each), including in Southeast 

Asia, and 91% of disability-adjusted life-years in 2013, slightly higher than in 1990. 

Hepatitis A virus of the family Picornaviridae causes acute but relatively long-lasting infections with a 

subsequent lifelong immunity; whilst young children are often asymptomatic, infections in older adults 

may persist for several months. Being acute, infections rapidly die out in isolated communities. 

Available evidence suggests that this pathogen may have originated as a result of spill-overs from 

various species of rodents or from other primates. 

The hepatitis C virus is a flavivirus which has only been found in humans, where it infects about 3% of 

the population worldwide (about half of them in Asia, reflecting the large population size). About a 

quarter of those infected develop acute liver infections (although about two-thirds are asymptomatic); 

of these, about three-quarters will go on to develop chronic such infections. Of the six clades identified, 

one has recently become widely distributed as a result of the introduction of blood transfusions, unsafe 

medical procedures and, more recently, intravenous drug abuse. This is superimposed on the more local 

distribution of the other clades: for example, lineage 6 in southern China and Southeast Asia. 

Phylogenomic studies suggest that the hepatitis C virus might have originated as a spill-over from 

horses or from donkeys in northern Africa. Whilst transmission amongst humans is mainly through 

contaminated blood, it has been proposed that the virus may have been originally transmitted by insect 

vectors, such as is typical of many other members of the Flaviviridae.  

The hepatitis E virus of the family Hepeviridae typically causes an acute self-limiting hepatitis similar 

to that with hepatitis A. It has also been found in various other mammals, including pigs world-wide. 

Two of its genotypes are mainly found in developed countries; they appear to be dead-end spill-overs 

from other mammals, with serological evidence that these are often asymptomatic.  The other two 

genotypes are responsible for often large epidemics associated with poor sanitation in developing 

countries.  

iii. Respiratory Infections Amongst the Picornaviridae, some other members (the so-called 

rhinoviruses) of the genus Enterovirus are responsible for many outbreaks of the common cold in 

humans. It would appear that they have evolved repeatedly from congenerics which were instead 

specialised to infect the gut (see above).  

Certain coronaviruses are another cause of the common cold. Of these, two alphacoronaviruses have 

been proposed to originate in bats, perhaps by way of camels as an intermediary in the case of one; 

whilst a betacoronavirus appears to have originated from cows. 

Within the family Pneumoviridae, the human respiratory syncytial virus is the most common cause of 

acute lower respiratory tract infections in infancy and childhood in the United States. Similar sequences 

to human Pneumovirus have been found in ruminants (bovines and ovines), with a more distantly related 

one in rodents. On the other hand, there is evidence that members of the other genus in this family, 

Metapneumovirus, may have recently spilled over from poultry. 

2. Middle-Phase (‘Crowd’) Diseases  

i. Pox Viruses One member of the double-stranded DNA family Poxviridae endemic to humans is the 

molluscum contagiosum virus, which infects epidermal cells to produce short-lived local skin lesions; 

transmission between humans is by physical contact, including through fomites. Phylogenomic analyses 

indicate that the human virus is most closely related to crocodile poxvirus and one from an African 

fruit-bat. 

Until recently, a much more serious endemic source of infection was with the smallpox virus: it was 

eradicated in 1981 as a result of global vaccination campaign. Although it was associated with pustules 
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of the skin, transmission is generally assumed to have been by way of respiratory droplets. 

Epidemiological studies indicate that smallpox had an R0 of 5-7, so that it rapidly spread when 

introduced into immunologically-naïve island communities to thereafter die out. Historical records 

suggest that it was a relatively benign disease circulating within a network of communities, but that a 

more virulent form emerged in large urban areas in 17th century Europe, possibly having spread from 

East Asia. Recent genomic analyses suggest that the human virus shares a common ancestor with one 

infecting camels and another from a species of gerbil in north-eastern Africa: as a family, pox viruses 

appear to have evolved in rodents.  

ii. Measles The measles (rubeola) virus is a paramyxovirid which is a common cause of a childhood 

infection where an rash develops and spreads over the body. It is highly contagious (R0 ≈ 15) through 

cough- and sneeze-associated aerosols, including in the feverish prodromal phase prior to the 

appearance of the rash. Once infected, an individual has life-long immunity. Genomic analyses indicate 

that it is most closely related to the rinderpest virus in bovines (itself now eradicated by vaccination); 

and that it likely arose when the latter spilled over into humans after the domestication of cattle and 

then evolved to become an endemic. Based on studies of island populations, it was concluded that 

societies would need to exceed 250,000 for infections to be sustainable with the potential for the 

evolution of a new endemic species of virus. Modelling studies have provided insights into how this 

crowd disease might have progressively evolved through travellers circulating between urban centres.  

 

 

Figure 5 Sixteen forms of haemagglutinin gene (H1-H16) have been identified as circulating in 

wild birds (mainly waterfowl); other strains of smaller numbers of these are maintained in poultry 

and various mammals (the horses’ strain of H7N7 is now thought to be extinct) other than bats, 

where two novel forms have been identified. Arrows other than incomplete circles indicate evidence 

for mainly dead-end spill-overs (from Short et al., 2015, under Creative Commons). 
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iii. Influenza A This is an example of what Hart et al. (1999) have termed a ‘parazoonotic pathogen’: 

one which causes an “[i]nfectious disease epidemic or endemic in humans … that change[s] in virulence 

periodically after an input of genes from non-human pathogens.” Like other members of the order 

Orthomyxiformes, it causes acute, short-lived infections which are cleared by the acquired immune 

system. Most of the different types of influenza A appear to originate in birds (Figure 5; see Section 

VII.1.i); whilst two other distantly related ones have been identified recently in bats (Figure 5), these 

are generally considered not to represent a threat to terrestrial mammals (see Section VII.2).  

The enveloped virion comprises eight segments of RNA, of which two encode a pair of membrane 

proteins – a haemagglutinin (H) and a neuraminidase (N) – whilst the others do so for internal proteins. 

A number of different subtypes of both H and N have been identified (Figure 5); that of H determines 

the type of cells the virus can infect, whilst that of both proteins determines the antigenic response of 

the acquired immune system. Not only can influenza viruses evolve by genetic drift through mutations 

of particular segments; but also they can do so by ‘genetic shift’ where two different subtypes 

replicating in a single cell can exchange segments as a result of reassortment.  

The WHO (2014a) classifies present-day influenza infections in humans as being either seasonal, 

pandemic or zoonotic; the last category is also known as variant, a term which will instead be used here 

to avoid confusion (since pandemic strains at least have ultimately also been zoonotic in origin). 

a. Seasonal Flus These typically become epidemic during the winter months at higher latitudes 

(median R0 1.28, interquartile range 1.19 -1.37), with one or more of subtypes H1, H2 or H3 circulating 

in any one year (Figure 6); genetic drift and shift can circumvent the acquired immunity from previous 

infections by the same lineage. Evidence indicates that these originate each year mainly from a reservoir 

which is continuously evolving as it circulates amongst the different climatic regions in East and 

Southeast Asia, thereby ‘seeding’ annual eruptions to the rest of the world.    

 

Figure 6 A chronology of recent human influenza A pandemics, with a genomic interpretation 

of their origins. That in 1918-20 originated in birds several years previously, and may have 

involved other mammals as a ‘bridge’ to humans; it gave rise to a separate lineage in pigs (the 

dashed line) as so-called classic swine flu (see Section VII.4.i). Subsequently, other lineages have 

evolved (dotted lines; see Figure 8) as a result of double reassortment leading to the incorporation 

of certain genes originating in other avian lineages. In addition, pandemic swine flu emerged in 

2009 as the culmination of an initial triple followed by a double reassortment (details in Figure 

8). ‘X’ indicates when a lineage went extinct; whilst ‘R’ indicates when a strain of the original 

H1N1 reappeared, apparently as a result of the ‘escape’ of a laboratory strain (based on data 

summarised by Morens and Taubenberger, 2011; Sorrell et al., 2011). 

b. Pandemic Flus These involve the appearance of a new subtype at periodic intervals (Figure 6), to 

spread worldwide. In the past, these new strains originated as spill-overs from other animals; poultry 

(Section VII.1.ii) and pigs (Section VII.4.i) have often been identified in this regard (Figure 7). 

Typically, after a pandemic, the new strain of virus will continue to evolve and circulate in the following 

years as a seasonal one; in doing so, it may displace one or more of the already circulating strains of 

influenza A (Figure 6).  
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The first thoroughly-documented pandemic was the 1918-1920 ‘Spanish’ influenza,14 caused by an 

H1N1 virus. The median R0 value was 1.80 (IQR 1.47 – 2.27). It has been proposed that the pandemic 

originated as a result of conditions in the trenches of France towards the end of the First World War, as 

a consequence of crowded, often insanitary living conditions in close proximity to pigs and poultry, 

together with the potential mutagenic actions of poison gases, with demobilisation at the end of the war 

carrying the virus elsewhere; however evidence now suggests a more complicated scenario. As a 

consequence, about a third of the world’s population of about 500 million were infected, of whom at 

least 10% died (about 3.3% of the world’s population then), with young adults being unusually 

susceptible; as with later pandemics, deaths were presumably due to extreme activation of components 

of the innate immune system leading to a ‘cytokine storm’ as a result of uncontained positive feedback 

(see Introduction), resulting in acute inflammation of the lungs and possible systemic spread with 

consequent multi-organ dysfunction in susceptible individuals. The end result was that the pandemic 

has been estimated to have killed four times as many people worldwide as the ‘Great War’ itself, cutting 

global economic output by 4.8% with a cost of more than US$ 3 trillion. Until recently, it was presumed 

that the H1N1 virus originated as a spill-over from pigs; however subsequent recovery of viral 

sequences from permafrost-frozen human victims indicated that it probably came from birds some years 

previously, perhaps through unknown mammalian hosts, pigs or otherwise. After this pandemic, two 

separate lineages of H1N1 persisted, one in pigs as ‘classic swine flu’ (see Section VII.4.i) and the other 

as a seasonal strain in humans until the 1950s (Figure 6).  

Subsequently, there have been at least three other, much milder ones (Figure 6): the 1957 H2N2 ‘Asian 

flu’ and the 1968 H3N2 ‘Hong Kong flu’ both appear to have originated from avian spill-overs in East 

Asia; and the 2009 H1N1 ‘swine flu’ in North America. The reappearance of a ‘Russian’ H1N1 virus 

causing a pandemic in 1977 was apparently the result of the accidental escape of laboratory material of 

a strain from the 1950s, to infect a by then largely immunologically-naïve population. Each of these 

pandemics has been much less virulent (in terms of morbidity and mortality) than the one in 1918-20. 

Indirect evidence indicates that there have been intermittent pandemics prior to that in 1918-1920; and 

that these again originated in East Asia and may have involved infections spreading with horses (Figure 

7). 

 

Figure 7  Numbers of sustained spill-overs from birds of H1-H3 strains of influenza A to 

various domesticated mammals (including humans) in the past century; those identified 

with a ‘?’ are considered further in the text. Note that transient spill-overs (lasting less than 

five years) are not included (based on data summarised by Nelson and Vincent, 2015). The 

dotted link between horses and humans indicates that there is indirect historic evidence for 

spill-overs between these (see text).  

 

                                                            
14 So-called because it was first reported in the Spanish press, other governments having censored any news 

because of concerns about public morale in time of war.  
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Figure 8  Parazoonotic origins of human influenza A viruses since 1918-20, when an earlier 

spill-over from birds led to H1N1 in pigs and humans; dashed lines indicate reassortment 

events (based on Morens and Taubenberger, 2011). TR H1N2 – porcine triple reassortant 

H1N2. Abbreviations for genes reassorted: OIP – other internal protein; PB1, PB2 – RNA-

dependent RNA polymerase subunits B1 and B2.    

 

Figure 9 Results of the evaluation of potential implications of various influenza A subtypes using 

the Influenza Risk Assessment Tool:15 average semi-quantitative values for various parameters were 

used to obtain estimates of the potential risk for emergence (developing human-to-human 

transmission) and, where this occurred, the subsequent impact on public health. Two low-pathogenic 

Chinese strains of H7N9 in chickens represent the most obvious threats according to these estimates: 

note that the recently emergent highly-pathogenic chicken strains (see Sections VII.1.ii and iii) have 

not been included, although these would appear to pose less of a threat based on present evidence.  

                                                            

15 Adapted from https://www.cdc.gov/flu/pandemic-resources/monitoring/irat-virus-summaries.htm (accessed 

27/x/2017).  

https://www.cdc.gov/flu/pandemic-resources/monitoring/irat-virus-summaries.htm
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c. Variant Flus These local irruptions are the result of spill-overs from direct contact with infected 

animals or through contaminated environments, being characterised by having little onward person-to- 

person transmission even though they are of the same subtype as those found in humans (WHO, 2014a). 

Nevertheless, such spill-overs have the potential to evolve the ability for sustained circulation in the 

human population as a result of mutations and/or reassortment. This is considered further in Section 

VII below, with respect to specific animal groups. 

Related to this, an Influenza Risk Assessment Tool has been developed, in order to get an idea of which 

particular strains circulating in other mammals and birds might pose the greatest potential threat of a 

future human pandemic. This aims to semi-quantitatively identify the risk of a threat emerging and, 

thereafter, the potential public health impact. According to this assessment, the main threat is posed by 

two strains of H7N9 in chickens (see Sections VII.1.ii and iii), with an moderate risk score (less than 

7) for emergence and a moderate-high risk score (less than 8) for their potential subsequent impact on 

public health (Figure 9). 

3. Late-Phase (‘Emerging’) Diseases  

In a sense, different recent strains of influenza A belong in this category, given that their parazoonotic 

status means that they are perpetually threatening to emerge. The following will only focus on two 

examples of ‘novel’ diseases which have been recently identified:  the actual threat which has been 

posed by the human immunodeficiency viruses and the potential threat which has emerged regarding 

Ebola viruses. However it should be noted that these and other diseases have probably been dripping 

over at the local level since time immemorial as Wolfe et al.’s (2007) Stage 2 or 3 (Figure 2); and it is 

only now that globalisation and the associated ease of fast international travel mean that they have 

emerged as posing such threats (see Sections V.4 and VIII). Thus other somewhat less dramatic 

examples will be considered in Section VII: for example, coronaviruses such as those causing severe 

acute respiratory syndrome (SARS; see Section VII.8.iii); Middle East respiratory syndrome (MERS; 

see Section VII.6.i); and paramyxoviruses such the Nipah and Hendra viruses (see Sections VII.2, 4.ii 

and 7.ii). 

i. Human Immunodeficiency Viruses The human immunodeficiency viruses (HIVs) are examples of 

recently recognised retroviruses which have had a major impact on public health globally, through their 

chronic effects on the immune system which render infected individuals susceptible to, for example, 

tuberculosis (see Sections V.4 and VII.5.i) and a variety of otherwise rare opportunistic infections 

(including Karposi’s sarcoma herpesvirus: see Section IV.2.i). The resultant Acquired Immune 

Deficiency Syndrome (AIDS) was first recognised as a new disease in 1981;16 its symptoms generally 

become manifest after a prolonged latent period. Infection is through percutaneous or mucous 

membrane exposure to infected blood or body fluids associated with reproduction (including child-birth 

and breast-feeding).  

These viruses are closely related to the diversity of so-called simian immunodeficiency viruses (SIVs), 

different strains of which infect particular species of nonhuman primates (monkeys, other apes) in West 

and Central Africa. Despite their name, SIVs are seemingly asymptomatic in their normal hosts, 

typically with no overt effects on immune function. Associated with this, there is evidence suggesting 

that each has evolved along with its normal host species in a sort of dynamic equilibrium over a 

relatively long period of time; as with more typical RNA viruses (see Section IV.4), the standard 

molecular clock models would appear to drastically underestimate the age of particular clades. 

Two different species of HIV – HIV-1 and HIV-2 – have been identified as a result of certain spill-

overs of SIVs from certain species of primate into humans (Figure 10). They presumably originated 

when infected animals were butchered for ‘bushmeat’, or possibly after humans were bitten. Of these, 

HIV-2 arose from at least nine spill-overs, apparently from sooty mangabey monkeys (Cercocebus atys) 

in West Africa.  

                                                            
16 It thus overlapped with the official declaration that smallpox, a previous endemic scourge (see Section VI.2.i) 

had been eradicated. 
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HIV-1 first appeared at a later date, as a result of spill-overs from other anthropoid apes, rather than 

directly from monkeys, with the primary source being from chimpanzees (Pan troglodytes). At least 

four subtypes (M, N, O and P) have been identified genomically (Figure 10), each being the result of a 

separate spill-over event in Central Africa. Subtype M is the most virulent, being responsible for the 

great majority of HIV infections worldwide subsequent to the early appearance of a large number of 

different clades in western Central Africa.  

 

Figure 10 Summary of events which have likely led to the origins of HIVs in humans. 

The thick line leading to HIV-2 indicates that there were multiple spill-over events to 

humans. On the other hand, HIV-1 originated from a recombination event involving the 

co-infection (*) of a chimpanzee by SIVs from two different host monkeys, with 

evidence for four subsequent spill-overs: dashed lines indicate that the N and P spill-

overs have been sputtering dead-end events. For more details, see text. 

A variety of lines of evidence have converged to suggest that the major spill-over events for HIVs 1 

and 2 were in the first half of the last century. Presumably such events have occurred in the past, but 

died out because they were mainly in remote villages with only limited opportunity for spreading to 

larger population centres where they could become established. However the progressive opening up 

of the interior for the exploitation of natural resources (mining and logging, the development of 

plantations) by the colonial powers and thereafter played an initial important role; thereafter, given the 

relative inefficiency of person-to-person transmission, an additional factor may have been that (as was 

found during the first epidemiological outbreak of Ebola) the re-use of inadequately sterilised syringes 

and needles may have helped the virus to take hold. The success of subtype M can be related to 

mutations of the vpu gene which allow it to circumvent certain components the innate immune response 

in infected human cells and so be more readily secreted for onward transmission. 

ii. Ebola and Other Filoviruses  The first documented outbreak of what was later named Zaire 

ebolavirus (henceforth Ebola) infection was in 1976 in what was then Zaire (now the Democratic 

Republic of the Congo); case-fatality ratios were high. Until recently, outbreaks of Ebola and another 

two congeneric species highly pathogenic for humans were restricted to the Congo basin and adjoining 

portions of eastern Africa (parts of Uganda and what is now South Sudan): together, they have been 

responsible for 23 known outbreaks, each apparently the result of a single index case. Available 

evidence indicates that apes, for example, may have been bridging hosts through their consumption of 

saliva-infected partially eaten food dropped by fruit-bats in most cases (see Section VII.2.iv).  

Cumulative experience since the first documented outbreaks, in terms of anticipatory diagnosis and 

consequent quarantine and treatment, has meant that subsequent small irruptions in relatively isolated 

villages in forested regions of western Central Africa have been effectively brought under control. The 

major exception has been the recent much larger eruption in much more interconnected savannah areas 

of West Africa, with circumstantial evidence suggesting that it may have originated as a single spill-

over from an insectivorous bat in a village in Guinea. This recent major outbreak is considered further 

in Section VIII.2.iii. 
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4. Some Genetic Consequences 

Above, in the Introduction, it was noted that pathogens and their natural hosts are in a continual ‘arms 

race’; zoonotic spill-overs extend this race into new territories, with opportunities for pioneering 

pathogens to open up new ‘ecosystems’ if they can adapt through advantageous mutations. As with the 

standard arms races in their normal host reservoirs, this is favoured by the very short generation times 

of viruses and their relatively high rates of mutability, especially amongst RNA and single-stranded 

DNA viruses; however constraints on this potential for adaptability apply (see Section IV.4.ii). 

With regard to these natural reservoirs, the self-same arms races lead to the immune and other 

physiological systems of the normal hosts evolving across the generations through natural selection to 

control the causes of infection and contain the symptoms (including through minimising the risk of 

runaway cytokine storms: more likely to be a factor in zoonotic infections of other species), in order to 

not only enhance the host’s survival but also its subsequent reproductive fitness in evolutionary terms. 

In the case of chronic, often frequency-dependent infections such as seen in heirloom diseases, there is 

the need for at least a partial ‘truce’ whereby there is the development of a tolerance which – at least in 

the short term, whilst the host remains a viable healthy proposition – leads to a ‘symbiosis’, with the 

potential for the further evolution of a more complex interrelationship. On the other hand, with acute 

density-dependent infections such as typical of many spill-overs, such arms races are more in earnest, 

as noted in the Introduction; the pathogen needs to delay or otherwise reduce activation of the host’s 

innate and then acquired immune responses in order to reproduce sufficiently for onward sustainable 

transmission, whilst the host species need(s) to minimise the impact of such an infection on present and 

future (reproductive) fitness. As a result of this ongoing struggle, Haldane (1949) identified their 

communicable diseases as being the principal driving force acting to promote genetic diversity in living 

organisms through density-dependent positive selection processes. 

There is a growing recognition that the First Epidemiological Transition (see Section V.2) was preceded 

by another, reflecting the migration of anatomically modern humans out of Africa and their encounters 

with previous émigrés, the sister archaic human clades of Neanderthals and Denisovans (see Section 

III.1). They not only would have shared divergent variants of heirloom diseases (proposed examples 

included papillomaviruses: see Section IV.2.iii) but, as a result of limited interbreeding, there is 

evidence for the acquisition and subsequent selective retention (introgression) of various genes related 

to the functioning of the innate immune system in non-Africans, which presumably conferred a degree 

of resistance to the derived (co-evolved) heirloom diseases and/or to ‘novel’ spill-over diseases to which 

archaic humans had been exposed to during their prior 400,000+ years in Eurasia . 

Thereafter, genomic analyses suggest that there has been a stronger purifying selection of genes related 

to the innate immune system, compared with other portions of the human genome, and that this has 

occurred mainly within the past 6,000–13,000 years, broadly coincident with the Neolithic 

Demographic Transition. Thus exposure to malaria has been described as the strongest known force for 

evolutionary selection, where the focus has been on particular alleles for various genes involved in the 

structure and functions of the erythrocyte habitat of these protozoan parasites, as well as access to it in 

the first place  

In order to continue a viable lineage, a virus particle must be able to enter a new host through means to 

actively breach the physicochemical barriers separating the host from its external environment (or by 

passively crossing already-established breaches); and then, where necessary, be transported to reach its 

potential target cell-type(s): those which have the necessary ‘receptor’ molecules on their exposed 

membrane surfaces. Thereafter, having gained access to a cell, it needs to co-opt the latter’s synthetic 

machinery in order to be reproduced. If successful, the products of the original virion need to exit the 

infected cells to complete the cycle and thenceforth spread to other cells within the present host or be 

shed in order to find a potential new recipient. Each stage in the sequence represents a potential check-

point whereby the host can interrupt the overall cycle, as considered in the following sections.  

i. Initial Access Factors During this stage, a diversity of components of the multi-layered innate 

immune system (together with antibodies of the acquired immune system in pre-exposed potential 

hosts) confront the virus or other microbial invader (see Introduction). The innate immune system’s 

‘sentinel’ cells bear pattern-recognition receptors (including Toll-like receptors: TLRs) which play an 



The University of Cambodia Monographs Series 

30 

important role in detecting evidence for potential intruders and thereafter activating interferon 

production and a multitude of systems downstream as a consequence. This is further reinforced by the 

complement cascade of proteins and other means. There is growing evidence for the evolution of 

different haplotypes of certain virus-sensing TLRs17 after the migration of humans out of Africa, as well 

as the introgression of other TLR haplotypes from archaic humans.  

ii. The Need for Acceptable Acceptors Having evaded the initial layers of the immune defence system, 

the virus needs to gain access to the cytoplasm of the target cells through an initial interaction with what 

have been loosely termed as ‘receptors’: this term can very confusing to a conventional biologist, so 

that the following will instead use the term ‘acceptors’.  

Any of a number of molecules protruding from the surface of a target cell may serve as potential 

acceptors: various viruses may use several in combination or, for different serotypes, as alternatives. 

Some use carbohydrate components of the glycocalyx to this end. For example, influenza A and certain 

other viruses use a sialic acid: whilst the major form of the latter in most mammals is N-

glycolylneuraminic acid, humans have lost the enzyme for producing this so that they use the precursor 

N-acetylneuraminic acid instead, a mutation which has been been proposed to have conferred protection 

against spill-overs of some viruses from their prey and domesticated animals into humans in the past. 

Other carbohydrate targets include the so-called histo-blood group antigens on the surface of epithelial 

cells (whence they may be secreted) as well as on red blood corpuscles (where they give rise to the 

major A, B and O blood group antigens) and platelets; these various antigens, which have arisen as a 

result of a variety of mutations of the enzymes responsible for their synthesis, may render an individual 

susceptible or otherwise to infection by particular strains of certain noro- and rotaviruses infecting the 

gut. Humans are unusual in that these antigens may also be secreted in breast milk, leading to the 

suggestion that they act as ‘decoys’ to help protect the suckling baby against infection by particular 

strains of viruses.  

Other viruses have receptors which instead use host membrane proteins as their acceptor molecules. 

One well-studied case is for HIV-1, most strains of which use chemokine receptor 5 (CCR-5) as part of 

the means to gain access to their target cells; there is evidence that being homozygotic for a mutation 

of this gene (CCR5-Δ32; restricted to various European populations) confers protection against the main 

form of HIV-1, with delayed realisation of the disease and its outcome in heterozygotes.  

iii. Intracellular Factors Having successfully entered the cell, the virus needs to hijack the host cell’s 

machinery to get its genome to the appropriate cellular compartment, undergo replication and then have 

packaging of the progeny for onward transmission. Their limited genome sizes mean that most viruses 

are largely reliant on their host cell’s essential ‘housekeeping’ genes and their products (so-called ‘host 

dependency factors’). Since such genes are already essentially optimised for the functioning of their 

host cell’s machinery as a result of continual purifying selection, there is minimal opportunity for 

adaptive mutational responses in order to try to contain any hijacking of these systems by a viral 

infection towards the its own ends. 

However there is a diversity of intracellular mechanisms mediated by so-called ‘restriction factors’ 

which have evolved in order to identify specific characteristics of certain viruses and interfere with the 

latter’s primary objective of getting the host cell to produce its progeny (Duggal and Emerman, 2012; 

Coffin, 2013): these are typically the products of genes activated as a result of interferon-mediated 

innate immune responses. As such, they are related to abnormal rather than normal cell-functioning: 

they thus have had the necessary evolutionary flexibility across the generations of the host organism, 

whereby mutations can be positively selected for as part of an ongoing arms race to thwart the 

emergence of viruses which have evolved means to evade the existing prevalent relevant restriction 

factors.  

Recent studies have started to associate various mutations of these components of the innate immune 

system with protection against specific pathogens or particular groups of these. These include the 

human leucocyte antigen- (HLA-) binding proteins (counterparts of the major histocompatibility 

                                                            
17 Note: as a result of initially successful viral infection of potential target cells. 
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complex in other jawed vertebrates) which are important in cell-based and humoral immunity; and other 

components which are important in the activation of interferon-mediated responses (e.g. the OAS cluster 

and STAT2). In each case, there is evidence for introgression of archaic human haplotypes in non-

African populations, suggesting that these have conferred a survival advantage. 

iv. Onward Transmission Factors To proceed further through the infective cycle, the virus’ progeny 

need to be able to exit the current host cell. With regard to enveloped viruses, the host protein tetherin 

is important in constraining this, although certain strains of virus have evolved to circumvent this last-

ditch defense. Humans have a mutant form of this protein, presumably as part of a past arms race with 

particular viruses; however part of the success of the M subtype of HIV-1 is that it has evolved a means 

to short-circuit this control element. 

v. The Advantages of Sex Simple theory suggests that sexual reproduction should not be an 

evolutionarily stable strategy. First, the potential for reverting to asexual parthenogenesis means that 

females doing so could produce twice as many offspring which are moreover replicas of themselves, so 

that males become redundant. Another issue is that, whilst recombination within chromosome pairs 

together with reassortment amongst chromosomes during meiosis can lead to chance beneficial results, 

there is the problem of the inevitable subsequent disruption of previously co-adapted gene complexes 

as a result of linkage disequilibrium.  

On the other hand, various models (for example, the dynamic version of the Red Queen hypothesis) 

suggest that disease may play an important role in the maintenance of sexual reproduction as a viable 

strategy over evolutionary time, as one means to short-circuit the much shorter generational times and 

greater mutability of typical pathogens. Such arguments rest in part on the concept of so-called 

heterozygote advantage, exemplified by the case for sickle-cell anaemia. Here, a point mutation 

(haemoglobin S) in the β-haemoglobin gene means that homozygotes with two copies of this allele have 

erythrocytes which are all distorted (rather than having the normal flexible discoid shape), leading to 

impaired blood flow, the development of chronic disease from infancy and early mortality. That this 

allele has not been rapidly eliminated from the gene-pool is because heterozygotes with only one copy 

of it (and thus only a proportion of erythrocytes with the rigid phenotype) are not susceptible to such 

problems and, more important, they have the advantage of being more tolerant of malarial infection 

than individuals who have two copies of the normal trait (haemoglobin A), since sickled erythrocytes 

are not easily infected by malarial parasites. Thus the mutation has persisted after its original appearance 

in Africa   

Malaria has been identified as the single factor which has driven mch of human adaptive evolution in 

the recent past. Not only sickle-cell anaemia but a variety of other mutations have been identified as 

conferring a heterozygote advantage, perhaps most especially in Southeast Asia: for example, other 

mutations of the haemoglobin α- and β-globin genes have also been selected for because they confer a 

similar heterozygote advantage. Thus haemoglobin E, the product of another variant of the β-globin 

gene, is particularly common in Cambodia, Laos, Myanmar and Thailand, compared with the rest of 

Southeast Asia and adjoining regions; this is associated with evidence for resistance to Plasmodium 

falciparum malaria, again as a result of reduced erythrocyte flexibility. In the case of thalassaemias, 

recessive defects in one or more of the α- and β-globin genes have also been selected for as protection 

against infection; with a relatively high proportion of β-thalassaemia carriers having been reported for 

much of East, South and Southeast Asia. Similarly, Island Southeast Asian ovalocytosis is a form of 

hereditary elliptocytosis where, like sickle-cell anaemia, up to half of red blood cells fail to rebound to 

their normal discoid shape after passage through capillaries. Another example is the X chromosome-

linked gene for glucose-6-phosphate dehydrogenase, which has a high prevalence in Southeast Asia 

(for example, certain subgroups of the Orang Asli of peninsular Malaysia, compared with others and 

the main Malay population) as well as other areas, including the Mediterranean region where malaria 

was endemic until recently 

The long-term benefits from of heterozygote advantage would seem likely to be less apparent in the 

case of viral infections, given their depending only on the host’s viable intracellular synthetic machinery 

to the exclusion other factors such as is the case for malarial protozoans and other pro- and eukaryotic 

intracellular pathogens. However, superimposed upon this, there is the potential for further 
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diversification in any resulting progeny through chiasma-mediated meiotic recombination as a 

generator of novelty and thereby increase diversity in components of the innate immune system, in 

particular, with active selection the resulting progeny in order to offset arms race-induced increases in 

a pathogen’s virulence. As a consequence, each host represents a potentially unique environment (with 

two alleles of the same gene from different parents), which acts as a brake on the options open to 

pathogen evolution; and this at least counterbalances the costs of meiosis. Thus studies on African 

monkeys highlight an alternative, more short-term advantage of heterozygosity through more direct 

effects mediated by the innate immune system on protection against SIVS.  

vi. The Advantages of Prehistoric Infections The human genome is host to numerous endogenous viral 

elements (EVEs) as a result of horizontal gene transfer from viruses to the germ-line of often distant 

ancestors. Whilst many have degenerated as a result of passive genetic drift over evolutionary time-

scales, others have undergone positive selection. Thus some of these genes were co-opted by early 

mammals in order to promote the survival of their progeny: those for encoding syncytins are central to 

the development of a functional placenta in various mammals. Others have been recruited to join the 

pool of intracellular restriction factors: as a result of their transcribed RNAs interacting with similar 

nucleotide sequences of current viruses, they are responsible for interfering with the latter, leading to 

so-called EVE-derived immunity.  

vii. The Disadvantages of Civilisation? Various workers have noted that many present-day major non-

communicable diseases may be so as a result of the selection pressures of communicable ones on 

ancestral humans. Natural selection over the millennia should have eliminated any deleterious 

mutations which (cf. sickle-cell anaemia, for example) do not have compensatory benefits, and it has 

proven difficult to identify particular genes associated with a predisposition to any chronic somatic 

disease associated with the Second Epidemiological Transition. Thus, on the one hand, recent studies 

have identified communicable infections as the likely underlying cause for what were previously 

considered to be chronic non-communicable diseases: for example, Helicobacter pylori with peptic 

ulcers; and viral infections with various cancers. Contrariwise, past evolutionary pressures against such 

infections may have selected components of the innate immune system at large which have ‘backfired’ 

in modern humans, predisposing them to a variety of classic non-communicable diseases 

(atherosclerosis, stroke, Alzheimer’s, rheumatoid arthritis, and multiple sclerosis, for example). Thus it 

has been suggested that, whilst particular alleles may have been selected for during and after the 

Neolithic Demographic Transition because they conferred protection against particular pathogens, this 

may have predisposed present-day humans to non-specific inflammatory diseases as a result of knock-

on effects on the overall functioning of the innate system. 

5. Conclusions  

Whilst the pathogens of early humans included mainly DNA viruses which were apparently heirlooms 

from their anthropoid ancestors or much earlier through co-evolution, the subsequent evolution of 

various societies has led to the progressive acquisition of new suites of local pathogens. In Section V, 

it was reviewed that the Neolithic Demographic Transition has been identified as the first of three major 

such apparently abrupt changes in the profile of shifts in the impact of communicable vs. other human 

diseases. These new pathogens did not appear out of nowhere: they must have been acquired as 

souvenirs of zoonotic spill-overs.  

Many of these spill-overs must have occurred sporadically in early human hunter-gatherer groups, as 

intermittent ‘drip-overs’ (as still seen today in the case of most outbreaks of the Ebola viruses, for 

example). However the conditions associated with the Neolithic Demographic Transition and 

subsequent transformative events through relentless social evolution facilitated the parallel evolution 

and establishment of some as regular endemic causes of infection as the long-term consequence of spill-

over events. Thus further post-Neolithic development with increases in the size and interconnectedness 

of communities led to the progressive emergence of ‘crowd’ diseases in certain areas due to the 

domesticability of certain indigenous animals which, particularly after having reached Wolfe et al.’s 

stage 5 (endemicity: Figure 2), could be carried abroad with potentially dire consequences for 

immunologically naïve populations elsewhere. 
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For non-Africans, there was an evident prior epidemiological transition, when migration into the Middle 

East and beyond led to encounters with archaic humans. Their underlying genetic similarities led not 

only to the possibility of exchanging diseases (as proposed for papillomaviruses, at least: see Section 

IV.2.iii) but also of genes through hybridisation. The introgression of certain archaic human genes 

related to the innate immune system, together with the emergence of traits which protected individuals 

against malaria, provide evidence for the original importance of pathogenic diseases as drivers of natural 

selection. Other studies have indicated that, for example, there is evidence for a familial (and thus 

potentially a genetic) sensitivity to at least some strains of highly pathogenic avian influenza (see 

Section VII.1.iii).  

Local populations where spill-overs of a pathogen are frequent (possibly leading to endemism) may 

evolve resistance (or at least a degree of tolerance) as part of an ongoing arms race; however further 

‘spill-overs’ from them into humans elsewhere, who had not previously been exposed, can lead to tragic 

consequences (see Section VIII.1). The potential for such a threat is well-illustrated by recent studies 

on myxomatosis infections in wild Australian rabbits, which originated as a means of biological control 

in the 1950s (see Introduction). Extrapolating to infectious disease in humans, progressive globalisation 

and the increased opportunities for onward transmission within a potential ST in the order of billions 

with an R0 greater than zero thus poses a real threat of the emergence of new diseases which can spread 

and mutate within a largely unresistant population. 

To develop on the last point, by analogy with Greger’s proposal regarding the origins of highly 

pathogenic avian influenzas becoming possible when the development of intensive factory farming 

techniques and the associated high population densities released viruses from constraints regarding their 

short-term transmission potential (see Section VIII.3), it is tempting to speculate that, for example, the 

emergence of more virulent strains of smallpox and measles in European cities in the seventeenth 

century (see above) might be related to populations exceeding a certain critical size (so that ST exceeded 

a tipping point for particular, more virulent variants), and that this might partially explain the emergence 

of such forms when introduced into totally naïve populations. Clearly, such differences depend on 

chance and the emergence of particular mutations, such as suggested by spill-overs of overt Ebola-

related infections against evidence for a background of others which were apparently sub-clinical (see 

Section VI.3.ii). 

This implies that the evidence today for emerging zoonoses as part of the Third Epidemiological 

Transition (as generally considered) means that what was originally a local ‘incident’ (a ‘drip-over’) 

could possibly evolve to become a regional or even a global threat, with the need to implement 

appropriate emergency measures. These aspects will be considered further in the following sections.  

VII. The Continuing Threat of Zoonotic Spill-Overs 

The following will consider evidence for past and present (and thus potential future) zoonotic spill-

overs of viruses and mycobacterial pathogens which have had only short-lived effects on humans, 

organised on the basis of the animal groups involved as reservoir or potential intermediate (amplifying) 

hosts. 

1. Birds  

i. The Natural Reservoir for Influenza A A wealth of evidence indicates that birds are the reservoir for 

most of the different serotypes of the influenza A virus (Figure 5), with particular reference to migratory 

members of the order Anseriformes (particularly certain species of dabbling ducks).  The main target 

for infection is the gut, with viral progeny being exported in the faeces: infection is mediated by 

haemagglutinin binding to α2,3-linked terminal sialic acids on the surface of gastrointestinal cells of 

the prospective new host, with the resulting infections being subclinical and asymptomatic.  

High levels of infection in this waterfowl reservoir occur during the northern summer, after large 

populations of birds have migrated to higher latitudes and congregated there to feed in coastal and 

inland waters as well as to roost and breed, often in dense colonies. Thereafter, they may relay infections 

southward during their autumnal migrations. 
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ii. Spill-overs into Gallinaceous Birds Infection can then pass from migrating ducks and geese to their 

domesticated relatives. There is evidence that these, together with quail and turkeys, may serve as 

‘bridges’ for the virus to cross over to infect chickens.  

 

 
Human cases reported; 

endemic in poultry 

 
Human cases reported; cases 

reported in poultry 

 No human cases reported; 

endemic in poultry 

 
No human cases reported; 

cases reported in poultry 

 No cases reported 

Figure 11  Status of hpH5N1 in 

poultry in south-eastern Asia, together 

with the occurrence of human spill-

overs.18  

Present-day intensive farming techniques for chickens and other poultry have provided a means for the 

rapid spread of infection, with the high population densities increasing the likelihood of viral mutations 

appearing as well as of reassortment amongst these. Recent rapid increases in production mean that, 

globally, China and Southeast Asia now rank highest with regard to the farming of chickens and, more 

especially, ducks (Table 1). 

Typical avian influenza viruses have a low pathogenicity in chickens: at most, they cause transient 

minor respiratory ailments and a decrease in food consumption and egg production. However, some 

spill-overs have led to a disease emerging which has had a major impact on poultry production. Thus 

there has been the spasmodic emergence of highly pathogenic (hp) infections in chickens, most notably 

the recent concerns regarding hpH5N1. Whilst there were only a few reports of highly pathogenic 

outbreaks in poultry prior to 1990, 16 separate emergences were recorded in various parts of the world 

in the following 20 years as a result of various subtypes, with severe consequences for animal health 

systems and the poultry industry, including as a result of extensive pre-emptive culling. These infections 

arose as a result of mutations which allowed the virus to spread systemically to infect other tissues and 

cause severe clinical infections with high mortality rates. 

Containment has generally been aided by the lack of back-infection of wild birds. One notable exception 

is the appearance of a strain of what was to become hpH5N1 in 1996:  domestic ducks and geese were 

initially relatively insensitive to the emerging virus but later acted as a bridge to pass a variant back to 

their wild congeners which in turn were responsible for carrying hpH5N1 from East Asia down into 

much of Southeast Asia in 2003-2004 and westwards to Europe and Africa in 2006. Thus it is now 

enzootic in much of Southeast Asia (Figure 11) and many other parts of the world.  

                                                            
18 Adapted from http://wwwnc.cdc.gov/travel/yellowbook/2016/infectious-diseases-related-to-travel/influenza.  

http://wwwnc.cdc.gov/travel/yellowbook/2016/infectious-diseases-related-to-travel/influenza
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As a result of concern with regard to human mortalities from zoonotic infections with hpH5N1 (Figure 

11; see below), the FAO together with the World Organization for Animal Health, the WHO and other 

organisations established mechanisms to coordinate and provide support for the monitoring of wild and 

domestic bird populations and the communication of risk and other means to control the spread of this 

and other sub-types of potentially dangerous influenza. However available information indicates that 

this has only been patchily implemented in the region (Table 4), reflecting differences in the proportion 

of chickens raised in intensive farming systems relative to those produced as a result of traditional 

dispersed rural ones (see below). 

Table 4 Occurrence of hpH5N1 in domestic and wild birds in Southeast Asian and neighbouring 

countries, together with some of the stated means for monitoring this and reacting accordingly. All 

are based on the most recent information available: the second half of 2015, except for the 

Philippines (first half of 2014) and Brunei, Cambodia and China (first half of 2015).19  

 Occurrencea 

Notification Monitoring Screening 

Targeted 

surveillance 
Culling  Domestic Wild 

Brunei -- -- Bothb Both Both -- Both 

Cambodia 2015 -- (Domestic)c -- -- (Domestic) Domestic 

Indonesia -- -- Domestic Domestic Domestic Domestic -- 

Laos  -- -- No Reports 

Malaysia 2007 -- Domestic Domestic Domestic -- Domestic 

Myanmar 2015 2010 Both -- -- Wild Both 

The Philippines -- -- Domestic -- Domestic Domestic Domestic 

Singapore Never reported Both -- Domestic Both Domestic 

Thailand 2008 2004 (Domestic) Domestic Domestic (Domestic) Domestic 

Vietnam 2015* 2013 Domestic Domestic -- Domestic Domestic 

Australia 2014 2014 Both Both -- -- -- 

Bangladesh 2014 2012 Both Both Both Both Domestic 

China  2015 2015* Domestic Domestic Domestic Domestic Domestic 

India 2015* 2015* Domestic -- (Both) Domestic (Both) 

a Year of last being documented in birds. 
b Both domestic and wild species of birds. 
c Bracketed entries reflect the fact that there was a difference between reports for successive 

years: thus Notification was given as one monitoring feature for Cambodia in 2014, but was 

excluded in 2015.  

* One or more regions       

iii. Mammalian Spill-overs Morens et al. (2013) have pointed out that spill-overs for different types of 

influenza virus circulating in waterfowl may follow one of two different pathways – one into galliform 

poultry, the other (mainly involving H1-H3 subtypes) into mammals – which involve different, 

apparently divergent suites of adaptations which may normally preclude sustainable subsequent 

chicken-mammal spill-overs (as noted below, some H7 viruses may be an exception in this regard). 

Thus, whilst there is evidence that birds were the original sources of recent human pandemics involving 

H1, H2 and H3 types of influenza A virus (Figures 5-7), consideration of these will be mainly deferred 

to Section VII.4.i on pigs. Apart from these, there is evidence that avian influenza viruses of the H5, 

                                                            
19 From http://www.oie.int/wahis_2/public/wahid.php/Diseasecontrol/measures: accessed 14/vii/16 

http://www.oie.int/wahis_2/public/wahid.php/Diseasecontrol/measures
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H6, H7, H9 and H10 subtypes have occasionally spilled over into humans and thus represent potential 

pandemic threats should effective person-to-person transmission develop through mutation and/or 

reassortment.  

Table 5 Identified cases of hpH5N1 spill-overs into humans in the region and 

their outcomes.20  

Country 
2003-2009 2010-2014 2015 

Overall* 
Cases Deaths Cases Deaths Cases Deaths 

Cambodia 9 7 47 30 0 0 56 (66%) 

Indonesia 162 134 35 31 2 2 199 (84%) 

Laos  2 2 0 0 0 0 2 (100%) 

Myanmar 1 0 0 0 0 0 1 (0%) 

Thailand  25 17 0 0 0 0 25 (68%) 

Vietnam 112 57 15 7 0 0 127 (50%) 

Bangladesh 1 0 6 1 1 0 8 (12.5%) 

China 38 25 9 5 6 1 53 (58%) 

* Total identified cases (% mortality)  

Thus certain strains of avian H5 and H7 viruses have been associated with human infections as variant 

influenzas (see Section VI.2.iii.c). As a result, in the region (Table 5)  and  elsewhere,  hpH5N1 infection 

leads to an overall 60% case mortality ratio in those humans known to be infected,21 although the true 

ratio is likely to be lower given evidence that many may have been only mildly affected at most and 

thus not been officially recorded. Also, whilst the recent irruption of an H7N9 strain in the Yangtze 

River Delta region of China circulated asymptomatically in poultry, it was associated with sporadic 

seasonal spill-overs into humans (Figure 12) which caused severe influenza with a case mortality ratio 

of about 30%; as with hpH5N1, most other individuals who were likely to have been exposed showed 

no immunological or clinical evidence for infection. The haemagglutinins of both these strains bound 

with α2,3-linked terminal sialic acids, in contrast to human-adapted strains, which bind with α2,6-

sialylated residues); thus people who have been infected with hpH5N1 or H7N9 typically developed 

acute respiratory distress syndrome as a result of infection of lower portions of the respiratory system 

(where α2,3-sialylation constitutes a proportion of the decoration of surface glycans). This may not only 

make it difficult for the virus to reach and establish an infection in the first place, but also to thereafter 

be expelled through aerosols to infect others: this could account for the rarity of evidence for person-

to-person onward transmission. Where it does occur, there may be a genetic basis for susceptibility, 

based on evidence for human-to-human transmission within individual families.  

Apart from the spill-over threat posed by mutants of the avian viruses themselves, there is the risk that 

humans or various intermediaries (e.g. pigs, especially given the recent development of intensive 

production practices: see Sections VII.4.i and VIII.3) may act as mixing vessels, wherein co-infection 

with an avian virus which is poorly adapted and a virus which is already circulating in mammals may 

lead to the exchange of segments as a result of genetic shift (see Section VI.2); this together with 

ongoing genetic drift may lead to the emergence of ‘hybrids’ which are more virulent in humans and 

thus pose a pandemic threat. Also, whereas the threat of spill-overs from outbreaks of highly pathogenic 

strains like hpH5N1 in poultry can be controlled through prescriptive responses with regard to 

containment strategies and tactics, this is much more of a problem for those strains (e.g. the recent 

H7N9 influenza irruption in China) where infections of poultry are asymptomatic. Without regular 

                                                            
20 WHO/GIP, data in HQ as of 19 July 2016. 
21 The ratio for the 1918-20 pandemic was at least 2.5% (Taubenburger et al., 2006). 
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sampling of poultry, such ‘silent’ outbreaks confound efforts to monitor the spread of infection and the 

resulting mutations and reassortment events in bird reservoirs; and thus the increased potential threat of 

spilling over into mammals, including humans with the resultant risk of person-to-person transmission. 

 

Figure 12 Epidemiological profile of the global incidence of sporadic, mainly isolated human 

H7N9 cases by week of onset and their outcomes against the week for each year.22 These were 

mainly in the spring, but have waned over successive years, although there has been an earlier 

than expected start with a large peak in the last quarter of 2016 (L. Zhou et al., 2017: the strain 

was similar to previous years and outbreaks were again sporadic isolated cases).  

iv. The Broader Costs Even where outbreaks of influenza A in poultry have only a minor impact on 

human health, they can have a severe economic one, especially on the poultry industry itself as a result 

not just of deaths due to infection with highly pathogenic forms but also of culls in order to try to contain 

outbreaks of these and milder forms (e.g. H7N9) which pose a potential threat to humans and other 

mammals. Thus, in a local irruption of a H7N9 strain in the Yangtze River Delta region of China starting 

in February 2013, Qi et al. (2014) noted that whilst the total number of confirmed human cases in the 

region had risen to 130 by the end of May that year (with a 30% mortality ratio), there were large 

economic effects. They estimated that the total direct medical cost of H7N9 up until that time was about 

US$2.6 million and that of disability-adjusted life years about US$2.7 million; much greater were the 

losses of the poultry industry as a result of the culling of potentially infected stock and the closure of 

wet-markets in the ten infected provinces (US$1.24 billion) and eight adjacent ones (US$590 million).  

For Southeast Asian countries, hpH5N1 has had a major impact, especially given that poultry are an 

important component of their rural economies: many households in the Greater Mekong sub-region 

maintain small numbers of chickens for their eggs and meat, mainly as a source of sustenance but also 

as an income supplement (Table 6). As in China, duck-farming (mainly for their eggs) is important in 

the region (Table 1); this typically involves often large free-ranging flocks which are moved between 

                                                            
22 As of 27/ix/17: 

http://www.who.int/entity/influenza/human_animal_interface/Influenza_Summary_IRA_HA_interface_09_2

7_2017.pdf  

http://www.who.int/entity/influenza/human_animal_interface/Influenza_Summary_IRA_HA_interface_09_27_2017.pdf
http://www.who.int/entity/influenza/human_animal_interface/Influenza_Summary_IRA_HA_interface_09_27_2017.pdf
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rice-fields over an extensive area, a strategy that may have helped the establishment of the first 

infections of hpH5N1 in Thailand and Vietnam.  

Table 6 Summary comparison of some aspects of the chicken industry in selected adjoining 

Southeast Asian countries (Pfeiffer et al., 2013). 

 Cambodia Thailand Vietnam 

Proportion of poultry producers who are 

backyard subsistence and small commercial 

farmers  

> 90% > 50% > 65% 

Proportion of poultry meat production from 

these  
> 90% 10% 70- 80% 

Main market for products Local Local and 

export 

Local 

Containment measures around infected farms 

(date when first introduced) 

Culling and 

surveillance 

zones 

Bio-exclusion 

measures 

around factory 

farms (2004) 

Interventions 

including 

vaccination 

(2005) 

Compensation because of culling  None High Variable23 

Number of reported hpH5N1 outbreaks in 2004 1424 Almost 2000 Almost 3000 

Number of reported hpH5N1 outbreaks in 2005 225 About 200 About 2000 

Number of reported annual hpH5N1 outbreaks 

since 2008 
< 10 0 30-70 

Table 6 compares some characteristics of chicken-farming activities in Cambodia, Thailand and 

Vietnam, based on the review of Pfeiffer et al. (2013). These are much more industrialised in Thailand 

than in the other two countries, being an important export industry. Thus the Thai government and 

relevant industrial bodies instituted measures designed to contain the risk of infection in factory farms, 

in particular, through establishing buffer zones following established guidelines; associated with this, 

there were only a small number of human mortalities (Table 5). In contrast, the lack of such farms as 

foci in the other two countries meant that such measures were more difficult to enforce.Apart from the 

direct effects of the spread of hpH1N1 on poultry (through mortalities, including as a result of 

preventative culling) and on human morbidity and mortalities, there are also indirect economic ones. 

One is the restriction of poultry movements within a particular area for small-scale producers selling in 

local markets. Also public fears may lead to ‘demand shock’ with the depression of prices for otherwise 

healthy chickens, and knock-on effects for those involved at various levels of the supply-chain in the 

poultry industry.  

The selling of live birds in wet markets provides a means for the sustaining (and associated mixing) of 

circulating viruses through the bringing together of chickens from different often distant sources. Peiris 

et al. (2015) have advocated that, rather than relying on culls and the temporary closure of wet markets, 

there is the continuing need for effective control procedures which are sustainable: for example, keeping 

ducks and geese separate from other poultry on farms and in markets; not allowing poultry to overnight 

in markets; and having rest days when the market can be disinfected.  

The foregoing analysis of the broader costs with regard to avian (including variant: see Section VI.2.iii) 

influenzas captures only a small component of the global costs of a potential pandemic of influenza or 

                                                            
23 Year-to-year variations: Cristalli and Capua (2007). 
24 Desvaux et al. (2005). 
25 Desvaux et al. (2005); WHO (2012) reported that there were none recorded, although there were four human 

fatalities. 
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other such diseases (or even their incipient threat). This will be considered further below in Sections 

VIII.3 and 4). 

2. Bats  

Based on phylogenomic analyses, it has been proposed that a number of viral families may have first 

evolved in bats. This may reflect that many species form large roosts which will facilitate sustained 

infections because their numbers will likely exceed the critical community size (see Introduction), 

especially given that individuals are highly mobile and can move between roosts. Moreover the fact 

that such roosts are often multispecific likely favours at least a degree of generalist flexibility.  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 13 Summary of some of the viral 

diseases which may have spilled over from 

bats to infect humans over the past few 

decades. 

 

A corollary of bats being the apparent ancestral reservoirs for many families of viruses found in other 

groups of mammals today is that infections of the latter presumably originated as spill-overs which 

progressively evolved to become endemic. That this is still ongoing today is suggested for a wide variety 

of viruses which may represent stage 2 ‘drip-overs’. The following will provide only a brief overview 

of selected potential viral overspills originating in bats (Figure 13). However, it is important to note that 

bats play an important role providers of ecosystem services. Thus insectivorous bats play an essential 

function in the control of mosquitoes and many agricultural pests, taking over from daytime birds; 
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whilst frugivorous and nectivorus bats (including Old World ‘flying foxes’) play a crucial role in 

pollinating the flowers of various economically-important fruit trees.26 However the unfortunate 

promulgation in the media and elsewhere of reports implying that bats are a hot-bed for the potential 

spilling over of ‘new’ viral diseases has been criticised by Tuttle (2016, 2017a-c; see also Cannon, 

2017) as leading to overreactions and the forced eviction or culling of bat roosts: he notes that any such 

spill-overs which lead to serious infections of humans are exceedingly rare events. 

i. Rhabdoviridae The fact that strains of rabies virus circulate in many species of New World bats likely 

contributes to the identification of this group of mammals is a major threat of zoonotic disease; this is 

reinforced by the fact that other species of Lyssavirus circulating in Old World bats also pose a threat 

to humans. Transmission may be through bites and possibly from aerosols. Whilst rabies-related viruses 

have not yet been detected in bats in the Southeast Asia and elsewhere in the region, there is serological 

evidence that these are likely to be circulating in at least some species. That they may pose a potential 

health threat is suggested by the finding that, in Cambodia, 25 of 224 samples of the fruit-bat Pteropus 

lylei from restaurants in Phnom Penh were found to have neutralising antibodies against various bat-

associated species of Lyssavirus which have caused fatal human infections in Australia and Europe. 

That there is also the risk of getting rabies from handling the uncooked carcasses of infected animals is 

suggested by a study in Vietnam which identified the butchering and consuming of cats and dogs as a 

possible source of spill-over infection: presumably the same applies for related viruses in the processing 

of bats. 

ii. Paramyxoviridae A number of studies indicate that fruit-bats (Pteropus spp.) may be a natural 

reservoir for henipaviruses which can infect humans, to cause an often fatal febrile or encephalitic 

illness. This was originally based on evidence of spill-overs of Hendra virus into horses in Australia 

(see Section VII.7.ii); as well as those of Nipah virus into pigs in peninsula Malaysia (see Section 

VII.4.ii). On the other hand, studies in Bangladesh and neighbouring portions of northeastern India have 

identified a direct link for transmission of the latter virus from fruit-bats to humans, whereby bat 

contamination of vessels used to collect the sap of date palms was a major source of spill-overs. Contact 

with bat excreta (e.g. when climbing trees to get fruit) has also been implicated, as well as from handling 

discarded partially-eaten fruit. On occasion, nursing care and nosocomonial spread may lead to a very 

limited onward chain of human infections. 

Serological studies have identified neutralising antibodies which crossreact with Nipah virus in fruit-

bats (Pteropus lylei) sampled from restaurants in Cambodia, as elsewhere in the region. Given that this 

virus may be a cause of unexplained cases of encephalitis, the Institut Pasteur in Cambodia has initiated 

a long-term monthly survey of one of the country's largest existing colonies of P. lylei. 

iii. Coronaviridae It has been proposed that one cause of the common cold originated in a species of 

micro-bat from West Africa, and that dromedary camels were the intermediate host (see Section 

VII.6.i). Also, whilst the lineage C betacoronavirus which causes Middle-East Respiratory Syndrome 

(MERS) is evidently a spill-over from this species of camel (see Section VII.6.i), it may have originated 

in insectivorous bats there, as well as being closely related to viruses from bats in the Hong Kong SAR 

and southern China. Furthermore whilst the lineage B betacoronavirus which causes severe acute 

respiratory syndrome (SARS) spilled over to humans originated from carnivorans in wet-markets in 

southern China (see Section VII.8.iii), there is accumulating evidence that horse-shoe bats (Rhinolophus 

spp.) may be the natural reservoir of SARS-related betacoronavirus and the potential source of future 

possibly more direct spill-overs. 

iv. Filoviridae Bats would appear to be the natural reservoir for at least some African members of this 

family. Spill-overs into humans may be direct, as in the case of Marburg viruses in East Africa; or 

largely indirect through the infection of other primates, as in the case of at least some species of 

Ebolavirus elsewhere (including the recent Ebola eruption in West Africa). In addition, evidence from 

the Philippines suggests that bats might be the ultimate source of infection by Reston ebolavirus of pigs 

and/or nonhuman primates there.  

                                                            
26 Including the durian tree, for example. 
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3. Rodents and Soricomorphs  

Many species of these are classic ‘r-selected’ opportunists: they breed at an early age and have large 

broods of altricial young. In consequence, many have wild populations which can expand rapidly as a 

result of short-term improvements in food availability, before subsequently crashing when these are 

exhausted. However, as a result of the progressive development of human settlements – from early 

villages to today’s conurbations – certain ‘synanthropic’ rodents proliferated as peri-domestic 

commensals, due to an often year-round abundance of an otherwise seasonal food availability. This 

combination of potentially large population sizes and a peri-domestic lifestyle means that there is the 

potential for zoonotic spill-overs of viruses and other endemic infections from their normal reservoir 

hosts to infect humans and other domesticated mammals. 

In Southeast Asia, the risks are further compounded by the fact that the sale of live rodents in wet 

markets in the Mekong Delta in southern Vietnam, for example, may be a more direct source of spill-

over infections into humans who are exposed to them (Cuong et al., 2015). To help meet this demand 

for cheap meat, including as feed for farmed fish and crocodiles, up to three tonnes of live rats were 

exported each day from Kandal, Kampong Cham and Kampong Thom provinces in Cambodia in 2008, 

mainly during the wet season; moreover, rats are also becoming popular as a food in southern 

Cambodia. The practice would seem to have originated when flooding had serious effects on rice-

farming in Svay Rieng province, compounded by a plague of rats blamed on their having emigrated 

down rivers from Vietnam (made worse by the lack of snakes, local populations of which had been 

depleted due to their being caught for sale in Vietnam).  

i. Bunyaviridae Such spill-overs from hantaviruses infecting Old World murine rodents cause 

haemorrhagic fever with renal syndrome (HFRS) in humans, whereas those from rodents in the 

Americas result in hantavirus pulmonary syndrome. They arise from contact with urine, faeces, or saliva 

of infected rodents; there is little evidence for onward human-to-human transmission. China, where 

HFRS was first recognised in 1931, accounts for about 80% of recorded clinical cases of this disease.  

Hantaviruses have been recognised as a minor ‘emerging’ endemic disease in Southeast Asia, where 

there is often a high seroprevalence indicative of past spill-over infections. Reservoirs include 

Bandicota indica (a rodent associated with rice-fields throughout Southeast Asia) in Thailand, where a 

large proportion of humans living in the vicinity may be seroprevalent, with evidence that spill-overs 

may account for some cases normally diagnosed as resulting from leptospirosis. Various hantaviruses 

have also been identified in Rattus spp. from markets and a rubbish dump in Phnom Penh and from 

Mondulkiri and Preah Sihanouk provinces in Cambodia; and also at various locales elsewhere in 

mainland and island Southeast Asia.  

ii. Arenaviridae Lymphocytic choriomeningitis virus (LCMV) causes chronic subclinical infections in 

mice, with large quantities of virus shed in urine, faeces and other discharges, so that spill-overs into 

humans can occur through aerosols or contact of virus-contaminated material with skin abrasions.  

These mainly result in mild flu-like symptoms, although there may be a relapse, especially in immuno-

compromised individuals, with (generally not fatal) meningitis and/or encephalitis; serological studies 

indicate that 2-5% of humans have been infected. 

There is sparse information concerning the situation in Southeast Asia. Serological studies found 

evidence for a lassavirus antigen in rodents in Nakhon Pathom province in Thailand; whilst there were 

only very low levels of seropositivity for an LCMV-related virus in samples of rats and humans from a 

wet market in the Mekong delta.  Recently, genomic evidence was found for two mammarenaviruses: 

one in Veal Renh in Cambodia from common species of rodents often found in urban areas and the 

other in three species of rodent (including B. indica) from ricefields in Thailand. Clinical studies in 

Kampong Cham and eleven other provinces in Cambodia found that about 17% of 510 patients who 

presented with symptoms suggesting infection with influenza or dengue but which did not test positive 

for these were instead found to test so with an IgG ELISA against Wenzhou virus, raising the possibility 

that this might have been the causal agent. On the other hand, about 13% of 529 healthy individuals 

from Kampong Cham province were seropositive in another study, indicating likely background levels 

of past infections. 
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iii. Poxviridae Rodents would appear to be the reservoir for many members of this family. Thus 

‘cowpox’ is a misnomer: the virus(es) mainly circulate in rodents, although spill-overs to cats may be 

the main source of infection of humans, at least today. Similarly, African rodents are the natural 

reservoir for so-called ‘monkey pox’. 

iv. Bornaviridae Borna virus was originally identified as the causative agent of a neurological disease 

which has afflicted horses and sheep in central Europe and, subsequently, elsewhere. This would appear 

to be the result of contact with urine from certain rodents, the virus’ natural reservoir. The effects of 

this virus on behaviour in horses, together with the evident targeting of particular higher brain centres 

in these and other mammals, led to the speculation that this virus might be a causative agent for a variety 

of affective psychiatric afflictions (such as bipolar disorder and schizophrenia) in humans. Whilst initial 

studies did suggest a possible association, this has not been supported by later work. 

4. Pigs  

Pigs would appear to have been independently domesticated in the Near East (Anatolia) and East Asia 

(the Yangtze River basin and southern China) at least 8,000 years ago from the wild boar (S. scrofa). 

Today, they are an important source of animal protein, with China alone accounting for almost half of 

the world’s total pig production and Southeast Asia ranking second (Table 1).  

The main concerns regarding spill-overs which could potentially affect humans are from RNA viruses 

of the families Orthomyxoviridae, Paramyxoviridae and Filoviridae.  

i. Orthomyxoviridae Like many other mammals, pigs can be infected with influenza A (Figure 5). They 

would seem to be normally host to H1-, H2- and H3-type viruses, although there is evidence that they 

may be transiently infected by a variety of other types. Since the 1918-20 pandemic (Figure 6), so-

called classic swine influenza (cH1N1) has been the main porcine enzootic, with relatively stable 

geographic lineages. However  a wholly avian strain spilled over into pigs in Europe around 1979, to 

replace the strains of cH1N1 circulating there; this new strain spread world-wide presumably as a result 

of the pig trade, although there is evidence for a later spill-over from birds into pigs in China.   

The evidence that they may be susceptible to infection by both avian and human strains of H1-, H2- 

and H3-type viruses has led to the hypothesis that pigs may serve is ‘mixing vessels’, wherein 

simultaneous infection of individual cells of a host pig by not just a swine virus but also an avian- and/or 

human-adapted strain may lead to reassortment and the emergence of novel combinations of the gene-

segments. Given evidence that seasonal human epidemics and various of the sporadic global pandemics 

over the past century (Figure 6) may have originated in China and Southeast Asia, it has been proposed 

that these were the by-product of traditional integrated farming practices involving co-culture of fish, 

ducks and pigs together with the recycling of fresh manure to fertilise ponds, with pigs serving as 

‘mixing vessels’ for different strains of influenza A to thereby allow new combinations to emerge as a 

result of genetic shift.  

There has been little direct evidence to support the mixing vessel hypothesis until recently, based on 

studies on pigs during the time leading up to the human ‘swine flu’ pandemic which started in early 

2009. Whilst the 1957 and 1968 pandemics were the result of a dual assortment where the mammalian 

mixing vessel – whether human or otherwise – was unknown, surveillance of pigs in the United States 

identified the progressive emergence of a new strain of H2N1 in pigs (Figure 8). Central to this was the 

derivation of a so-called triple-reassortant internal gene (TRIG) cassette in North American pigs, 

comprising three genes from cH1N1, one from the circulating human seasonal H3N2 and two from an 

avian H1N1 lineage. Thereafter, dual infection with the triple-assortment strain of H1N2 and the new 

type of H1N1 which had spilled over from birds into European pigs about thirty years previously led to 

the appearance of a novel strain of H1N1 – so-called pandemic H1N1 (pH1N1 or H1N1pdm09: ‘swine 

flu’) – through further reassortment: this variant originated in pigs in central Mexico up to a decade 

earlier, as a result of the long-distance trade in live pigs. After spilling over into humans, pH1N1 rapidly 

spread to many other countries around much of the world within six months by person-to-person 

transmission (Figure 15), without the involvement of pigs. pH1N1 has now become established as one 

of the seasonal influenzas circulating in pigs as well as humans.  
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Figure 15 The eventual spread of pandemic 

human H1N1 from its origin in Mexican pigs 

was worldwide within less than six months, 

with continuing human infections thereafter 

(Left). An official end to the pandemic was 

declared on 10 August 2010; the map below 

shows the overall results then, based on 

feedback to the WHO for laboratory-

confirmed cases and numbers of deaths. 

However, as predicted, some countries in the 

northern hemisphere still had significant 

numbers of pandemic H1N1 cases in the 

following winter (Bottom), as the virus settled 

into a similar pattern to that of pre-existing 

seasonal viruses (from WHO, 2013b). 

 

 

ii. Paramyxoviridae A new species of the genus Henipavirus, Nipah virus, was identified as a result of 

two sequential outbreaks in pigs in peninsular Malaysia between September 1998 and April 1999, which 

subsequently spread to include workers on pig-farms elsewhere, together with abattoir workers in 

Singapore; person-to-person transmission led to the infection of one nurse (detected only in follow-up 

studies); there were high case-mortality rates due to the virus being acutely encephalitic. The outbreaks 

in pigs were controlled by culling of over one million pigs, together with strict quarantine measures on 
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pig movements, leading to the loss of pig-farms and jobs and a considerable impact on the Malaysian 

economy. 

As with the related Hendra virus in horses (see Section VII.7.ii), fruit-bats were found to the likely 

source of the original outbreak at one or more of the intensive production farms at the index site in 

Perak; this was likely to have been as a result of the bats feeding on the fruit of trees overhanging the 

pig-pens, and their excreta or dropped, partially-eaten fruit getting into the pigs’ water-supply through 

the roof’s drainage system. There have been no subsequent reports of outbreaks, presumably at least in 

part due to pre-emptive measures to restrict the opportunity for further spill-overs from fruit-bats, such 

as optimising the design of pig-pens. However, Nipah virus has been found to spill over directly from 

related bats into humans elsewhere, in Bangladesh and north-east India (see Section VII.2.ii).  

iii. Filoviridae There is evidence for at least one species of filovirus in pigs in Southeast Asia. Reston 

ebolavirus was originally identified as the cause of mortalities in cynomolgus macaque monkeys 

(Macaca fascicularis) from Luzon Island in the northern Philippines (see Section VII.9.iii). Although 

Reston virus apparently has no clinical effects in humans who have been exposed, despite a proportion 

of those who had worked with infected monkeys being seropositive, there have been concerns expressed 

(somewhat similar to those regarding influenza A) that genetic drift in infected pigs may lead to the 

emergence of viral strains which are pathogenic in pigs and/or humans. 

Whilst certain species of bat would appear to be a natural reservoir for filoviruses in Africa (see Section 

VII.2.iv), suids have been suggested to be the natural reservoir for two East African species of 

Ebolavirus (Sudan and Bundibugyo). Preliminary findings from a recent evident irruption of Zaire 

ebolavirus in the northeastern Democratic Republic of the Congo raise the possibility that wild hogs 

and/or domestic pigs may also serve as bridging hosts.  

5. Ruminants  

The members of the artiodactyl suborder Ruminantia constitute various types of domesticated cattle, 

buffalo and sheep and goats, together with their wild relatives, and deer. Historically, it would seem 

likely that measles originated as a spill-over of the now extinguished rinderpest virus from domestic 

cattle (see Section VI.2.ii). Also, one frequent cause of the common cold, a lineage A betacoronavirus, 

appears to have originated from cows to subsequently undergone rapid evolution in order to circumvent 

the immunity acquired in response to prior infections, so that it has become established as a long-term 

circulating enzootic. 

i. Mycobacteriacae Until recently, it was thought that Mycobacterium bovis, as a member of the M. 

tuberculosis complex, was the evolutionary ancestor of M. tuberculosis in humans, as a result of spill-

overs from domesticated cattle during the Neolithic Demographic Transition. However genomic studies 

have instead shown that the reverse is likely to have been the case (see Section IV.5), presumably as a 

result of the development of settled agriculture. Prior to recent genomic test-procedures, the two 

different ecotypes  were difficult to reliably differentiate.  

Infections of reservoir species with M. bovis typically lead to primary infection of the lungs and 

pulmonary tuberculosis, with a symptomatology of lung granulomata similar to that documented for M. 

tuberculosis in humans. Infection presumably has a serious effect on the productivity of cattle farming, 

and more especially the dairy sector. Spill-over infections by M. bovis of humans on farms and in 

abattoirs may be through aerosols (leading to mainly pulmonary infections), but can also be by way of 

contact with infected faeces or tissues during slaughtering. Other sources affecting the more general 

population are from consuming unpasteurised milk or raw and undercooked meat, leading to the 

development of granulomatous tubercles at various extra-pulmonary sites. Thus bovine tuberculosis has 

been generally considered to be mainly a disease of children through drinking infected milk, associated 

with granulomata in the cervical lymph nodes (‘scrofula’) and the intestinal tract. Whilst M. bovis was 

regarded as a common cause of human infections in Europe and North America in the first half of the 

last century, this was largely contained by making infection of farm animals a notifiable disease with 

test-and-slaughter policies based on the tuberculin skin-test. 
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However, M. bovis remains a potentially important source of infection in humans in developing 

countries where monitoring and follow-up policies are not in place and being implemented, through 

occupational exposure and the consumption of unpasteurised milk. The FAO has recognised bovine 

tuberculosis as a priority infectious disease of livestock (and thus potentially of humans) that should be 

controlled through national and regional efforts. However available information indicates that 

monitoring of the incidence of M. bovis in ASEAN and neighbouring countries, together with any 

follow-up and other regulatory procedures, would appear to be minimal, at best, for most countries 

(Table 7). Bordier and Roger (2013) have argued that rising consumption of (raw) milk products is 

likely to increase the incidence of this disease unless adequate control measures are taken to monitor 

the disease at herd and slaughterhouse levels. However, whilst the basic strategies required for control 

and elimination of bovine tuberculosis are well known, a variety of factors have confounded their 

implementation, including the expense of a test-and-slaughter strategy and the fact that the slow time-

course of the disease and the lack of high mortalities amongst infected animals may mean that, even if 

the disease is notifiable, it could pass unrecognised in the absence of adequate veterinary surveillance 

and reporting systems in rural communities. An additional complicating factor is that the existence of 

reservoirs of infection in wild animals. 

Table 7  Reported occurrence of bovine tuberculosis (presumably M. bovis) in Southeast Asia and neighbouring 

countries, together with stated means (if any) for monitoring its occurrence and reacting accordingly.27  

 Occurrencea 

Notification Monitoring Screening 

Targeted 

surveillance 

Stamping 

out 
 Domestic Wild 

Brunei -- -- Both -- -- -- -- 

†Cambodia -- -- -- -- -- -- -- 

†Indonesia 2006 -- Domestic General surveillance 

Laos  -- -- Not reported 

Malaysia 2015 Unknown Both Domestic -- -- -- 

†Myanmar 2009 Unknown Domestic -- -- -- -- 

†The Philippines -- -- -- -- -- -- -- 

Singapore 1994 -- Both -- -- Domestic -- 

†Thailand 2014 2007 Domestic Domestic Domestic Domestic -- 

†Vietnam -- -- -- -- -- -- -- 

Australia 2002 2002 Both Both Domestic Both -- 

†Bangladesh 2015* -- Domestic Domestic Domestic Domestic -- 

†China  2015* -- Domestic Domestic -- Domestic Domestic  

†India (2015*)b  -- Domestic Domestic Domestic -- -- 
† Countries belonging to the WHO’s (2015) cluster of 22 high-burden countries for infection with M. 

tuberculosis; Cambodia, Myanmar, the Philippines and Vietnam were amongst the nine which met all 

three of the 2015 targets (for reducing incidence, prevalence and mortality), as did China and India. 

* More than one zone   
a Last reported 
b Suspected      

One cheap option is to heighten public awareness of the risks of contacting tuberculosis (bovine or 

otherwise) from cattle through contaminated milk and other sources, and the need for appropriate 

precautions. A survey of rural villagers in Cambodia found that, whilst 69% thought that diseases could 

                                                            
27 http://www.oie.int/wahis_2/public/wahid.php/Countryinformation (accessed 22/vii/16). 

http://www.oie.int/wahis_2/public/wahid.php/Countryinformation
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be caught from animals, less than 5% of those interviewed were aware that tuberculosis was one, 

compared with 65% for avian influenza. 

ii. Poxviridae Orf and related poxvirids of the genus Parapoxvirus are contagious infections of the skin 

and mouth area in cows, sheep and goats. They are resistant to dry conditions and can thus also spread 

by way of fomites when these come in contact with damaged epithelia. They can spill over into humans 

(as well as cats and dogs), to cause benign local lesions (‘milker’s nodules’) in at-risk individuals such 

as veterinary surgeons, shepherds and abattoir workers, where these are an occupational hazard. 

So-called ‘cowpox’ or vaccinia has been associated with the infection of milkmaids’ hands from the 

teats of lactating cows in the past, and served as the basis for the development of vaccines against the 

endemic human species, smallpox (see Section VI.2.i). However it is nowadays generally associated 

with spill-overs of the virus from domestic cats, with wild rodents being the natural reservoir (Baxby 

and Bennett, 1997; see Section VII.3.iii). 

The related buffalopox virus was isolated in 1967 in northern India and is associated with sporadic 

outbreaks in Asian buffalos (Bubalus bubalis) in South Asia, Indonesia and elsewhere (Essbauer et al., 

2010); a nosocomial outbreak was reported in human burn-patients in Karachi in 2004-2005, as a result 

of the use of virus-contaminated buffalo fat to cover their burns.   

6.  Camelids  

These are members of the artiodactyl suborder Tylopoda, and comprise the dromedary and Bactrian 

camels, together with llamas and their relatives in South America. 

i. Coronaviridae Genomic analyses have suggested that dromedary camels may have been the source 

for what became one cause of the common cold in humans, the alphacoronavirus 229E (although 

passage could have been in the opposite direction); two strains recently identified in dromedaries were 

inefficient in infecting humans and were neutralised by human antibodies against HCoV-229E. The 

finding of a related sequence in a species of insectivorous bat from West Africa led to speculation that 

camels may have been the intermediate host in the spill-over process from bats to humans (although the 

spill-over could equally have been from humans to camelids).  

There is accumulating evidence that dromedary camels are a source of spill-overs of a lineage C 

betacoronavirus, the causative agent for so-called Middle East respiratory syndrome (MERS). The 

clinical symptoms seen after infection with MERS are similar to those seen with the SARS lineage B 

betacoronavirus (see Sections VII.2.iii and 8.iii), although it would seem to be less readily transmissible. 

MERS was originally recognised in 2012 in Saudi Arabia, and all subsequent primary cases have been 

epidemiologically linked to the Middle East. However international travel has meant that infected 

people have carried the disease elsewhere. Most notable was an outbreak in South Korea in 2015 where 

a traveller returning from the Middle East was the source, with the delayed identification of the cause 

of illness also leading to a business friend spreading the disease to China. In that case as in others, the 

majority of secondary cases were associated with the provision of health care by family and professional 

workers through nosocomial spread. It would seem likely that cases of MERS in humans have gone 

unrecognised in the past, based on retrospective serological studies of camels on the Arabian peninsula 

but in various parts of Africa  

7.  Equinids  

These belong to the order Perissodactyla, with horses being important as draft animals in the past. 

Amongst so-called ‘ungulates’, they are much less important as a source for potential spill-overs than 

the Artiodactyla (pigs, ruminants and camelids). 

i. Orthomyxoviridae The currently circulating equine H3N8 is generally not considered to be a threat 

to humans. On the other hand, as noted in Section VI.2.ii above, there is historic correlational evidence 

that horses (rather than pigs) may have been a reservoir for seasonal influenza at a time when they were 

important for personal transport and as beasts of burden: from as early as 1299 (or even earlier) until 

the 1889 pandemic. 
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ii. Paramyxoviridae In Australia, Hendra virus was identified as the causative agent for a generally 

fatal disease previously labelled as equine morbillivirus pneumonia or acute equine respiratory 

syndrome after an outbreak at a racing stable in Brisbane in 1994. There have been several outbreaks 

since then. Like the closely related Nipah virus (see Section VII.4.ii), fruit-bats serves as its reservoir 

host (see Section VII.2.ii). Infection is apparently the result of contact of mucous membranes with 

infected bat urine, including indirectly by way of contaminated pasture or other surfaces. Onward 

transmission to other horses or humans is through contact with infected body fluids.  

Recently, henipavirus infections of horses and humans were reported in two villages in the southern 

Philippines, with high fatality rates for both; the virus more closely resembled Nipah than Hendra virus, 

with evidence for some limited human-to-human transmission.  

8. Terrestrial Carnivorans  

Apart from that causing rabies (see Section II.2), various other viruses have been identified as 

potentially spilling over from certain species of this order of mammals into humans. 

i. Orthomyxoviridae As with other mammals, influenza infections lead to respiratory disease, with 

onward transmission as a result of aerosols. Various carnivorans are susceptible to influenza A. Thus a 

mustellid, the ferret, has served as a model for the study of infections with this virus since 1933 

(including evaluating the likelihood of avian strains becoming transmissible between humans), given 

that the clinical symptoms closely approximate those seen in humans. Whilst dogs and cats may develop 

influenza‐like illnesses as a result of spill-overs from horses or poultry, there would seem to be no 

epidemiological evidence that humans may be infected. 

ii. Paramyxoviridae Whilst Nipah virus has been implicated as a spill-over from fruit bats into humans, 

either directly (Section VII.2.ii) or by way of pigs (Section VII.4.ii), there is evidence that cats and dogs 

can also be infected with this virus from close contact with pigs. 

iii. Coronaviridae An outbreak of ‘atypical pneumonia’ with associated morbidity and mortality in 

Shenzhen (Guangdong province in southern China) in 2002-3 caused a major worldwide scare. This 

resulted when a doctor from Guangdong stayed in a hotel in the Hong Kong SAR for one day before 

being hospitalised and subsequently dying of what came to be called severe and acute respiratory 

distress syndrome (SARS); he was the index case for the spread of the infection to 16 other guests and 

thence to 25 countries over five continents. A second outbreak elsewhere in the same province in 2003-

4 was only brief, with four confirmed cases and no mortalities, as a result of the experience gained 

during the first one; thereafter, a third outbreak in 2004 as a result of the spread of laboratory infections 

in Anhui and Beijing led to nine cases and one death. Overall, there were almost 800 mortalities, 

comprising about 10% of identified cases. Thus the threat of a potential pandemic was rapidly 

contained, so that the main effects were economic in nature (see Section VIII.2.iv).  

The causative agent was a novel lineage B betacoronavirus  which was also found in two species of 

carnivorans, Himalayan palm civets (Paguna larvata) and raccoon dogs (Nyctereutes procuyoinboides), 

being held in local wet-markets. Serological studies on workers at these markets indicated that such 

over-spills probably reflected a pre-existing, more long-term problem. Further studies suggested that 

civets might not be the natural reservoir but rather served as amplifying hosts after being infected when 

held captive in markets, presumably is a result of spill-overs from bats (Section VII.2.iii). 

iv. Filoviridae Although dogs ate infected dead animals or licked the vomit of infected patients during 

an irruption of Ebola outbreak in Gabon in 2001-2, they did not undergo mortalities as a consequence 

and were apparently asymptomatic. Associated with this, up to about a third of pet dogs from villages 

with an outbreak had Ebola-cross-reacting IgG antibodies, with the proportion decreasing further away 

to less than 10% in the two main towns. There was no evidence for ongoing infection in any of the 

tested dogs, but it opens up the possibility that dogs might be an intermediary in the transmission of 

Ebola to and between humans. Thus, in the recent West African eruption of Ebola, sharing a meal of 

dog meat was the possible source of infection for three villagers in Liberia nearly two months after it 

was the first of the three most affected countries to be declared apparently Ebola-free. 
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9. Non-human Primates  

As with from other mammals, the risk of spill-over of potentially zoonotic diseases from non-human 

primates is dependent on contact. One major source is through the killing and butchering of bushmeat, 

which has been identified as a major route for zoonotic infection by HIVs and Ebola in Africa. Another 

is through being bitten by commensal (pet or peri-domestic) non-human primates: Table 8 shows the 

results of tests for various viruses on rhesus monkeys (M. mulatta) from a Buddhist temple in Nepal, at 

least some of which can infect humans (see below). Tests on tame macaques (M. fascicularis) used to 

provide street performances in Jakarta in Indonesia found similar such evidence.  

The other side of the spill-over coin is that human infectious diseases might be expected to be likely to 

result in zooanthropnoses of other primates, and more especially other anthropoid apes. In Africa, there 

is evidence that such reverse spill-overs as a result of the inexorable spread of humans have been 

associated with mortalities in natural populations of chimpanzees as a result of respiratory infections. 

i. Other Retroviridae Apart from the lentiviral SIVs and HIVs (see Section VI.3.i), various other 

members of this family have been found in nonhuman primates, some of which have zoonotic potential.  

Simian T-cell lymphotropic viruses are 

widespread amongst nonhuman primates 

in Africa and Asia. They derive their name 

from the fact that four similar viruses had 

previously been isolated from patients 

with adult T-cell leukaemia/lymphoma 

and other diseases: human T-cell 

lymphotropic viruses 1 to 4, with HTLV-

1 having been found worldwide, with 

scattered ‘hot-spots’ including 

southwestern Japan. It has been suggested 

that existing cases of human infections 

with HTLVs 1 and 3 are the consequence 

of multiple ancient spill-over events: thus 

the distribution of these extends beyond 

the range of other primate hosts.  Human-

to-human transmissions is through sexual 

activity, breast-feeding and blood 

transfusions; as a result, up to 10-20 

million people worldwide are infected, 

with less than 10% developing serious 

clinical conditions during their lifetimes.  

Nonhuman primates world-wide have 

been found to be commonly infected with 

so-called foamy viruses of the genus 

Spumavirus (e.g. Table 8); where known, 

most tissues are latently infected, with 

productive infection apparently confined 

to the oral mucosa with resulting salivary transmission. Whilst spumaviruses have also been detected 

in some humans, these were presumably dead-end spill-overs from other infected primate species as a 

result of being bitten or from contact with bushmeat. There is no clear evidence that even long-term 

infection of humans with primate spumaviruses is associated with any clinical disease (despite the 

profound effects of the virus in vitro), and generally little evidence for human-to-human transmission 

where investigated.  

ii. Herpesviridae A survey of macaques (M. fascicularis) at one of the ‘monkey forest’ temples on Bali 

in Indonesia, found that about 82% of 38 were seropositive for the alphaherpesvirin Macacine 

herpesvirus 1. Blood samples of workers there indicated that almost half were also seropositive – many 

had been bitten or scratched by these monkeys, especially those who fed them – but there were no 

Table 8 Serological tests of blood samples from 39 

rhesus macaques (Macaca mulatta: about 10% of the 

estimated temple population) at the Buddhist 

Swoyambhu Temple in Kathmandu, Nepal; PCR 

analyses were negative (Jones-Engel et al., 2006). 

 Seroprevalence  

Herpesviridae  

Macacine herpesvirus 3*  94.9% a 

Macacine herpesvirus 1** 64.1% a,c 

Polyomaviridae  

Simian virus 40 89.7% a 

Retroviridae  

Simian retrovirus (17.9%) a,d 

Simian T-cell lymphotropic virus (23.1%) a,d 

Simian immunodeficiency virus 0 a 

Simian foamy virus 97.4% b 

*  Previously classified as Rhesus cytomegalovirus 

(Pellett et al., 2012). 

** Previously classified as cercopithecine herpesvirus 1 

(Pellett et al., 2012). 
a Based on ELISAs. 
b Based on Western Blots. 
c Significantly higher in adults. 
d These results were discounted by Jones-Engel et al. 

(2006); the reason would not seem to be clear. 
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reports of past clinical evidence for any likely disease as a result. On the other hand, laboratory accidents 

have indicated that this virus generally causes encephalomyelitis or severe neurologic impairment in 

humans working closely with infected primates in laboratory populations, with case-fatality ratios of 

more than 70% in the absence of appropriate antiviral therapy. One possibility is that, under normal 

circumstances, low rates of viral shedding limit the chances of effective spill-overs. 

iii. Filoviridae As considered above, gorillas and chimpanzees have served as intermediate hosts in 

spill-overs of Zaire ebolavirus in Central Africa (see Section VI.3.i). Infection of these has led to large 

local die-offs, most likely as a result of their consuming partially eaten, saliva-contaminated fruit 

dropped by infected bats.  

In Southeast Asia, Reston ebolavirus was originally identified as the cause of mortalities in cynomolgus 

monkeys (crab-eating macaques: M. fascicularis) from Luzon Island in the northern Philippines. 

Associated serological studies suggest that spill-overs occurred into human handlers, although with 

apparently no clinical effects. Other studies have identified that pigs may be reservoir hosts (or possibly 

the intermediaries for spill-overs from bats) (see Section VII.4.iii).  

Apart from this, a study on orang utans (Pongo pygmaeus) in East and Central Kalimantan in Indonesia 

found that about 20% of 353 sera from these great apes reacted positively using ELISAs against 

recombinant glycoproteins of one or more of the four African species of Ebolavirus, but less than 2% 

did so for Reston; in addition, less than 2% reacted for the Marburg virus and overall IgM reactivities 

were low. It was concluded that there may be other, less virulent types of filovirus circulating in the 

region, with apes as a potential component of the reservoir. 

iv. Polyomaviridae The normal host of Simian virus 40 (SV40) is the rhesus macaque (e.g. Table 8), 

where infection is normally asymptomatic: it was discovered as a contaminant of some polio vaccines. 

About 90% of children and 60% of adults in the United States were inoculated with such contaminated 

vaccines between 1955 and 1963, with some evidence for subsequent person-to-person spread. 

Although SV40 can cause carcinomas in rodents, there is no clear-cut evidence for any long-term 

oncogenic consequences in humans.  

10. Aquatic Animals  

The type species of the calicivirid genus Vesivirus was first identified as a transient enzootic of pigs in 

the United States; the original source of infection was traced to the use of infected raw fish as garbage 

feed. Subsequent studies have identified at least forty serotypes of so-called ‘marine vesiviruses’ in a 

variety of pinnipeds (seals and sea-lions) and cetaceans (whales and their kin) in the northeastern 

Pacific; as well as in some species of marine teleost fish. Whilst there is limited evidence that these may 

cause clinical symptoms in humans on the west coast of the United States, subsequent studies there 

indicated that a ‘marine’ serotype was associated with viraemia and seroprevalence, together with 

evidence for a possible association with hepatitis.  

i. Marine Mammals Influenzas A (Figure 5) and B have been identified in particular species of 

pinnipeds and cetaceans; the former presumably represents spill-overs from their normal avian hosts 

(see Section VII.1.i); humans’ eyes may be infected when seals sneeze, causing a transient local 

keratoconjunctivitis with no serological evidence for a more general infection by H7N7 virus.  

There is contradictory evidence as to whether M. tuberculosis accompanied humans across the Bering 

Strait in the prehistoric colonisation of the Americas. Recent evidence suggests that M. pinnipediae, the 

ecotype found in seals and sea lions, may have spilled back to infect at least some humans on the western 

coast of South America in pre-Columbian times (see Section IV.5). 

ii. Fish In addition to the potential for vesivirus cross-infections, spill-overs of a variety of different 

species of bacteria have been reported. One of the most important of these is atypical mycobacteriosis 

(‘fish handler’s disease’, ‘tank granuloma’, ‘fish fancier’s finger’, ‘swimming pool granuloma’) as a 

result of slow-growing infection by non-tubercular Mycobacterium spp. causing red nodular swellings 

of the extremities (possibly because of the lower temperatures there); there is the potential for fatal 

systemic spread in immuno-compromised individuals.  
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iii. Shellfish Through their filtering of water contaminated with faeces, bivalve molluscs may act as 

bio-accumulators for not only vesiviruses but other such pathogens, including noroviruses, sapoviruses, 

polioviruses and hepatitis A and E viruses.  

11. Conclusions  

In the past, the domestication of ‘ungulates’ – members of the orders Artiodactyla and Perissodactyla – 

were an important source of human zoonoses, most especially those caused by viruses. An analysis of 

three different datasets led Morand et al. (2014) to conclude that the time since major livestock 

ungulates were domesticated was correlated with the number of zoonotic diseases which spilled over 

into humans from them, both directly and when they acted as intermediaries.  

Available evidence suggests that, apart from other primates, bats and rodents pose the main threats with 

regard to the potential future spilling over of viruses: whilst Han et al. (2016) also included terrestrial 

carnivorans, based on relative proportions of species, this was presumably because of the latters’ 

predominant role as hosts for rabies. This has led to modelling studies based on the distribution of 

potential reservoir hosts and various parameters related to changes in land-use and other factors, 

supported by evidence from a ‘natural’ experiment that changes in the use of land and thus native 

vegetation associated with agricultural development and urbanisation in Australia have been 

accompanied by zoonotic spill-overs in many cases. Various such analyses based on predictive 

modelling studies have suggested that Southeast Asia is a potential hotspot for future emerging zoonotic 

diseases. The recent spill-over of Nipah virus from fruit bats via pigs into humans on mainland Malaysia 

(see Section VII.4.ii) provides one recent example of such a development-related threat, arising out of 

a pre-existing one manifest elsewhere in the virus’ range through  direct spillings over from the bats 

themselves in Bangladesh. 

The foregoing aims to set the stage for considering potential future epidemic or pandemic threats in the 

context of past experience, and how to best go about accommodating or preferably mitigating against 

these. 

VIII. Discussion and Conclusions 

As noted in the Introduction, viruses which are limited to acute infections are frequency-dependent and 

constrained by the size of their potential host population, given the fact that their hosts’ immune systems 

act to contain those infections which do not kill them off first. Thus many of the diseases which have 

been proposed to have been endemic in the nomadic small hunter-gatherer groups which constituted the 

basis for human society for much of its existence (see Section III) are believed to have been heirlooms 

passed on from hominin ancestors which were able to establish latent infections in immune-privileged 

tissues, to re-emerge at a later date, apparently in response to information related to the decline of their 

current host and the implications of aging or other reasons for the latter’s future viability. Tuberculosis 

apparently arose de novo in humans or their immediate ancestors and perpetuated across the generations 

by an overall similar strategy. On the other hand, viruses such as the human pegivirus may have been 

able to persist as ongoing infections in such populations through establishing a ‘truce’ in the arms race 

leading to an immuno-tolerant symbiotic commensalism. 

Conversely, acute infections apparently only emerged as a viable strategy for truly endemic (i.e. 

specialist) human viruses (thereby completing the transition to stage 5 in Figure 1; see Section VI) with 

the development of sufficiently large population sizes, as an alternative to latency or immuno-tolerance. 

This was made possible through the progressive development of agriculture, from the Neolithic 

Demographic Transition and the associated start of the first epidemiological transition onwards. Not 

only did this lead to the establishment and subsequent continual growth of settled populations but it 

provided the opportunity for spill-overs to occur from the animals which were being domesticated: this 

occurred almost exclusively in Eurasia, because of various inherent behavioural and other factors in 

mammals elsewhere which precluded successful selective breeding as an essential prerequisite for the 

artificial selection of desirable traits. A classic example of such a likely occurrence is the evolution of 

measles from the rinderpest virus infecting various ruminant artiodactyls, to subsequently spread as a 

result of movements between communities on a progressively larger scale (see Section VI.2.ii). More 
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generally, these and other ‘ungulates’ (domesticated or otherwise) have been the main source of human 

zoonoses (see Section VII.7), and also of parazoonoses such as strains of influenza A: see Sections 

VI.2.iii.c and VII.7.i).  

Influenzas have probably spilled over directly from waterfowl into human hunter-gatherers 

intermittently since time immemorial (including through transiently infected intermediate hosts) but 

have presumably died out when members of these small groups either died as a result or became 

immune. Initially different strains of influenza A spill-overs would have a range limited by the primarily 

north-south migratory flyways of their original enzootic hosts (see Section VII.1). However the overlap 

of domesticated galliforms and anseriforms in East and Southeast Asia in classical times suggests that 

spill-overs may have started to become epidemic in local populations there.28 Thereafter, the more 

predominantly east-west establishment of connections (trading and otherwise) between different 

population centres across Eurasia served to initiate the spread of infections outwith the original range 

of the progenitor viruses (see Section VI.2.iii), as also indicated by the devastating westward spread of 

the bacterium Yersinia pestis (the causative agent of the Black Death) in the mid-fourteenth century, 

which ‘ran wild’ due to evolving to better spread between humans without the need for fleas as vectors.  

The past emergence of these and other such spill-overs, their establishment as specialist endemics in 

some cases to subsequently spread and become global diseases today (thereby foreshadowing the third 

epidemiological transition as epitomised by the recent endemism of HIVs, together with threats from 

Ebola, Nipah, SARS, MERS, …) has had often profound historical consequences, as briefly noted 

above mainly with regard to smallpox and measles, and will be considered further in the following 

Section. Thereafter, a subsequent Section will consider the economic and other consequences of the 

Third Epidemiological Transition itself; followed by one which considers the future, based on the 

lessons which can be learned. 

1. The Historic Consequences of Epidemics, Zoonotic or Otherwise  

Today, national and regional differences in the intensity of infectious diseases have been found to be 

positively correlated with the frequency of intrastate armed conflict and civil war. Whilst this could be 

related to a vicious cycle of poverty, morbidity and mortality with a lack of investment in public health, 

it has been suggested to be also consistent with other findings which correlated risk of infections with 

increased xeno- and neophobia as part of the Fincher and Thornhill’s ‘behavioural immune system’ 

proposed to underpin a more general parasite-stress hypothesis of sociality; and that, based on present-

day correlational evidence, this underlies intergroup differences in language and religious beliefs. 

Nevertheless, the spread of infectious diseases in the past could have profound effects on those societies 

affected: above, it was noted that the 1918-1920 ‘Spanish flu’ pandemic may have helped to bring 

World War I to an end (see Section VI.2.iii). Also, by killing about half of the population of an infected 

region (and about a third of Europeans overall: an estimated 50 million deaths), the Black Death put 

then-existing feudal systems under strain: the resulting acute labour shortages in western areas of 

Europe gave the surviving serfs bargaining power to seek to initiate what would prove to be profound 

long-term economic – and thus political and social – changes with world-wide ramifications even until 

today. In addition, smallpox was of historical significance in Europe during and after the seventeenth 

century, not least because of its lack of respect for social class; whilst the Manchus had to take extreme 

measures in order to avoid contagion when they invaded China to establish the Ming dynasty in 1644.  

Dobson and Casper (1996) speculated that smallpox-like outbreaks in ancient Rome may have played 

a role in the early establishment of the Christian religion: by abiding by their creed of caring for the 

                                                            
28 Given the development of the Khmer empire from its origins in the ninth century to the resulting city complex 

centred on Angkor Wat (the largest such conurbation in the pre-industrial world: Evans et al., 2007, 2013), it 

would be interesting to find out if there is any documentary evidence suggestive of influenza epidemics, 

including seasonal ones. Also, while the ultimate decline of that civilisation has been attributed to (local) 

climate-change factors (Buckley et al., 2010), the possible consequences of the emergence of severe crowd 

infections as a result of zoonotic spill-overs might conceivably have been a contributory factor, as has been 

suggested for Indus valley civilisations with regard to smallpox (see Section VI.2.i). 
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sick, followers may have built up their acquired immunity as a result of repeated exposure to low levels 

of the virus. The reverse side of the coin, as Dobson and Casper (1996) point out, is that later Christians 

also benefited from their introducing diseases (including those of their West African slaves) into the 

Americas to which the native populations had no resistance: thus the population of Mexico fell from 20 

million in 1518 to 3 million 50 years later, and then to 1.6 million 50 years after that. Thus it was 

infectious diseases that largely conquered the New World, rather than the weaponry of the already 

largely-resistant invaders who unknowingly brought them. Thereafter, this led to premeditated acts of 

germ warfare (including through ‘gifts’ of deliberately smallpox-infected blankets to native Americans 

by British colonial forces), recalling the first documented evidence of this on the Crimean peninsula in 

1346, when Muslim Mongols catapulted the corpses of those who had died of the Black Death into the 

besieged city of Caffa. More recently, the Japanese tried various strategies in the use of plague (as well 

as other pathogens) as potential bio-weapons during their occupation of China during the Second Sino-

Japanese War and its continuance as part of the Second World War; thereafter, during the Cold War at 

least, the United States and the USSR were also actively involved in exploring weaponisation 

techniques for this and various other contagious diseases, including as a bio-terrorism threat – one 

ultimately beneficial spin-off was the initial development of vaccines against the Ebola virus. 

Today, there is evidence that military interventions may lead to the spread of new virulent strains of 

tuberculosis, for example, at least partly as a result of subsequent political instability in the new ‘host’ 

country and its impact on public health systems. Similarly, it has been proposed that troop movements 

during the Second World War might have been responsible for the spread of hepatitis B and C viruses 

(see Sections IV.2.iv and VI.1.ii) 

Against this historical backdrop, the following Section will look at various aspects of the consequences 

of present-day zoonoses in more detail. 

2. The Socio-Economic Costs of Recent Zoonoses  

As noted above, the indiscriminate way in which many density-dependent viruses and other parasites 

are shed means that the potential for zoonotic spill-overs has always been a fact of life. Whereas the 

immediate consequences of these were – and still are – generally local, the progressive expansion of 

the human population, both in terms of absolute numbers (and thus their densities) and their relative 

mobility, has meant that the consequences of such spillovers have become more significant, as 

embodied in the notion of the Third Epidemiological Transition (see Section V.4). Most of these 

consequences are related to the potential socio-economic impact of a perceived or actual threat of spread 

outwith the original focus of the spill-over event(s). 

i. Local Effects At least initially, where spill-overs do occur (whether they are recognised as such or 

not), they are most likely to affect the poorest members of society, who often have to live in close 

contact with the natural reservoirs as well as potential (peri-)domestic intermediate hosts; once infected, 

they typically have limited access to effective diagnostic and other healthcare resources, thereby helping 

to maintain a pre-existing poverty trap. Even if the infection shows only limited spread, it can have 

major consequences for those involved, as reported for Nipah irruptions in Bangladesh: these had 

profound social effects for the affected villages, and most especially the family members of the infected 

individual, since they are expected to provide care involving direct physical contact and thus the 

possibility of onward viral transmission. Thus there is the need to provide not only adequate healthcare 

(including professional nursing) services which minimise direct and indirect costs but also appropriate 

income replacement and other measures to minimise the impact on patients and their families. The same 

applies when spill-overs are restricted to livestock, with implications for the livelihoods of those who 

depend on them. 

ii. Pandemic Threats Whilst, as a fact of life in peripheral communities, most spill-overs only have a 

limited impact, the situation – and how it is perceived by the global community – changes drastically 

when they are considered to represent a potential threat to the population at large. Whilst endemic 

seasonal influenzas have a considerable cost not just for the individual but the more so for the economy 

as a whole (see Section VI.2.iii), this can be expected to be much larger in the event of a pandemic 

emerging. Jonas (2014) estimated that the risk of a once-in-a-hundred-years pandemic as severe as the 
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1918 influenza pandemic would have an expected annual cost of the order of US$30 billion (comparable 

with more than one fifth of the average annual losses from all disasters over the period 2004-2013). 

This would be through not just mortalities and illness with absenteeism but also systemic supply and 

demand shocks to nations’ economies (including as a result of a ‘fear’ component: see below). Even if 

a pandemic does not develop, the potential threat also can lead to considerable economic costs, as noted 

above for the emergence of H7N9 in mainland China and hpH5N1 there and elsewhere in the region 

(see Section VII.1.iv): in these cases, the poultry-producers are the main ones to suffer, including as a 

result of a general slump in demand for their products as well as the immediate consequence of the more 

local loss of stock through disease or culling. Woo et al. (2006c) noted that effective control measures 

place an economic burden not only on poultry suppliers, but also their clientele, especially given that 

poultry and their eggs are a major source of protein for poor people; thus the resultant threat of potential 

malnutrition outweighs the effect of infectious disease, in the short-term at least. 

The following will consider the economic and other broader consequences of two contrasting recent 

large-scale spill-overs from wild mammals of viruses whose original reservoirs appear to be bats (see 

Section VII.2). One of these (Ebola) was essentially regional in its direct impact, primarily affecting 

the rural poor but with broader economic consequences for the affected countries; whereas the other 

(SARS) had an earlier, more global reach with documented effects mainly affecting other segments of 

society, despite being associated with many fewer mortalities. 

 

Figure 16 Weekly occurrence of new Ebola cases in each of the three West 

African countries worst affected.29  

iii. The West African Ebola Eruption As noted in Section VI.3.ii, this originated from an index case in 

Guinea but was able to gain hold because of an understandable lapse in the initial recognition of the 

pathogen involved. The much-criticised subsequent delay in the WHO declaring a Public Health 

Emergency of International Concern to thereby activate a full international response (due to fears that 

the risk was overblown) meant that the disease rapidly spread to also encompass Liberia and Sierra 

Leone (Figure 16) as a result of the extensive interconnectedness of populations within the region (in 

contrast to previous outbreaks in Central Africa: see Section VI.3.ii), with concerns of a potential global 

threat. With the eventual activation of the International Health Regulations, the WHO (2014d) issued 

an Ebola Response Roadmap to “assist governments and partners in the revision and resourcing of 

country-specific operational plans for Ebola response, and the coordination of international support for 

                                                            
29 Adapted from http://www.bbc.com/news/world-africa-28755033. 

http://www.bbc.com/news/world-africa-28755033
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their full implementation,” followed by a UN-led plan by the end of September 2014 to establish “a 

common operational platform for enhancing response activities and for addressing the broader 

consequences of the outbreak.” Specific measures were also prescribed for containing the risk of 

transmission at funerals and burials. Nevertheless, 28,639 confirmed cases were identified by the time 

that the eruption was declared over in April 2016 for all three countries, of whom 881 were healthcare 

workers; of these 11,316 (39.5%) died, including 513 health workers (58.2%); by comparison, all 

previous irruptions totalled 2427 cases, of whom 1597 (65.8%) died. 

The reason for global concern was that, early in the outbreak, effective reproductive numbers (Res) 

exceeded unity, leading to a projected exponential growth with large numbers of deaths in the region 

and beyond as a result. In principle and based on past experience, containing the spread of Ebola should 

be much easier than is the case of the likes of influenzas: a person is infectious only after developing 

symptoms and the long time-lag before any contacts themselves develop symptoms allows time to try 

to trace and monitor these. Thus, the spread of this and similar diseases can be contained (such that Re 

is reduced to less than 1) by not only minimising contact with infected individuals but also establishing 

a list of those who had contact with the latter prior to their diagnosis and isolation;30 these contacts are 

then put in quarantine for 21 days. However, in practice, things were much more difficult. 

Physical infrastructure was one major cause for frustration, due at least in part to the fact that much of 

this had been destroyed as a result of a recent history of strife in the region. Thus road systems were 

generally poorly developed, making it difficult for medical teams to reach remote infected villages, a 

situation exacerbated at the height of the epidemic by cases flaring up seemingly everywhere. To further 

complicate matters, the fact that facilities for the isolation and handling of suspected Ebola cases were 

centralised at the regional level added an extra layer of physical remoteness, not only for the transport 

of the potentially infected patient but also for tracing the course of infection through establishing 

contact-lists, so as to find and quarantine potential new cases. Trying to track down the latter was made 

worse by the porous nature of the borders in the region. In practice, implementing and monitoring of 

the necessary quarantine period proved difficult to implement: apart from anything else, such isolation 

had obvious economic and other impacts on households, most especially those in poor, subsistence-

based remote rural communities. This meant that potential contacts may move elsewhere to avoid being 

put in quarantine, and there may be a reluctance to identify contacts in the first place. 

The more general impact of psychological and cultural dimensions was also important. As with previous 

irruptions of Ebola in Central Africa and those of SARS in southern China (see Section VIII.2.iv), there 

was a generalised fear in the community at large, leading to avoidance of contact with other individuals 

and changes in the pattern of social interactions in cities. The fact that facilities for the isolation and 

handling of suspected Ebola cases were centralised created resentment and often resistance amongst 

other family-members: they would rather that the victim died at home amongst them rather than far 

away (in terms of walking distance), alone amongst strangers. This was often augmented by a fatalistic 

response on the part of those infected and their families, with a diagnosis of Ebola and the consequent 

transferal to an isolation unit being seen as a death sentence. This reaction was bolstered by the fact 

that, once presumed Ebola cases were placed in isolation, relatives were not allowed to have direct 

contact with them for their own protection. Furthermore, if the patient placed in isolation died, relatives 

were not allowed to view the deceased before interment, again for their own protection. Local practices 

required that (as elsewhere) respect should be paid to the deceased, including for example ritual washing 

of the body; in order to try to continue this practice, there was a market in fake documents certifying 

another cause of death.  

To further complicate matters, the many dead bodies in the early exponential growth phase of the 

outbreak after it had spread to the cities led to burials in mass unmarked graves or, as an alternative,31 

cremation, again often en masse. The fact that cremation was alien to the indigenous people (it was 

                                                            
30 A contact is defined by WHO as someone who has slept in the same household as a patient; had direct physical 

contact with the patient during the illness or at the funeral; touched the patient’s body fluids, clothes, or bed 

linens during the illness; or been breast fed by the patient. 
31 Due the perceived risk of burials contaminating the groundwater, and also to prevent kin from digging the 

bodies up in order to perform traditional funerary rites.  
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instigated using the existing facilities of the local Indian population in Liberia), together with the often 

lack of individual graves for the deceased as a result of the mass handling of corpses, resulted in protests 

by the local populaces (with efforts to retrieve their relatives’ interred corpses) and the stigmatisation 

and alienation of those who had volunteered to help out of a sense of social responsibility.  

Recognition of these various cultural issues arising out of differences in perceptions and the resulting 

initial resentment and lack of trust led Médecins Sans Frontières (2015) to recruit anthropologists who 

could better explain the reasons for the health-care workers’ actions in a local context and thereby aim  

                                                            
32 http://www.npr.org/blogs/goatsandsoda/2014/11/01/360685119/as-epidemic-in-liberia-slows-burying-bodies-

remains-a-challenge; Abbas Dulleh/AP. 
33 From Nielsen et al. (2015). 

 

Figure 17 After using bleach to disinfect the dead body and the surrounding area, those who died 

of Ebola were taken away by ensuited paramedical workers for burial (or subsequently cremation). 

In rural areas during the initial phase of the eruption (above), they were carried off, often to remote 

areas several hours away due to the lack of roads to avoid interference from grieving relatives 

wanting to perform traditional funerary rituals.32 During the initial phase of the emergence of the 

disease in larger built-up areas, (below), bodies were perforce collected in pick-up trucks – the 

photograph shows a team preparing to collect a ninth victim – to thereafter be buried in anonymous 

mass graves.33 

 

http://www.npr.org/blogs/goatsandsoda/2014/11/01/360685119/as-epidemic-in-liberia-slows-burying-bodies-remains-a-challenge
http://www.npr.org/blogs/goatsandsoda/2014/11/01/360685119/as-epidemic-in-liberia-slows-burying-bodies-remains-a-challenge
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for an amicable solution regarding quarantine and other procedures for the best interests of all 

concerned, as part of a broader education programme. Thus there was the need to get the message across 

to community leaders, in particular, about issues when there was no concept of a virus in local 

languages, to thereby overcome the prevailing ideas where illnesses are generally blamed on fate or 

sorcery and witchcraft. In particular, it was necessary to correct the perception that entering a regional 

treatment centre was not an automatic death sentence; together with the need to persuade mourners to 

forego the ritual touching of the deceased and washings associated with traditional funeral rites. The 

key to achieving this was for informed village chiefs and local religious leaders who could help to 

convince their communities to jettison, or at least adapt, traditional beliefs and customs which would 

otherwise promote the spread of the infection. In addition, there was the need for psychologists and 

nongovernmental organisations (including those previously involved in helping people with problems 

arising from their experiences in past armed conflicts) to help counsel current and surviving patients 

and their families in handling the stress of the disease, including coping with any stigmatisation and 

ostracism which resulted for survivors as well as for health-care workers and burial teams. 

Furthermore, escalating problems as a result of existing facilities becoming overcrowded at the height 

of the eruption (to the extent that some patients had to be turned away, to thereby further spread the 

contagion in all likelihood), together with recognition that the physical remoteness of treatment facilities 

was a major deterrent to reporting possible cases in rural communities, led to a move towards smaller, 

more local community care centers. These could be quickly set up as and where needs be (in a tent, 

even) and need only be lightly-staffed by family or other caregivers who have been given basic training 

in the use of personal protection equipment and barrier-nursing techniques; thus they could accept and 

isolate patients sooner and in their own communities, so decreasing the likelihood of resistance by them 

or their kin. This not only reduced the average time until admission, thereby reducing the risk of spread 

in the community at large; but also offset the risks of infection of potential sufferers identified by basic 

triage who might be Ebola-negative but were subsequently infected through contagion from other, 

positive patients in regional centres. 

Hall et al. (2008) noted that there had been an impact on basic medical practice in the 1995 Kikwit 

Ebola outbreak in the Democratic Republic of the Congo, in part as a result of an understandable 

reluctance by unprotected medical personnel to give thorough physical examinations and intravenous 

medications. However, during the initial phase of the Ebola eruption in West Africa, once its nature had 

been established, many did a stalwart job despite a lack of appropriate personal protection equipment 

and the chance to impose simple but effective triage procedures to try to contain the infection, with 

many dying as a consequence;34 in recognition of the truly altruistic efforts of many, they were 

collectively nominated as Time magazine’s ‘Person of the Year’, although stigmatisation of survivors 

meant that this accolade ultimately proved meaningless for at least one. 35  

Moreover the conversion of medical centres to ones for the reviewing of potential Ebola cases, together 

with the diversion of medical personnel to focus on these, meant that often there was nowhere for 

existing and new non-Ebola patients or pregnant women to go, although this was somewhat academic 

in many cases due to patients’ concerns about contracting Ebola as a result of attending a clinic. As a 

result, the countries’ progress towards achieving the Millenium Development Goals regarding health 

issues was set back. For example, it was recommended that inoculation programmes be put on hold to 

                                                            
34 Just two of many examples: five Sierra Leonean co-authors of an initial analysis by Gire et al. (2014a, b), fully 

aware of the risks, died as a result of their efforts in the field before the manuscript could be published; whilst 

a Liberian patient, already ill and with a sister who had already died of Ebola, flew to Nigeria, apparently to 

seek a cure from a Pentecostal ‘miracle pastor’, and (with the support of the Liberian ambassador) resisted 

efforts to put him in quarantine, leading not only to his death but those of 12 Nigerian medical professionals 

(Ross, 2014). Nevertheless, the rigorous implementation of pre-established standard containment precedures 

meant that the disease failed to spread in Nigeria (Fasina et al. 2014). 
35 Such stigmatisation can be long-lasting: Salome Karwah, a Liberian woman who survived infection by Ebola 

unlike most of her family and who went on to help others given her acquired immune protection (so that she 

was featured as one of Time magazine’s ‘Person of the Year 2014’ awardees), died in 2017 after giving birth to 

a healthy child: medical personnel were chary of trying to help her because of the perceived risk of contact with 

body fluids, regardless of her being immune (Baker, 2017). 
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avoid mass gatherings (WHO, 2014b); this raises the potential for an outbreak of measles as a follow-

up public health crisis, with projected deaths of a similar order of magnitude to those resulting from the 

Ebola outbreak, thereby negating the area’s success in reducing the number of such cases over the past 

decade unless the programme is aggressively re-implemented. 

A major concern was that Ebola would become established in the peri-urban sprawls around population 

centres: not only would there be a dynamic interchange of (possibly infected) people with the 

surrounding rural areas as well as with urban centres, but also the cramped living space with minimal 

standards of hygiene would have made attempts to contain the spread of the disease difficult, if not 

impossible. Whilst the threat of sporadic drip-overs into developed countries could be easily handled 

by their existing medical infrastructures with any necessary fine-tuning, the worry was the potential for 

an escalating deluge of infected arrivals from developing countries to also overwhelm the medical 

systems of developed countries, with major effects on the global economy as a result. However, despite 

the initial ominous signs of an exponential spread, the Ebola threat was contained once standard pro-

active measures were able to be effectively established, and proved to be largely restricted to West 

Africa.  

Apart from direct costs and resulting productivity losses for those infected with the virus and their 

families, the eruption also had profound economic effects in the three West African countries, especially 

on rural communities. For example, the seasonal harvesting of rice was affected, due to the workers’ 

reluctance to work in groups: given that farming and food production form a key component of the rural 

economy of each of the three countries, a breakdown in the functioning of markets (and the resulting 

higher prices for key staples in some areas) made worse an already food-insecure status. More generally, 

the unwillingness of people to expose themselves to potentially infectious contacts led to an increase in 

unemployment with major impacts on the informal economy, the non-agricultural self-employed being 

the most severely affected, especially in rural areas. This had serious consequences for household 

incomes and purchasing capacity, especially amongst those who relied on daily-based earnings; the lack 

of these meant that, even in areas where there was no inflation of prices for essential commodities, 

families had to resort to savings, the selling of assets, the borrowing of money or other short-term 

economic coping strategies. In the long-term, this raised concerns about how households might recover: 

social intervention by the government was identified as being necessary if employment was slow to 

rebound. 

Apart from these profound effects at the community level, there were also severe macro-economic 

impacts for the three countries involved; other countries in the region and the rest of the world were 

largely unaffected. On the one hand, whilst the introduction of control measures at airports and other 

entry points as a result of the experience gained with the previous SARS threat (see following Section) 

went some way towards containing the spread outside the triume of countries mainly affected, these 

together with the withdrawal of many airline services and the closure of informal border-crossings 

amongst the three of them and with their neighbours further depressed commercial activity already 

badly hit by the eruption. Thus the export of revenue-generating cash-crops and the import of food and 

essential medical supplies were badly affected. Also there was a severe impact on the hospitality sector 

and the tourist industry: whilst this was offset to some extent by the influx of international medical 

personnel and support staff, the withdrawal of flights and the imposition of border controls also made 

it more difficult for the movements of humanitarian personnel as well as essential medical supplies. 

The impact on food supplies in an already nutrition-stressed region led to inflation, further enhancing a 

general economic slowdown. The latter, associated with a decrease in the tax-base and public revenues 

(including as a result of the closure of large-scale mining operations and the exodus of mining company 

and other expatriates, together with impacts on artisanal mines), meant that governments were badly 

stretched in the face of demands for increasing outlays in the health sector, in particular, in the face of 

the threat of inflation. The affected countries therefore had to sacrifice investments in other areas, with 

consequences for households, businesses and private sector growth and thus for the countries’ 

recoveries; as well as having to seek external funds to offset increased fiscal deficits. 

iv. The SARS Scare On the other hand, SARS is an example of a disease where one individual carried 

the virus from southern China to Hong Kong SAR, a transport hub whence it was spread as far afield 
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as a major irruption in Canada (see Section VII.8.ii). It originated in the wet-markets in Guangdong, as 

the latest in what is likely to have been a long-standing series of spill-overs from wild animals rather 

than by way of domesticated intermediaries. It led to relatively few human infections, albeit with a high 

case-fatality rate, due to limited human-to-human spread (although there is evidence that it was evolving 

to a more contagious form); moreover, once recognised, it was rapidly contained. Nevertheless, 

although the death toll was very small,36 it had a profound effect regionally and globally: the World 

Bank has estimated that it reduced global GDP by $33 billion, with China bearing almost half of the 

cost. The primary cause of the severe economic impact of SARS was related to the spread of aversive 

behaviour and fear (fuelled by the high case-fatality ratio amongst the small number of those infected) 

and a resulting demand shock in affected areas of high population densities, especially with regard to 

service industries. Thus local businesses such as retailers and restaurants, there and elsewhere in 

affected countries, suffered a drastic decline in trade because people avoided going out and risking 

exposure. Associated with this mainly regional impact, tourism and business travel showed a marked 

decline, leading to a marked effect on airline and hotel revenues, for example. Such problems were 

compounded by the fact that the initial responses of the Chinese government were fragmented and not 

transparent; this may have had at least a transient impact on the confidence of investors, due to 

uncertainties about future growth potential. A retrospective analysis of the macro-economic impact of 

the 2003 outbreak concluded that the costs were less than originally expected, in part because the spread 

was contained much quicker than had been projected in the original models; however the authors also 

noted that, even so, the overall impact might have been even less, but for the sensationalist and 

sometimes inaccurate media coverage at the time.  

v. Conclusions The projected increases in urbanisation, with more densely-populated cities and the 

associated development of shanty towns with minimal facilities regarding hygiene and public health 

services, indicate that these will be ever more favourable for the spread of communicable diseases, 

realising a major fear of the recent West African Ebola eruption. This is aided by the increasing 

movements of people between rural environments (where zoonoses are most likely to occur) and these 

concentrations of susceptible people. Thereafter, the feared run-away spread of infection within and 

amongst these poses a threat to developed economies through the overwhelming of the latters’ otherwise 

more effective public health resources. 

Martins et al. (2015) provide an overview and analysis of the multidimensional economic implications 

of zoonotic diseases and the responses to these. They noted that quantifying these is often difficult due 

to the fact that many different sectors are involved, directly and indirectly. With regard to the direct 

costs for spill-overs from wild animals into humans, the usual measure is based on the incidence of 

morbidity and mortality using the WHO’s (2004) disability-adjusted life years (DALYs) to estimate the 

economic impact of the number of future years of effective life lost due to poor health and/or premature 

death. Taking into account the likely limited information regarding reporting of human zoonoses 

together with the fact that some are likely to have been included in a general symptom-based category 

in the WHO’s Global Burden of Disease reports, Grace et al. (2012) estimated that, in low-income 

countries, diseases which had recently originated in other animals accounted for about a quarter of 

DALYs lost as a result of infectious disease, and a tenth of those lost overall; in comparison, the 

corresponding values were about 1% and 0.02% for high-income countries.  

However using DALYs as a measure does not take into consideration other costs such as for the care 

and treatment of those affected. Maudlin et al. (2009) have criticised the use of DALYs as giving a lop-

sided perspective on threats regarding communicable diseases. According to this indicator, the so-called 

‘big three’ diseases – HIV/AIDS, malaria and tuberculosis – are the ones which have had a documented 

profound impact on human health worldwide; they thus set the priorities for policy-makers and donors 

in developing countries. Whilst these three diseases were included in the sixth Millennium Development 

Goal, this also included “other diseases”; however little attention has been paid to 13 other major 

neglected tropical diseases (all non-viral), mainly of the poverty-stricken, together with other important 

ones (including dengue virus). The problem is made more acute by the fact that assessments of the 

                                                            
36 Less than 800 mortalities as a result of the rapid implementation of control measures to contain the spread and 

further mutation of the virus. 
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global burden of disease are based on DALYs, since information on such a parameter is essentially non-

existent for the poorest sectors of developing countries. Maudlin et al. (2009; see also Narrod et al., 

2012) argued that more valid and meaningful would be to base policy and other decisions on a cost-

benefit analysis approach; however they noted that often the interests of donor countries and other 

bodies are focused on potential threats to the DALY measures of the rich world. It is only when spill-

overs of novel contagions are seen to pose such a threat that there is a shift in priorities, often at the 

expense of existing health-related projects in developing countries.   

More generally, Grace et al. (2012) have noted that the use of DALYs is a “human health-centric” 

measure, which does not take into account the inevitable broader picture. Thus, superimposed on these 

are often many different types of indirect costs. Most immediately, apart from costs to the affected 

individual for treatment (including transport to facilities where necessary), there are those arising from 

the loss of earnings and other impacts on the patient and any family or others who provide ‘free’ care. 

In addition, societal indirect costs relate to the provision of a basic medical infrastructure for the 

diagnosis and treatment of all those in need, whether through private or public means, as well as the 

running of established vaccination campaigns. Also, with regard to the latter and given evidence for an 

infection with an R0 potentially (equal to or) greater than unity, there are health-related expenditures for 

surveillance and containment measures to try to break the transmission-chain, including using the media 

to inform about the need for these. In turn, especially if poorly handled, such measures run the risk of 

knock-on consequences through provoking an over-reactive fear response in the general public, with 

much broader economic consequences than otherwise need be the case. Such effects may be general, 

on overall trade and travel, as seen with the SARS eruption; or specific consumption patterns, as seen 

with the poultry trade in response to avian influenzas. In either case, the effects spread out through the 

economy to affect service-suppliers and other sectors (see Sections VII.1.iv and VIII.2). Analyses of 

past data regarding influenza pandemics indicates that there would be substantial costs for another such 

event, with (not surprisingly) the poorest likely to suffer the most. 

Nevertheless, Sands et al. (2016) have noted that macro-economic forecasting usually fails to take the 

potential risks of pandemics into consideration, due to a lack of available data to include in their models 

and the considerable uncertainty about when and where such threats may materialise (especially given 

that other inherent uncertainties mean that such models mainly focus on the next 12 months). This 

serves to reinforce the inevitable political tendency to underinvest in the infrastructure to prepare for 

the emergence of such a largely indeterminate threat (be it influenza A or …) and to respond thereafter, 

in contrast to the situation regarding terrorism, for example. They thus proposed a four-point mechanism 

to address these and other issues, so that organisations such as the World Bank and the IMF could 

incorporate estimates of the risks of potential pandemics into their analyses of countries’ economic 

stability in relation to government policies. 

1. A standardised, sufficiently robust evaluation of individual countries’ intrinsic vulnerability to 

infectious disease threats, to include not just recognised pathogens but potential new ones based 

in part on modelling studies and the effects of climate change, for example.  

2. This should thus include environmental indicators of vulnerability to specific disease threats, 

such as the distribution of vector hosts for various arboviruses. 

3. It should also include additional ‘secondary’ drivers which might amplify any potential threat: 

for example, human factors such as intrinsic social practices (e.g. the tending of the sick and 

handling of the dead), various economic practices (e.g. in relation to food production, including 

the sources of meat) and societal trends related to urbanisation (with its public health 

implications regarding the underlying infrastructure), politics and policy. 

4. A review of the above in the context of the existing health system, especially with regard to 

primary care facilities, including an objectively rigorous assessment of a country’s 

preparedness for future pandemic threats.  

An analysis which includes such threats would give an extra dimension to the overview of a country’s 

overall economic vulnerability or otherwise. More generally, by providing an assessment of such 

exposure, it would also encourage the further development of health systems (including surveillance 

measures) in order to deal with day-to-day issues. Whilst this obviously adds to the existing burden of 
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providing health care, it is in the interests not only of the individual countries themselves but also for 

the world at large. 

The remaining sections will develop on the foregoing.  

3. Zoonoses and Potential Future Threats 

Continuing an accelerating trend initiated with the Neolithic Demographic Transition, humans are 

continuing to expand their range by moving into previously largely unpopulated areas in order to search 

for food or to acquire land for agriculture or other purposes. This increasing encroachment into erstwhile 

sylvatic environments raises the spectre of possible spill-overs from contact with the animals there, 

whether directly (including through hunting) or through the amplifying potential of domesticated and 

peri-domestic animals as intermediaries. Figure 18 illustrates two hypotheses relating to why such spill-

overs are thought to occur in particular situations. 

 

Figure 18  Summary of the two main hypotheses regarding how viral emergence may be driven 

by changes in land usage (e.g. deforestation, agricultural expansion and general habitat 

degradation associated with extractive industries such as mining, logging and other activities). 

These are not mutually exclusive, and depend on prevalence of infection in the natural reservoir, 

the rate of human contact with this and the probability that a spill-over will result (Murray and 

Daszak, 2013). 

Climate fluctuations are also likely to be important. Thus those associated with the El Niño Southern 

Oscillation (ENSO) have been implicated in between-year variations in human infections with a 

hantavirus (see Section VII.3.i), the Sin Nombre virus, since 1993 in arid areas of the southwestern 

United States. Climate change (the manifest long-term global trend underlying the intrinsic ‘noise’ of 

annual and regional variability, including short-term trends such as the ENSO) might also be expected 

to have effects associated with overall global warming, as evidenced by the recent spread of bluetongue 

virus as an important cause of mortality amongst ruminants from Africa up into Europe as a result of 

the spread of its vector (Culicoides imicola) to overlap with that of indigenous midges. Overall, 

however, the evidence to date have been less than clear-cut, in terms of the potential threat to humans, 

due in part to rainfall patterns also being affected (with consequences for mosquito breeding, for 

example): there is an ‘absence of evidence’ rather than an ‘evidence of absence’, which can only be 

addressed by more long-term studies.  Nevertheless, there is an obvious need for anticipating and 

planning for the potential threat of new vector-borne diseases, including the possibility of the spread of 

the latter as a result of the effects of climate change on the vectors involved, at the international level 

by the WHO and other bodies as well as at lower levels, as part of what needs to be an overall One 

Health approach (see Section VIII.4) involving other stakeholders for developing practical mitigating 

solutions backed up by appropriate policies. 

To add an extra dimension to the problem, not only does increasing long-distance travel mean that 

humans can themselves act as trans-global ‘vectors’ of diseases but so also does the international trade 
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in animals (the introduction of ‘monkeypox’ into the United States with rodents for the exotic pet trade, 

for example: see Section VII.3.iii), including livestock as illustrated by the emerging picture regarding 

the evolution of pH1N1 in pigs (see Section VII.4.i).  

After initial contact and the spilling over into humans, onward transmission depends on physiological 

and other intrinsic factors (see Section VI.4). Thus there is evidence that some individuals may be 

genetically susceptible to certain strains of avian influenza A viruses, as hinted by reports of intra-

familial transmission (see Section VII.1.iii). More generally, senescence or other factors which 

compromise immune function (e.g. those related to poor nutrition, diseases such as AIDS) mean that 

the pathogens involved will have the potential to gain a ‘foothold’ and thereby be able to spread beyond 

their original entrant hosts, facilitated by the ongoing appearance of new potentially adaptive mutations.  

That such background spill-overs have been ongoing is suggested by the fact that many apparent 

infectious diseases are agglomerated into general categories of unknown aetiology – diarrhoea, 

encephalitides, haemorrhagic fevers and the like – in the absence of any more specific diagnostic 

procedures.  

For example, in the case of diarrhoea, the likely pathogen has been diagnosed in only about 40% of 

cases, despite such infections being a major cause of infant mortality in the developing world (Table 3; 

see Section VI.1.i). Likewise, in their review of zoonotic diseases in northern mainland portions of the 

region,37 Bordier and Roger (2013) note that diseases associated with a febrile syndrome without any 

specific diagnostic symptoms are likely to have various different causes, which cannot be differentiated 

without sophisticated pathological techniques. A case in point is a bacterial disease, leptospirosis, which 

is generally considered to be an important zoonosis in the region as a result of spillings over from 

contact with the urine of peri-domestic rodents; however one study in Thailand found that only 20% of 

suspected leptospirosis cases were indeed infected with this bacterium so that, for example, other rodent 

zoonotic infections such as hantaviruses instead may be implicated (see Section VII.3.i), with the need 

for more appropriate therapeutic strategies.  

Similarly, encephalitis-related ones (where there is acute inflammation of the central nervous system 

with associated neurologic dysfunction) are a common suite of diseases in the region and can result 

from a diversity of pathogenic infections. They are therefore an area of intensive study by the Institut 

Pasteur and other organisations in Cambodia, in collaboration with others elsewhere. In a study of 

infectious aetiologies of 149 encephalitis cases38 in seven hospitals in Thailand (five in Bangkok and 

two in Hat Yai) during July 2003 - August 2005, Olsen et al. (2015) found that the likely cause was 

identifiable in only 36% of cases: potential candidates were Japanese encephalitis virus, enteroviruses 

and a bacterium, Orientia tsutsugamushi, with no samples positive for chikungunya, Nipah or West 

Nile viruses, the bacterium Bartonella henselae or malaria parasites. The causes underlying the other 

about two-thirds of cases could not be determined. Similarly, in a one-year descriptive study of acute 

encephalitis cases at a referral hospital for children in Ho Chi Minh City and adjoining areas of southern 

Vietnam in 2004, Tan et al. (2010) found that a confirmed or probable viral aetiology could be 

determined in only 41% of 194 enrolled children under the age of 16. Mortality rates were as high in 

the majority undiagnosed group, which had comparable neurological sequelae.  

In addition, Bordier and Roger (2013) observed that there is also likely to under-reporting for cases of 

notifiable diseases, including potentially zoonotic ones, as a result of the mis-classification of causes of 

human death. In part, this reflects the fact that deaths occur outside hospitals and are often family-

reported, raising problems regarding issues related to adequate surveillance; furthermore, they noted 

that 15% of deaths in Thai hospitals are registered as being from unspecified causes. Also, with regard 

to spill-overs into domestic livestock, there is the likelihood of wilful non-reporting, especially in cases 

where to report leads to inadequate compensation or, at worst, no such re-imbursement (see Section 

VII.1.iv). Otherwise, without adequate compensation where stock have to be culled in order to contain 

                                                            
37 Covering the literature for the period January 1990 to September 2011 for Cambodia, Laos , Myanmar, Thailand 

and Vietnam, as well as two south-eastern Chinese provinces (Yunnan and Guangxi). 
38 Median age 12 years (range 0–83 years), based on blood and CSF tests for more than 30 pathogens; mortality 

was 10%. 
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an outbreak, farmers will obviously seek to minimise their losses by marketing their animals (sick for 

whatever reason) and thereby risk spreading any infection further.  

Such uncertainties have led to growing concerns about the risk of future such zoonotic spill-overs posing 

a major, potentially global threat and the realisation that humankind has been lucky in the past. Thus 

there is the need to implement a pro-active ‘One Health’ approach in anticipation of the likelihood of 

other, more serious such events in the future: for example, Nipah virus (see Sections VII.3.ii and 4.ii) 

developing the capacity to establish progressively longer transmission chains in humans and thus 

moving up to stage 4 in Wolfe et al.’s classification (Figure 2). Similarly, studies indicate that not only 

was there evidence of evolution towards a more transmissible pathogenic form of the SARS coronavirus 

in humans in the first outbreak in southern China (see Section VII.8.iii) but also that there had been an 

evolution within the presumed civet intermediate hosts between this and the second, rapidly contained 

outbreak one year later. On top of this is evidence that there are variants of the SARS virus in 

Rhinolophus bats with a spike-protein receptor which is pre-adapted to the human ACE2 receptor (see 

Section VII.2.iii). However other adaptive downstream mutations are likely to be required for an 

effective infective agent (see also Section VII.11), but this is no cause for complacency. 

It is notable that globalisation per se is not the only factor; there is also the need for increased contact 

amongst individuals in close quarters in hotels or other casual locations (SARS: see Section VII.8.iii), 

or in hospital surroundings as a result of more sustained contact (MERS: see Section VII.6.i). The fact 

that most of the West African Ebola eruption centred on dispersed rural communities with elemental 

medical facilities meant that there were inherent constraints for the onward progression of the 

contagion; this emphasises the potential risk had the virus spilled over to establish a presence in cities 

and slums there and in other developing countries and thereafter led to a diffuse ‘assault’ on the more 

centralised hospital systems in developed countries. 

In turn, this emphasises that the global health system is only as strong as the weakest or most fragile 

link(s) in potential transmission chains for (re-)emerging contagions, and that there is the need for a 

unified world-wide approach for the benefit of all concerned: rich and developed as well as the poor.  

4. Preparing for Possible Future Zoonoses and the One Health Approach  

More so than endemic diseases, the insidious nature of potential zoonotic diseases means that they can 

suddenly appear seemingly out of nowhere with potentially global pandemic implications, given the 

scope for evolutionary adaptation to humans as a burgeoning new ‘ecosystem’ to be taken advantage of 

through novel lineages better adapted to colonising (or ‘conquering’, where maladapted in the short-

term, at least) a potentially promising ‘new’, ever increasingly abundant host with minimal constraints 

on effective population size (ST) as a result of increasing globalisation.  

Thus, as noted in Section V.4 above, the original ‘emergence’ of HIVs and of Ebola and related 

filoviruses into the global consciousness, followed by Hendra and Nipah paramyxoviruses together with 

SARS and MERS coronaviruses, is consistent with the proposal that humanity is entering a third 

epidemiological age, where zoonotic spill-overs have emerged as potential (actual in the case of HIVs) 

threats to the world population at large, rather than on a highly localised scale as has been mainly the 

case in the past (see also e.g. Luby, 2013). This growing realisation has led to intensive research into 

various aspects of the natural history and the molecular biology of these viruses and other pathogens, 

together with the search for other potential such zoonotic threats in order to try and pre-empt their 

emergence and subsequent spread. 

As briefly reviewed in Sections VI.1.iv and VIII.2 above, ‘newly’ emerging zoonoses can have a 

profound economic impact. Even if they have relatively restricted patho-physiological implications, 

given the appropriate containment measures, these can be far outweighed by their indirect psychological 

effects through activating fear and other components of Fincher and Thornhill’s  proposed ‘behavioural 

immune system’. Thus the World Bank (2012) concluded that “[t]he case for control of zoonotic 

diseases (zoonoses) is compelling”. Related to this, there is an emerging ‘One Health’ concept as being 
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the key to dealing with the possible future threat of outbreaks of (re-) emerging39 infectious diseases. 

This overarching approach acknowledges that the health of humans, other animals and the ecosystems 

to which they belong are interdependent; and that there is the need for integrated research leading to 

multidisciplinary collaboration and coordination with policy-makers and other stakeholders to produce 

and thereafter communicate and implement viable policies which recognise the many interconnections 

and their control points. An economic analysis led Pike et al. (2014) to conclude that such a coordinated 

approach to mitigate against potential future zoonotic threats by identifying these and taking steps to 

try to reduce the underlying causes, whilst expensive in the short-term (they set a time-frame of 27 

years), would be more cost-effective in the long-term than post hoc adaptational measures which 

scramble to address the consequences of spill-overs which have been typical up until now. 

 

Figure 20 Stages in the preparation for the emergence of a possible zoonotic threat and how 

it could be interrupted through various subsequent interventions (see text for more details). 

‘Potential unknown threats’ are Wolfe et al.’s (2007) stage 1; and ‘endemic’ their stage 5. 

Based on WHO (2014c, d, e). 

As Figures 1940 and 20 summarise, this is based on a growing awareness of the need for a coordinated 

cross-disciplinary approach for surveillance and subsequent follow-ups with regard to the threat of 

emerging zoonotic and other communicable diseases. Those involved should include not just medical 

but also veterinary professionals, as well as internationally-recognised environmental bodies and those 

in relevant portions of the public sector. In addition, the experience gained from the Ebola epidemic 

                                                            
39 Including the resurgence of bacterial and protozoan diseases which have become resistant to ‘antibiotics’ (sensu 

lato: including e.g. insecticides for the control of vectors) as a result of their profligate (ab-)use. 
40 See the full version of this monograph. 
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(see Section VIII.2.iii) affirms the need to involve educationalists together with anthropologists and 

other social scientists as appropriate, including as part of a strategy to inform the general populace. 

Informed decisions about priorities and how to fund and implement them need to be based on local 

surveillance and further research on their public health-related and socio-economic impact (including 

on farmed animals and the livelihoods of their owners), both in a local cultural context and in a broader 

regional one.  Related to identified potential threats, there is the need for the development of vaccines. 

Successful testing of one during the recent eruption of Ebola in West Africa indicates that this disease, 

at least, is less likely to pose a major threat in the future (see Section VI.3.ii).  

Given the need for such a framework, Jonas (2014) has noted that, after the detection and identification 

of the initial ‘natural’ spill-over event, progression to a pandemic would be a man-made disaster as a 

result of the failure to contain the spread of the contagion.41 In response to the potential for such threats, 

the WHO has issued guidelines on how to cope with the threat of emerging zoonotic diseases in 

livestock and also for potentially contagious such diseases in humans. In addition, various expert groups 

have provided proposals on how these should be implemented and suggestions about how the system 

of oversight might be further improved: for example, Moon et al. (2015, 2017); and the United States’ 

National Academy of Sciences’ GHRF Commission (2016) in their ‘The Neglected Dimension of 

Global Security: A Framework to Counter Infectious Disease Crises’. Related to this, a major 

component of the risk of a pandemic is due to the capacity gap in identifying likely causative agents 

and thus the most likely courses of action open to most developing nations; this is compounded (and, 

at the same time, potentially simplified) by the fact that spill-overs are most likely to occur there, in 

various ‘hot-spots’.  

The following will briefly consider four sets of considerations arising out of the sequence of stages 

identified in Figure 20, based on the foundation established in Figure 19.42 

i. The Need to Identify Potential Future Threats There is the need for sampling studies, together with 

follow-up surveillance as appropriate, to identify both already-known threats and potential new ones, 

as well as their host reservoirs. The latter should not only focus on sick animals but also healthy ones, 

particularly in the case of bats and, to a lesser extent, rodents.  

Regarding the identification of potential new threats, it was noted above (Sections VII.11 and VIII.3) 

that certain external factors may influence the risk of exposure to spill-overs, together with the 

subsequent need for the virus to be able to infect (through acceptor-mediated uptake mechanisms) and 

replicate within the new host’s cells for onward transmission to new hosts, as contributions to the overall 

zoonotic potential.  

Considering first extrinsic factors, Olival et al. (2017a, b) identified certain measures of contacts 

between humans and wildlife on a global scale as being of importance, based on modelling studies. 

These were changes in human population density in the reservoir host range, together with the ratio of 

urban to rural human populations and the latter’s change over the period 1970-2005. Other factors 

included whether the virus is vector-borne, whether the reservoir hosts are hunted and, for domesticated 

mammals, how stock are maintained. 

With regard to intrinsic factors, the phylogenetic distance between the natural host reservoir (after 

controlling for its viral diversity and reporting effort) and humans is an important constraint on the 

potential for spillings-over. These authors also identified phylogenetic host breadth as being another 

important factor, as well as the ability to reproduce in the cytoplasm. Based on a survey of existing 

human RNA and DNA viruses to try and identify basic intrinsic biological features which may 

predispose potential zoonotic ones to be other than dead-end spill-overs, Geoghegan et al. (2016a) 

concluded that the main factors that favoured human-to-human transmission were long-term chronic 

infections with low host mortality (consistent with conventional theory: see Introduction), together with 

being non-segmented and, to a lesser extent, non-enveloped; on the other hand, the arbitrary nature of 

                                                            
41 Note that the original spill-over would also be likely to be ‘man-made’ as a result of hunting or other more long-

term encroachment into previously sylvatic areas. 
42 See the full version of this monograph. 
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transmission for arboviruses (rather than any mortality-related effects) and others dependent on 

intermediary vectors was a negative factor, whilst the type of genome (DNA vs. RNA) and its length 

and recombination frequency were found to be unimportant. However any such guidelines are only 

‘rules of thumb’, with exceptions to be expected. 

Han et al. (2016) and others have identified Southeast Asia as a potential hot-spot for the emergence of 

new zoonotic diseases, as well as the recurrence of existing ones. ‘Synanthropic’ species – those that 

tolerate or do well in human-modified environments somewhere in their range as commensals – have 

been found to be about 15 times more likely to be the source of emerging infectious diseases than other 

wild mammals in Australasia and South East and East Asia, based on a literature search covering the 

period 1973-2009 inclusive, with chance of contact is an important factor predisposing the spill-over of 

pathogens. A literature survey of the typical habitats of rodents in Thailand and of ten major zoonotic 

micro-parasites which infect them found that risks of exposure to spill-overs were likely to be greatest 

in non-flooded lands; forested areas and padi fields were less of a potential hazard, whilst the least risk 

was in land neighbouring forests and, more especially, settled areas. A follow-up study on the 

distribution of murid rodents in various habitats of three countries in Southeast Asia and published data 

on species’ risks of infection with ten different types of microparasite found that the most likely zones 

for spill-overs were flat rain-fed agricultural land (thus mainly rice fields), in contrast to dry land, forests 

and settlements. Similarly the risk of infection with the bacterium Leptospira was highest in rodent 

species (including R. argentiventer) in padi fields, especially in the rainy season, in Preah Sihanouk and 

more especially Mondulkiri provinces in Cambodia; rodents (other Rattus spp.) and soricomorphs 

(Suncus murinus) associated with households had lower levels of infection. 

Based in part on findings such as these and with funding by the United States Agency for International 

Development for the Emerging Pandemic Threats programme, initiated in 2009, researchers in the 

PREDICT Consortium’s One Health Institute have been active in the sampling of rodents, bats and 

other potential pathogen reservoirs in selected countries in the region and other potential hot-spot areas, 

as identified in risk-modelling studies. This has been facilitated by collaborative work with the charity-

based EcoHealth Alliance, as part of the latter’s broader panoply related to promoting wildlife 

conservation. Others include the Institut Pasteur, the Wellcome Trust and the London School of 

Hygiene and Tropical Medicine. In addition, ASEAN is setting up a rotating centre in 2017 for 

monitoring animal health and the spread of potential zoonotic diseases, as part of the implementation 

of a Regional Mechanism on Animal Health and Zoonoses. The interest of the military is also suggested 

by the fact that a laboratory was opened in 2002 by a detachment of the US Naval Medical Research 

Unit 2 (based in Hawaii) at the National Institutes of Public Health in Cambodia, with American and 

local personnel in Phnom Penh and Kampong Cham monitoring influenzas and various other infectious 

diseases. Likewise, the Chinese military has done studies on potential bat zoonoses in adjoining portions 

of Myanmar; and they have agreed to build a new communicable disease control facility in Cambodia. 

Associated with this, a recent external peer-review of the preparedness of the health system in Cambodia 

to deal with the threat of emerging contagions found that there was demonstrable capacity (scoring 4 

on a 5-point scale, where 5 is sustainable) for two of the indicators for real-time general surveillance, 

although the other two scored 3 (reflecting ‘developed capacity’); whilst that for zoonotic diseases 

(identified as including avian influenza and rabies, as well as leptospirosis, brucellosis and anthrax, “as 

well as other unknown diseases”) was scored as a 2 (‘limited capacity’).43  

One aimed-for end result of such work is the development of rapid diagnostic tests to speed up the 

identification of particular zoonotic infections; this will help to save lives in the event of particular spill-

overs, not least by ensuring that limited hospital beds (in isolation, where necessary) are allocated to 

those in most need. Recent advances in this area include the development of so-called targeted sequence 

capture panels which contain specific probes against all known viruses of, for example, humans or 

vertebrates as a whole, although the results of these and other metagenomic ‘fishing expeditions’ need 

to be interpreted with caution without follow-up substantive analyses. 

                                                            
43 Cambodia was the first member state in the Western Pacific Region to volunteer itself for the WHO’s Joint 

External Evaluation tool, with a report which was agreeable to consulted experts in the host country.  
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Another should be to develop vaccines against known threats and any such potential new ones as 

detected, and to take these to at least the phase I stage of clinical testing (cf. the situation for Ebola 

vaccines, which were only tested in monkeys prior to the recent West African eruption), such as the 

recent initiative by the Coalition for Epidemic Preparedness Innovations, a global fund for the 

development of other vaccines44 in anticipation of potential pandemics during peacetime, with the 

support of the Wellcome Trust, the Bill and Melinda Gates Foundation and the governments of 

Germany, Japan, and Norway, building on the work of the Gavi Vaccine Alliance and the ideas behind 

a Global Vaccine Development Fund. Recognising the market failures of the past and the need to 

provide incentives given the uncertainties of when and where the next threat(s) will emerge, it has 

identified three viral pathogens considered to pose possible known threats in the near future, based on 

the WHO’s R&D Blueprint (see Table 9) and other inputs. Moreover, the identification of future threats 

not yet on the radar of the medical establishment is also an important concern, as another means of 

anticipating market failures to address the development of vaccines against rare diseases, including 

potential future global threats, through open-access, not-for-profit mechanisms. Such efforts are likely 

to be expedited by advances in the development of platform technologies, whereby a common suite of 

techniques can be adapted to speed up the mass production of particular vaccines as and when the need 

emerges.  

Table 9 The latest list of viral diseases to be identified as priorities 

in the WHO R&D Blueprint (WHO, 2016b, 2017c).* 

Zoonotic viruses   

Arenaviridae Lassa and related haemorrhagic fever viruses 

Coronaviridae SARS, MERS and other highly pathogenic 

viruses 

Filoviridae Ebola and Marburg viruses 

Paramyxoviridae Nipah and related henipaviruses 

Arboviruses  

Bunyaviridae Crimean-Congo haemorrhagic fever, Rift 

Valley fever and severe fever with thrombo-

cytopenia syndrome (SFTS) viruses 

Flaviviridae Zika virus 

Togaviridae Chikungunya virus 

* The list includes provision for one further disease which may be 

identified using the Blueprint’s decision instrument prior to the 

next annual review. 

ii. Information-Sharing with All Relevant Stakeholders, including the General Public Having 

established the risk of exposure, there is a need for information sharing with relevant government and 

professional bodies and other stake-holders, as well as the general public, in order to introduce measures 

to try forestall the occurrence of future spill-overs. Experience gained from the recent eruption of Ebola 

in West Africa (see Section VIII.2.iii) is particularly pertinent in this regard. 

This is the core of the One Health Initiative. The appropriate type and amount of information should be 

shared so as to engender an understanding of the potential risks involved and how to prevent potential 

spill-overs. Central to this, Cambodia and other countries in the region have “set up new institutional 

bodies, strengthened diagnostic laboratory capacity, and improved coordination mechanisms … 

[a]lthough gaps in national planning and surveillance systems persist, countries in southeast Asia have 

                                                            
44 Including those for reservoir hosts or intermediaries, as part of a One Health approach, due to the cheaper costs 

associated with meeting less stringent validation than required for human usage (Selfman et al., 2017). 
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made substantial progress towards effective prevention and control of infectious diseases” (Coker et al., 

2011). Based on in-depth interviews with 21 key stakeholders (mainly in the public sector and medical 

field; October 2008 – July 2009) in Cambodia, Laos and Vietnam, Grace et al. (2010) found that they 

emphasised capacity weaknesses, with risk analysis and research skills being the ones most lacking; 

there was a reported high awareness that ecological and socio-economic factors drive the emergence of 

new infectious diseases. In a mutually-agreed evaluation conducted with local experts, the WHO 

(2017b; see also Amaro, 2017b) concluded that Cambodia faced “several overarching challenges, 

including significant funding gaps, human resources capacity, intersectoral collaboration and 

coordination, formalization and documentation of procedures, and the application of monitoring and 

evaluation mechanisms to inform improvements in systems and processes”. Thus “intersectoral 

collaboration remains a challenge. Regular intersectoral communications and information sharing, 

including the sharing of outbreak investigation reports between human health and animal health sectors, 

does not occur routinely. … A risk assessment of public health threats and hazards would inform the 

identification of priority national policies, plans and procedures for finalization. The regular testing and 

training of staff in such plans and procedures is important for improved functioning of response 

mechanisms.”45 The report also drew attention to the lack of well-qualified local personnel in the field 

of animal health, with none considered to be qualified veterinary doctors. 

This emphasises a major impediment with regard to building up capacity in Southeast Asia, as Bordier 

and Roger (2013; see also Coker et al., 2011) have similarly observed: whilst the occurrence and spread 

of zoonoses has been facilitated by increased contact of humans and domestic animals with wildlife as 

a result of the expansion of the range of the first two and the contraction of the habitats available to the 

last, there is only weak public (including veterinary) health infrastructure to monitor this risk. Lack of 

funds is a major factor. Burgeoning private health-care systems can only further complicate the issue, 

including in Cambodia; one such example was the general lack of an appropriate response to a recent 

outbreak of enterovirus 71 hand-foot-and-mouth disease.  

Education, targeted at various levels as appropriate (including continuing education of medical 

personnel), is clearly important, including through publicity campaigns to inform the general populace. 

Thus a survey of rural villagers in Cambodia found that 69% thought that one or more diseases could 

be caught from animals; however, whilst 65% of those interviewed identified avian influenza 

(presumably reflecting publicity campaigns as a result of the hpH5N1 threat), less than 5% were aware 

that the same applied for rabies, tuberculosis, porcine influenza or diarrhoea. Even if villagers were 

aware of the risk of animal-human disease transmission, they often did not take many precautionary 

measures in the belief that such a problem would not occur in their village. Consistent with this, Ponsich 

et al. (2016) found that there was the general lack of awareness about the risk of rabies from dog-bites 

in a study of four villages in Siem Reap province, and advocated the need for prevention education as 

part of the ASEAN Rabies Elimination Strategy (see Section II.2).  

However, the important thing is to encourage changes in behaviour, which the providing of information 

through education alone often cannot achieve. Encouraging people to comply with adopting new 

behaviours (based on insights from psychology and anthropology, as well as behavioural economics 

and neuroscience) is more likely to be successful than trying to force them to do so. Thus successful 

campaigns should engage people’s emotions and promote the realisation that others will appreciate an 

individual’s efforts rather than just emphasising the negative personal consequences of doing otherwise. 

There is also the need to identify and correct any misperceptions;46 and, as considered further in Section 

VIII.4.iv, it is necessary to take into consideration that the spread of information by word of mouth can 

be useful or, where it is wrong, can have negative consequences.  

                                                            
45 Cambodia was the first member state in the Western Pacific Region to volunteer itself for such an evaluation, 

the final report of which was agreeable to all parties involved.  
46 For example: infant diarrhoea is a result of ‘leaking’, so that giving water will just lead to more of the same; as 

a consequence, the standard medical practice of giving oral rehydration therapies is counter-intuitive and thus 

not likely to be followed. 
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Relevant in this regard are the insights gained from the study of behavioural economics and the fact that 

humans often act irrationally. Work by Kahneman and Tversky47 identified two constructs underlying 

much of human behaviour – systems 1 and 2 – which they did not claim to be necessarily related to 

distinct neural circuits but have proven insightful in the field of economics, System 1 is the default, 

with decisions being based on intuition: making associations and superficial, non-rational (heuristic, 

biased and non-statistical) thinking with gullibility and a bandwagon effect reinforcing the (over-

)confidence of this ‘lazy’ decision-making process. System 2, on the other hand, is involved in 

analytical reflection – what is generally considered as thinking per se – and needs to be actively invoked 

against the inherent unconscious tendency for reflexive reactions mediated by system 1. Thaler further 

developed the idea that humans are irrational (due to cognitive limitations and ‘bounded rationality’: 

the use of simplified decision-making rules by people and organisations), such that they lack self-

control and self-interest may be over-ridden by issues relating to social preferences, fairness and equity. 

Thus Kahneman and Tversky’s system 1 was the reflexive doer, whilst their system 2 was the planner 

responsible for exerting self-control.   

Hence there is the need bear in mind that people do not think rationally by default when, for example, 

weighing the costs and benefits of particular courses of action. Arising out of this, and related to policy 

issues including those related to health, differences in self-control mean that different individuals may 

act in ways which run counter to their self-interests, depending in part on their cognitive abilities and 

will-power. Thus Thaler has been an advocate of an un-intrusive approach of ‘libertarian paternalism’,48 

as a way on implementing policies in order to ‘nudge’ people into a narrower range of immediate- and 

short-term courses of action (and thus longer-term life-choices, if followed through): the aim is to 

channel people into particular behaviours without evidently forcing them to do so. Such a strategy 

should include an acceptance of different world-views in recognition of different religious and political 

leanings; and thus incorporate tactics such as will be considered further in Section VIII.4.iv. It thus also 

needs to anticipate, and thereby seek to short-circuit, reactionary responses from others in denial, and 

thus the latters’ promulgation of dis- and mis-information for whatever purposes. As such, this 

‘nudging’ approach has been widely accepted as a means of implementing public policies in a minimally 

invasive manner. 

The recent efforts to instigate programmes for the control of rabies (see Section II.2) have provided 

useful insights into how this can be achieved and serve as a model for the control of potential infectious 

diseases in general. In order to raise public awareness, the WHO has designated 28 September as World 

Rabies Day. In concert with other international bodies, it established the Global Alliance for Rabies 

Control in 2007; a year later, the latter initiated the Partners for Rabies Prevention, a public-private 

partnership which included rabies vaccine manufacturers and other relevant parties. As a test-bed for 

implementing and fine-tuning such initiatives, the Bohol Rabies Prevention and Elimination Project 

was launched in 2007 in a province of the Philippines; a multi-sectoral council was set up under the 

governor of Bohol, with similar bodies at the municipal and village levels. The programme sought to 

actively involve all of the population, with information campaigns (evaluated by a Knowledge, Attitude 

and Practices survey in 2009) and classes for children (the most prone to being bitten by dogs) in 

elementary schools. Two major island-wide vaccination campaigns were run for dogs (during which 

time they were registered, with the owner paying a small fee which was fed back into the programme), 

so that there was 70% coverage by 2008; as a result, human deaths from rabies dropped from 

0.77/100,000/year (fourth highest in the Philippines) to zero within the first eighteen months; follow-

up surveillance led to local ‘mop-up’ vaccinations. The fact that owners have to pay a registration fee 

for each dog means that the programme should be sustainable in the long term.  

                                                            
47 For which Kahneman received a Nobel Prize for one component, Prospect Theory, in 2002 (Tversky had died 

in the meantime). 
48 Whilst based on psychology as a means for developing marketing strategies, the aim is for a much longer-term 

effect on an individual’s behaviour in their own self-interest and in the face of dis- and mis-information (see 

Section VIII.4.iv). However it differs in that the intention is to raise the people’s long-run welfare, as judged by 

themselves. This is the “paternalism” part. The “libertarian” principle is that people’s choices should not be 

restricted; specifying a sensible default option does not mean people are forced to choose this option. 
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Related to this, recent work on a possible emerging risk focused on a village in Thailand near a pagoda 

which had a roost of bats which were infected with Nipah virus, and thus posed a potential public health 

threat (see Section VII.2.ii). Apart from serological testing for past spill-overs, there was an integrated 

educational module to provide volunteers with information about uncommon symptoms to be alert to 

and a reporting system to a referral hospital for follow-up if necessary. This exercise proved successful 

in anticipation of possible future outbreaks of this or other unusual diseases as part of a sustainable One 

Health initiative. Similarly, efforts to implement mass anti-malarial administration with conventional 

malaria prevention and control measures in Battambang province in Cambodia and Kayin (Karen) state 

in Myanmar emphasised the need for various community engagement activities, including establishing 

the trust of those involved, an understanding of the reasons for the programme and the involvement of 

local leaders (see also Section VIII.2.iii); however, there was the need to counter negative perceptions 

when the treatment was blamed for causing seasonal health complaints as side-effects.    

More generally, Taylor et al. (2013) have identified the need for a communications plan to reach out to 

the general populace or to targeted segments thereof. In order to be sure that the audience understands 

the information (rather than just the data), there is a need not only to make sure that the message itself 

takes into consideration pre-existing beliefs and cultural issues; but also that the channel(s) through 

which it is transmitted will reach as many of the target audience as possible; and that this audience 

considers the source(s) as reliable (and also mutually consistent). They again emphasise that such 

information flows should not be overly top-down and perceived as being heavy-handed: there should 

be prior and ongoing bottom-up feedback as a result of informed consultations with community leaders 

and others on the ground who have more direct influence. Such conclusions have been reinforced by 

the experiences reported for the recent eruption of Ebola in West Africa (see Section VIII.2.iii). 

Such campaigns would help to also ensure that best practices are followed with regard to the routine 

handling of livestock. For example, Cristalli and Capua (2007) identified a number of critical measures 

in order to establish and maintain adequate biosecurity standards on small-holder farms in Vietnam and 

in wet-markets or elsewhere (where possible):49 (i) keep livestock fenced in, preferably indoors, rather 

than uncontrolled free-ranging; (ii) keep different species separate (e.g. avoid mixing chickens with 

waterfowl or pigs); (iii) use clean water rather than pond water; (iv) avoid having those responsible for 

maintaining a farm’s livestock visiting wet-markets, due to the risk of transfer of disease via fomites; 

(v) avoid spreading unfermented waste on fields; (vi) bury the carcasses of dead animals; and (vii) 

vaccinate stock where possible. To this end, at the national level, governments and other agencies 

should, where necessary and as appropriate, promote and subsidise vaccination programmes as part of 

increasing general awareness, in addition to the obvious potential immediate benefit of the farmers 

themselves. Over and above this, minimising contact with wild animals is essential, as exemplified by 

the spilling over of new strains of influenza A into domestic poultry (see Section VII.1.ii); and that of 

Nipah virus on Malaysian pig-farms as a result of stock being exposed to the excretory products of bats 

or the latter’s partially eaten fruit (see Section VII.4.ii).  

Also, education should be extended to the risks associated with handling various species of wildlife. 

For example, the handling and butchering of bats raises the risk of exposure to rabies and other potential 

zoonoses (see Section VII.2), including through drinking their blood. On the other hand, the SARS 

outbreak led farmers and others to take pointless action against bats in China. Rather than culling bats 

as possible messengers of potential future spill-over diseases, there is the need to counterbalance this 

reaction by informing the public about the ecosystem services provided by bats: they are much more 

than just a source of animal protein for local humans or a mythical means of being able to see better in 

the dark or promoting sexual performance. Tangible benefits include insectivorous species taking over 

at night from birds as an important control for flying insects such as mosquitoes and agricultural pests; 

and frugivorous species being essential for the pollination of various flowers, including those of the 

durian tree.  

                                                            
49 These were recommendations in the face of the threat of hpH5N1 and other serious diseases, but should ideally 

implemented in anticipation of any actual or potential threat, rather than as an afterthought. 
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Furthermore, many wet markets in the region also include live wildlife for sale, further raising the risk 

of zoonotic spill-overs which may affect humans directly or by way of intermediaries as a result of 

many species (wild and domesticated) being kept in close proximity, as exemplified by the SARS 

outbreaks on mainland China (see Section VII.8.iii). For example, surveys of local markets in Laos  

over the period 2010 to 2013 indicated that there was a distinct risk of such spill-overs, based on the 

fact that species in 12 of the mammalian families for sale (including ones listed as near extinct or 

threatened with extinction) had previously been identified as potential hosts for 36 zoonotic pathogens 

in humans. With regard to the possible role of intermediaries, Woo et al. (2006c) noted that measures 

were introduced regarding the regulation of such markets in Hong Kong in response to “the two most 

notable [respiratory] infectious diseases in recent years … severe acute respiratory syndrome and avian 

influenza”. In 1998, live ducks and geese were banned; thereafter, given evidence that they might act 

as ‘bridges’ for spill-overs from these to chickens, quails were likewise in 2002; in each case, a policy 

of centralised slaughtering with subsequent cold-chain processing and storage was introduced as the 

means for supplying local markets. Subsequent more rigorous controls regarding chickens themselves 

included tightening of local biosecurity measures and imports being restricted to those from officially 

recognised farms on mainland China; and, in 2004, the requirement that all local and imported chickens 

be vaccinated against H5 influenza viruses. Chicken farms also had to be separated by buffer zones 

from other such farms as well as those which focused on pigs. In addition, a regime of rest-days was 

introduced, when the markets could be thoroughly disinfected. As a result, the problem was effectively 

contained after 1997. Woo et al. (2006c) noted that effective control measures place an economic 

burden not only on suppliers but also their clientele, especially given that poultry and their eggs are a 

major source of protein for poor people; thus the threat of potential malnutrition outweighs the effect 

of infectious disease, in the short-term at least. They noted that it is understandable that this might mean 

that “the residents, or even the governments, of these countries may just report part of the real situations 

of the epidemics.” Related to this, others have found that the threat of potential loss of income for small-

scale farmers, if not adequately compensated, is likely to lead to problems in trying to contain any such 

outbreak at a more local level. 

In the face of a potentially rapidly spreading outbreak and to reinforce the expectations of a (hopefully) 

informed populace, there is the need for adequate medical and related infrastructure. However Coker et 

al. (2011) have noted that half of the countries in ASEAN have a lower density of healthcare 

professionals (especially in rural areas) than what is defined by the WHO as ‘adequate’, although there 

was no shortage in the region overall. Of these, three (Cambodia, Indonesia and Laos) also had only a 

very low availability of health-care facilities, based on the per capita number of hospital beds as an 

indirect indicator; these authors also noted within-country differences in Thailand, with resources being 

limited in the northeast of the country. More generally, in a study of the preparedness of five ASEAN 

countries in the period immediately prior to the 2009 swine flu pandemic, Hanvoravongchai et al. 

(2010) found that, whilst national governments had plans in place for surveillance and the short-term 

containment of an outbreak, there was limited preparation for the mitigation of a potential future 

pandemic.  

In Cambodia, in part as a result of the depredations centred on the 1975-1979 Khmer Rouge era, the 

relative lack of professional healthcare workers has meant that there has been the need to establish 

alternative means of reaching out to the general populace regarding health-related issues and how to get 

the information across at the local level. An NGO programme to inform inhabitants in Siem Reap 

province about type 2 diabetes (an increasing health issue in Cambodia, as elsewhere) found that the 

existing system of Village Health Support Guides (volunteers based in the village or commune in which 

they live who report to their local government health centres; they are generally among the more highly 

educated people in their villages) provided a variable means of effective communication, based on 

monthly surveys over a six-month follow-up period (the effectiveness of their passing on of information 

was not assessed). 

It is also important to get traditional healers on board with regard to control of infections, given their 

positions of influence in the community: this will help not just in anticipation of responding to and 

containing possible future zoonoses but also in dealing with everyday medical issues. Concepts 

regarding ‘viruses’ were alien to much of West African society, so that many blamed outbreaks on 
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superstition or witchcraft, due to strong traditional beliefs in disease causation meaning that the role of 

viruses was denied; as a consequence, this led to the ostracism of some patients and their contacts. 

Similarly, the problem of Nipah irruptions in Bangladeshi villages (see Section VI.2.ii) was 

compounded by a general lack of understanding of the underlying causes: since traditional remedies 

failed, communities believed that supernatural powers were involved and thus sought spiritual healers 

rather than public health officials (who sought to encourage hospitalisation). Arising out of this, the 

differing popular and medical views of illness caused conflict and rejection of biomedical 

recommendations; the authors concluded that there is the need for research on local perceptions of 

disease and treatment when developing outbreak strategies (thereby emphasising a role for education 

in the broadest sense, to include publicity campaigns).  

Qualitative ethnographic studies on poor rural communities in Preah Vihear province of northern 

Cambodia have highlighted other dimensions to this area of concern. Most people believed in a 

‘cosmology’ whereby illness either has a supernatural origin or else is the result of ‘natural’ causes 

through disruptions of the domestic, social or outdoor environment. The first line of treatment relies on 

traditional home-based applications directed at particular symptoms; thus multiple symptoms of a 

particular illness are treated individually as different illnesses. Where these fail, then help is sought, 

according to the particular symptom, from public health facilities (which are often not trusted, with 

‘unofficial’ high costs), private village ‘doctors’ (pairt phum) and pharmacies (including local general 

stores) or, particularly where a spiritual need is perceived, traditional doctors (kru khmer). This means 

that holistic diagnoses, such as that for malaria, may be much delayed in being made, if at all; instead, 

individual treatment regimes evolve on a trial-and-error basis. As Verschuere et al. (2017) emphasise, 

this overall approach reflects the poverty of most of those in the communities involved, with self-

diagnosis and the use of traditional home-based treatments being relied on in order to save expenses 

(including transport) for what might be a transient minor, run-of-the-mill ailment but for which they 

may be inappropriately prescribed expensive (to them) treatments. 

The foregoing indicates that such emerging infectious diseases may appear under the radar of health 

officials and others, and highlights some of the likely problems based on experiences with spill-overs 

elsewhere. Given that the costs associated with the various measures to anticipate and counteract these 

problems may be beyond the budgets of many developing countries, there is clearly the need for outside 

help: indeed, it is in the long-term interests of more developed countries to provide this in order to 

strengthen the weakest links in a potentially global transmission chain, as exemplified by concerns 

regarding the recent Ebola eruption (see Section VIII.2.iii). However there is the need for coordination 

in order to avoid wastage due to the duplication of efforts through, for example, parallel surveillance 

and laboratory testing systems. Related to this, Bordier and Roger (2013) have identified three main 

underlying reasons for the lack of a sufficient surveillance network for the detection, reporting and 

thereafter dealing with existing threats in the region, never mind doing the same for potential new 

infectious diseases. Thus there has been a lack of commitment by public authorities and international 

organisations to funding support, especially for combating neglected diseases (zoonotic or otherwise). 

As a result, there is a lack of qualified veterinarians and medical doctors with not only an awareness of 

the potential threats but also access to the appropriate diagnostic testing methods. This is exacerbated 

by the fact that many rural areas are remote to such services, even where they exist in the main 

population centres. Furthermore, they noted that past research on emerging infectious zoonotic diseases 

has been based on the financial support of international donors and agencies which are often biased 

towards the concerns of the developed world rather than the obvious priorities of the developing 

countries themselves. For example, they point out that the local economic impact of highly pathogenic 

and other avian influenzas only attracted global attention (and thus donor money) when small, albeit 

often fatal local spill-overs into humans raised the spectre of mutations resulting in a global pandemic. 

More generally, Maudlin et al. (2009) have noted that it is high-profile infections such as bird flu 

outbreaks which attract foreign donors, since they are headline-grabbing and seen as a potential threat 

to developed countries (unlike the so-called neglected tropical diseases); as well as pharmaceutical 

companies as potentially lucrative investment opportunities. In contrast, rabies is an example of the 

problems in dealing with the potential eradication of a disease which is endemic in many areas in the 

region, with much higher incidences of mortality than those from avian influenzas (see Section II.2). 

Bordier and Roger (2013) note that, to deal with the problem, there is the need for a coordinated 
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vaccination campaign to cover at least 70% of dogs against rabies in the short-term, with long-term 

continuance (otherwise there will be periodic eruptions, as reported for China). This requires cross-

border coordination, as in the ASEAN proposal to eradicate rabies by 2020 (see Section II.2). However, 

whilst fighting rabies is a top priority in Cambodia, it is low down on the lists of overseas donors. Thus 

it has been dependent on the Institut Pasteur to provide post-exposure prophylaxis and to help solicit 

donor funding. In this context, the recent ASEAN initiative to develop and implement a mass 

vaccination programme (see above and Section II.2) is an encouraging trend, although it suffers from a 

lack of financial commitment by ASEAN as a whole. 

iii. The Occurrence of ‘Drip-overs’ and the Threat of Local Irruptions In the event that a nascent 

spill-over occurs, appropriate treatment procedures should be in place and put into effect, as well as 

measures to try to contain local spread: hopefully measures such as those covered in the previous section 

would be in place. In addition, there is the need to further ensure the adequate implementation of bio-

security protocols and procedures in order to try and contain any such potential threat, including through 

realisable tighter controls on the movements of people and livestock as appropriate, whilst seeking to 

minimise social and economic disruption. In this context, Heymann et al. (2015) have noted that 

effective implementation of measures to identify and isolate those infected with a contagion and their 

contacts in compliance with the established International Health Regulations (see Section VIII.4.v) 

should minimise the need for general travel restrictions, locally as on a broader scale, and thus any 

consequent socio-economic disruption. 

A descriptive cross-sectional survey of non-Ebola hospitalised patients (age range 20-80 years) in 

northern Nigeria during the last quarter of 2014 found that radio was the main source of information for 

respondents: 78%, compared with 9% from neighbours and 8% from health workers. However, the 

quality of that information received was questionable: whilst almost a quarter knew that Ebola was 

caused by a virus, and more than three-quarters knew that there was then no treatment, a third believed 

that the virus was air borne and up to a fifth believed that traditional healing could effect a cure.  

Similarly, it was concluded from a survey of a sample of secondary students (13.7 + 1.9 years) in Ondo 

state, Nigeria, in October 2014 that there was a poor understanding of the nature of the disease, the 

more so in males and those not in the senior class. To this end, the WHO (2014c) has prepared guidelines 

for effective communication through the media and for mobilising and empowering community efforts 

as an essential component, especially in rural areas. 

The most immediate problems are likely to be those associated with the implementation of the plans for 

isolating suspected cases; and for identifying and quarantining contacts in order to contain the virus’ 

spread. Again, the experiences and insights gained from efforts to introduce such practices during the 

Ebola eruption in West Africa (see Section VIII.2.iii) are instructive. Physically, there should be the 

decentralisation of triage and quarantine facilities to local community care centres (or even isolation 

tents), with the enlisting of appropriately trained and protected family members or other local people to 

take care of those potentially infected with a serious contagion. Food rations, at the least, should be 

provided for those in care and those under quarantine.  

Once the gravity of the Ebola situation was realised and broadcast worldwide by Médecins sans 

Frontières, they introduced the appropriate theory-based methods to contain the spread of contagion, 

including through the use of state-of-the-art personal protection equipment for medical personnel 

(Figure 21). However, as considered in Section VIII.2.iii, these practices created a multifaceted, often 

adverse reaction in local populaces; the problem was exacerbated by the influx of medical professionals 

from elsewhere as part of a global response to make up for a local shortfall in medical infrastructure, 

with issues arising out of cultural insensitivity due to a clash of priorities. In the light of their experience, 

there is the further need to get key members of the local community on board,50 especially in multi-

ethnic situations where there is the risk of misunderstanding or even distrust. Rather than top-down 

diktats, governments need to engage with the people and overcome any suspicions they might have 

about possible underlying motives related to corruption or whatever, especially with regard to the 

involvement of outside parties. Thus Oosterhoff and Wilkinson (2015) contrasted the situation in two 

                                                            
50 Thereby reinforcing practices introduced in any prior information-sharing activities (see Section VIII.4.iii).  
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neighbouring areas of Sierra Leone: in one, top-down instructions created resentment and led to the 

delegation being assaulted; whilst, in the other, social anthropologists with a knowledge and 

understanding of the issues involved were brought in, and were able to smooth over differences between 

the religious groups and thereby negotiate acceptable adaptations of traditional burial practices which 

satisfied the minority groups involved. Apart from directly involving local community leaders, it is 

again important to get traditional healers on board, given their positions of influence in the community.  

 

Figure 21 The eight-piece personal protective equipment of a health-worker comprises 

a protective suit with face-mask and goggles, together with rubber boots, a plastic apron 

and two pairs of gloves.51 Not only a harrowing experience for patients, their kin and 

other observers (including on the media), but also for the wearers, since the temperatures 

inside could reach 46°C in West Africa; this limited the activity levels and amount of 

time spent in such ‘space-suits’ to up to an hour at a time, with the need for careful 

planning ahead about crucial activities. Thereafter, removing the suit is a complex, 

potentially dangerous process which can take up to 20 minutes.52  

Hence, as noted above, it is also important to involve local and national religious leaders, together with 

faith-based organisations, as part of the solution rather than of any apparent problem. On the one hand, 

they can help to adapt local customs given, for example, the fact that cleansing the body of a dead 

individual is a characteristic component of funereal rites worldwide;53 thus the lessons learned from 

past experience in West Africa are likely to be transferable with local adaptations as appropriate, 

allowing for the fact that individuals may have a complex mélange of mainstream beliefs together with 

more-or-less regional variants and local traditional beliefs, given that they may or may not be aware of 

(or accept) modern medical tenets  On the other, responsible faith-inspired organisations are used to 

dealing with poor and otherwise marginalised people, who are likely to be suspicious of officials’ 

ulterior motives; those which provide direct medical services are complementary to public health 

services, and thus should also be included in the planning of these, where appropriate (Duff and 

Buckingham, 2015; Marshall and Smith, 2015; Summerskill and Horton, 2015; Wilkinson, 2015; 

Marshall, 2016).  

The experience arising out of the escalating numbers of deaths in cities during the early phase of the 

West African Ebola eruption, together with the need for respect of local burial customs there as 

elsewhere (Section VIII.2.iii), points to the need to avoid dealing with corpses en masse wherever 

                                                            
51 http://www.msf.org/article/interactive-learn-about-our-ebola-protective-equipment 
52 John Moore/Getty Images 
53 Thus, for example, Theravada Buddhist traditions in Cambodia involve the ritual cleansing of the deceased to 

make the body presentable in preparation for a judgmental meeting with the god of the dead, Yama, for several 

days prior to cremation (Vachon, 2015). 

http://www.msf.org/article/interactive-learn-about-our-ebola-protective-equipment
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possible: thus kin can then at least show some respect for their own departed immediately after the 

latter’s death as well as during subsequent remembrance ceremonies. This includes trying to ensure the 

means to allow individual cremations, where locally acceptable, in the face of potentially many 

demands on limited dedicated facilities. 

An overall picture of the likely background spread of any contagion will help to plan an initial approach. 

Based on surveys using a common paper-diary methodology as a means of establishing risk-factors for 

the onward transmission of diseases through the respiratory or other close-contact route, various studies 

have identified those age-groups which are most likely to be the main sources. In various European 

countries, the main ‘vectors’ are likely to be schoolchildren and young adults, with their tendency to 

mix with people of the same age, with 5- to 19-year-olds likely to suffer the highest incidence during 

the initial epidemic phase of an infection transmitted through social contacts when the population is 

completely susceptible. Similar studies have considered densely-populated southern China (urban and 

rural populations in Guangdong province) and rural northern Vietnam; overall similar results were 

found, but contacts amongst older individuals tended to be more local. 

However a major problem with the Ebola eruption was the mobility of a proportion of members of the 

population at large, both within and between the three main West African countries affected: this proved 

an impediment for efforts at contact-tracing and their subsequent quarantining, especially given the 

latter’s consequences for often subsistence-based livelihoods (McKenna, 2014b). A recent development 

in the efficient targeting of resources to the most needful areas is based on using handphones’ regular 

‘pinging’ of an operator’s transmission towers as a way of tracking the likely spread of infection and 

predicting future eruptions, as was demonstrated in Mexico during the swine flu pandemic in a study to 

evaluate whether public health messages were getting across; and in a retrospective study of general 

population movements and the spread of the 2010 cholera epidemic in Haiti. In practice, such records 

(based on anonymised aggregate data on the number of mobile users moving between base station 

transmitters) helped to contain the spread of dengue fever within Karachi and its spread elsewhere in 

Pakistan. An additional source of useful information is the location of calls to help hot-lines.  

The problem of lack of education raises that of the spread of dis- and misinformation, especially where 

there is a lack of trust in the motives of the authorities as a result of perceived corruption, for example. 

The potential for such a spread has been much amplified by the recent development of social media, 

which proved to be a double-edged sword during the Ebola eruption (see Section VIII.2.iii): whilst these 

provided a belated  means of outreach for the governments and the medical community to communicate 

with the general populace,54 they also sometimes made matters worse by serving as a means for 

speeding up the spread of misinformation (including ‘Ebolanoia’ in the United States) and misguided 

rumours (malicious or otherwise) – for example, that the whole exercise was just because of government 

corruption and a ploy to secure further foreign aid – and the promotion of snake-oil cures.  

On the economic front, there is also the need to anticipate and thence assuage the concerns of the public 

at large, and thus try to short-circuit the possible immediate ‘demand shock’ consequences on local 

markets. As at the local level, there is the need for a healthy fear and respect for the disease, not a 

reflexive, unthinking panic; nor, conversely, apathy or cynicism (see the following Section). It is also 

important to get the message across about cure-rates, as well as trying to eliminate the risk of stigma: 

for example, by normally-dressed medical personnel hugging survivors after returning them home. Thus 

there is the need to communicate the idea of ‘risk’ in order to counterbalance otherwise understandable 

public fears there and elsewhere. To do this, experts and officials should indicate how uncertain they 

are, rather than try to mollify public fears (which may lead to concerns about whether they are taking 

the matter seriously, or are not being totally candid). They should inform the public about relative risk: 

for example, using deaths by motor accident or heart disease as a reference point, using simple words, 

and simple figures rather than percentages. More generally, they should be constructive in channelling 

people’s fears towards positive ends, rather than causing mindless panicking.  

                                                            
54 As with the broadcast media, there is the need for to provide meaningful information about the risks involved. 

Thus Jonas (2014) noted the need for candour on the part of official announcements: the opposite (perhaps due 

to lack of preparedness) is likely to foment the panic which such announcements sought to avoid in the first 

place (see also Sandman and Lanard, 2003). 
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With regard to livestock, the detection of an outbreak depends on identification by a qualified 

veterinarian and effective onward transmission of information to the relevant authorities. However this 

ideal will be compromised if there is not adequate compensation when stock has to be culled in order 

to contain an outbreak; farmers will obviously seek to minimise their losses by marketing their animals, 

to thereby risk spreading any infection further. However some governments are reluctant to adopt such 

a strategy for pecuniary or other reasons: apart from defeating the purpose of the control measures 

originally introduced, an obvious knock-on consequence is that global reporting systems will not reflect 

the prevailing situation in a particular country, as part of efforts to establish a world-wide monitoring 

system for coordinated pro-active interventions as appropriate.  

However, in seeking to achieve these objects by getting the public on their side, lessons need to be 

learned from not only from past experience in, for example, the West African Ebola outbreak (see 

Section VIII.2.iii) but also from more long-term campaigns, including efforts to promote vaccinations 

worldwide. Moreover the impact of the latter has been strongly affected by the recent ‘pandemic’ spread 

of the rapidly evolving social media, as will be considered in the following section. 

The Lessons to be Learned from Attitudes to Vaccination Vaccination, pioneered by work on smallpox 

(see Section VI.2.i) and rabies (see Section II.2), is one of the most effective public health initiatives 

ever, following up on the recognition that poor sanitation and the consequent transmission of microbes 

was a prime cause of contagion, with the associated socio-economic benefits. Thus, for example, 

containing the continuing threat of Japanese encephalitis in Southeast Asia and adjoining regions is 

only being realised in those countries where there are effectively implemented surveillance and 

vaccination programmes. As noted above, Bloom et al. (2017) have proposed that the development of 

novel vaccine-producing platform technologies, together with the use of monoclonal human antibodies, 

opens up the potential for a more pro-active approach to the containment of potential future disease 

threats.  

However it has often proven difficult to persuade the public about the merits of vaccination as a 

preventative strategy. Thus the experience of the need to get the local populace on board gained from 

the Ebola eruption in West Africa (see Section VIII.2.iii) can be generalised, based on studies of 

people’s reactions world-wide to vaccination campaigns. Just as with the suspicions and superstitions 

engendered with the initial influx of medical personnel in response to the Ebola threat, the more long-

term efforts of the WHO and other bodies to establish global immunisation strategies to control not only 

smallpox (successfully) but also other diseases such as polio have often met with initial local suspicion 

and resistance, which needs to be overcome by persuasion.55 For example, attempts to achieve 

nationwide oral vaccination against the polio virus in multi-ethnic Nigeria proved to be problematic for 

a variety of reasons: in part, this was the result of ongoing tensions between the mainly Muslim northern 

states and the predominantly Christian southern ones, augmented by suspicions in the post-9-11 era. 

Thus rumours circulated that the vaccine contained either anti-fertility agents (harking back to a 

previous government’s efforts at controlling family-sizes in the 1980s), HIVs56 or carcinogens, which 

led to key political and religious leaders temporarily halting the programme in three northern states in 

2003; the fact that the pharmaceutical company Pfizer had previously been accused of testing a new 

anti-meningitis antibiotic, without ethical approval, which was subsequently associated with some child 

deaths reinforced the potential for negative perceptions and distrust.  

That the need for persuasion is an ongoing process in all societies is exemplified by those segments of 

western ones which reject the principle of vaccination on either religious or philosophical grounds; 

and/or as a result of the spreading of uninformed or ill-motivated rumours in populous areas there and 

elsewhere (with their subsequent distortion where the ground is ‘fertile’: for example, on the internet – 

see below) about the possible risk of deleterious consequences to the individual. Ideally, 

                                                            
55 The fact that Al-Qaeda’s Osama bin Laden was tracked down by the United States’ CIA (ab-)using an ongoing 

hepatitis B vaccination campaign in Pakistan rebounded on the drive to eradicate the disease there, leading to 

its re-emergence through reinforcing any lack of trust (McGirk, 2015; Mullaney and Hassan, 2015). 
56 One theory, now debunked (Worobey et al., 2004), about the origin of AIDS in Central Africa was that it was 

a contaminant of a batch of polio vaccines. 
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misunderstandings and the spread of unfounded rumours, for whatever reason, can be neutralised by 

providing freely-available information on the vaccine itself and the strategy for its administration. To 

this end, the Vaccine Confidence Project is involved in the ongoing global monitoring of a diversity of 

direct and indirect sources of feedback (including social media), and aims to detect early signs of 

resistance by the public as well as health professionals and policy-makers; and thenceforth seeks to take 

pre-emptive action to correct misunderstandings and alleviate concerns.  

Thus, just as with a commercial operation, there is the need for marketing research in order identify 

issues, with continual updating where necessary to further fine-tune promotional strategies; this is 

increasingly important with the spread of electronic communication and thus the potential for that of 

mis- and disinformation, leading to hesitancy in joining a vaccination programme, if not outright 

resistance. Overall, these strategies involve not just informing the public about scientific evidence and 

economic issues (with freely-available information as appropriate and relevant in a local context); but 

doing so in the context of a broader understanding of a plethora of other issues related to psychological, 

sociocultural (including religious) and political dimensions. This is followed up with the real-time 

monitoring of reports in the various media to identify emerging areas of concern. Recent evidence 

suggests that it may be important to anticipate and correct potential sources of misunderstanding as 

early as possible to prevent to spread of these as well as malicious disinformation by those with vested 

interests (see below). 

A notable failure in this regard has been the continuing ‘urban myth’ that the strategy associated with 

MMR immunisation against measles together with mumps and rubella may be a cause of autism 

spectrum disorders as well as colitis. This has long since shown to be a result of reports established to 

be fraudulent and self-serving on the part of the medical doctors involved, but it continues to deter some 

‘vaccine-hesitant’ parents from getting their children inoculated; as a result, there has been a resurgence 

of measles in countries where the disease had originally been eliminated as a cause for concern. 

Presumably at least partly as a result of the continuing spread of misinformation about the MMR 

scandal, a world-wide survey involving 67 countries in 2016 found that those European ones which 

were included had the most anti-vaccine sentiment with regard to scepticism about issues relating to 

importance (especially amongst males), safety57 and/or effectiveness. Concerning religious 

incompatibility, Saudi Arabia had the lowest levels (2.3%) in the survey, whilst the highest were 

reported for Mongolia (50.5%), Thailand (44.4%), and Vietnam (31.8%; the global average was 

15.4%); overall, there was evidence that Roman Catholics were least sceptical. Scepticism was also low 

in over-65s and generally decreased with increasing levels of education for three of the issues, but with 

the opposite in the case of those related to safety (presumably at least in part reflecting perceptions 

based on the untruths promulgated about the MMR vaccine). In addition, the poorest quintile had less 

positive views for all four areas compared with higher income groups, indicating that there are other 

dimensions to the problem.  

As reviewed by Cook and Lewandowsky (2011), it is generally held that suspicions and 

misunderstandings can be easily overcome through simply providing those holding them with the 

correct information and how it should be interpreted. However the situation is much more complicated. 

These authors identified three main sources of ‘backfire’ effects whereby attempts to correct mistaken 

beliefs may instead fail or, worse, achieve the opposite of what was aimed for. 

The first of these results from mentioning the ‘myth’ in the first place, with the risk of reinforcing its 

continued influence. Thus, whilst thereafter refuting it based on counterarguments may lead to the latter 

being accepted in the short-term, the details of these may be forgotten subsequently (more especially in 

older people), so that the mistaken, previously familiar belief may actually be reinforced. This can be 

minimised by starting off with the mainstream interpretation of the situation and only then correcting 

(with an explicit warning) the various misunderstandings; this switches the emphasis of attention, rather 

than ‘headlining’ the latter. 

                                                            
57 Relatively high values of scepticism for this were also found for China, Hong Kong, Japan, Mongolia and 

Vietnam, although they were considered to be safe by the Southeast Asia region (including Bangladesh and 

India) as a whole. 
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A second, ‘overkill’ backfire arises from the counter-arguments being too many, so as to overwhelm 

the recipient and provoke a retreat to what the individual was already comfortable with. Given that 

many people make judgements based on only a small amount of received ‘information’ which they 

presume to be reliable, there is the need to identify the sources of misinformation and seek to refute 

them specifically rather than expose the misinformed to a deluge of other information which is 

essentially irrelevant (and thus likely to provoke knee-jerk scepticism about motivations rather than a 

more considered re-evaluation of the individual’s current beliefs). To this end, Cook and Lewandowsky 

(2011) suggest having an incremental approach to the presentation of information (on web-pages, for 

example), with various levels available as appropriate for individuals with different levels of 

background knowledge.  

Both of the foregoing contribute to the third, ‘threatening’ backfire effect, reflecting the impact of 

counter-arguments on the world-view and sense of cultural identity of the individual. Thus there is the 

need to circumvent confirmation bias, where people (especially those with more strongly-held views) 

seek and accept information consistent with their existing preconceptions: the evolving role of the 

internet in this dynamic will be considered in the next section. Related is the need to anticipate the other 

side of the coin, dis-conformation bias, whereby committed individuals seek to refute arguments which 

counter their present viewpoint: typically, this is through ‘attitude-bolstering’, where contrary facts are 

conveniently ignored to thereby reinforce existing beliefs. In this context, Cook and Lewandowsky 

(2011) argue that there is the need for promoting ‘self-affirmation’: rather than threatening existing 

world-views, there should be the aim of opening up individual’s minds to alternative world-views 

without being seen to try to manipulate people. This echoes the implementation of libertarian 

paternalistic approaches as advocated by Thaler and others (see Section VIII.4.iii).   

Mainly with regard to the last of these backfire effects in trying to win over at least those who are 

vaccine-hesitant, there are underlying psychological hurdles as a result of cognitive dissonance and the 

consequent resorting to motivated reasoning in order to try to rationalise the conflict between internal 

cherished beliefs and incongruent external information.58 Thus Nyhan et al. (2014; see also Konnikova, 

2014; Johnson, 2015; Oulette, 2015) found that, whilst leaflets setting out to correct the myth that MMR 

vaccines may cause autism did reduce misperceptions in a set of experiments in the United States, there 

was no evidence that it affected the parents’ hesitancy about joining the programme compared with 

controls who received no such information: indeed, it backfired in the case of those with the most 

negative views. Furthermore, two other groups of parents presented with either photographs of children 

with these contagions or a story about a child who had suffered and barely survived a bad measles 

episode reacted by becoming more convinced, respectively, of a vaccine-autism link and of the dangers 

of vaccines in general. These results are consistent with the tendency for humans, having established 

particular beliefs (through personal experience or as a result of the opinions of others), to stick with 

them thereafter despite evidence to the contrary: there is the need for self-affirmation (through 

motivated ‘reasoning’) in the face of the seeds of doubt sown as a result of the cognitive dissonance 

arising from the conflict of external information with core personal principles, socio-political ideals and 

other ingrained beliefs.59 On the other hand, another MMR-related study found that, whilst refuting the 

myths about this vaccine were again ineffective, highlighting the potential risks of measles infections 

did change people’s attitudes, regardless of whether they were parents or not. Overall, however, Dubé 

et al. (2015a, b) concluded from a review and meta-analysis of such studies that none of a variety of 

interventions was effective in overcoming people’s hesitancy or hostility to vaccinations of themselves 

or their children. Nevertheless, one recent study has suggested that emphasising that there is a consensus 

amongst mainstream medical practitioners about vaccine safety and efficacy may be of benefit. Also, 

                                                            
58 In addition, another factor may be ‘omission bias’: not bothering to vaccination one’s child leaves what happens 

next in the hands of fate, whereas one is directly culpable if (albeit as a remote chance) something goes wrong 

due to the inoculation itself (Kupferschmidt, 2017). 
59 Similarly, in a subsequent study, Nyhan and Reifler (2015) found that almost half of the public in the United 

States believed that influenza can be caught from the annual flu vaccine. However this misperception could 

only be corrected amongst those with low levels of concern about the risk by adapting information from the 

Centers for Disease Control and Prevention; again, the opposite ‘backfire’ effect was seen in those who had 

high levels of concern. 
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informing people about the principle of herd-based immunity may persuade those from western 

countries60 (where there is a less prosocial, more individualistic cultural background)61 about the merits 

of vaccination against a moderately contagious disease; there was no such effect for a highly contagious 

one, presumably because of the much greater risk to the individual in the immediate term.62  

In an attempt to generalise from the foregoing, there is likely to be a spectrum of attitudes amongst 

individuals to a particular situation: from accepting a particular piece of information (be it ‘fact’ or 

‘fiction’) through hesitantly doing so to outright denial due to its being incongruent with the individual’s 

already established belief systems. This has been extensively studied in areas related to political science. 

These have shown that beliefs are not necessarily immutable: for example, allegiance to a particular 

candidate as a result of motivated reasoning may breakdown in the face of accumulating opposing 

information, with a tipping point being reached as a result of increased anxiety. On the other hand, 

attitudes to vaccination apparently do not follow a straightforward right-left (conservative-liberal) 

political divide, unlike the case with those to climate-change, for example, where the views of 

conservative traditionalists are fuelled by certain media outlets. Instead, most antipathy was associated 

with those who subscribe to conspiracist views,63 as suggested by what was observed in northern Nigeria 

(see above): those who are disillusioned and feel powerless, being distrustful of governments, private 

industry (especially ‘Big Pharma’) or others. Self-affirmation and the consequent need for motivated 

reasoning mean that they are thus susceptible to reinforcing misinformation whilst denying the 

credibility of science-based or other evidence to the contrary: something which has emerged as a major 

issue with the advent of the internet and social media (see below). Unlike those who are vaccine-hesitant 

or sit on the fence, trying to persuade such individuals to be vaccine-positive therefore poses 

considerable problems.   

Recent studies64 on attitudes to climate change has added an extra dimension to the underlying issues, 

whilst questioning the pre-eminence of cognitive dissonance-motivated reasoning explanations. They 

affirmed the usefulness of a message emphasising the consensus amongst scientists,65 but found this 

was most effective when given prior to exposure to ‘contagious’ memes of mis- and disinformation;66 

such ‘attitudinal inoculation’ involved “forewarning  people that they may be exposed to information 

that challenges their existing beliefs or behaviors. Then, one or more (weakened) examples of that 

information are presented … in a process called ‘refutational pre-emption’ or ‘prebunking’ … to pre-

emptively [highlight] false claims and [refute] potential counterarguments.” Van der Linden et al. found 

no evidence for any backfire effects amongst those likely to be sceptical about climate-change. In a 

follow-up study, Cook et al. (2017) found evidence that, where media coverage gives either confusing 

mis-information or aims for a ‘false balance’ (giving equal air-time to not only the vast majority of 

climate scientists but also the deniers), it was most likely to affect the opinions of liberal/free market 

                                                            
60 Germany, the Netherlands and the United States; cf. the more collectivistic Hong Kong, South Korea and 

Vietnam: see also Section III.5. 
61 Leading to the parallel concern of ‘free-riding’ by some individuals.  
62 In this online experiment, communicating the principles of herd immunity through an interactive tool was more 

effective than by using a body of text.  
63 Those who subscribe  to a conspiracy theory make “an effort to explain some event or practice by reference to 

the machinations of powerful people, who attempt to conceal their role (at least until their aims are 

accomplished);” Grimes (2016) concluded that, based on the number of people directly involved and ‘in the 

know’ (e.g. at the WHO and US’ Center for Disease Control, in the case of vaccinations), major anti-science 

conspiracy ‘theories’ (i.e. narratives) could not continue to be dismissed as such if they were in fact true. 
64 Like other studies, these were laboratory-based: thus they are artificial in the sense that they are not seriously 

challenging or threatening participants’ beliefs in a real-world situation.  
65 Counter-efforts to negate this include the so-called Oregon Petition, which sought to neutralise competent expert 

opinion regarding anthropogenic global warming. Whilst this achieved 31,000 signatories who said they had at 

least a Bachelor’s degree in science (about 0.3% of the science graduates since the 1970/71 in the United States), 

it included Charles Darwin and the Spice Girls; moreover less than 1% claimed any expertise in climate science. 

Thus, as reviewed by Lewandowsky et al. (2017), the Oregon Petition merely represents a continuation of the 

‘fake-experts’ strategy pioneered by the tobacco industry.  
66 Thus aiming in part to deal with the first of Cook and Lewandowsky’s (2011) backfire effects (see above).  
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supporters in situations where there was no opportunity to try to correct the imbalance through pre-

emptive ‘inoculation’.  

Hence, in an attempt to paraphrase the foregoing in the context of the immediate threat of a disease 

(emerging or otherwise),67 an individual’s perception – and hence their initial response – will be 

dominated by Kahneman and Tversky’s ideation of a system 1: it will depend upon their personal socio-

political perceptions within their cultural environment, with education (broadly speaking: including 

such as ‘attitudinal inoculation’) being a potential modifier at the individual level. Such responses will 

be reinforced when they are in common with the rest of an individual’s network, through mutual 

reinforcement and the ‘bandwagon’ effect. On the other hand, contradictory information (mainly that 

from ‘outsiders’, including via their behaviour) will tend to lead to cognitive dissonance and the process 

of denial, thereby largely short-circuiting or otherwise biasing activation of system 2. However system 

2 may be more constructively brought into play by recent priming of an individual through the likes of 

pre-emptive ‘attitudinal inoculation’ or where the threat itself and/or the discordance of incoming 

information is sufficiently anxiogenic so as to overcome the closed-loop ‘inertia’ of pre-existing, 

potentially detrimental cultural (including religious) norms in the circle of individuals involved, as well 

as existing or nascent cynicism and/or conspiracy theory-based attitudes arising out of past experiences. 

Thus designing the appropriate explanatory measures to ‘bring people on board’ as early as possible 

through attitudinal inoculation, rather than trying to enforce abstract decisions from above, means that 

there is the need for trust and mutual respect and understanding, through constructive dialogues with 

local community and religious leaders to establish common ground to the benefit of all concerned, as 

was apparent in the recent Ebola eruption. Thereafter, there is the need for reinforcement of changes in 

attitudes and habits through continuing booster ‘inoculations’.  

To this end, general or specific public health campaigns to deal with present or potential future threats 

should operate at the local community level to (World Bank, 2015e): (i) provide people with 

information about beneficial behaviours (and the adverse consequences of negative ones); (ii) provide 

appropriate models in performing the former; (iii) anticipate and solve any problems regarding their 

adoption, including barriers regarding inconvenience and popular misconceptions such as diarrhoea 

being due to ‘leakiness’; (iv) provide materials together with encouragement (through ‘nudges’ rather 

than ‘pushes’: see Section VIII.4.iii) and social support for those who adopt the behaviours; and (v) use 

the media to provide more general support. Moreover, such campaigns may need to be sensitive to local 

socio-cultural issues; and run over the longer term, in order to ensure habit-formation and thereby 

minimise the likely trend for reversion to previous practices. 

Overall, the use of graphics rather than text is much more effective in order to get the message across 

and thereafter reinforce it. There is the need to recognise that an individual’s grasp of a particular issue 

involves a mental model of what is involved according to their present understanding; to try to correct 

any wrong beliefs, there is the need not only to attend to the issues with their present misunderstandings 

but also to ‘fill the gap’ by providing an alternative scenario and how to interpret it – thus there is the 

need to provide enough relevant information (including explaining why the myth is wrong) without 

overdoing it and avoiding ambiguities. This includes educating people about how information can be 

manipulated by fake experts and others who cherry-pick data, resort to conspiracy theories (often of 

their own making) and use rhetorical techniques to try to get their ‘message’ – their alternative narrative 

– across for whatever ends. On top of this, Cook and Lewandowsky (2011) conclude that outreach 

programmes should accept that there are some with firmly-held beliefs that are unlikely to be changed 

and thus target those who are more likely to be open to considering ‘alternative realities’. Moreover, 

contrary to what might be expected at first sight, they also note that “when the misinformation is 

packaged as a conspiracy theory[,] … even if the conspiratorial claims are dismissed, [this] makes 

people less likely to accept official information.” 

                                                            
67 Rather than the distant, somewhat nebulous future benefit of vaccination against an erstwhile ‘common’ disease 

such as measles. Note that the study of Betsch et al. (2017) suggests that people may be more flexible the greater 

the threat of contagion. 
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However the situation today is complicated by the advent of social media such as Facebook and Twitter, 

which have been promoted as ways to bring people together, by expanding possible contacts from the 

mainly local to the largely global, building up diverse algorithm-based networks. As might be expected, 

their impact is more nuanced, as evidenced by an ethically controversial online experiment with 

Facebook, where it was possible to manipulate the unwitting participants’ emotional states using filters 

to decrease either the positive or negative experiences of ‘friends’: these served as a ‘contagion’, leading 

to a convergence in the emotional timbre of the target’s output with the manipulated input being 

received.68  

The end result has been the emergence of the so-called ‘attention economy’, whereby the social media 

in particular have sought to gain captive audiences in order to generate advertising revenue by being a 

pervasive distraction which nurtures addictive practices and thus leads to continuous partial attention 

to many competing demands and thus efforts at so-called ‘multi-tasking’ thereby encouraging 

superficiality. As a result, it is increasingly recognised that access to the internet has not broadened 

people’s outlooks: instead, social media would seem to let them ‘cocoon’ themselves within a milieu 

of like-minded individuals – now more global yet resolutely parochial – as part of a positive feedback 

loop which excludes the inputs of others with differing views: del Vicario et al.’s (2016) ‘echo 

chambers’ and the conceptually similar ‘filter bubbles’ of various other workers.69 This has led to a 

growing criticism that Facebook and Twitter, in particular, serve to initiate vicious cycles which polarise 

groups.70 Thus, as part of a strategy to increase their user base, such media have created closed 

‘ecosystems’ (‘social bubbles’ of el-Bermawy, 2016) where individuals are forwarded so-called 

‘newsfeeds’ (better termed “my friends’ opinions feeds”: Baer, 2016; see also Gross, 2017c).71 In turn, 

this has fuelled the rise of unbalanced news sites and those deliberately producing ‘fake news’; this is 

either for monetary gain or to push and thereby seek to entrench particular often extreme ideologies or 

personal agenda with vested interests, rather than foster genuine, constructive facts-based debate. In 

this, it is aided and abetted by encouraging such a polarisation through the individual targets’ desire to 

express themselves and their beliefs depending upon their position on the acceptance-denial spectrum, 

for political issues at least. This potential skewing of information-sharing from the traditional factually 

cross-checked (where possible) towards an often self-serving rumour mill-fed one is exacerbated by the 

fact that people increasingly use social media as a major source of ‘news’ without the benefit of critical 

comparative evaluations of the content in cases where they lack an adequate background to do this for 

themselves.72  

                                                            
68 One study found that, under normal conditions, almost two-thirds of those sampled (25/40) were unaware that 

curation algorithms were used to filter and direct selected news feed content; when duly informed, they reacted 

with surprise and anger although they came to accept the situation thereafter (Eslami et al., 2015). 
69 Based on a book published in 2011 by E. Pariser (The Filter Bubble: What the Internet Is Hiding from You): 

https://en.wikipedia.org/wiki/Filter_bubble.  
70 Including by such luminaries as Bill Gates (Delaney, 2017), as well as those who originally developed some of 

the key features of social media (Lewis, 2017). 
71 Gross (2017c), for example, has noted that “Facebook’s algorithms based on each user’s previous history of 

clicks and likes, … [mean] that everybody is selectively fed opinions that they are likely to agree with and news 

that they want to see” with all sources treated as equal (and some fake news sites masquerading as bona fide 

ones), leading to misperceptions about the real-life situation and self-justification and thus potentially (for the 

establishment, at least) complacency. The algorithms can be exploited by so-called ‘clickbait’ headlines: 

following the links leads to little or no genuine information, but reinforces the forwarding of related links to 

that particular user.    
72 Including where no official information is forthcoming. For example, based on a study of student responses 

during a university lock-down as a result of an on-campus shooter incident when official information was 

sparse, Jones et al. (2017) found that individuals resorted to the social media and other unofficial channels to 

try to stay informed of what was happening, with the circulation of rumours and thus exposure to conflicting 

information filling in for the deficit. Those who did so and who were heavy media-users and trusted what they 

read reported greater acute distress, based on a big-data analysis of Twitter data. It was concluded that officials 

should not only provide regular substantive updates where possible but also monitor social media channels to 

mitigate the negative impact of rumors during such runaway situations. 

https://en.wikipedia.org/wiki/Filter_bubble
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This has led to the promulgation of ‘fake news’ and the transition to a ‘Post-Truth Era’,73 which 

Lewandowsky et al. (2017) have identified as being the result of the active promulgation of “alternative 

epistemologies that defy conventional standards of evidence.” It reflects the power of the rapidly 

evolving and diversifying variety of media outlets (including social media) building upon and thereby 

accentuating profound socio-economic changes through the increased ‘individualisation’ and 

polarisation of members and their societal values (and associated life-goals) in an increasingly diffuse 

self-centred community where misunderstandings and other sources of mis-information are no longer 

confined to local pockets and cannot be remedied accordingly. Thus the sharing of material by Facebook 

users has been found to be regardless of the veracity or otherwise of the sources (based on evaluations 

of fact-checkers), suggested to be the result of the individual being overwhelmed by the deluge of 

information without the means to critically evaluate it, given their finite attention spans. Furthermore, 

the fact that information is targeted means that even if an individual does try to evaluate it, they are 

doing so based on a biased sample of others’ opinions, due to their being confined (unknowingly or 

otherwise) to echo-chambers and filter bubbles. Moreover, this can be amplified by the use of such as 

tweetbots or sock puppets, where a small group of individuals can create fake online personas and thus 

the illusion of an opinion being much more widespread than it actually has been on the ground, leading 

to a so-called false consensus effect in their targets, where individuals are led to believe that their 

opinion is much more widely shared than it actually is, thereby making them even more resistant to 

revising their attitudes. Such a spread of mis- and dis-information can threaten education and 

downstream programmes in public health, as well as other policy-related issues and the underlying 

politics, including in the functioning of democratic societies where there is the need for a well-informed 

public.  

The problem is compounded by the fact that other sites – for example, google.com’s search results – 

may manipulate feeds according to the user’s past history.74 To make things worse, there is evidence 

that the use of this and other search engines has led to too much information being available at the 

fingertips of users, leading to a tendency for a superficial search to find ‘the answer’ in the first few 

links spewed out. Rowlands et al. (2008; Nicholas, 2010) have argued that such problems are most 

apparent in the ‘Google generation’,75 where poor search strategies combined with little time apparently 

spent reading and evaluating the information for relevance, accuracy and authority (as a result of poorly 

developed independent, critical reading skills, over and above limited focussed attention in the first 

place) offsets any perceived advantage of increased computer literacy.  

This, together with selective feeds, compounds the problem of individuals’ abilities to properly assess 

the incoming flood, something exacerbated by the proliferation of self-published material and the 

“blurring [of] the age-old distinction between information producers and information consumers”; and 

thus the problem of making sure that the best available, most accurate information can get across to the 

essential targets in the case of a potential disease-threat, for example. The progressive encroachment of 

the internet, and thus the (non-)art of ‘googling’ together with access to Facebook and other social 

media, into the even less well-prepared countries of the developing world means that the problem is 

likely to be even worse, as another dimension to an emerging, little-anticipated 21st century problem: 

even if they have free access to a diversity of  opinions, the generally lower standards of education 

(especially for older age-groups) may mean that people are even less able to take proper advantage of 

the wealth of potentially contradictory information available, again with the consequent potential for 

                                                            
73 ‘Post-truth’ is a relatively recent concept, being the Oxford Dictionary’s Word of the Year 2016, where it is an 

adjective defined as “[r]elating to or denoting circumstances in which objective  facts are less influential in 

shaping public opinion than appeals  to emotion and personal belief”; although it first appeared about ten years 

ago, its recognition as such was based on a spike in frequency associated with the EU referendum in the United 

Kingdom and the presidential election in the United States and would seem likely to become “one of the 

defining words of our time” (https://www.oxforddictionaries.com/press/news/2016/12/11/WOTY-16).  
74 http://guides.library.illinois.edu/c.php?g=348478&p=2347795 provides general guidelines to reduce the 

problem of Google-driven filter bubbles. Nevertheless, Google’s algorithms can be gamed in order to try to 

manipulate search outputs towards a particular end (Postman, 2017). 
75 Those born after 1993, when the internet came to dominate much of the developed world. 

https://www.oxforddictionaries.com/press/news/2016/12/11/WOTY-16
http://guides.library.illinois.edu/c.php?g=348478&p=2347795
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destructive rather than constructive polarisation as a result of manipulations by any counter-parties 

involved.  

Thus, efforts to prepare for and, where necessary, thereafter contain genetic viruses and other physical 

pathogens are likely to be constrained by ‘memetic viruses’ circulating within relatively host-specific 

online communities, albeit with the possibility to spill-over and ‘go viral’. Hence a drive has emerged 

to identify circulating innocent false rumours and malicious fake news, and thereafter try to counter 

these (as exemplified by the Vaccine Confidence Project, for example), including through software to 

obviate the constraints of limited numbers of real-time fact-checkers; as well as by ‘inoculation’ 

strategies  in order to try overcome the resistance of people such as those identified by Nyhan et al. 

(2014; Nyhan and Reifler, 2015) and others in the face of the appearance of (newly) emergent diseases, 

as in other issues. However Lewandowsky et al. (2017) concluded that simply improving 

communication and the means to make effective corrections is insufficient in the absence of considering 

“the larger political, technological, and social context in which misinformation unfolds.” Moroever the 

very nature of filter bubbles means that it is difficult to know what mis- and dis-information is 

circulating in the first place, never mind attempt to correct it.  

Recalling the considerations of the previous section and efforts to cope with this situation, 

Lewandowsky et al. (2017) concluded that simply improving communication and the means to make 

effective corrections is insufficient in the absence of considering “the larger political, technological, 

and social context in which misinformation unfolds.” In the post-truth era, it ignores the fact that the 

latter involves ‘alternative realities’ which are not susceptible to ‘disinfection’.76 To this end, they 

proposed an approach based on ‘technocognition’ using a set of tools which aim to combat what they 

call the ‘malaise’ of the post-truth era: the technologies which have generated the current “socially-

defined epistemic islands” can be adapted to re-build the bridges which had thereby been destroyed: 

simply increased communication per se is not enough. Thus they proposed eight broader categories of 

remedies, including increasing awareness of why dis-information is being produced; how it can be 

unintentionally amplified by the unwitting use of social media; and ways to identify the consequences, 

together with the training of students in information literacy and being able to identify and use reliable 

sources outwith the skewed newsfeeds. They noted that the major players in the social media are 

implementing various measures in the light of evidence of past abuse of their networks by (groups of) 

self-serving individuals towards their own nefarious ends, including through algorithmic fact-checkers. 

Also there is the need to seek ways to constructively expand the filter bubbles, whilst avoiding 

puncturing them as a consequence (which would go against the interests of the media companies 

involved). 

In conclusion, the experience gained from vaccination campaigns, including the MMR scandal, and 

other issues of public interest emphasise that care is needed in the handling of disease outbreaks in order 

to achieve an optimum response to the underlying threats to public health. The emergence of the internet 

and the often uncritical assimilation of the (mis-)information that it can convey means that ‘psy-ops’ 

strategies reminiscent of those used to try to influence foreign nationals during the Cold War era must 

be updated and adapted in order to try to persuade nationals to adopt appropriate responses for the 

general good with regard to these potential global threats, as other public health issues.77 This requires 

the active engagement of Kahneman’s reflective system 2: to jolt people out of reflexive (cynical or 

otherwise) reactions through inducing a measure of anxiety, but without provoking excessive fear 

leading to an over-reaction with negative consequences beyond the immediate effects of the disease 

itself (such as seen during the SARS outbreak: see Section VIII.2.iv). Alternatively, when the threat is 

less immediately apparent, there is the need to adopt and adapt Thaler’s approach of libertarian 

paternalism (see Section VIII.4.iii) in order to ‘nudge’ people towards re-evaluating their beliefs, and 

                                                            
76 Just like many genetic viruses which establish long-lasting infections in the host reservoirs to which they are 

pre-adapted.  
77 Gross (2017c) has discussed the nature of the present ‘post-truth’ era and the increasing tension between, on 

the one hand, rationalism based on established truths and a scientific approach and, on the other, the “irruption 

of irrationality” and the narrow (populist or otherwise) trumpery that others spin in order to achieve their own 

personal ends.  
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thence adopting and maintaining behaviours which benefit them, through the use of presentations which 

are designed to be maximally informative whilst not threatening the individual’s sense of self-worth; 

and which draw attention to the provenance of the original mis-information and why it is wrong by 

providing an alternative, targeted explanation. Thus there is the need to try to de-couple specific issues 

from individuals’ particular world-views: in particular, there is the need to be politically neutral.78 As 

exemplified by experiences during the recent Ebola eruption in West Africa (see Section VIII.2.iii), this 

must involve stimulatory dialogues at the local level to engage those potentially affected, rather than 

top-down diktats devoid of any feedback mechanisms regarding how containment and other measures 

should be implemented in a local context.   

v. The Threat of an Eruption and the Need for an Appropriate International Response At the same 

time, information needs to be shared in anticipation of the potential risk that the infection may spread 

further nationally and internationally.  

In order to contain the risk of potential pandemics, governments are expected to comply with the 

International Health Regulations, established by the United Nations in 2005, through building up core 

capacities for the prevention of notifiable communicable disease outbreaks, and for the detection of 

these when they do occur, together with making the appropriate responses including notifying the 

WHO; since then, these guidelines have been updated as a result of the experience gained from the 2009 

pH1N1 pandemic. Thus nations are required to adopt and abide by these “to prevent, protect against, 

control and provide a public health response to the international spread of disease,” as well as health 

risks such as chemical spills and nuclear accidents, so that they are “obliged to strengthen and maintain 

the capacity to detect, report and respond rapidly to public health risks of international concern; to 

respond to requests for verification of information about potential public health emergencies; to assess 

international health risks and notify WHO promptly of these risks; to carry out inspections and control 

activities at points of entry; and to implement appropriate measures recommended by WHO” (Dye et 

al., 2012). However, after the agreement of all member states to abide by these (and despite the ‘swine 

flu’ pandemic in 2009, together with the then ongoing hpH5N1 outbreak), a survey in 2011 regarding 

progress towards the implementation of its core capacities got a response from only 58% of countries; 

and only 11% of these had successfully achieved these by 2012. Fineberg pointed out that failure to 

comply requires an explanation, but failure to supply the latter cannot be met with any enforcement 

mechanisms. Thus, despite everything, little progress would seem to have been made prior to the West 

African Ebola eruption.  

Building upon experience from previous irruptions in Central Africa, together with that during the those 

of SARS (see Sections VII.8.iii and VIII.2.iv), the West African eruption of Ebola has provided many 

lessons to be learned, both during its 28-month progression and in the subsequent ‘post mortem’. Thus, 

for example, Moon et al. (2015) and the GHRF Commission (2016) have made a number of specific 

recommendations, extending across all levels from the initial surveillance stage up, on the basis that 

pandemics pay no heed to borders, thus necessitating collective efforts to ensure truly international 

health security as a global public good. In their overview drawing on seven reports presenting analyses 

of the Ebola eruption from a public health perspective, Moon et al. (2017) concluded that there was a 

consensus that self-assessment has proven inadequate for monitoring countries’ compliance with the 

Regulations, and noted that the WHO has started to introduce a Joint External Evaluation tool, as a 

follow-up to its previous Global Health Security Agenda one; where compliance is found to be less than 

                                                            
78 Lewandowsky et al., (2017) note that any message can be nullified by subtle aspects – what they call ‘clues’ – 

in the presented evidence which reinforce pre-existing perceptions. Contrary to what might be expected, they 

also note that “when the misinformation is packaged as a conspiracy theory … even if the conspiratorial claims 

are dismissed, [it] makes people less likely to accept official information.” They consider it unethical to try to 

change individuals’ world-views in the first place, and that all efforts at persuasion should be transparent and 

politically neutral. This is in contrast to the politically-motivated descent into the post-truth era, and presupposes 

an ascent back out which ultimately depends on such similar reactionary forces, assuming that long-termist, 

essentially global (rather than myopic, narrowly nationalist) ideals can prevail. In functioning democracies, an 

educated (i.e. largely informed … at least until recently) public would play a pivotal role. 
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desirable, technical and other assistance should be forthcoming to remedy this.79 Moreover it was 

proposed that there is the need for a reconfiguration of parts of the WHO to form an emergency 

subdivision, and to make the organisation more transparent and accountable, with better coordination 

with governments and other bodies. In addition, the World Bank is seeking funding support for a 

number of countries to help towards pandemic preparedness through help to build up the necessary 

human capital and other infrastructure, including a Regional Disease Surveillance Systems 

Enhancement programme, funded in part by the Bill & Melinda Gates Foundation, in order to raise the 

standard of monitoring of human and animal health.  

As a result of the experience gained from the initial outbreak of Ebola in West Africa the previous year, 

one of the reforms instituted by the WHO was to establish a Contingency Fund for Emergencies in May, 

2015; its aim is to provide stop-gap funding support between when a threat is first identified and the 

time when other sources of finance become available.80 Developing upon this theme and to encourage 

timely reports of future outbreaks of notifiable diseases, the World Bank has launched a Pandemic 

Emergency Financing Facility in order to provide rapid funding support to help establish control and to 

insure countries against the potentially high economic costs. This would be based on insurance schemes 

from the private sector, funded by donors, which have already been established as workable by 

governments to deal with issues relating to natural disasters and climate change; and which would speed 

up the financing of reactions to potential future contagious spill-overs.  

The foregoing initiatives may inevitably involve an element of delay in mobilising a response; in the 

past, the rapid implementation of emergency action plans has rested on the shoulders of the likes of 

Médecins sans Frontières, for example with their virtually immediate mobilisation of the appropriate 

basic resources upon the first West African Ebola case being recognised as such in an effort to try 

contain a situation which had already got out of hand (see Section VIII.2.iii). In recognition of this need 

for rapid responses, the Global Research Collaboration for Infectious Disease Preparedness has been 

formed as an alliance which aims to “bring together research funding organizations on a global scale to 

facilitate an effective research response within 48 hours of a significant outbreak of a new or remerging 

infectious disease with pandemic potential.” As such, it was instrumental in coordinating a unified 

response to the emerging threat of the Zika arbovirus in the Americas in 2015, in recognition of the 

paramount need to share information. This initiative does not fund projects directly but a ‘spin-off’, the 

Coalition for Epidemic Preparedness Innovations, was launched at the World Economic Forum in 

Davos in January 2017, with an initial pool of $460 million to finance vaccine development and the 

effective deployment of associated platforms (Section VIII.3). 

Moon et al. (2017; see also Heymann et al., 2015) also noted that, in the light of what happened during 

the Ebola eruption, there is the need to ensure that trade and travel restrictions should be kept to the 

minimum required by best practices, in order to minimise socio-economic disruptions; they point out 

that this is important so as to not discourage governments from reporting outbreaks, although it is 

difficult to ensure in the case of private transport companies, however.       

As at the local level, efforts should be made to monitor for potential infected people whilst seeking to 

minimise the economic impacts on trade and related activities. One method of monitoring which has 

been developed in response to the SARS and Ebola eruptions is that for core body temperatures of those 

seeking to leave the affected countries as well as at checkpoints in potential spill-over countries. 

However the value of such exercises has been questioned: not only is it easy for potentially infected 

individuals to take anti-pyretics to assuage a fever caused by whatever disease, and to lie about where 

they came from in order to avoid the potential imposition of quarantine-related measures, but modelling 

studies based on the time-lag until symptoms of infection with the Ebola virus become manifest indicate 

that such “enhanced screening” is likely to be of minimal significance.   

                                                            
79 Cambodia was the first country in the Western Pacific Region to volunteer for this new evaluation, in the third 

quarter of 2016; it was based on a collaborative peer-evaluation, with the final report being mutually agreeable 

to both the members of the external team and the host country’s consulted experts (WHO, 2017b; see also 

Amaro, 2017b). 
80 Apart from serious outbreaks of pathogens, other contingencies include factors such as famine and other 

humanitarian crises. 
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As noted by Heymann et al. (2015), amongst many others, the recent Ebola eruption in West Africa 

was a ‘Black Swan’ (Taleb, 2007) which has provided yet another wake-up call to the international 

establishment (after the realised threat of HIV/AIDS and the nascent threats of Nipah, SARS and 

MERS, amongst others) regarding the future likelihood of further serious zoonotic diseases emerging, 

arising out of the encroachment on sylvatic areas peripherally together with the increasing 

suburbanisation centrally in various countries (especially in the developing world), further complicated 

by the ever-increasing trend for global interconnectivity. The issue is compounded by the fact that 

reductions in immuno-competence – whether as a result of aging, immunosuppressant therapies, 

diseases such as HIV/AIDS or environmental factors – raises the risk that spill-overs may mutate and 

thereby become more virulent. Yet, as noted by Bloom et al. (2017), the initial media-driven global 

panics in response to past spill-overs have resulted in the reflexive diversion of the resources of public 

health administrations and researchers (academic and company-based) to the threat that had suddenly 

appeared on their radars. From an economic, business-related point-of-view, such reactive responses 

are grossly inefficient. That the recent Ebola eruption was contained with evidence that future outbreaks 

of this virus may be nipped in the bud with an effective vaccine should be seen as setting a precedent 

for more pro-active future initiatives such as those inherent in the One Health concept, rather than 

continuing to resort to reactive panic measures after the event. At the same time, this will help to boost 

individual health security in the developing world and thereby promote economic development in the 

immediate term. From a more all-encompassing economic point-of-view, by taking care of those rural 

poor who, for example, come down with a spill-over of Nipah virus in the future (Section VII.2.ii), the 

developed world can thereby short-circuit the potential threat of an emergent pandemic and its 

potentially prohibitive global costs; otherwise the weak health systems of poorer countries can, through 

increasing suburbanisation and globalisation, serve as the first links for the transduction and initial 

amplification of a global supply chain; thereafter infections can potentially ramify to threaten even the 

more sophisticated public health and medical systems of the developed world, with the risk of rapidly 

overwhelming them in a ‘domino effect’. As Farrar and Piot (2014) have remarked somewhat 

presciently, the world got off lightly with the recent Ebola eruption, and may not be so lucky the next 

time around.  
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