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Preface

The Prize
The Bertebos Prize was instituted in 1996 by Brita and Olof Stenström. The prize is awarded by the Royal 
Swedish Academy of Agriculture and Forestry to a well-qualified person who conducts internationally pio-
neering research and development in food, agriculture, animal health or ecology. A new laureate is selected 
every second year.

The prize consists of SEK 400,000 (approx. EUR 38,000) and a diploma; it is presented at the Com-
memorative Meeting of the Academy on 28 January.

KSLA organizes communicative activities together with the prize winner and in dialogue with the 
Bertebos Foundation. The activities should preferably take place the same year as the prize was awarded and 
should involve invited researchers and industry representatives. The type of activity may vary depending on 
the prize winner’s scientific orientation.

The 2020 Laureate
Professor Peter Leonard Roeder was awarded the Bertebos Prize 2020 for his exceptional contributions 
regarding control of Transboundary Animal Diseases (TAD) and emerging diseases around the world. 

During his career, Professor Roeder has worked for national and international bodies, in Asia, Africa, the 
Americas, the Caribbean, and Europe. Most notable are his efforts concerning international coordination 
of TAD control and emergency preparedness. His success has been made possible by his interpersonal and 
multidisciplinary skills, but also his abilities to create links between basic and applied research, laboratory 
and field aspects, and between animal owners, society and authorities. 

Professor Roeder was a key player in the Global Rinderpest Eradication Programme, where he contributed 
to the understanding of the distribution and epidemiology of rinderpest and provided leadership. As result 
of this joint effort, rinderpest was the first TAD in livestock to be eradicated globally.

Professor Roeder is presently committed to the Global Programme for the Eradication of Peste des Petits 
Ruminants.

“Towards a New Mindset for Epidemic Animal Diseases”
The webinar on 7 September, 2021, was part of the Bertebos Prize. The recipient of the prize is by tradi-
tion actively participating in the planning and implementation of a seminar in their field of work. Together 
with the KSLA Professor Roeder invited some of the leading experts in the field of Transboundary Animal 
Diseases to give presentations on issues that are vitally important for the long-term development of livestock, 
wildlife and human health. 

The Academy is happy and proud of the interest and commitment shown by webinar speakers and partici- 
pants around the world. We are also grateful to Professor Roeder for compiling this publication with the 
assistance of KSLA fellows Marianne Elvander and Lena Englund.

Yours sincerely,

Göran Dalin  Eva Pettersson
Bertebos Prize 2020 Coordinator  Secretary General KSLA
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”The Philosopher”, copper engraving by Ulla Fries. The artist was inspired by the Philippine gold-crested flying fox (Acerodon jubatus) and 
images of watch salesmen or flashers opening their coats. ”The Philosopher” offers knowledge on his open wing, which lists names of great 
thinkers, but we still don’t know what the folded wing hides from our view. ©Ulla Fries/Bildupphovsrätt 2022.
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Introduction

Among infectious diseases, transboundary animal diseases (TADs) are those epidemic diseases that are 
highly contagious or transmissible with the potential to spread rapidly across the globe and the potential to 
have substantial socioeconomic and public health consequences. The Food and Agriculture Organisation 
of the United Nations (FAO) and the World Organisation for Animal Health (WOAH1) maintain lists of 
TADs. 

TADs know no borders and no limits. Several of them are zoonotic diseases, which may transmit to 
humans.

Well-known TADs include (among others) African horse sickness, African swine fever, avian influenza, 
classical swine fever, foot and mouth disease, lumpy skin disease, Middle East respiratory syndrome, peste 
des petits ruminants, and rinderpest. The EU has laid down binding rules for all Member States on the 
measures that must be taken to detect, diagnose, contain, and control a range of important animal diseases. 
On a global level, WOAH has set standards for the diagnosis and control of these and several other animal 
diseases to support international trade and the coordination of disease control measures. 

Certain serious animal diseases, such as rinderpest, have not only caused the deaths of millions of live-
stock but also human deaths through loss of livelihood and starvation. The global eradication of rinderpest, 
which is described elsewhere in this publication, demonstrated what scientists, farmers, local advisors, and 
industry can achieve if they cooperate and coordinate their activities across borders and between different 
areas of competence. Access to efficient vaccines and diagnostic tools are prerequisites for successful pro-
grams. And notably, when a disease has been eradicated there is no time for complacency. On the contrary, 
it is important to maintain vigilance and be prepared for a possible recurrence.2 One of the main reasons for 
organising the 2021 Bertebos seminar was to share and discuss the experiences of experts who work with 
different aspects of important TADs. 

Approximately 70 percent of all newly discovered pathogens (virus, bacteria, fungi or prions) are trans-
missible between animals and humans (zoonosis) as we see today with the corona virus, SARS-CoV-2, 
which is believed to have its origin among bats. Once the virus was established in humans it rapidly became 
a pandemic with severe implications for human health, society and businesses worldwide. SARS-CoV-2 has 
also spread from humans to animal species such as mink, dogs, cats, and white-tailed deer. Understanding 
how and why new viruses appear and identification of risks and “hot spots” for development and spread of 
new pathogens are crucial components if we want to prevent the next human pandemic or TAD. 

Important zoonotic infections with the potential to remain a modern problem worldwide are for example 
tuberculosis and rabies. For tuberculosis the host range is wide including both humans and wild and domestic 
animals. It is highly contagious and around a third of the world’s population carries the bacteria although 
only one in ten come down with the disease. The bacteria are increasingly developing resistance and become 
untreatable with antibiotics. 

Regarding rabies, there is at present a global initiative for rabies control with the target to eliminate dog-
mediated human rabies deaths by 2030. Two of the main components in this program are vaccination of 
dogs, including stray dogs, and awareness raising through information campaigns for children.

In modern times, transcontinental movements of people, intensified animal production, global supply 
chains for animal products and feed, and climate change, as well as the strain placed on vulnerable eco 

1. Previous acronym: OIE.
2. https://reliefweb.int/report/world/global-rinderpest-action-plan-post-eradication.
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systems around the world have all provided new possibilities for infectious diseases to strike and become 
global threats.

Our ability to swiftly transport people and commodities from one corner of the world to another gives 
pathogens with an incubation period of a few days (the time of being infected to the first signs of disease), 
or those that spread through animal products or feed, a good chance to reach new continents undetected. In 
addition, climate change has extended the potential habitat for pathogen-spreading vectors like mosquitos 
or ticks and, slowly but surely, they will facilitate the spread of pathogens into new territories.

Not understanding the impact of the threat in time will leave some parts of the world poorly prepared, 
or acting too late. We need to learn from experience, be better prepared, and work together with a One 
Health perspective, which means work together cross-disciplinary in an international setting. It is of utter 
importance that early warning systems are in place, to have transparency in communications, and a com-
mon understanding of “rapid damage control”. Solidarity means sharing knowledge of the emergence of new 
pathogens and pool resources to understand how they spread in different climates and cultural settings. The 
research community has a long tradition of worldwide collaboration but to prepare for a crisis this needs to 
encompass a broader range of disciplines such as human and veterinary medicine, social sciences, anthro-
pology, and economy, as well as politicians and other parts of society that can contribute with its unique 
competence. A way forward could be Private Public Partnerships (PPP), as demonstrated by vaccination 
programmes in Kenya, where collaboration is the key for a better reach out.

Furthermore, the tall task of communication cannot be stressed enough. The message must be science-
based, correct, and targeted to the intended audience. It is important to form alliances and work proactively 
in peace time to be prepared when the next pandemic strikes. Sharing experiences from ongoing and histo-
rical outbreaks of TADs can serve as lessons learned and as an inspiration.

We hope this issue of KSLAT will inspire young scientists to join the fascinating world of working with 
TADs and be part of a One Health future.

Moderators of the Bertebos seminar 2021,

Lena Englund Marianne Elvander
Associate Professor Professor Emerita 



Towards a new mindset for epidemic animal diseases 11

The Global Rinderpest Eradication Programme 
(GREP) was successful in achieving its aim; this 
remarkable achievement could provide salutary les-
sons for other diseases. It is worthwhile examining 
the reasons why this was achieved. The major factors 
which contributed to success relate to:

Leadership and coordination – GREP provided 
leadership and coordination of efforts to enable glo-
bal team work through:
• technical leadership,
• providing a forum for fostering understanding and 
coordination between countries,
• dissemination of technical understanding,
• providing adaptive management of scarce resources, 
• pioneering innovative approaches for disease con-
trol, for example, developing delivery systems involv-
ing Participatory rural appraisal (PRA) techniques: 

Reasons for success and lessons learned from 
rinderpest eradication

Professor Peter Roeder

community based animal health worker service, par-
ticipatory epidemiology, and disease surveillance. 

Epidemiological understanding – comprehending 
the virus/host relationship and the determinants of 
disease were essential to set strategy. 
• The availability of capacity at the World Reference 
Laboratory for rinderpest diagnosis and research 
(supported by FAO) contributed significantly to 
eradication of rinderpest through, for example, 
providing an accurate confirmatory diagnostic and  
molecular epidemiology service.
• These services facilitated greatly the development 
of a sound understanding of rinderpest epidemio-
logy, especially the importance of transmission hubs 
in the persistence of infection in animal populations. 
This enabled development of the understanding that 
eradication of rinderpest required much more than 

area wide, pulsed mass vacci-
nation, Instead, the eradica-
tion needed to be focussed by 
epidemiological understanding 
for maximum effect. Sound 
strategy and implementation 
was heavily dependent on such 
epidemiological understand-
ing.

Clear goals – the programme 
defined clearly what it wanted 
to achieve from the beginning 
and provided a time frame for 
critical elements by which to 
judge progress. 
• For rinderpest this was to 
bring about cessation of circu-
lation of rinderpest virus in its 
wild and domesticated hosts 

Community animal health worker vaccinating cattle in Afar Region of Ethiopia. 
Photo: Dr. Walter Masiga.
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and finally eliminate the viruses and vaccines from 
laboratory collections. Critical considerations were 
setting the deadline of 2010 for achieving cessation 
of virus circulation in wild and domesticated hosts 
and providing a mechanism for accreditation (the 
“WOAH Pathway”).
• Goals were defined by providing a “blueprint” of 
critical steps to aim for in different agroecological 
regions, monitoring progress towards their achieve-
ment and then repeatedly fine-tuning the blueprint 
in consultation with countries and regional bodies.

Focus 
• It has been (and still is being) strongly argued by 
some, that in order to achieve control and eradica-
tion of an epidemic veterinary disease it is necessary 
to strengthen veterinary services across the board 
rather than focussing on eradication of the specific 
disease. However valuable this might be, experience 
in the rinderpest programme contradicted this un-
derstanding as tending to spread available resources 
too thinly and risk failing to achieve anything. Our 
experience led to the understanding that in fact it 
is the process of implementing an eradication pro-

gramme that is most effective in bringing about the 
strengthening of veterinary services per se. 
• Staying focussed is essential. It is important not to 
allow deviation into broad disease control develop-
ment, however tempting this might be. However, 
pragmatically, in exceptional circumstances it can 
be appropriate to include some elements of control 
of other diseases, such as contagious bovine pleuro-
pneumonia and peste de petits ruminants in order to 
get buy-in from livestock owners.

Vaccine and tools for diagnostics
• A major contribution to eradication was the avail-
ability of a robust, freeze-dried, efficacious, afford-
able and safe attenuated vaccine with a protective 
spectrum that covered all rinderpest viruses. This 
vaccine, which was used throughout GREP, was a 
major factor for success. Allied to availability of the 
vaccine was a vaccine quality assurance programme 
implemented through the FAO Pan-African Vet-
erinary Vaccine Centre, later assimilated into the 
African Union. A freeze-dried product of improved 
thermostability allowed fielding of vaccination per-
sonnel in remote areas with harsh climates and lack 

The epidemiology of rinderpest in Pakistan: understanding developed in 1999 showing the 
relationship of a reservoir of infection with outbreaks encountered.
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A penside test currently used to detect peste des petits ruminants 
under field conditions. A similar test was used in the eradication 
program for rinderpest. Photo: Peter Roeder.

of infrastructure. This was one of the key develop-
ments in elimination of rinderpest virus from exten-
sive pastoral areas in Eastern Africa.
• Tools for diagnosis and surveillance within a tech-
nology transfer environment. A set of diagnostic 
tools were developed which were fit for purpose for 
confirmation of outbreaks and in surveillance for 
determining freedom from infection. These tools 
contributed greatly to strategy definition and imple-
mentation as well as being a major component of the 
freedom verification process. In the final stages of 
eradication a lateral flow “penside” device proved to 
be very effective in detecting cases and empowering 
field staff to report their findings.

An understanding emerges from the above con-
siderations, that eradication must rely on applying 

a sound knowledge of disease epidemiology within 
an actively managed programme operated through 
national and regional teams and supported by fit-for-
purpose vaccines and diagnostic tools. Appreciating 
these issues is essential to facilitate other disease  
eradication programmes. 
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What is Rinderpest?

Rinderpest is a highly contagious disease caused by rinderpest 
virus in the family Morbillivirus. It has been known for centuries, 
ever since humans initiated the domestication of livestock. The 
disease primarily affects cattle, buffaloes, yaks, and several other 
domesticated and wild even-toed ungulates. In cattle, the most 
susceptible species, classical signs of the disease include fever, 
erosive lesions in the mouth, discharges from the nose and eyes, 
profuse diarrhea, dysentery and dehydration, often leading to 
death within 10 to 15 days. In other species and on other occa-
sions, rinderpest may show milder clinical signs. The description 
“famous 4 Ds” – Depression, Discharges, Diarrhea & Death, to-
gether with fever (and/or mouth lesions) – summarise the typical 
clinical signs.

Reports from antiquity suggest that rinderpest first occurred in Central Asia, from where it was spread by trade and 
warfare to the rest of the Asian continent and across Europe, following trade and migration routes. A vast outbreak 
in Europe in the 18th century killed approximately 200 millions of cattle resulting in extensive poverty and famine.

In Africa, in the 19th century, the fast-spreading disease triggered the start of extensive famines and had a devastating 
effect on wildlife. In both Africa and Asia the disease hindered agricultural development, with livestock-dependent 
households bearing the brunt of its impact on food security and livelihoods.

Rinderpest was the first animal virus to be eradicated from the face of the earth, second only to the human small pox  
virus. On 28 June 2011, FAO and WOAH jointly declared rinderpest virus to have been eradicated. From 1945 onwards there 
were serious attempts to control the disease involving vaccination campaigns and zoosanitary control measures. The 
campaigns from The UN’s Joint Project 15 ran up to 1975 in Africa but the concerted effort for eradication started 
only in about 1986. It has been estimated that the total cost of control and eradication from 1993–2010 was 7 billion 
US dollars. The biggest donors being the EU Commission, SIDA, FAO, IAEA and a number of individual countries.

Outbreak of rinderpest in South Africa 1896 [Public 
domain].
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Much effort has been expended over the past few 
years, in understanding more of the underlying mech- 
anisms behind disease emergence, in the hope that 
we may become better at predicting and avoiding 
such and ultimately, to develop novel methods of in-
tervention that can prevent their establishment and 
proliferation.

The pathway of emergence of an infectious agent 
to become a significant pathogen in humans is a 
complex one, with a number of increasingly chal-
lenging hurdles which must be overcome, in order 
to progress to the next stage. This has been likened 
to an escalating “pyramid” (Woolhouse and Gaunt, 
2007), where, of an estimated 1,400 pathogens 
which might be capable of infecting humans, only 
about a third might actually be able to productively 
replicate and transmit. Of these, an even smaller 

The potential for emergence of future 
epidemic diseases

Professor Trevor Drew

number – maybe around 100–150 – might have the 
capability to proliferate to cause an epidemic. And 
the consequence of infection can likewise be vari-
able, with high mortality relatively rare. There is also 
the likelihood that such epidemics will fade, either 
to become mild, endemic disease, or they might even 
disappear.

There are two primary drivers the progression of 
pathogens up the pyramid – the environment and 
pathogen evolution.

The environment, also in the context of the wild-
life it contains, ultimately provides the key factors 
which will provide a pathogen with the opportuni-
ties to find and infect new hosts and adapt, so as to 
be able to transmit (NRC Report, 2009). In order for 
pathogens of wildlife to transmit to man, there must 

Level 4
Epidemic spread

Level 3
Transmission

Level 2
Infection

Level 1
Exposure

The pathway of emergence of an infectious agent to become a significant pathogen in humans. Based on Woolhouse and Gaunt, 2007.
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be a direct or indirect pathway, via an intermediary 
domestic animal, which provides an opportunity  
for exposure. It has been recognised that key environ- 
mental driver is habitat fragmentation, since this 
can significantly amplify the opportunity, both for 
exposure and successful transmission (Wilkinson et 
al., 2018).

Fragmentation can be due to several human acti-
vities, including turning over of land to agricultural 
use, roadbuilding, mining and logging camps, ex-
pansion of urban centres and settlements, migration 
and war. 

The major consequence of fragmentation is an 
increased perimeter interface between native habi-
tat and land used for farming. This is compounded 
by a resultant increased concentration of wildlife in 
remaining native habitat, which increases transmis-
sion of native pathogens, resulting in selection of 
more virulent clades, due to increased prevalence of 
the wildlife host. This same concentration also drives 
a search by wildlife for other food sources.

In the same way that concentrations of wildlife 
aid selection of more virulent clades, so high density 
livestock monocultures aid adaptation to any new 
host – whether they be domestic animals or people. 
Simply put, the greater the opportunity for replica-
tion, the greater the opportunity for adaptation.

It has been calculated that the likelihood of con-
tact with wildlife is greatest when more than 25 
percent of the original forest cover is lost (Faust et 
al., 2018). 

The ability of viral pathogens to adapt and change 
to changing environments is key to their ability to 
infect new host species. Many facets contribute to 
this ability, including their replicative mechanisms, 
the rate or replication and route of transmission, as 
well as environmental factors – both in terms of their 
external environment and that of the new host. It 
is anticipated that ongoing global ecological change 
will continue to produce novel infectious diseases at 
or near the current rate of three per year.

Many viruses are relatively stable and may exist 
as different “genotypes” or serotypes, exhibiting a 
certain level of diversity, but with little change over 
many years. This may be regarded as host-pathogen 
equilibrium – even symbiosis.

There are a number of attributes which allow a 
virus to change and adapt to a new host. The easiest 
pathway to host-switching is utilisation of a com-
mon receptor, which can facilitate entry to cells and 
permit further adaptation. Examples include alpha 
(2,3) linked sialic acids in influenza and ACE2 in 
coronaviruses.

High density livestock monocultures aid adaptation to any new host, whether they be domestic animals or people. The greater the opportu-
nity for replication, the greater the opportunity for adaptation. Photo: Loisa Kitakaya [CC BY-SA 4.0].
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1. Examples of RNA viruses are influenza virus, corona virus, rinderpest virus and peste de petit ruminants, classical swine fever.
2. Example of a DNA virus is African swine fever. 

The environment of the new host will further 
drive the adaptation and perpetuation of a virus in a 
new species. This is facilitated through errors made 
during virus transcription, which are far more com-
mon in RNA viruses1, compared to DNA viruses2, 
so the former are inherently less stable and therefore 
evolve more rapidly. 

Viruses which have overlapping open reading 
frames, ORFs, can also benefit from increased evo-
lutionary rates, where nucleotide changes in overlap-
ping areas may result in amino acid changes occur-
ring in two proteins simultaneously. 

Some viruses can also recombine, utilising fa-
voured cleavage sites or, where viruses comprise 
multiple segments, there is an inherent ability to 
create novel assemblies during mixed infections – 
influenza is a good example of such. This has been 
termed “virus sex” (Turner, 2003).

Other attributes of some viruses may also provide 
advantages in adapting to a new host. These can in-
clude targeting immune cells or generating acces-
sory proteins which interfere with immune response. 
Some viruses may avoid certain arms of the immune 
system, such as by syncytial formation, replication 
in an immune-privileged site or through generation 
of “antigenic chaff” – proteins encoded by the virus 
which have no role in replication or structure, but 
which are highly immunogenic and induce a vigor-
ous, irrelevant immune response.

The inherent error-prone nature of RNA replica-
tion leads to an accumulation of errors within sub-
populations, many of which may be inconsequential 
in the short term, but will result in variants being 
generated over successive cycles of replication. This 
“cloud” of variants is known as the quasispecies 
(Eigen et al., 1988). 

The diversity of this cloud is constrained by the 
need for functionality and its nature and is also af-
fected by environmental factors, such as husbandry, 
genetics, age and maternal factors; nutrition; pol-
lutants; vaccination regime; stress; other pathogens, 
etc. 

All these factors contribute to the “relative fit-
ness” (RF) of a virus quasispecies in its particular 
environment. This is a complex biological parameter 

and varies, depending on the amount of virus that is 
present, the degree of random shift (the replication 
errors and recombination) and the positive selection 
pressures being exerted.

These factors are influenced by the size of the 
replicating virus population and the availability of 
susceptible hosts. So, the best chance of achieving 
initial infection and adaptation is by means of a large 
amount of virus infecting one host, in an environ-
ment also where similar, susceptible hosts are in 
close proximity.

This can be nicely demonstrated in vitro, where 
the technique of plaque purification will result in 
fitness loss, through the accumulation and fixation 
of genetic mutations, resulting the bottleneck effects 
of Muller’s Ratchet, which subsequent replication 
cannot overcome (Clarke et al., 1993; Duarte et al., 
1993). In contrast, serial passage at high titre will 
result in fitness gain, with adaptation to cell type 
and increased efficiency of replication (Domingo et 
al., 2012).

In the same way, serial passage in single animals 
with minimal transfer can lead to attenuation, result-
ing in lower virulence viruses with lower pathogen-
icity, equating to fitness loss (Carrillo et al., 2007). 
But when provided with an environment compris-
ing homogeneous populations of a new susceptible 
host, at high density, there is increased virus produc-
tion, also with potential for increased pathogenicity 
(Drew, 2011). 

The diversity of the quasipecies is termed the 
mutant spectrum, and the frequency of the parental 
virus and of mutant variants not only depends on 
their replication rates but also on the constant gener-
ation of successive mutant variants which are close 
in genotypic space. 

 The consequent reproductive success of a quasi-
species in a given host is termed the “fitness land-
scape” (Lauring and Andino, 2010) and those vi-
ruses which exhibit a tight mutant spectrum, with 
majority of progeny very close in genotypic space are 
considered to have high fitness. In contrast, those 
which produce a more diverse cloud are said to have 
low fitness. 
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“Survival of the flattest” – the Fitness 
Landscape
Viruses can exist with low or high relative fitness 
(RF) and may also exhibit low or high mutation ra-
tes. Those with high RF and low mutation rates (1A 
in the figure) are “trapped” in sequence space – they 
are the more stable and stay within their host range. 
Such viruses may exist as very distinct “genotypes”, 
however, likely reflecting past geographical isola-
tion and independent evolution. Examples include 
the Pestiviruses, which exist as genotypes infecting 
different species of hoofed animals (Artiodactyla), 
although there is some level of cross-infection, they 
are rarely sustained.

Those viruses with low RF and high mutation 
rate (1B in the figure) have the best chance of host-
jumping away from the peak, since diverse variants 
will be more largely represented within the mutant 
spectrum. Coronaviruses are a good example of 
such, with SARS, SARS CoV-2 and MERS being 
examples of where the ability to rapidly adapt to new 
hosts is evident.

Another important feature is that components of 
the mutant spectrum may complement each other or 
interfere, dependent on the mutational status of the 
ensemble and the host environment. This was ably 
demonstrated by way of an experiment with polio 
virus (Vignuzzi et al., 2006), where a neurovirulent 
poliovirus, isolated from brains of mice infected 
with wild type strain, did not cause disease when 
injected into mice as part of a constrained quasi-
species population, whereas neurological disease 
was  reproduced when mice were infected with an 
inoculum of the same titre produced from a diverse 
population. From this we can conclude that a diverse  
quasispecies provides greater opportunity for adap-
tation and can enhance pathogenesis.

In summary, viruses may readily adapt to new 
hosts in new environments and, for some virus fam-
ilies with enhanced evolutionary capability, such 
as those with high error rate, segmented genomes, 
favoured cleavage/recombination sites or with over-
lapping ORFs, the risks are greatest, since they may 
exhibit rapid evolution, with enhanced spread and 
virulence. 

We need to better understand the evolutionary 
drivers, the characteristics that contribute to adapta-
tion and develop novel ways to constrain the ability 
of such viruses to evolve, as well as to equip ourselves 
better to rapidly protect our animal and human pop- 
ulations. It is equally important that we better pre-
serve our wildlife ecosystems and minimise their 
interface with livestock – and ourselves, also to con-
sider the impact of intensive husbandry as a driver 
for virus evolution, emergence and increased viru-
lence.

The fit (1) and the flat (2) quasispecies are located at two different 
fitness landscapes. At low mutation rate (A) populations are centred 
on the peak; at high mutation rate (B) populations drift on the 
landscape. Illustration: Ricard Solé, from Sardanyés et al., 2008.
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We live in an increasingly complex global land- 
scape that facilitates increased transboundary spread 
of avian diseases. Increased interaction at multiple 
interfaces between wildlife, poultry and humans, 
creates an environment whereby avian pathogens 
can spread more freely and more often resulting in 
further pathogen diversification and lateral spread 
including to populations that may previously have 
been unaffected.

Human behaviour has greatly affected this global 
landscape that has led to climate change and geo-
disturbance. Further, as the demand for increased 
poultry production is growing to support growth of 
the human population, so too has the structures and 
systems for their production also increased, in not 
only size but also scale. Poultry are cheap to produce 
and lend themselves to multiple husbandry types 
ranging from simple household production keeping 
a few birds to very large commercial systems rearing 

The drivers of emergence and spread of avian 
disease epidemics

Professor Ian H Brown

millions of birds. Further, there has been significant 
expansion in the number of farmed species for hu-
man consumption and production of commodities. 
This presents huge challenges for disease prevention 
and control.

Increasingly through urbanisation of poultry pro- 
duction and closer connectivity with wildlife a greater 
frequency of pathogen transfer has occurred. Sub-
sequently some of these wildlife to poultry transmis-
sions can lead to the establishment of pathogens in 
poultry with consequent impacts on welfare and dis-
ease manifestation. Increasingly the involvement of 
complex value chains of which live bird markets are 
part of in many parts of the world, add an additional 
challenge for pathogen control and eradication.

In many of these production systems principles 
of disease prevention through strong biosecurity are 
challenging or impossible. In addition, elimination 

Poultry farm, Mount Kupe, Kamerun. Photo: Franco237 [CC BY-SA 4.0].
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of highly infectious fast spreading diseases is chal-
lenging to control and can also result in the estab-
lishment of pathogens in poultry with zoonotic 
characteristics (i.e. salmonella, high pathogenicity 
avian influenza). These outcomes present significant 
challenges to food security in some regions notwith-
standing significant welfare impacts for poultry and 
economic consequences for producers.

This global disease burden has created challenges 
for safe trade in poultry and poultry commodities 
negatively impacting free trade. The increased risk 
and globalisation of some diseases is directly as a 
consequence of activities of humans i.e. deforesta-
tion leading to poultry production/keeping in areas 
with stronger wildlife interface and risk of patho-
gen spillover. Increasingly, interventions have relied 
upon the use of vaccination for some diseases. There 
are good veterinary vaccines available for some dis-
eases such as Newcastle disease and infectious bron-
chitis virus where infection burden can be reduced, 
bird welfare improved, and in some cases disease 
eradicated, for example the Newcastle disease is now 
truly exotic in many parts of the world due to vacci- 
nation. However, for some pathogens vaccines can 
be of poor quality and not efficacious against con-
temporary field strains. When vaccines are non-
efficacious, or inappropriately applied, it can lead to 
unintended consequences such as vaccine escape and 
selection of fitter variants of pathogens. 

Several diseases demonstrate these major trans- 
boundary risks including high pathogenicity avian 
influenza (HPAI), Newcastle disease, avian myco-
plasmosis, infectious bronchitis, salmonella, and 
camplyobacteriosis. This summary will now focus on 
HPAI since it is the single biggest example of the 
challenges in disease control both from veterinary 
but also One Health perspectives.

HPAI has become the single biggest threat to 
poultry production from an infectious disease in the 
last 20 years. It has created large societal impacts in 
many countries which previously had never experi-
enced this infection nor have the veterinary resources 
and infrastructure that can effectively control. It has 
entered poultry production systems where it is im-
possible to control and eradicate infection. Best 
management is through good hygiene, education of 
keepers, farm biosecurity and vaccination of birds.

The disease has undergone dramatic global 
expansion affecting all continents except for Austral- 

asia and South America. In some of these areas the 
virus has become endemic and difficult to control, 
in others there are repeated incursions, with effec-
tive control but then re-emergence. This is further 
complicated by the continued evolution in the virus 
itself which leads to epizootic waves. These waves of 
infection are increasing in frequency and inten-
sity when they occur. Furthermore, transmission 
of virus from birds to humans can occur especially in 
settings with poor personal hygiene and high levels 
of exposure to viruses which are not fit for efficient 
replication and transmission in humans. However, 
concerns remain that uncontrolled infection in bird 
populations may lead at some point in time, to a 
variant of virus that has the capability to transmit 
between people creating risks for pandemic emer-
gence. In addition, the virus has acquired the ability 
to occasionally spillover to other animal populations 
including cats, dogs, carnivores, mustelids and seals. 
The virus has truly become a significant threat to 
global food security. In order to reduce the disease 
burden and where possible eradicate infection mul-
tiple approaches need to be developed specifically 
including understanding how social behaviour of 
humans contributes to critical risk and spread path-      
ways.

The epidemiology is further complicated by the 
establishment of H5 HPAI viruses in wild bird 
populations. This has resulted in transcontinental 
spread and seasonal waves of infection (affecting 
most areas in the northern hemisphere and Africa). 

Migratory birds, especially waterfowl species like geese, can carry 
virus to new locations where it can be introduced into poultry popu-
lations. Photo: Gary Bendig.
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Migratory birds especially waterfowl species, ducks, 
geese, and shorebirds acquire the virus during their 
migratory journeys and carry it to new locations 
where it can be readily introduced into poultry pop-
ulations. Improved understanding of the ecology 
and behaviour of these migratory birds and how that 
may have been impacted by changes in land use and 
climate change needs urgent study, as this underpins 
continued increased risk for global spread. New so-
lutions are required to mitigate such threats where 
direct control in wild bird populations is unethical 
and impossible.

Vaccination will have an increasingly important 
role in the long-term management of HPAI. Vacci-
nation is however only one component and for suc-
cess should be part of a wider group of measures. 
New technological innovations in vaccine design 
offer opportunities for the development of cost ef-
fective efficacious vaccines that can be easily updated 
as demonstrated through vaccination for SARS- 
CoV-2.

Further development of new strategies for de-
livery will aid in this goal, including better global 
mapping of virus properties enabling identification 
of the best matched vaccine strains at regional level.

Perspectives for the future require improved 
understanding of precise pathways for introduction 
and spread of HPAI, identifying hotspots for risk 
of onward transmission, mapping risks along value 
chains and taking action against endemic diseases 
that have underlying large impacts on welfare and 
health of birds. Maintaining awareness of chang-
ing pathogens and how that alters characteristics in 
terms of infectivity, transmissibility and host range 
requires improved understanding to better focus 
interventions. Increased education is required for 
keepers and producers of poultry in understanding 
how pathogens are spread, maintained and persist. 
Understanding how human behaviour is contribut-
ing to disease burden in the poultry sector is vital to 
disentangle impacts such as human migration and 
changed land use.

AVIAN INFLUENZA – ONE HEALTH ASSESSMENT
H5, H7 and H9 enhanced characterisation: next steps
Formalising a pipeline for risk assessment

Clade 2.5

Clade 2.4

Clade 2.2

Clade 0

Classical

Clade 2.1

• Generate harmonised 
chicken and ferret 
serum panels

• HI assays with current 
H5 clade strains 

• Antigenic cartography
• Whole genome 

sequencing
• Integrated phylo-

genetic analyses

Step 1:
antigenic and genetic 
analyses of currently 
circulating H5 clades

Step 3:
quantitatively assess 
the potential risk of 
emerging strains 
both between poul-
try and into humans

Influenzas of 
veterinary public 
health importance

Step 2:
evaluate antigenetic 
changes of significance 
to both poultry vaccine 
efficacy and the transmis-
sion risk to and within 
mammalian species

Provide timely analyses to key stakeholder 
organisations:
• Human Health Professionals
• Competent Veterinary Authorities
• Poultry industry 
• Vaccine manufacturers 
• National and international advisory and
  policy bodies 
• WOAH and WHO 
Inform pre-pandemic and poultry vaccine 
strain selection 
• Risk assessment tools

Modified for publication in agreement with Ian Brown.
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Recent decades have seen a marked increase 
in the amount of pork produced globally, from 60 
million tons per year in the mid-1980s to double 
that figure by 2018. In 2019 a notable drop in the 
amount of pork occurred, caused by the introduc-
tion of African swine fever (ASF) into China, which 
was home to half of the world’s pig population. The 
re-emergence of African swine fever on the global 
stage started in the Caucasus in 2007, and after a 
fairly slow start the disease gained momentum and 
is now a pandemic affecting all inhabited continents. 
While this is the most dramatic recent event in the 
global pig sector, the period since the mid-1980s has 

The drivers of emergence and spread of 
swine disease epidemics

Professor Mary-Louise Penrith

seen the emergence of several novel swine diseases 
as well as the re-emergence of classical and African 
swine fever in areas where they had been eradicated 
or that were historically free of them.

All of these diseases are caused by viruses, and 
they stand out as emergent or re-emergent events 
that were catastrophic at national level or far more 
widely. These diseases are porcine reproductive and 
respiratory syndrome (PRRS), porcine circovirus 
disease (PCV-2), classical swine fever (CSF), ASF, 
Nipah virus disease and porcine epidemic diarrhoea 
(PED). Only Nipah virus disease is zoonotic. The 
remaining five diseases only affect members of the 

Wild boar with piglets. Photo: Michal Renčo.
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swine family, but the effects of all have been devas-
tating. Recent scientific articles have been published 
linking the ASF epidemic, as well as the H5N1 
avian influenza epidemic that preceded it, with the 
coronavirus pandemic caused by SARS-CoV-2. 
Those epidemics severely reduced the availability of 
chicken and pork, resulting in increased consump-
tion of wildlife that included the as yet unidentified 
reservoir and/or amplifying host of the pandemic 
coronavirus. 

It is usually difficult to pinpoint the causes of dis-
ease emergence or re-emergence, but viral, environ-
mental and human/swine factors have been impli-
cated. A combination of some or all of these may be 
necessary for a new disease to emerge. Viral evolu-
tion that results in adaptation to new hosts or an 
increase in virulence or transmissibility may result 
in emergence of a novel disease or disease mani-
festation, while a decrease in virulence as a result 
of either natural evolution or vaccine development 
can favour silent spread by reducing the ability to 
recognise and respond to the disease rapidly. 

The almost simultaneous emergence of PRRS 
in America and Europe, involving two different but 
closely related viruses, suggests that these viruses 
should have been present in some widespread un-
known reservoir host or vector. Surveys in wild and 
feral pig populations have not provided evidence for 
their involvement, and so far no arthropod vector 
has been identified. The emergence of PRRS as one 
of the most concerning erosive diseases of swine oc-
curred in intensified production systems that favour 
its maintenance and spread. The latter is attributed 
to trade in live pigs and germ plasm. The high mu-
tability of the viruses and emergence of strains of 
higher virulence are implicated in heavy production 
losses and challenges for control. On the other hand, 
the emergence of PCV-2 and PED is attributed to 
an increase in virulence among viruses that were  
widely present in swine populations. 

The ability of viruses to persist in various matri-
ces such as pork and pork products as well as pig feed 
ingredients is a potent driver of spread, including 
over long distances. Introduction of both ASF and 
CSF into new countries or regions has most often 
been linked to infected pork products becoming ac-

cessible to pigs, either through scavenging on care-
lessly disposed international waste or receiving it fed 
as swill.1 The emergence of ASF in Portugal in 1957 
and 1960, in Brazil in 1978 and in the Caucasus in 
2007 could with confidence be ascribed to careless 
disposal or misuse of galley waste from airplanes or 
ships, while the re-emergence of CSF in the UK in 
2000 was likely due to illegal importation of pork. 

Environmental factors most easily recognised 
are those that result from encroachment of human 
activity on wildlife habitats where reservoir hosts 
of potentially dangerous viruses, often bats, are 
brought into close contact with domestic species, as 

1. Swill feeding is prohibited in the EU since 2002.

Poverty is a major driver of ASF and CSF, which can be prevented by 
basic biosecurity measures that are nevertheless beyond the means 
of people who keep swine as a coping strategy. Photo: Bahala 
Daniel [CC BY-SA 4.0].
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happened with Nipah virus. An unknown disease 
that affected both swine and humans appeared in 
Malaysia in 1998, and the causative virus was traced 
to fruit bats that had established themselves in fruit 
trees in close proximity to the piggeries. Spread from 
Malaysia was limited to 11 abattoir workers in Sin- 
gapore who processed infected pigs imported from 
Malaysia, and after eradication in Malaysia no 
further outbreaks in swine have been reported. 
However, Nipah virus disease remains a concern as 
the infection in bats is widespread in southern Asia 
and cases in humans continue to occur.

The role of human activities in the emergence and 
spread of swine diseases is undeniable, as they are 
most often linked to production systems and trade. 
Porcine respiratory and reproductive syndrome 
and pathogenic manifestations associated with 
PCV-2 and PED emerged in intensified pig produc-
tion systems. On the other hand, although causing 
devastating outbreaks in commercial piggeries, ASF 
and CSF flourish in subsistence swine farming sys-

tems, often driven by poverty, as well as in wild or 
feral swine populations. Spread of viruses in infor-
mal pig production systems is favoured by high risks 
of transmission through often complex value chains. 
After it was initiallly reported early in the 20th cen-
tury, ASF was restricted to the area in eastern and 
southern Africa where it had evolved in a sylvatic 
cycle between warthogs and argasid ticks that lived 
in their burrows, until the late 1950s, when increas-
ing trade initiated its first incursions into Europe 
and West Africa.

In the final analysis, swine epidemics are largely 
driven by human activities that result in exposure of 
susceptible swine to the virus, and should, therefore, 
be predictable and preventable by increased aware-
ness, better surveillance and improved biosecurity 
at all levels of pig production and trade. However, 
resolving the socio-economic drivers that challenge 
prevention and control efforts require multi-discipli-
nary approaches and policies that are rarely in place 
for managing animal disease crises. 
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The common warthog (Phacochoerus africanus), the ancestral porcine host of African swine fever virus that today has a relatively minor role 
in transmission and spread of ASF. Photo: Mary-Louise Penrith.
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Introduction
In 2007 the World Organisation for Animal Health 
(WOAH) developed the Performance of Veterinary 
Services (PVS) tool comprised of 4 fundamental 
components, describing 45 critical competencies re-
quired for an effective veterinary service. However, 
lessons from the rinderpest eradication program 
have shown that we do not need all competencies 
to be at optimum level in order to eradicate a dis-
ease globally. In fact, countries like South Sudan 
and Somalia have eradicated rinderpest with hardly 
any public veterinary services in place. The most im-
portant components and competencies for the pre-
vention, control or eradication of epidemic diseases 
include:

How to strengthen public and private veteri-
nary services to control epidemic diseases

Gijs van ’t Klooster

• agreed disease control/eradication strategies and/
or preparedness plans, 

• excellent surveillance and diagnostic capacity, 
• dedicated funding to implement the agreed strate- 

gies at national, (sub-) regional and global level,
• strong regional and global coordination and a 

direct line of command at national level, 
• coordinated regional campaigns to identify and 

eliminate foci,
• high quality vaccine safety independently tested 

for efficacy and safety,
• excellent communication to create awareness on 

a One Health approach to control zoonotic dis-
eases and the invisible pandemic of antimicrobial 
resistance.

Village health team members, veterinarians and farmers discuss the method of weighing a cow so they can give the animals the proper 
amount of medication during a One Health mission in Kabale, Uganda. Photo: Chad Thompson [Public domain].
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Roles of Public and Private Sectors in 
Supplying Veterinary Services
In 1992, Cornelis de Haan and Dina L. Umali es-
tablished the roles of the public and private sectors 
in the supply of veterinary services (see Figure 1). 
This table stipulates to what degree the respective 
sectors should play their role in the various compo-
nents of the veterinary services. However, in areas 
with extensive livestock keeping systems private 
veterinary practices are mostly not economically 
viable. As a result, the process of privatisation of 
veterinary practices in traditional livestock keeping 
systems has been slow. Alternative delivery systems 
using community-based health workers (CAHWs) 
have been crucial in eradicating rinderpest from the 
remote pastoral areas, but are not broadly accepted 
by many countries. 

The viability of the private sector depends on the 
demand for veterinary services in a particular area. 
The options for rationalization of veterinary service 
delivery will therefore depend on the livestock pro-
duction system (LPS) in place, i.e. traditional, inter-
mediate developed, and well-developed commercial 
in a particular area or country. 

1. Traditional systems are found in places with a 
high proportion of rural poor. They are charac-
terised by their poor infrastructure, communi-
cation and market access. They are often haz-
ard prone and thus frequently receive livestock 

Service Private sector Public sector Economic characteristics of service

Veterinary care Yes No Mainly ”private good”

Production of vaccines and other 
veterinary products

Distribution of veterinary products

Yes

Yes

No

No

Mainly ”private good”

Mainly ”private good”

Vaccinations and vector control Yes Possibly Mainly ”private good” but there might be externalities

Diagnosis Yes Possibly Mainly ”private good” but there might be externalities

Veterinary research Yes Yes ”Private good” or ”public good”

Awareness campaigns Yes Yes ”Private good” or ”public good”

Disease surveillance No Yes ”Public good”

Quarantine No Yes Externalities

Quality control of veterinary products No Yes Information asymmetries

Food hygiene and inspection No Yes Information asymmetries

Figure 1.

emergency interventions. These areas are often 
remote, thinly populated (could be sedentary or 
pastoral) and are often in contact with wildlife. 
All these factors make it difficult for a private 
veterinarian to make a living by providing vet-
erinary service delivery alone. Often the main 
private activity in these areas is dispensing vet-
erinary drugs. These systems therefore require 
alternative service delivery systems.

2. Intermediate developed or emerging LPSs are 
broadly characterised by better infrastructure, 
better communication and market access, and are 
often located closer to cities with improved live-
stock production systems, like market-oriented 
dairy, poultry, pig production and feedlots.

3. Well-developed commercial livestock production 
systems are characterised by good infrastructure, 
communication and market access. These LPSs 
are predominantly large-scale dairy, poultry and 
pig production. 

Rationalisation of veterinary service delivery is 
much slower in traditional than more commercial 
livestock production systems. 

The presence of, accessibility to and capacity of 
both the public and private sectors varies not only 
between production systems, but also within and 
between countries. In general, you see more public 

The roles of the public and private sectors in the supply of veterinary services by type of services
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sector delivery in areas with traditional livestock 
production systems and more private sector delivery 
in commercial livestock production systems (Figure 
2). In fact these 3 broad production systems are pre-
sent in almost all countries, but they differ in size. 
There clearly is a correlation with the level of devel-
opment of the country and the size of the different 
LPSs present in the country. Obviously, private sec-
tor involvement is much larger in more commercial 
oriented livestock production systems. 

Due to an increase of human population, in-
creased per capita income and increased urbanisa-
tion the demand for livestock products will increase. 
This will lead to commercialisation of the traditional 
LPS and thus create opportunities for private vet-
erinary service delivery. At the same time, it will 
increase the risk of spread of epidemic and zoonotic 
diseases. Rationalisation of veterinary services will 
be facilitated, as the demand for both private and 
public veterinary services will increase (see Figure 
3).

Both public and private sectors have roles to play 
in controlling epidemic diseases and therefore both 
sectors need to be strengthened through collabora-
tion in order to create the tools and data needed to 
prepare, detect and respond to epidemic risks, includ-
ing the invisible pandemic of antimicrobial resis-
tance. 

Prepare, predict and prevent
This component is mainly the responsibility of the 
public sector. It requires a strong and empowered 
coordination structure at national, regional and 
global level; transboundary cooperation and in case 
of zoonotic diseases multi-sectoral collaboration, 
shared resources, and expertise. The public sector is 
to ensure that all infrastructure is in place to con-
trol epidemic diseases. This includes identifying the 
causes of animal diseases (especially new diseases); 
excellent communication lines from field to nation-
al, regional, and global level and even better ones 
the other way around; risk-analysis; strategising 
preparedness plans; legislation; ensuring adequate 
hygiene; import requirements; national/regional 
vaccination strategies; adopting an appropriate co-
ordination mechanism and funding. 

Detect and respond
The responsibility to detect and respond to epidemic 
diseases is a shared responsibility of the public and 
private sectors. Detection includes the surveillance 
and identification of outbreaks; identifying new dis-
eases; border inspection; exchange of information 
between provinces/states, countries etc. The imple-
mentation of the response plan or control strategy, 
which mostly involves vaccinations, is a shared re-
sponsibility with the private sectors implementing 

Traditional LPS

More public sector delivery

Predominantly endemic epidemic disease control
Parasite control

Herd/flock health, disease prevention, 
biosecurity, production disease control

More private sector delivery

Intermediate developed LPS
Traditional plus Commercial

Well developed LPS
Commercial

Level of involvement of and type of interventions by the public and private veterinary service delivery 
by production system

Figure 2.
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Public veterinary services

Increasing involvement of the private sector through rationalisation
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Private veterinary services

Figure 3.

Rationalisation of veterinary services will increase quantity and quality of public and private animal health services

the actual control effort and the public sector over-
seeing the overall implementation of the response 
plan or control strategy. This involves building the 
capacity to respond in line with the strategies/re-

sponse plans; the preparation of public private part-
nership agreements; and a strong organisation of the 
private veterinarians to negotiate on behalf of the 
private sector.

Cows in Botswana. Photo: Marianne Elvander.
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Current status of the livestock and private 
animal health sector
Livestock keeping remains a very important means 
to support the livelihoods of rural and periurban 
populations in Africa. Animal source products are 
highly valued in Africa and provide vital nutrients 
to support good child development. The livestock 
sector can also contribute significant value to the na-
tional economies of many African nations. However 
generally livestock productivity is low partly due to 
unnecessary losses and wastage from preventable 
diseases. Many of these diseases can be prevented 
by vaccination and yet vaccination rates, particularly 
among ruminant livestock, remain very low.

While farmers pay for feed and drugs ruminant 
vaccination is perceived to be the responsibility of 
government veterinary departments. The majority of 
livestock keepers in Africa buy their inputs (feeds, 
drugs, genetics, equipment and [poultry] vaccines) 
from small retail shops in towns and small trading 
centres. These small shops also play a critical role 
in providing farmers with technical farming advice 
as well as selling them products. In Kenya the ma-
jority of these “agrovets” are staffed by shop atten-
dants who have no, or limited, technical training, 
making it difficult for farmers to get reliable advice 
on product selection, correct product use and wider 
management issues.

Veterinarians in private practice make most of 
their money selling relatively low-margin inputs 
through their own agrovet shops. Professionals try 
to differentiate themselves from normal agrovets by 
offering clinical services and selling higher-margin 
prescription-only medicines as part of the clinical 
service. Private veterinary practices are usually fo-
cused in the more commercial farming areas where 

Public Private Partnerships in the control 
of epidemic diseases of livestock: 
a private sector perspective

Dr Christie Peacock

dairy and commercial poultry farming is carried out 
and farmers are able to pay for professional services.

Private veterinarians can play a critical role in 
disease surveillance, and it is important that gov-
ernment staff keep a close relationship with private 
practitioners active in the field.

Disease control challenges and their 
impact on the private sector’s appetite 
to invest
Ruminant vaccination still largely remains the for-
mal responsibility of African government’s veteri-
nary departments. However, they do not have the 
resources to vaccinate ruminant livestock at a level 
that will control diseases effectively and so vacci-
nation levels are generally very low leading to high 
mortality and morbidity rates.

Vaccination tends to be sporadic and mostly in 
response to disease outbreaks not done on a routine 
basis. Many of these “emergency” vaccination cam-
paigns are paid for by international donor agencies 
and vaccines are distributed free of charge, until 
the funding runs out, making the development of 
a fully commercial market impossible. This reactive 
vaccination approach reinforces the perception by 
livestock keepers that vaccines are used to control 
diseases rather than prevent them from occurring. 
This stop-start, reactive, approach to vaccination 
makes demand forecasting and production planning 
for vaccine manufacturers very difficult, leading to 
inconsistent supply and delivery of vaccines.

Emergency vaccination campaigns are frequently 
mounted during periods of droughts when animal 
are susceptible to disease challenges. Vaccinating 
dehydrated and malnourished livestock can lead to 
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adverse reactions undermining confidence in vacci-
nation per se and a reluctance to bring animals for 
vaccination in the future.

There remains a perception among farmers and 
government that all ruminant vaccines are a public 
good and should be free. This can lead to a reluc-
tance among farmers to pay for vaccines. This is in 
contrast to commercial poultry vaccines for which 
there is a free market making them widely available 
and used.

There is a need for consistent messaging about 
what vaccines governments can afford to deliver and 
what livestock keepers should pay for. 

Until there is a settled and consistent policy en-
vironment and coordination between the public and 
private sectors, the private sector will understand-
ably view investment in vaccine and cold chain in-
frastructure as highly risky.

How can we do things better? 
Public Private Partnerships (PPP) can create a use-
ful framework and… “a joint approach in which the 
public and private sectors agree responsibilities and 
share resources and risks to achieve common objec-
tives that deliver benefits in a sustainable manner”.

The WOAH classify PPPs into Transactional, 
Collaborative and Transformative and they can pro-

Public sector role Private sector role

Infrastructure Vaccines

Regulatory Framework Staff and management

Communication to all stakeholders Finance

Staff – mobilization, monitoring Records and data management

Control of donors and NGOs Reporting and technology

Benefits

• Increased vaccination coverage
• Relieves public budget
• More secure livelihoods for Kenyans
• Reduced use of drugs, AMR down
• Job creation

• Increased sales, profits and reinvestment
• Increased external investment

Issues and risks

• Resistance by veterinary dept staff
• Political interference
• Donor/NGO behaviour dumping free products
• Financial risk
• Disruption from donor-funded, government-managed, national projects

Public sector vaccines • Private sector vaccines

• PPR
• FMD
• RVF
• CBPP
• Rabies

• CCPP
• ECF
• LSD
• Sheep and Goat Pox
• Enterotoxaemia
• Camel Pox
• Anthrax
• Blackquarter

A proposed PPP for vaccination of livestock in northern Kenya

Suggested division of responsibilities for vaccination 
programmes

vide a means by which the resources and capability 
of the public and private sectors can be pooled, and 
the relative strengths used to achieve a common dis-
ease control objective. An example of a framework 
for a PPP for vaccination of livestock in northern 
Kenya is given above.

How to involve the private sector under a 
sanitary mandate? 
Governments need to prioritize trade-related and 
zoonotic diseases and implement effective vaccina-
tion programmes matched to confirmed resources 
and leave (but support) the private sector to deliver 
vaccines of economic/livelihood value.
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Sidai Africa Ltd
Sidai Africa Ltd (Sidai) is a company operating in 
Kenya as an input distribution and service delivery 
company focused on herd health promoting vacci-
nation, good nutrition and hygiene. Sidai currently 
supplies over 400,000 farmers through 3,900 agro-
vet/stockists selling 30 core livestock inputs such a 
feed, dewormers, mineral supplements and acari-
cides. The company has vaccinated over 8 million 
livestock and has been at the forefront of promoting 
routine vaccination in Kenya.

Sidai has been an active promoter of the East 
Coast Fever, Infection Treatment Method (ITM) 
vaccine which offers lifetime immunity to vaccinated 
cattle. There was slow initial uptake of the vaccine 
but farmers that did adopt the practice have seen 
impressive results and are now requesting follow 
up vaccination of calves. Unfortunately, the supply 
from Centre for Ticks and Tick Bourne Diseases 
(CTTBD) has dried up preventing the vaccine’s  
wider adoption. Sidai has also been active in promot-

ing the vaccination of village chickens showing its 
commercial viability for village-based vaccinators.

The need for financial sustainability
The current funding gap between the aspirations 
of African government veterinary departments and 
their actual funding must lead to a radical re-think 
about how to create a financially sustainable system 
of disease control. Livestock keepers must pay for 
all vaccines unless there is a reason for public funds 
to be spent on vaccination for public health reasons 
perhaps.

Example: Garissa County in Kenya is richly en-
dowed with livestock having 1.1 million cattle (value 
USD 220 million), 1.9 million goats (USD 47 mil-
lion) 1 million sheep (USD 15 million) and  486,000 
camels (USD 194 million). The total value of the 
livestock is USD 476 million with annual losses  
valued at USD 95 million. The public sector would 

Veterinary on her routine round to check the livestock’s wellbeing. Photo: Barispearl [CC BY-SA 4.0].
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need at least USD 3 million to vaccinate livestock 
to obtain 80 percent coverage but the actual funds 
available are USD 190,000! All funds for vaccina-
tion are sourced from 8 international donors on a 
project basis. Sidai has estimated that if the private 
sector were to vaccinate the same livestock at com-
mercial rates, a profit of USD 400,000 could be 
generated and over 50 jobs for livestock technicians 
created.

What does the private sector need to 
invest in disease control through 
vaccination?
• A settled and agreed role for the public and pri-

vate sector that is consistently communicated to 
livestock keepers and followed by all veterinari-
ans.

• A stable government, donor policy implementa-
tion framework within which to invest (no sud-
den dumping of free drugs and vaccines).

Public • Private

• International donors
• NGO funding
• National/local tax 
   collection

• Livestock owners
• Livestock traders
• Food processors
• Private equity investment
• Impact investors
• Local and international 
   banks
• Carbon financing

Potential sources of finance

• Intelligent support to share risks to enable private 
sector to develop new markets.

• Access to affordable capital. African interest rates 
currently 12 percent–18 percent per annum.

• Market-orientated value chains that demand 
good quality livestock and animal products ne-
cessitating the adoption of new production tech-
nology and management practices, e.g. Middle 
Eastern export markets.

A Ugandan animal healthcare worker administers a syringe of deworming medication to a dog. Photo: Dawn Price [Public domain].
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The Global Fund to Fight AIDS, tuberculosis and 
malaria was born out of a refusal to accept the loss of 
millions of lives each year to diseases that were both 
preventable and treatable. A call for justice united  
partners around one table to show that even the 
most severe health threats can be beaten. The Global 
Fund’s game-changing partnership has pushed the 
boundaries on how the world tackles disease, how 
countries contribute, how communities unite and 
how partners collaborate to solve seemingly unbeat-
able problems.

The Global Fund partnership was created 2002. 
In total 58 donor countries make pledge contribu-
tions to it, which enables allocation of over USD 4 
billion each year to combat diseases and strengthen 
underlying health systems. Over the past 20 years, 

Financial support to fight AIDS, tuberculosis 
and malaria

Scott Boule and Susanne von Wächter

Sweden has been the Global Fund’s 8th largest fun-
der. In 2022, the Global Fund will convene its 7th 

Replenishment conference to raise funding for the 
next three-year grant cycle beginning in 2023. 

The COVID-19 pandemic is creating a perfect 
storm of economic, health and social crises that is 
threatening to destroy decades of progress in the 
fight against poverty, inequality and deadly diseases 
like HIV, tuberculosis and malaria. The last global 
pandemic, HIV, taught the world that if we do not 
hit a pandemic hard and fast with enough funding 
and a commitment to reach everyone, everywhere, 
we will enable a much larger, deadlier epidemic that 
will last much longer, kill more people, and cost far 
more to defeat.

Global Fund investments by region
2019–2021 (June 2021)

4 %
North Africa and 

the Middle East

16 %
Asia and
the Pacific

74 %
Sub-Saharan Africa

3 %
Eastern Europe 
and Central Asia

3 %
Latin America

and the Caribbean

Based on original at https://www.theglobalfund.org/en/overview/
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Global Fund – how it works

Based on original at https://www.theglobalfund.org/en/overview/

1

2

34
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1. Raising the money
The Global Fund raises and invests more 
than USD 4 billion a year to support pro-
grams run by local experts in more than 
100 countries. The money comes 92 % 
from donor governments and 8 % from the 
private sector and foundations.

2. Countries make 
investment decisions
A Country Coordinat-
ing Mechanism made 
up of representatives 
of people whose 
lives are affected by 
the three diseases, 
medical experts, 
government and civil 
society meets and 
develops a plan to 
fight the diseases in 
their community.

3. Review and approve
An independent panel 
of expert reviews the 
plan to determine if 
it will achieve results. 
The panel may request 
changes to the plan. 
Once finalized, it goes 
to the Global Fund’s 
Board for approval.

4. Local experts 
implement

Local experts and 
partners use grant 

money to deliver 
programs. Impact is 
continuously moni-

tored and evaluated.

5. Oversight in action
Local Fund Agents in 

each country moni-
tor implementation 

of grants. The Global 
Fund’s Office of the 

Inspector General 
conducts audits and 

investigations.

The Global Fund responded immediately and 
has already provided nearly USD 4.3 billion (as of 
22 April 2022) to help countries fight COVID-19, 
protect front-line health workers, adapt lifesaving 
HIV, tuberculosis and malaria programs, and rein-
force fragile systems for health. The Global Fund’s 
extensive health and community networks and 
well-established health procurement and distribu-
tion system is being leveraged to distribute new 
COVID-19 tools, medical supplies and training at 
scale in more than 100 countries. The Global Fund 
also helped create the Access to COVID-19 Tools 
Accelerator – a groundbreaking collaboration of glo-
bal partners to accelerate development, production 
and equitable delivery of new COVID-19 tools. The 

Global Fund is co-leading on two of its four pil-
lars – the Diagnostics Pillar and the Health Systems 
Connector – and is also supporting on procurement 
and distribution for the Therapeutics Pillar. 

The Global Fund is now the primary channel 
for providing grant support to low- and middle-
income countries for COVID-19 tests, treatments 
(including medical oxygen), personal protective 
equipment and critical elements of health system 
strengthening. Recognizing the increasing inter- 
connectedness between human health and envi-
ronmental factors (animal health, planetary health, 
climate), the Global Fund is working with part-
ners to incorporate a One Health approach into the 
organization’s next multi-year strategy.
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Policymakers and politicians continuously deal with 
risks and incidents that threaten society amongst 
which, in the field of animal diseases, epidemic 
diseases like foot-and-mouth disease, African and 
classical swine fever and highly pathogenic avian 
influenza are the best-known examples. Besides the 
known animal diseases there is increasing attention 
for prevention and eradication of newly emerging 
animal and zoonotic diseases like SARS-CoV-2 
in animals, tuberculosis and brucellosis that may  
threaten the animal and human populations. One 
of the core tasks of governments is to protect society 
against risks against which individual citizens can-
not protect themselves.

For policy makers and politicians, science has a 
crucial role to play in risk analysis to be followed by 
risk management and balanced decision making on 

Influencing decision makers

Chief Veterinary Officer Christianne Bruschke

e.g. preventive measures and measures to be taken 
during animal disease outbreaks. However, along 
with scientific input, societal acceptance of measures 
and social licensing play an increasingly important 
role in the process of decision making. The impact 
of animal diseases on human health, food security, 
livelihoods and environment is nowadays visible in 
the discussions on animal disease management. In 
addition to these points, animal welfare is of in-
creasing importance in general discussions on the 
management of livestock sectors and more specifi-
cally in animal disease prevention and management. 
Animal welfare organisations are more involved and 
have a stronger voice in the discussions with regard 
to epidemic animal diseases. Discussions on sustain-
ability and climate changes are becoming part of the 
above considerations as well. 

Cleaning avian influenza transportation containers at the Bird Lab, Alaska Science Center, Anchorage. Photo: Don Becker [Public domain].
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Decision makers must, without exceptions, take 
all these voices into account which means that they 
need to consider not only science leading to objective 
facts, beliefs, but also values of people and society 
(what people strive for). 

During animal disease risks or outbreaks these 
different voices and considerations are often divided 
and tend to become more divided during the process 
due to means of easy and quick communication like 
social media. Social and other online media have the 
power to reach millions within a matter of hours. 
Mediated realities have an influence on the public 
debate and therewith the policy making or imple-
mentation of policies. This may lead to situations 
where society rejects certain scientific results that 
scientists regard essential in animal disease man-
agement and where policymakers cannot and should 
not deny societal opinions and values. 

Avian influenza is a disease of birds that is found 
worldwide and has many different implications for 
poultry depending amongst others on the region 
of the world and the housing system ranging from 
back yard poultry to highly industrialised poultry 
industry. Over the last years the risk profile of out-
breaks of highly pathogenic avian influenza (HPAI) 
in poultry has changed in all parts of the world. 
Where HPAI used to be a disease of poultry it is 
nowadays also widely found in wild birds and leads 
to a continuous threat for introduction of the dis-
ease in poultry populations. This has a huge impact 
on livelihoods in certain parts of the world and on 
for example trade in other parts of the world. This 
leads to broad discussions on risks of contamination 
of poultry and the need for preventive and eradica-
tion measures.

Currently there is a non-vaccination policy in the 
European Union. Animal welfare organisations call 

for vaccination since many years and this view is in-
creasingly also voiced by scientists. However, there 
is no universal vaccine available and vaccination will 
probably have a huge impact on trade. Without vac-
cination as preventive measure this currently leads 
to long confinements of the free range and organic 
poultry during the winter season to protect them 
from infections. This leads to discussions on their 
welfare. Furthermore, the pre-emptive culling of 
poultry is part of the sustainability and welfare dis-
cussions as well. Influenza experts are increasingly 
worried by the possible emergence of a new human 
pandemic coming from avian (or swine) influenza. 
A topic like avian influenza has many different and 
diverse aspects to take into account for a good dis-
cussion that leads to better understanding between 
science, policy makers, politicians and, for example, 
relevant societal organisations. Communication be- 
tween different groups in an accessible way that opens 
dialogues and establishes connections.

Next to the traditional communication methods, 
the use of new communication methods is essen-
tial where the right framing of the message may be 
even more important. Framing is often perceived as 
a negative word, however it is important to present 
the message in such a way that it significantly im-
pacts the targeted audience and helps the audience 
understanding the message. The target audience can 
be either of these mentioned groups. The right fram-
ing is an integral part of good communication. It is 
a challenge for science, society, and policy to find 
the right frames for different messages and different 
target audiences regardless of their backgrounds in 
science or policy. However, when different parties 
are involved in the process, this will lead to a better 
agenda building taking science and societal context 
into account. 
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Meeting participants expressed the view that 
events in recent years have highlighted the inade-
quacy of the systems in place for combatting epi-
demics of animal diseases many of which go on to 
become human disease problems as well. It is evi-
dent that we need to understand better why this is so 
and decide what we can do to improve performance 
in future. 

We need to understand what the constraints 
are and why governments are not convinced of the 
need to act. Despite the problems and the excellent 
work of those contributing to the meeting, gov-
ernments are slow to seriously take on the issues of 
epidemic disease emergence and rampant spread. 

Concluding remarks on the Bertebos seminar 
and the subsequent Round Table discussion

Professor Peter Roeder

We have seen how addressing pandemic spread of 
a life-threatening disease can easily descend into a 
fiscal frenzy and competition rather than collabo-
ration. Emergency preparedness is severely lacking 
at national, regional, and global levels and there is 
no unified global system for detecting, monitoring, 
studying, and controlling epidemic animal diseases 
which are the origin of the majority of human emer-
gency diseases. We need to ask some critical ques-
tions: 
• Can we predict an outbreak occurring? If not, 

why not?
• Do we have assured capacity to detect an out-

break, wherever it might be?

Malian herders funnel sheep and goats into a corral to be seen by U.S. veterinarians in July 2008. More than 4,000 sheep were dewormed and 
vaccinated as part of a medical training exercise designed to enhance medical capabilities and readiness. 
Photo: Justin Weaver [Public domain].
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• Can we respond to an outbreak in time to prevent 
major spread?

There is a need to examine how we have fared in 
recent pandemics and identify where we could have 
done better. Prioritisation within animal health ser-
vice delivery is controversial but essential to address. 
Experience suggests that for effective control of epi-
demic diseases there must be a strong focus on:
• Surveillance to provide early warning of disease 

events.
• Strengthening of epidemiological analytical ca-

pacity.
• Emergency preparedness and strengthening dis-

ease control capacity.
• Research focussed on existing critical gaps in 

knowledge, such as the means of rapid identifica-
tion of the cause of epidemiologically significant 
events and the development of fit-for-purpose 
vaccines and treatments such as antiviral drugs. 
Research must not be laboratory led and not be 
more of the same as always practised.

• The domestic animal/wildlife interface. Most of 
the recent zoonotic pandemics have emerged 
from this source and there is ample evidence of 
the scope for new diseases to arise in this way.

• Lobbying of senior decision makers. 
• Leadership. Who/which organisation should 

take the lead?

Efficient detection of epidemiologically-significant 
disease events is a pre-requisite for effective early 
reaction and control of epidemic diseases outbreaks. 
It is evident that “horizon scanning” and study of 
the drivers of disease emergence, incorporating an 
active monitoring system, is needed to detect out-
breaks developing at a very early stage and that there 
is a need for much more analysis to define the drivers 
of disease emergence.

Understanding the epidemiological basis of dis-
ease emergence needs to operate at the level of de-
fining groups of countries and the ecological basis 
for disease occurrence. A key issue for the detec-
tion of epidemiologically significant events relating 
to transboundary animal diseases, for their preven-
tion and for their control, is operation of an effective 

surveillance system with a strong focus on syndro-
mic surveillance.1 In fact, one could argue that syn- 
dromic surveillance is the most important disci-
pline for rapid identification of a disease event, for 
determination of its aetiology and initiating timely 
control. 

Several organisations operate disease reporting 
and monitoring systems for animal diseases. For ex-
ample, the World Organisation for Animal Health 
(WOAH) has its World Animal Health Information 
System (WAHIS), the United Nations Food and 
Agriculture Organisation (FAO) provides an early 
warning and monitoring system for animal diseases 
(EMPRES i+), and the International Society for In- 
fectious Diseases provides a similar system for ani-
mal and human diseases (Promed).

The World Health Organisation (WHO) has 
its Epidemic Intelligence Information System and 
the European Union operates Epipulse within 
its European Surveillance Portal for Infectious 
Diseases.

There are in addition regional systems such as 
the Animal Resources Information System (ARIS) 
of the African Union’s Inter-African Bureau for 
Animal Resources (IBAR). Together they provide 
much useful information to national authorities to 
help with their disease control systems and they also 
provide some assistance to national authorities to 
strengthen surveillance. Although on occasion they 
may join, as for example FAO, WOAH and WHO 
did to combat H5N1 avian influenza, they are essen-
tially autonomous and independent. Despite this, 
severe surveillance deficits continue to exist especial-
ly in those resource poor countries where the risk 
of new diseases emerging or re-emerging is highest. 
The status quo risks duplication of effort and inef-
ficient use of available resources. The challenge is to 
bring the various components together into a more 
holistic, global system operating within the context 
of One Health and syndromic surveillance, and not 
to create a new competing system.

Surveillance and disease control are primarily 
within the remit of official veterinary services 
through field veterinary, diagnostic and epidemio-

1. The fundamental objective of syndromic surveillance is to identify illness clusters early, before diagnoses are confirmed and reported to 
public health agencies, and to mobilize a rapid response, thereby reducing morbidity and mortality and the risk of spread.
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logical services. However, funding is often inade-
quate and veterinary services are orientated more to 
preventive vaccination programmes and treatment. 
Governments are increasingly resistant to providing 
resources for both human and animal services, even 
for what are clearly public good situations. Private 
veterinary services have an important role to play, as 
was discussed at this meeting, and this is especially 
true for the less well resourced nations. Poverty is 
clearly a major driver of failure to develop capacity 
and control diseases. It is therefore not possible to 
separate disease control issues from general devel-
opment issues.

Establishing, and now running, the company 
Sidai in Kenya was far-sighted pioneering work. 
Sidai was established primarily as a private sector 
initiative to deliver services to farmers, emphasising 
good nutrition and the adoption of cost-effective 
disease control measures such as routine vaccina-
tion, good hygiene and biosecurity. This has given 
valuable experience of the potential for an expanded 
role of the private sector in livestock disease man-
agement. There is clearly scope to build on the ex-
perience gained to apply the model to widespread 
support for official veterinary services and farmers. 
It is clear that an effort must be made to improve the 
involvement of communities in disease control in the 

broadest sense and here we must consider that not all 
countries have sophisticated animal health services; 
the model of Sidai demands to be supported and 
extended. 

If we are to make progress in controlling the dis-
ease threats to livestock production and human 
health the medical and livestock health communi-
ties must be more committed to working together 
and with other services, such as those dealing with 
wildlife. Wildlife conservation is not just about pro-
tecting charismatic species, because disease reser-
voirs such as those in Asian bats, act as the sources 
of disease emergence and seriously threaten both 
human and animal health.

We glibly and optimistically speak of “One 
Health” yet there is little sign that a unified, coher- 
ent system is evolving. In the medical field it seems 
that only public health has any desire to take up the 
challenge; communication is not good with and be-
tween other sectors. Medical authorities, both hu-
man and animal, seem to be more concerned with 
therapy than with the disciplines that are needed 
to combine their efforts to control major disease 
events. Communication between sectors is poor and 
the competition between agencies holds back real 
change.

Bats in a tree in Kerala, India. Photo: Abijith k.a [CC BY-SA 4.0].
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It seems there could be scope for developing re- 
gional and global networks for epidemiology and 
other relevant disciplines. In the 1970s there was a 
move to build a global network of centres. Is there 
scope to revisit this concept? It is our intention, if 
possible, to convene meetings of all concerned or- 
ganisations to consider firstly if it is appropriate to 
try to bring about change, to advise on how this 
could be achieved and decide what is the appropriate 
scope.

It is relatively easy to identify the problems we face 
in dealing with the issue of epidemic diseases but 
how to address them is far from clear – but we need 
to try. Can there be agreement as to who should as-
sume the lead? Application of any understanding so 
developed could greatly facilitate other disease con-
trol and eradication programmes in future.

However, achieving success is now far more of a 
challenge than it was in the recent past. Increasing 
global insecurity, the collapse of economies from 
COVID and other global shocks inhibit countries’ 
providing adequate resources for disease control. 
Competing political imperatives mitigate against 
government initiatives in disease control. At this 
time severe competition exists for the fiscal resources 
needed to deal with climate change, global terrorism 
and related disasters, inter alia, as well as competi-
tion between human and animal sectors for financ-
ing health services. In inter-epidemic periods prepar- 
ing to detect and control disease epidemics tends to 
be forgotten. There is an urgent need for prioritisa-
tion and for effective lobbying at the highest levels. 
Unless governments and the major organisations 
sense the urgency and adopt a new paradigm, it is 
difficult to see how there can be progress.
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Rinderpest, a devastating cattle disease, 
was successfully eradicated through a 

global programme. Our future abilities to 
detect and combat emerging animal and 

human diseases depend on our willingness 
to learn from experience. Man-made 

changes to wildlife-livestock-human inter-
faces increase the risk that pathogens may 

find new host species and lead to 
pandemics, such as the SARS-CoV-2. 

Experience has shown that effective dis-
ease control is based on access to ade-

quate funding, diagnostic tools, and good 
cooperation between stakeholders at all 

levels. This requires excellent com- 
munication skills and well-established 

contacts already in ”peace time”.
At the 2021 KSLA Bertebos seminar, inter-

national experts discussed disease preven-
tion and control with a view to identifying 

key factors for future success. 
This journal comprises their written contri-

butions. The KSLA hopes that it may 
inspire students and young professionals 

to delve into the challenging topic of 
disease prevention and control.
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The Royal Swedish Academy of Agriculture and 
Forestry (KSLA) is a meeting place for the green 
sector. The Academy is a free and independent 
network organisation working with issues relat-
ing to agriculture, horticulture, food, forestry 
and forest products, fishing, hunting and aqua-
culture, the environment and natural resources, 
and with agricultural and forest history. We work 
with issues that interest many and concern all!


