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to addressing AMR. The One Health 
approach recognises the interactions and 
interdependence between the health of 
humans, animals, and the environment. 
There are opportunities to implement 
phage-based approaches to manage 
infection or the spread of disease at 
multiple stages of livestock, crop, 
and food production. 

Through a series of interviews with key 
experts from African countries, we bring 
together the ongoing work in this area 
and highlight opportunities for innovation 
in livestock, aquaculture, crops and food 
processing. The barriers to realising the 
potential of phage-based technologies in the 
African AgriFood sector are also discussed.

Bacteriophages (phages), are 
bacteria-specific viruses that can be used 
in targeted therapy against pathogens. 
Phage-based technologies and therapies 
can be used to treat human pathogens, as 
well as those in livestock and crops, and 
to improve food and environmental safety. 
Phages could be used to support efforts 
to address antimicrobial resistance (AMR). 
AMR is a global challenge which could result 
in 10 million deaths globally by 2050. Phages 
could support in reducing the risk of AMR 
through improved pathogen control, as well 
as providing a viable alternative to antibiotics.

In the AgriFood sector the use of phages 
as biocontrol agents or veterinary medicines 
aligns with the One Health approach 

Introduction
In this report we explore opportunities for 
the development and implementation of 
phage-based technologies in the AgriFood 
sector in Africa. 
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Antimicrobial resistance 
– a global challenge

Antimicrobial resistance (AMR) occurs when 
bacteria, fungi, parasites or viruses evolve 
new mechanisms that protect them from the 
action of antimicrobials resulting in treatment 
failures. This is a natural evolutionary 
process that allows microorganisms to 
survive, however the incidence of such 
resistance developing in pathogenic 
microorganisms poses a severe threat to 
global health. The improper or excessive use 
of antimicrobials and poor management of 
infections drives AMR in an unnatural and 
accelerated manner and amplifies its impact.

A systematic analysis of the global burden 
of AMR carried out in 2019 indicated that out 
of all the global regions assessed, Western 

Africa had the highest burden of deaths 
attributable to or associated with AMR1. 
Collectively, Eastern, Southern, Central and 
Western Africa had the highest all-age rate 
for deaths attributable to or associated with 
AMR globally. This assessment highlights 
the disproportionate effect that AMR is 
having on countries in Africa. This impact 
is further demonstrated by estimates that 
AMR could result in 10 million deaths by 
2050 globally with 4.1 million across Africa 
alone1,2. Factors which may aggravate the 
problem of AMR in Africa include access 
to sanitation, water quality, healthcare 
systems, access to quality antibiotics 
and indiscriminate use of antibiotics.

Overview
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Taking a One Health 
approach to tackle AMR

to reduce the demand for antimicrobials; 
better management of antimicrobials 
used in agriculture and controlling their 
dissemination to the environment; improving 
global surveillance of drug resistance; and 
promoting the development and use of 
vaccines and alternative technologies to treat 
or prevent infection. One such alternative 
approach that could play an important 
role in supporting the sustainable use 
and availability of antimicrobials targeting 
bacteria is the implementation of phage-
based technologies (PBTs).

Antimicrobials include antibiotics, antivirals, 
antifungals and antiparasitics used to 
treat or prevent infection. Resistance to 
antimicrobials is an issue for humans, 
but also affects the environment, plants 
and other animals, including those used 
in food production. The One Health3 
approach recognises the interaction and 
interdependence between the health of 
humans, animals, and the environment4. 
By considering AMR with a One Health 
lens, new solutions can be identified to 
tackle AMR on a global scale and address 
practices and processes across multiple 
sectors that impede the sustainable use of 
antimicrobials. This could include improving 
healthcare systems and living standards 
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What are phages and 
why are they useful?

Phages are naturally occurring viruses 
that exclusively target and infect bacteria. 
They accomplish this by attaching to specific 
receptors on the surface of bacterial cells, 
injecting their genetic material, then utilising 
the bacterial cell machinery to replicate and 
produce new phage virions. This ultimately 
leads to the lysis, or bursting, of the infected 
bacterial cell, releasing a multitude of new 
phage virions ready to infect new bacterial 
host cells. 

The natural ability of phages to specifically 
target and kill bacteria forms the basis of 
their potential as antimicrobial agents. Unlike 
broad-spectrum antibiotics, which can affect 
a wide range of bacteria (including beneficial 
ones), phages are highly specific. This 
specificity offers the advantage of precision 
in targeting pathogenic bacteria while 
minimising disruption to the wider microbiota 
of the environment the phage is introduced 
to. Maintaining the health of a microbiome 
is important; the specificity of phages 
in targeting bacteria can support in 
maintaining this whilst eliminating infection.

In addition, phages have shown promise 
in penetrating and disrupting bacterial 
biofilms. Biofilms are natural but complex 
communities of bacteria that can be highly 
resistant to traditional antibiotics. Phages, 
however, have demonstrated an ability to 

penetrate these protective structures, 
making them a potential option for treating 
chronic or persistent infections associated 
with biofilm formation5,6. Within AgriFood 
this could be relevant within many different 
contexts, for example, within food processing 
plants, livestock health and crop infections.

A further advantage of phages lies in their 
adaptability. They can evolve alongside 
their bacterial hosts, which means that even 
if bacteria develop some level of resistance to 
a particular phage, it is possible to modify or 
develop new phages that can effectively target 
the resistant strains7,8,9. Finally, phages are 
generally considered to be safe to use in food 
products, and clinical trials of phage products 
have consistently demonstrated their safety 
and low toxicity when used in humans10.

What are phages11?

•	 Phages are viruses that target and 
infect bacteria and are abundant in 
the environment.

•	 Phages are highly specific, offering 
the advantage of precision in targeting 
pathogenic bacteria while minimising 
disruption to the wider microbiota.

•	 As the natural predators of bacteria, 
phages can evolve alongside their 
bacterial hosts.
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Phage 
expertise 
in Africa

Phage scientists in Africa have made 
significant strides in the field, achieving 
milestones which reflect a growing expertise 
in phage biology. Over the last six years or 
so, a number of projects developing 
phage-based products for use in the 
AgriFood sector have been carried out in 
Africa. These projects have studied the use 
of phages for a variety of applications and 
bacterial targets including Campylobacter 
jejunii and Salmonella in poultry meat, 
Ralstonia solanacearum causing bacterial 
wilt, and Edwardsiella, Aeromonas, and 
Streptococcusin aquaculture. 

The Africa Phage Forum (APF) was 
established in 2021 with the purpose 
of promoting scholarship, collaboration 
and mentorship among researchers for 
the advancement of phage research in 
Africa. The APF community includes 
undergraduates, postgraduates and 
established researchers at various stages 

of their career who are all united through 
APF activities, stimulating knowledge 
exchange and collaboration. Other initiatives 
include Phage Kenya which is a collaborative 
programme uniting phage researchers 
based in Kenya working to progress phage 
research through spreading awareness and 
community building12.

To support the growth of phage expertise in 
Africa, since 2017 the non-profit organisation 
Phages for Global Health, has delivered 
four two-week laboratory training courses 
in Uganda, Kenya, Ghana, and Tanzania. 
In addition to this, over 50 institutions in 
Central, East, West, and Southern Africa have 
been involved in phage research and there 
are several collaborative networks across the 
continent that exist to connect researchers, 
enhance scientific capacity, and further the 
development and use of phages in Africa13.

8



In many countries across the African continent, 
agriculture plays a crucial role in the economy 
as well as providing food for the population. 
With the health of humans, animals, and the 
environment intrinsically linked in the context 
of AMR, the burden of AMR will not only affect 
human health, but it has the potential to impact 
the economic productivity of the AgriFood sector 
too14. There are a number of opportunities to 
implement PBTs and address challenges 
within the AgriFood sector from farm to fork. 

Opportunities for 
the use of PBTs 
within the African 
AgriFood sector
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Challenge 

Estimates suggest that 10% of global food 
production is lost due to plant diseases, 
with there being over 200 pathogenic 
bacterial species15. Those considered 
to be the most important globally belong 
to the genera Pseudomonas, Ralstonia, 
Agrobacterium, Xanthomonas, Erwinia, 
Xylella, Pectobacterium, and Dickeya16,17,18. 

In Africa, key bacterial diseases include 
Ralstonia solanacearum which causes 
potato rot and species of Xanthomonas that 
cause rice blight (X. oryzae pathovar oryzae), 
banana wilt (X. campestris pv. musacearum), 
and bacterial spot disease (X. euvesicatoria 
pv. euvesicatoria, X. euvesicatoria pv. 
perforans,  X. hortorum pv. gardneri, 
and X. vesicatoria)16,19.

Opportunity

Phage-based biocontrols have been used 
as an alternative treatment for bacterial 
agricultural disease in both greenhouse 
and field conditions20. This includes 
applications in soft rot infections 
by Pectobacterium in potato and 
Xanthomonas infections causing 
bacterial spot in tomatoes21,22.

Application of phages 
to reduce crop loss
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Application of phages 
as biocontrol agents 
in aquaculture

Challenge

According to the Food and Agriculture 
Organization (FAO), aquaculture production 
is at a record high (and growing further) 
with 178 million tonnes of aquatic animals 
produced in 202023. Top producing countries 
in Africa include Ghana, Nigeria, Uganda, 
Kenya, and South Africa with indigenous 
tilapia and catfish species being most 
abundantly produced on inland freshwater 
systems24. Aquaculture provides a controlled 
and sustainable means of producing protein 
as well as a source of income, so bacterial 
infections in fish that lead to disease 
outbreaks are of significant concern to those 
working in this sector. Key pathogens include 
species of Aeromonas, Yersinia, Edwardsiella 
and Vibrio25. Use of antibiotics to control 
outbreaks can catalyse the development 
of resistance in bacteria. Alternative 
approaches to disease management which 
reduce the impact on AMR are needed.

Opportunity

Phage-based approaches can be utilised 
to prevent and treat infections. Phages 
are currently used in Norway to prevent 
yersiniosis in salmon26 and there is a growing 
evidence base for the effectiveness of their 
use against a variety of pathogens within 
the industry27. With the expansion 
of the aquaculture industry in Africa 
there is a significant opportunity to explore 
the implementation of phage-based 
approaches for disease management. 
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Challenge

Misuse and overuse of antibiotics within 
livestock farming is recognised globally as 
a driver of AMR. It is estimated that by 2050, 
livestock production will fall by up to 8% 
globally due to AMR. Regarding the economic 
impact of this, it is estimated that there will 
be an 11% loss in livestock production by 
2050, with the highest decline anticipated in 
low-income countries28. This is a particular 
challenge in Africa with high misuse of 
antibiotics due to a lack of diagnostics, 
training and up-to-date use guidelines, 
alongside challenges of limited access  
to quality antibiotics and counterfeiting29.

Opportunity

There is an international effort to reduce 
the use of antibiotics within livestock 
production through stewardship and 
development of novel antimicrobial 
therapies. Phage-based approaches to 
treating and managing infections in livestock 
production offer a potential solution for 
the limited options available to livestock 
producers. Phage products are already used in 
various countries against a variety of different 
pathogens including E.coli and Salmonella and 
the evidence base supporting the efficacy of 
phage products applied in this context has 
expanded significantly in recent years30.

Application of phages 
in livestock farming
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Application of phages 
to reduce food loss and 
improve food safety

Challenge

In Central, East, West, and Southern 
Africa, more than 40% of food losses occur 
after the harvest stage of the food supply 
chain and before reaching the consumer31. 
Reducing contamination of food during 
processing is a critical aspect of ensuring 
food safety and reducing food loss. 
There are a variety of ways phages can 
be applied in this context, from preventing 
the transfer of pathogens into the food 
chain to improving the longevity or quality 
of products. The expansion of the formal 
food sector in sub-Saharan Africa is 
presenting new food safety risks. 
Increased commercialisation increases 
the risk of widespread contamination and 
challenges within physical infrastructure 
such as reliable sanitation, power and 
transport impose constraints on efforts 
to produce safe food32.

Opportunity

Phage-based approaches are effective at 
preventing bacterial contamination of food 
at post-harvest stages of the supply chain 
to reduce food loss and food waste. For 
example, spraying or washing vegetables 
in solutions containing phages to provide 
a protective film on the surface reduces 
loss due to contamination after harvest or 
in storage. Pectobacterium atrosepticum 
phages were successfully used in preventing 
the rotting of harvested potato tubers33,34. 
A similar approach can be used post-slaughter 
for meat produce to combat the presence 
of foodborne pathogens such as E. coli and 
Salmonella. There are a variety of phage 
products licensed for use in this context 
in North America and Europe35.
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Emerging applications 
for phages 

Challenge

Applying the One Health approach to 
infection control requires the recognition 
of the interconnectedness of human 
health, animal health, and environmental 
health. Addressing bacterial contamination 
within different areas of the ecosystem 
is crucial for combating AMR because 
the spread of resistant microorganisms 
and resistance genes occurs across 
these interconnected domains. 

Opportunity

Phage-based solutions have the potential 
to be effective at minimising the prevalence 
of pathogenic bacteria in different 
environments. Phages could be applied in 
the sanitation of equipment used during 
farming and processing procedures36,37. 
In addition, they have the potential to 
be effective agents for environmental 
decontamination, for example, as a 
sustainable approach to wastewater 
treatment38,39,40. Finally, phage-based 
approaches could be implemented in the 
management microbiomes to maintain 
healthy and productive soil for crops41.
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Barriers to use of phages 
in African AgriFood

The knowledge base in phage research 
has grown considerably over the past 
twenty years or so and with it a deeper 
understanding of how to apply phages 
as antimicrobial agents has developed42. 
However, despite this progress there are still 
technical challenges to overcome globally in 
the development and implementation of PBTs 
in the AgriFood sector. These challenges are 
generally experienced worldwide and are 
described in more detail elsewhere43,44,45,46 
but below is a summary of the challenges 
that were highlighted during this scoping work 
regarding implementation of PBTs in Africa.

Technical barriers

Maintaining efficacy

Phages are naturally specific to their target 
bacterial host species. In one sense, this 
is a distinct benefit of using phages as it 
means that certain species of bacteria can 
be precisely removed without affecting the 
wider microbiome. However, this inherent 
specificity can make ensuring the sustained 
efficacy of an off-the-shelf product 
containing a predetermined combination 
(or ‘cocktail’) of phages challenging as the 
product will not work if the target bacterial 
species are not susceptible to the phages.

Conscientious cocktail design to create 
a broad-spectrum product is a practical 
route for addressing challenges regarding 
efficacy, combined with considerate 
regulatory frameworks47.  
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Nonetheless, to ensure sustainable, 
long-term efficacy epidemiological 
monitoring of target bacterial species is 
necessary. This enables monitoring evolving 
patterns of resistance, as well as identifying 
problematic bacterial species. As noted 
by several of the contributors to this report, 
the necessary infrastructure to report and 
track the emergence of bacterial disease 
in the AgriFood sector does not exist 
in many African countries. As a result, 
phage products could theoretically be 
implemented for certain applications, 
but ensuring their sustained efficacy 
would be challenging. 

Stability

There are several factors which can affect 
phage activity in different environments. 
These include pH, moisture levels, presence 
of organic matter, temperature, and 
UV48. A number of these factors either 
individually or in combination can cause 
phage inactivation. When considering the 
stability of a phage product, each stage of 
the supply and transport chain should be 
considered. For example, a product may 
need to withstand higher pH levels in the 
environment to have its desired effect, 
but it would be practical to ensure that 
it also remains stable at ambient room 
temperature to accommodate for any 
limitations in the provision of cold chain. 

Administration of phage 
products

Within the AgriFood sector, many phage 
products will be used by farmers and 
primary producers. As such, it is important 
to consider their perspective when 
designing a novel product. A key aspect 
to consider is the route of administration. 
Innovation in antimicrobial treatments 
should not increase the complexity of 
current processes. For example, if a 
primary producer in aquaculture has an 
existing vaccine schedule for their fish it 
would be optimal for them to incorporate a 
phage-based prophylactic or therapeutic 
with the vaccine, so they only need to 
treat the fish once. This ensures the 
process of disease management remains 
straightforward while also limiting how 
often the fish are handled and helping 
to maintain their welfare. In addition, 
information about dosing and frequency 
of treatment should be made readily 
available and easy to understand. Making 
this information accessible to the end user 
helps to minimise misuse and encourage 
stewardship practices regarding the use of 
antimicrobials. Cost must be considered 
relative to other technologies. Since the 
commercialisation of phage products is in 
its infancy this is hard to refer to in terms of 
the actual cost of future products, but price 
point will be key to ensuring adoption.
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Systematic barriers

While addressing technical barriers is 
key to successfully developing efficacious 
phage products, it is also important 
to consider the systematic challenges 
that exist and need to be addressed to 
ensure preparedness for novel, innovative 
technologies. The systematic barriers 
described here were highlighted by experts 
in Africa working in the development and 
implementation of phage-based products. 

Regulatory readiness

It was highlighted by experts from several 
countries that regulatory frameworks for 
phage-based products do not yet exist. 
Without clarity on the classification of phage 
products, it is challenging for developers 
to progress. In addition, the perception 
of regulatory ambiguity regarding phage 
products disincentivises investment in 
their development.  

Capacity for development

Scarce funding means that access 
to necessary resources that facilitate 
development is limited. Facilities 
and equipment that are considered 
commonplace in well-resourced phage 
labs around the world are less accessible 
to those working in this area in Africa. 
This limits development capabilities and 
inhibits progress, despite the existence 
of extensive knowledge capabilities. 
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Limited epidemiological 
information

Knowledge of key bacterial pathogens 
and prevalence antibiotic resistance is 
key when developing sustainable infection 
control practices to address AMR. The 
dataset to inform this knowledge does not 
exist in many African countries. Outbreaks 
caused by bacterial pathogens are seldom 
monitored or reported. As previously 
described, having this information is key to 
ensuring the longevity of efficacy of a phage 
product. With this aspect of infrastructure 
lacking, it is challenging for developers to 
ensure they are targeting the appropriate 
strains of bacterial pathogens and ensure 
the efficacy of their phage product. 

End-user acceptance

Crucial to the success of phage-based 
products in Africa is engagement with 
the different communities of end-users. 
Currently, there is limited understanding of 
AMR as an issue and phages as a solution. 
Ensuring that these communities are 
prepared for the emergence of innovative 
antimicrobial approaches within their sector 
is fundamental to ensuring the necessary 
impact the use of alternative antimicrobial 
approaches could have on addressing AMR. 
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AMR is a global challenge. Collaboration 
is crucial to finding and implementing novel 
approaches and solutions to support health 
and food security.

Through this work multiple areas in which 
collaboration and knowledge sharing 
would support in the development of PBTs 
have been identified. These areas focused 
around: capacity building, networking, and 
sharing of best practice. There is a history 
of international collaborations in this area, 
including projects supported by UKRI. 
There is an opportunity to build on these 
international collaborations and utilise the 
activities of global networks, such as the 
Innovate UK Phage Innovation Network and 
Phages for Global Health, as well as existing 
relationships between organisations to 
further the development of PBTs and their 
implementation in African countries.

Building the capacity of phage researchers 
and institutions is required to help minimise 
the impact of AMR within Africa, especially 
as this is a region which is expected to 
be disproportionately affected. Utilising 
the existing and growing networks of 
researchers globally to connect scientists 
and entrepreneurs is key to ensuring that 
connections are made between current and 
future experts. This could include sharing 
of ideas through collaborative R&D projects 
between UK and African organisations to 
develop phage-based solutions across  
two geographies and ensuring that there 
are routes for researchers globally to access 
equipment, for example sequencing or 
imaging tools. There are also opportunities 
for transfer of existing solutions between 
geographies and proven in the UK, to trial or 
test these in African environments. Similar 
opportunities for use and implementation 
of PBTs exist globally and challenges 
and interests are shared too, therefore 
collaboration should be encouraged 
regardless of geographic location. 

Summary
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Using bacteriophages to reduce Salmonella infection 
in chicken-processing facilities in South Africa

Challenge 

Non-typhoidal Salmonella is estimated to 
cause 93 billion cases of gastroenteritis 
infection, and approximately 155,00049 
fatalities globally each year50. The 
emergence of multi-drug resistant 
Salmonella is an increasing public health 
concern. Infection in humans is often 
caused by consumption of uncooked meat 
or meat products51. Salmonella is naturally 
present in the gut microbiome of chickens 
and can be transferred into the food supply 
chain when carriers are slaughtered and 
processed. Managing and reducing the 
contamination of food products intended 
for human consumption is critical within 
the poultry processing industry to reduce 
the incidence of foodborne Salmonella. 
Current methods to reduce the presence 
of Salmonella in processing include 
the use of chemicals, such as chlorine.  
Chlorine-resistance by salmonella bacteria 
is being observed, further driving the need 
for alternative processing approaches 
such as PBTs.

Research findings

During a four-week trial in a 
poultry-processing plant in South Africa, 
four million carcasses were sprayed with 
the commercially available bacteriophage 
product PhageGuard S (PGS), produced 
by Micreos52. The aim of this was to 
determine its impact on the presence of 
Salmonella within this supply chain. PGS is a 
water-based phage solution which contains 
Salmonella specific bacteriophages. It is 
approved for commercial use by both the 
FDA and USDA as a food processing aid. 
The trial found that use of PGS, combined 
with chlorine wash, on fresh meat 
pre-grinding or pre-packaging reduced the 
presence of Salmonella significantly. A spray 
system was designed to ensure that phages 
were not damaged during application, that 
coverage was sufficient, and that it could be 
delivered within the normal processing line.

Further work

Future work aims to troubleshoot the 
process of applying phages in this way and 
identify areas for improvement. In addition, 
engagement with government and regulators 
will be necessary to clarify regulatory 
classification of phage products used in this 
context and facilitate scale-up of use.

Case studies

Project partners: The Centre for Food 
Safety, Stellenbosch University, South 
Africa; Micreos, Switzerland
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Development of bacteriophage cocktails 
as disease biocontrol agents for improved 
aquaculture productivity, food and nutrition 
safety in Ghana and Uganda

Challenge 

Bacterial pathogens are of significant 
economic importance to the farming of 
tilapia in Ghana and Uganda. In Ghana fish 
mortality can be as high as 75-85% after 
stocking with fingerlings, and problems 
due to fish disease are the largest single 
cause of economic losses in aquaculture 
(Sudheesh et al., 2012).

Ongoing research

Led by the CSIR Food Research Institute, 
the SafeFish project53 has identified 
species of Aeromonas, Yersinia, Serratia, 
and Streptococcus as relevant bacterial 
pathogens in fish in Uganda and Ghana. 
They aim to establish local banks of phages 
and formulate and evaluate phage-based 
products for aquaculture. Raising awareness 
to ensure future buy-in for biocontrol agents 
is a crucial part of the project, as well as 
capacity building for the research and 
development of phage technologies in 
East and West Africa.

Further work

Covid-19 lockdowns have impacted 
project progress; however, work is 
ongoing and collaborators are identifying 
production practices that influence the 
occurrence of fish spoilage; establishing 
the effectiveness of different phage 
combinations; and optimising formulation 
of phage cocktail products for use on fish 
farms. The beneficial impact of phage 
therapies in aquaculture globally are clear, 
with extensive work on the application of 
phages in this sector being carried out in 
the UK, Norway, Denmark, and Chile. 

Project partners: CSIR-Food Research Institute, Ghana; CSIR-Water Research Institute, 
Ghana; Department of Fisheries and Aquatic Science, University of Cape Coast, 
Ghana; Noguchi Memorial Institute for Medical Research, Ghana; Department of 
Electron Microscopy and Histopathology, University of Ghana, Ghana; Department 
of Infection, Immunity and Inflammation, University of Leicester, UK
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Application of Xanthomonas phages 
to control banana Xanthomonas 
wilt in Uganda

Challenge 

Banana Xanthomonas Wilt (BXW) threatens 
banana production and food security 
in Uganda16. Banana is a staple food 
crop which provides up to 25% of daily 
caloric intake. Conventional agricultural 
management practices, including the use 
of copper-based pesticides and antibiotics, 
are ineffective at controlling the disease but 
also contribute to antimicrobial resistance 
and pose an environmental hazard.

Ongoing research

With the aim of assessing the application 
of phages as a biocontrol agent to prevent 
BXW, the research team at Kyambogo 
University are working to isolate phages 
targeting Xanthomonas campestris 
pv. musacearum. Phages have been 
successfully isolated from diseased banana 

plants and soil and are currently being 
studied for their antibacterial properties54.

Further work

Globally, two Xanthomonas phage products 
manufactured by AgriPhage55 have been 
shown to successfully control pathogens 
that cause tomato and pepper spot disease 
and citrus canker disease. The ongoing 
work at Kyambogo University will utilise 
the phages that have been identified in 
the development of a cocktail effective at 
controlling BXW and carry out field trials 
to test the efficacy of this cocktail. Future 
activity will look to establish scalable 
production processes for the cocktail 
and commercialise this product. 

Project lead: Kyambogo University, Uganda
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Development of a phage product to 
control Campylobacter contamination  
in poultry in Kenya56 

Challenge 

Campylobacteriosis infection is a significant 
global health concern and is considered to be 
the most common type of gastroenteritis in 
humans worldwide with more than 95 million 
cases of foodborne illness attributable 
to Campylobacter infection57,58. In Africa 
specifically, a recent analysis indicated that 
Nigeria had the highest overall prevalence 
of Campylobacter in humans of all ages 
and Kenya reported the highest prevalence 
in children under the age of five59. The 
same study reported a high incidence of 
resistance to antibiotics frequently used to 
treat campylobacteriosis and an increase 
in the number of resistant Campylobacter 
strains. Considering the escalating rates of 
antibiotic resistance in Campylobacter, there 
is a critical need for sustainable alternative 
antimicrobial approaches to managing 
contamination of food products and 
preventing infection in humans.

Research findings

Through this project the research team have 
determined that phages could be added to 
the drinking water for chickens to prevent 
the introduction of Campylobacter into 
the food supply chain. Extended storage 

stability is particularly crucial 
for disseminating products to developing 
nations, where access to refrigeration 
facilities necessary for biologicals in 
liquid form may not always be feasible. 
Through this work, the research team 
have effectively generated phage products 
targeting Campylobacter with a prolonged 
shelf life by using spray-drying and 
lyophilisation technologies. 

Further work

Insights gained from this work support 
the cost-effective preparation of other 
phage formulations and biologics intended 
for global transportation. Community 
engagement with farmers during this 
project indicated that there is a clear 
inclination towards a powdered formulation 
that can be administered to poultry orally, 
either mixed in water or food. These 
key messages should be the focal point 
of further engagement activities with 
government stakeholders.

Project partners: University of Nottingham, UK; Makerere University, Uganda; Sokoine 
University of Agriculture, Tanzania; Kampala International University, Uganda
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Applying phages to reduce 
post-harvest loss by controlling 
potato soft rot in Kenya

Challenge 

Potatoes are the third most important food 
crop, after wheat and rice60,61,62 with global 
production reaching 376 million tonnes 
in 202130. Pectobacterium carotovorum 
causes tuber soft rot in stored farm produce, 
affecting many economically important 
vegetables including potatoes and causing 
significant crop loss (Onkendi and Moleleki, 
2014; Muturi et al., 2018). Infection can occur 
during cultivation, harvesting, handling, 
transportation of farm produce, or during 
storage. Globally, current disease control 
approaches involve the sorting of tubers, 
ensuring sanitary procedures during 
processing, the use of potato varieties 
resistant to P. carotovorum, and crop rotation. 
Antibiotics and copper-based pesticides have 
been applied to inhibit P. carotovorum but 
with the emergence of antibiotic-resistant 
bacteria there is need for alternative disease 
management strategies. 

Ongoing research

Phages effective against Kenyan isolated 
P. carotovorum bacterium have been 
isolated and characterised in China. 
Laboratory experiments demonstrated that 
these were effective at preventing infection 
of potato tubers63.

Further work

Options to control soft rot disease in 
contaminated tubers could involve spraying 
phages onto potatoes after harvest or 
before storage. Trials in Russia indicated 
that use of phages in potato storage 
warehouses via the humidity maintenance 
systems could result in a decrease in the 
growth of phytopathogenic bacteria on 
tubers, with no soft rot symptoms being 
observed during the study64. Research 
into the application methods of phages 
against soft rot suggests static application 
methods, such as sprinkling or spraying 
treatment with suspensions of phages, 
rather than washing, may be most 
effective65. Alternatively, potato seeds could 
be inoculated with phages before planting 
to protect the seed tubers from infection. 
The development and testing of commercial 
products applying this research must be 
carefully designed to align to the storage 
and processing methods of farmers and 
producers. This is to both ensure their 
efficacy and secure adoption.

Project lead: Technical University of Kenya, Kenya
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