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Abstract

Urban farming is a vital source of food and income in Low- and Middle-income countries like
Kenya. A common livestock choice in urban farming is poultry since it efficiently produces animal-
based protein with minimal feed input. However, urban farming increases the risk of infectious
diseases due to crowded conditions for animals and humans, poor biosecurity and inadequate
vaccination practices. Kenyan farmers treat these diseases by self-administering antimicrobial
substances, purchased over the counter from their local Agrovet store without prior veterinary
consultation. While this offers short-term relief, imprudent antimicrobial use (AMU) contributes to
antimicrobial resistance (AMR), posing long-term health risks for both humans and animals. To
address these challenges, implementing national and international surveillance of AMU and AMR
is crucial.

As a first step in AMU surveillance in Kenyan agriculture, a pilot Information and Communication
Technology (ICT) platform was launched in May 2023 for poultry farmers in Kajiado and Machakos
counties. This thesis investigates the farmers’ perception of the ICT platform and the treatment data
collected from it.

The platform aimed to map AMU amongst farmers and provide information about poultry diseases,
AMR and prudent AMU. Over five months, farmers used the platform to report treatments. At the
end of this period farmers participated in focus group interviews where they were asked to share
their perception of the platform and suggest improvements. Despite a lack of treatment reports on
the platform, the collected data showed a wide use of broad-spectrum antibiotics. Topics addressed
during the interviews were technical issues and the implementation of various communication
platforms for farmers and veterinarians. Over time, the platform aims to overcome the addressed
challenges and expand its reach to a broader community of farmers, contributing to reduced AMU
and AMR in Kenyan agriculture.

Keywords: antimicrobial use (AMU), antimicrobial Resistance (AMR), poultry, Kenya
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1. Introduction

Urban farming has gained importance in Low- and Middle-income countries
(LMICs) like Kenya, providing a valuable source of both food and income to a big
part of the population. As income rises in Kenya, so does the demand for animal-
based protein. Poultry efficiently meets the demand for animal-based protein by
providing highly nutritious meat and egg products, requiring minimal feed input,
and is commonly kept by urban farmers (Mutua et al. 2023; Omondi 2022). How-
ever, urban farming faces challenges, such as increased risk of infectious diseases
due to dense populations of animals and humans living within confined spaces
(Waage et al. 2022). The risk is further amplified by unregulated animal trade,
inadequate biosecurity and suboptimal vaccination practices, posing a threat to
animal and human health (Kiambi et al. 2021). To combat these diseases, Kenyan
farmers use easily accessible antimicrobial substances purchased over the counter
at their local Agrovet store (Mutua et al. 2023). While this provides short-term relief
from disease outbreaks, imprudent antimicrobial use (AMU) will over time
contribute to antimicrobial resistance (AMR) in the poultry production chain, a
resistance that can transfer to other livestock and humans (Holmes et al. 2016).

In this study several of the challenges with AMU in poultry farming in LMICs are
discussed in a One Health perspective. Currently, there is no international sur-
veillance system for AMU (Van Boeckel et al. 2015). Consequently, in many
LMICs, where the antimicrobial drug market is unregulated, there is a lack of data
on the extent of AMU in the livestock sector. This knowledge gap not only makes
it difficult to control the market, but it also poses a big challenge in reducing overall
AMU in the country (Mutua et al. 2023).

Hence, pilot Information and Communication Technologies (ICT) program was
launched by The International Livestock Research Institute (ILRI) in the spring of
2023. Its initial purpose is mapping antimicrobial sales and usage amongst local
agrovets and poultry farmers in Kajiado and Machakos counties. It will also offer
farmers information about common poultry diseases, antimicrobial resistance,
prudent antibiotic use and provide convenient contact information to veterinarians.
Over time, the program aims to expand its reach to include a broader community of
agrovets and farmers (Mutua et al. 2023). This thesis investigates the symptom and
treatment data collected from the ICT program. In addition, a qualitative evaluation
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was carried out to study the perception of this program among the poultry farmers
using it.
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2. Literature Overview

2.1 Antimicrobials

2.1.1 Antibiotics

Antibiotics are antibacterial drugs that play a crucial role in modern day medicine,
and have had a great impact on both human and animal health since their discovery
in the early twentieth century (de Sousa Oliveira et al. 2016). Antibiotics can either
kill bacteria or inhibit their growth and are widely used to treat bacterial infections
in both humans and animals. Antibiotics are classified into two categories: narrow
and broad spectrum, depending on the range of bacterial species they target (Manyi-
Loh et al. 2018).

Today the most used antibiotics in agriculture globally, in descending order, are
tetracycline, penicillin, macrolides and sulphonamides (Mulchandani et al. 2023).
Within these categories penicillin is the sole small spectrum antibiotic, only killing
some species of gram-positive bacteria. The rest are broad spectrum antibiotics,
meaning that they act against a wider range of both gram-negative and gram-
positive bacterial species. Some of these antibiotics, such as sulphonamides, are
even used to treat protozoal infections. This wide use consequently leads to a selec-
tion of resistance both in the gram negative and gram positive bacterial population
(Riviere & Papich 2018).

Moreover, several other antimicrobial substances are available on the veterinary
drug market globally, where a majority of them are broad spectrum agents that are
crucial in human medicine (Riviere & Papich 2018:9; Mulchandani et al. 2023). An
example of imprudent AMU in agriculture is the routine use of the antibiotic colistin
(polymyxin-E). Colistin is crucial for treating multiresistant gram negative bacterial
infections in humans and is the last line antibiotic for these infections (Kumar et al.
2020). Yet several studies indicates a widespread routine use in LMICs for flock
treatment in poultry, contributing to resistance in bacteria that are already hard to
treat (Kumar et al. 2020; Kariuki et al. 2023; Mutua et al. 2023).
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2.1.2 Antimicrobial resistance - A public health concern

AMU selects for AMR. Misuse of antimicrobials will lead to unnecessary develop-
ment of AMR which can cause serious consequences for many living beings in the
future. AMR is a natural evolutionary occurrence in bacteria and means that a drug
that was previously effective in killing bacteria or inhibiting bacterial growth no
longer achieves the desired effect. Resistance can be conveyed through various
genetic elements, such as spontaneous mutation in bacterial genes or by a process
called horizontal gene transfer, where one resistant bacterium transfers its genes to
another (de Sousa Oliveira et al. 2016). Overuse of antibiotics as well as poor
hygiene practices in healthcare settings and unsanitary conditions in the food chain
contribute to the spread of AMR (EFSA/ ECDC 2022).

Why is AMR in livestock such a critical concern? When talking about AMR it is
important to have a One Health approach (Matar 2020). Currently, more antibiotics
are used globally in agriculture than in human medicine. Overuse and misuse of
antibiotics pose significant risks in both human and animal medicine, as every
exposure to antimicrobials drives resistance in microbes. Any bacteria can acquire
resistance in livestock and subsequently be transferred to humans. Resistance genes
in livestock can also be directly transferred to human pathogens. This resistance
can spread through direct contact, through food or by faecal contamination of local
water sources (Holmes et al. 2016). A report conducted by WHO in 2019 shows
that AMR already cause 700 000 human deaths per year and is predicted to rise to
10 million deaths in 2050 if no measures to control AMU are taken (WHO 2019).
In conclusion, AMR among bacteria in livestock results in animals contracting
untreatable diseases and poses severe health threats to humans. This can lead to
major health impacts in both fields as well as substantial economic losses (Matar
2020; WHO 2019).

Simultaneously, the lack of successful research on new antibiotics leads to a limited
choice of treatment alternatives when an antibiotic is not working (Manyi-Loh et
al. 2018).

2.1.3 Anthelmintics and anticoccidial drugs

Bacterial infections are not the only threat to animal health and profitable livestock
production. Parasitic infections also pose a significant challenge and require
extensive antimicrobial treatments. For example, problems with parasites, such as
helminths, are often seen in free-range productions of all livestock (Saemi
Soudkolaei et al. 2021). The antimicrobial treatments are frequently less successful
due to inadequate management and insufficient education about the control and
prevention of parasitic infections. This leads to repeated treatments and eventually
resistance in the parasite population (Sangster & Gill 1999).
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The parasitic infection coccidiosis poses a major economic threat to livestock
production throughout the world, especially in the poultry sector. Coccidiosis is
caused by protozoa and leads to reduced growth as well as higher mortality in a
poultry flock. There are several preventive measures to avoid the spread of
coccidiosis in a flock, such as strict bio security, but this can be hard to accomplish
(Noack et al. 2019). Instead, treatments with both sulphonamides, other antibiotics
and anticoccidial drugs are used as prophylaxis on group level, increasing the risk
of AMR (Riviere & Papich 2018).

Although AMR in parasites contributes to production loss and reduced animal
health its impact on human health is limited. Bacterial AMR represents the most
widespread and urgent type of AMR today, which is why this will be the main
subject discussed in this thesis.

2.2 Antibiotic use in agriculture in LMICs

Antibiotics’ main role in agriculture is to treat diseases. However, they are widely
used to promote growth, prevent diseases in stressful surroundings and make more
efficient use of feed (Manyi-Loh et al. 2018). Studies show that the usage of
antibiotics in agriculture is rising, especially in LMICs. For example, AMU is
predicted to rise by 25% in Africa between the years 2020 to 2030 (Mulchandani et
al. 2023). A rising demand for animal-based protein in LMICs causes an increased
AMU. This growing demand leads to an expansion in livestock populations and a
shift in farming practices towards more intensive production methods. Intensified
production leads to denser livestock population, high pressure on the livestock and
an increased risk of infection (Van Boeckel et al. 2015).

The unrestricted drug market in several LMICs affects AMU and contributes to its
imprudent use. In these countries access to many antimicrobials, such as broad-
spectrum antibiotics, is completely unregulated (Manyi-Loh et al. 2018). Studies
show that misuse of antimicrobials is common in LMICs, due to its easy access
(Kiambi et al. 2021; Al Sattar et al. 2023). Examples of this misuse are failure to
observe withdrawal time, incorrect dosages, usage of expired medicine and
medicine intended for humans, and non-compliance with treatment regimens.
Improper use of antimicrobials usually results in inadequate levels of antimicrobials
in the animal, making the treatment ineffective while still increasing the risk of
resistance in the animal’s bacterial population. The risk is further amplified with
each new exposure to antimicrobials (Al Sattar et al. 2023).
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AMU amongst poultry make up for a significant number of antimicrobials used in
livestock. The pilot study preceding this thesis shows that farmers in Kenya use
antibiotics more frequently and in larger quantities on poultry compared to other
livestock (Mutua et al. 2023). Yet veterinarians are rarely consulted when farmers
initiate antimicrobial treatments in their poultry, even though it is widely known
that a veterinary health professional should be involved. There is a shortage of
veterinary professionals in many LMICs in Africa, with a ratio that can be 20 times
lower than in high-income countries, contributing to lack of veterinary consulting
amongst livestock farmers. Some farmers also avoid contacting a veterinarian
because of high costs. Instead, non-professionals, such as veterinary drug sellers or
other farmers are consulted, leading to an augmented risk of incorrect advice
regarding everything from appropriate choice of drugs to withdrawal time (Al
Sattar et al. 2023).

Despite the evidence of a global increase of AMU, many LMICs still lack trust-
worthy and comprehensive data of the exact quantities of antimicrobials that are
being used. The absence of both national and international reporting systems for
veterinarians and farmers contribute to this data shortage, making it challenging to
establish patterns of both AMU and AMR in LMICs (Van Boeckel et al. 2015).

2.3 The role of poultry farming in Kenya

The consumption of animal sourced foods is increasing rapidly in LMICs on the
African continent due to a growing population and change in dietary preferences.
(Omondi 2022). A way of meeting the rising demand for protein is through urban
and peri-urban poultry farming. Urban farming involves small-scale animal keeping
in metropolitan areas where the products primarily are sold within the local area
(Magnusson et al. 2014). Poultry meat and eggs come from chicken and to some
extent ducks, geese, quail, and turkeys. They produce highly nutritious protein
while demanding minimal feed input, which makes poultry keeping popular
amongst Kenyan urban farmers (Omondi 2022). Poultry is becoming increasingly
more popular in Kenya, for example FAO’s report “Africa sustainable Livestock
2050” (2017) suggests that the consumption of poultry and eggs in Africa will
increase with approximately 800 and 300 percent respectively from 2010 to 2050
(FAO 2017). Another study shows that consumption of poultry meat in Nairobi
alone will increase from 6 tonnes in 2010 to 30.5 tonnes in 2030 (FAO, 2011).

Additionally, urban poultry farming offers job opportunities and serves as a reliable
source of income in urban areas of Kenya, particularly benefiting women (Omondi
2022). However, the expansion of urban farming contributes to a larger and denser
livestock population in urban areas (Waage et al. 2022). Increased numbers of
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livestock comes with several challenges such as increased risk of infectious
diseases, which endanger animal health, human health, and food safety (Waage et
al. 2022; Lagerkvist 2014). Because of this heightened risk for infection, the expan-
sion of urban farming indirectly drives an increase in AMU (Jibril et al. 2021).

2.3.1 Poultry species and health concerns in Kenya

In 2006 the Kenyan poultry population was estimated to around 37 million, a
number that has probably increased significantly since then (Omiti & Okuthe 2009).
The three most important types of poultry in Kenya are Indigenous Chicken, Layers
and Broilers. Layers are primarily used for egg production and can be kept both in
extensive and intensive production (Omiti & Okuthe 2009). Indigenous chickens,
constituting around 70% of the Kenyan chicken population, are kept primarily for
meat production, yet they also have laying capabilities and can be used for egg-
production. Raised in extensive, free-raging conditions with minimal inputs of feed,
their productivity is relatively low (Odula Olwande et al. 2010). Broilers are raised
either in semi-intensive or intensive facilities, and are specialised for commercial
meat production (Omiti & Okuthe 2009).

As mentioned earlier, the expansion in urban farming presents an elevated risk of
infectious diseases, especially zoonotic ones, due to the high number of humans
and animals living within densely populated areas (Waage et al. 2022). The
unregulated poultry trade on live bird markets further contributes to the risk of
disease spread (McCarron et al. 2015). Some of the infectious diseases that pose a
problem in Kenya are Newcastle disease, fowl typhoid (Salmonella enterica
serovar Gallinarium) and avian influenza (McCarron et al. 2015). These infectious
diseases have a high mortality rate and are causing major economic as well as
emotional losses to farmers. Other production related diseases are also present in
Kenyan farms, such as coccidiosis, chronic respiratory disease, infectious bursal
disease and egg yolk peritonitis (Kiambi et al. 2021). Production related diseases
have a low mortality rate, but they reduce production outcome contributing to
decreased income for famers. To combat this array of infectious diseases, farmers
use antimicrobial substances (Kiambi et al. 2021).

2.3.2 Vaccination practices in Kenyan poultry farming

Vaccination is crucial to maintaining health and profitability in poultry farming
(Asfaw et al. 2021). To obtain successful immunization from vaccines it is impor-
tant to have a clear vaccination routine. Kenyan urban farmers usually receive
vaccination guidelines when receiving new chicks from the factory (Kiambi et al.
2021). Vaccines and vaccination guidelines can also be obtained at the local
veterinary pharmacist (Mutua et al. 2023). In one study conducted by Kiambi et al.
in 2021, most Kenyan poultry farmers vaccinated against Newcastle disease and

17



infectious bursal disease, fowl pox and fowl typhoid. However, vaccination
practices on Kenyan farms are not always optimal, leading to inadequate immune
protection in the poultry and susceptibility to diseases, which in the end leads to
increased AMU.

2.3.3 Biosecurity in urban poultry farming

Biosecurity and hygiene are essential for disease prevention and low AMU.
Examples of good biosecurity practices include maintaining clean environments,
using disinfection, introducing only healthy birds to the flock, preventing the spread
of disease, and isolating birds from external contacts (Conan et al. 2012; Alders et
al. 2014). For disease prevention, farmers are also recommended to isolate sick
birds upon symptom onset and have quarantine facilities for sick or newly recruited
birds (Conan et al. 2012).

In urban poultry farming, keeping good biosecurity measures can be very challen-
ging. The facilities where birds are kept are usually not ideal, built by materials that
are hard to clean contributing to poor hygienic conditions. Access to clean water,
isolation and quarantine facilities and established disinfection protocols may be
limited. The proximity of bird housing areas to other animal and human accommo-
dations increase the risk of disease transmission across species (Dhaka et al. 2023).

A study conducted by Kiambi et al. (2021) shows examples of inadequate bio-
security measures amongst Kenyan farmers, such as non-existent or poorly kept
footbaths and insufficient cleaning of feeders and drinkers. In addition, the absence
of protective equipment, such as boots and protective clothing for each chicken
house, facilitates the spread of diseases on the farm. The study showed that many
farmers lack education regarding biosecurity and see it more as an extra cost rather
than something that can improve the poultry health. Inadequate biosecurity in
agriculture leads to compensatory use of antimicrobials (Kiambi et al. 2021; Dhaka
et al. 2023).

2.4 AMU and AMR in Kenya

In Kenya antimicrobials are mainly used to treat disease in animals and to some
extent for disease prevention and growth promotion. In a study conducted by
Caudell (2020), where livestock treatment in five sub-Saharan countries was
compared, Kenya had the lowest levels of antibiotic use in the region.

Even though AMU is slightly lower in Kenya than other African countries AMR is

still a rising problem amongst Kenyan livestock. For example, resistant salmonellae
have been isolated in eggs and healthy chickens meant for the public food sector.
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This pose a significant health threat to humans, as consuming raw egg and chicken
products is a common cause of salmonellosis (Nyabundi et al. 2017). Another study
conducted by Ajak in 2017 isolated various species of multiresistant bacteria, such
as E. coli, in Kenyan chicken. It is also reported that ten out of fifteen types of
antibiotics in Kenya are used both in human and animal practices, increasing the
risk of transmission of AMR between species (Muloi et al. 2019).

2.4.1 Agrovet Stores - a big part of the antimicrobial supply chain

Most of all veterinary drugs in Kenya are sold and distributed by so called Agrovet
stores (Veterinary Medicines Directorate 2022; Mutua et al. 2023). An Agrovet
store is a type of veterinary pharmacy that is authorized by the Veterinary Medicine
Directorate (VMD), an agency that regulates the veterinary drug market in Kenya.
Ownership of an Agrovet store is limited to either a licenced veterinary professional
or a person authorised by the VMD. These establishments are usually run by
veterinary pharmacists referred to as agrovets. However, not all veterinary
pharmacists selling veterinary drugs have the necessary education for this role
(Muloi et al. 2019). For example, one cross sectional study conducted by Muloi et
al in 2019, taking place amongst pharmacists in Nairobi, showed that only 57% of
pharmacists selling veterinary medicine had received clinical training. Merely 41%
of the pharmacists had undergone education regarding AMU. The same study also
pointed out a lack of education concerning the spread of AMR and risks associated
with this.

Agrovet stores receive drugs through pharmaceutical companies or their associated
distributors, who are compensated depending on performance. This further
enhances the widespread distribution of antimicrobials, as every distributer is
driven by the goal of generating income (Mutua et al. 2023).

In an Agrovet store veterinary drugs are sold over the counter without the need for
prescription or a clinical examination of the animal. When selling antimicrobial
drugs to farmers, the agrovets typically base their choice of drug on the animals’
symptoms. However, nearly a third of agrovets also considered the animal keepers
preferences when selling medicines (Mutua et al. 2023; Muloi et al. 2019).

It is worth noting that despite antimicrobials being easily accessible on the Kenyan
market, agrovets, to some extent, still try to promote preventive medicine such as
vaccines and vitamins (Mutua et al. 2023; Muloi et al. 2019).

As of today, Kenya has no established data system to keep track of AMU amongst

livestock and the antimicrobial market is unregulated, leading to a highly increased
risk for AMR (Muloi et al. 2019). An easy-to-use online ICT system could help
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provide both Agrovet stores, farmers and the government with a tool to map AMU
amongst the Kenyan livestock population (Mutua et al. 2023).

2.4.2 AMU in Kenyan poultry farming

Because of the easy access to antimicrobials, few Kenyan farmers contact
veterinarians when they have disease problems amongst their poultry. In the
baseline study conducted by Mutua et al. in the spring of 2023 (Mutua et al. 2023),
preceding this thesis, most farmers stated that they typically seek treatment advice
from their local agrovet when having sick birds. Usually, symptoms are discussed
with the agrovet, who then suggest a treatment based on these symptoms. Some
farmers bring their sick bird to the agrovet for further consultation, while others
may ask for a specific product they have used before, often presenting a package or
a label. On occasion, the farmer may even have a prescription from a veterinarian
However, since farmers rarely seek advice from veterinarians and infrequently
bring their sick birds to the agrovet, diseases are sometimes treated with the wrong
drugs (Mutua et al. 2023).

Even though agrovets give the farmers treatment advice, the farmers’ personal
preferences and economy can affect their choice of drugs. Another study conducted
in Kiambu County, Kenya (Kariuki et al. 2023), highlights the significant influence
farmers have on the drugs recommended by agrovets. Factors such as past success,
brand popularity, broad-spectrum action, and perceived potency play a crucial role
when deciding what drugs to purchase. Additionally, farmers frequently share their
knowledge and experiences with each other to determine which drugs are effective.
This study implies that, despite agrovets offering medical consultation, the farmer
ultimately decides on treatment (Kariuki et al. 2023).

2.4.2.1 Antimicrobial drugs used in Kajiado and Machakos counties

The baseline study shows that tylosin (macrolide), tylosin combined with
doxycycline (macrolide and tetracycline) and ESB3 (sulphonamides) were the most
frequently used antibiotics on poultry in Kajiado and Machakos county, Kenya.
Many other drugs are also being used, most of them entail a combination of several
antibiotics, with tetracycline being the most common ingredient (Mutua et al.
2023).

2.4.2.2 Administration of Antimicrobials

In poultry farming the most common method of administering drugs is through
flock treatment via water, as it is considered the most efficient and cheap way of
treating birds. Another positive thing with this practice is that sick birds tend to
continue drinking even if they stop eating (Vermeulen et al. 2002; Toutain et al.
2010). In the baseline study, Mutua et al. reports that most antimicrobials for
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Kenyan poultry are administered through water on group level (Mutua et al. 2023).
Other studies, such as one conducted by Azabo et al. in 2022 in Tanzania, confirm
that group treatment via water is the most common way of poultry treatment in the
East African region. The two studies show that only 1% and 2% of treatments
respectively where done through feed (Azabo et al. 2022; Mutua et al. 2023).

However, administering treatment through water presents several challenges, such
as inadequate preparation of drug dilution, limited solubility of some drugs and the
necessity to maintain water quality to prevent deactivation of drugs. An additional
problem with flock treatment through water is that it does not account for each
individual’s water intake, which can be affected by numerous factors such as
weight, temperature and feed. Hence, group treatment via water may lead to
inadequate dosage of antimicrobials, as well as treatment of healthy birds, contri-
buting to AMR (Vermeulen et al. 2002).

2.4.2.3 Farmers treating the poultry

The baseline study (Mutua et al. 2023) highlights that most poultry treatments are
carried out by the farmers themselves, which poses several risks. For instance, even
if the agrovet provides instructions on medicine use, problems with dilution or
measuring are seen frequently, leading to incorrect dosage of drugs. Another issue
Is that many farmers do not adhere to the treatment regime, instead they stop giving
the drug as soon as the birds no longer show symptoms.

2.4.2.4 Challenges with withdrawal time

Another challenge presented in Kenya and other LMICs that lack surveillance of
AMU is observance of withdrawal time (Caudell et al. 2020; Al Sattar et al. 2023;
Mutua et al. 2023). Several studies show that farmers in LMICs continue to sell and
consume eggs and meat during and after treatment, when the products are still
within the withdrawal period. This situation arises from farmers operating on a tight
budget, where adhering to withdrawal time would result in significant economic
losses (Kariuki et al. 2023). Consequently, this leads to antimicrobial residues in
the food which poses several health risks for humans, such as allergic reactions,
carcinogenicity, reproductive disorders as well as a risk of transmission of resistant
bacteria from the food. Unlike antibiotic resistant bacteria, antibiotic residues are
not broken down by heating, the spread of antibiotic residues can therefore not be
eliminated by heating (Tadesse 2017; Arséne et al. 2022).

2.4.2.5 Sharing of medicine between species

In the baseline study several farmers report sharing antimicrobial substances
between species, and 8% of the farmer report using drugs intended for poultry to
treat human infections (Mutua et al. 2023). Another study conducted in Uganda in
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2021 also shows that farmers sometimes give human drugs to their livestock hoping
it will cure diseases or enhance growth (Musoke et al. 2021).

2.4.2.6 Disposal of drugs and containers

In several countries in Africa there is currently no established disposal system for
medical waste (Musoke et al. 2021). Farmers in Kenya and Uganda report disposing
of medical waste through burying, burning or dumping in pit latrines or at local
dumping sites (Musoke et al. 2021; Mutua et al. 2023). This improper handling of
medical waste contaminates both soil and water and contributes to a selection for
AMR in the environment.

All the aspects discussed above contribute to incorrect dosage, environmental
contamination as well as unnecessary and incorrect use of antimicrobials in Kenyan
poultry farming, exacerbating the problem with AMR (Mutua et al. 2023). There-
fore, an ICT tool called ADIS, developed within the MAD-tech-AMR project was
released this spring as a first step in mapping and reducing AMU in Kenyan poultry
farming.
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3. Materials and Methods

This study is part of the MAD- Tech- AMR (Management of animal diseases and
antimicrobial use by information and communication technology to control AMR
in East Africa) project conducted by the International Livestock Research Institute
(ILRI), University of Nairobi and coordinated by the Swedish University of
Agricultural Sciences (SLU). The purpose of the MAD-Tech-AMR project is to
create an easily accessible and well-functioning Information and Communication
Technology (ICT) program to monitor AMU amongst poultry in Kenya, provide
poultry farmers with information about poultry disease and AMR, and facilitate
access to veterinary advice. The ICT program developed is called the Animal
disease information system (ADIS). This study aims to investigate a pilot group of
poultry farmers’ experiences
with the ADIS platform, as well
as their drug use amongst their
poultry, using collected data and
focus group interviews.

3.1 Study site

The study took place in Kenyan
peri-urban and urban areas, in
the two counties Machakos,
subcounty Machakos Central
and Kajiado, subcounty Kajiado
North, both bordering Nairobi
County. These counties were
selected since they have a signi-

ficant poultry population and ) . _

| . tant part in Figure 1. Map of Kenya with Kajiado county (striped) and
play ‘_F’m importa p ) Machakos county (blue) highlighted. The map was created
supplying Kenya’s capital, using Mapchart net in 2023.

Nairobi, with poultry products.  https://www.mapchart.net/index.html
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3.2 Baseline study design

Prior to this study, a baseline cross- sectional survey (Mutua et al. 2023) was made
in April and May 2021, interviewing a total of 100 farmers, 50 from Kajiado and
50 from Machakos, via a questionnaire. The research team was provided with lists
of farmers in the county, and a snowball approach was used in Machakos to choose
50 farmers from the list, whereas the full list of farmers (50) was included in
Kajiado. The farmers were interviewed about drug use amongst their poultry and
asked to identify he most used medicines by looking at pictures. Later, an online
workshop was set up to gather input that could be useful to refine the ICT tool.
Agrovet stores were also included in the baseline study. Consent was given from
all the participants before entering the study. The baseline aimed to collect essential
data in the order to develop the ICT program.

3.3 Study population

From the 100 farmers in the baseline study, 15 farmers were invited to participate
in the MAD-tech-AMR pilot. The choice was based on the farmers AMU and
disease status in their flock, and the ones with highest prevalence of disease and
drug use were selected. The inclusion criteria also involved having access to a
smartphone or tablet, being comfortable with using apps and having internet
connection for participation. All the chosen farmers gave their written consent
before participating.

3.4 ICT program

An online ICT program was developed, with the help of several stakeholders, with
a key role of monitoring drug sales at the Agrovet stores as well as monitoring drug
use and disease outbreaks amongst farmers. The ICT program, called the Animal
Disease Information System (ADIS), or ADIS platform for short, provides the
farmers with easily accessible and useful information about common poultry
diseases. When experiencing a disease outbreak, farmers can browse through the
relevant disease information, and access pictures and descriptions of symptoms as
well as treatment advice and disease control measures when needed. This aims to
help them find the correct diagnosis and avoid unnecessary treatments. The system
will also provide a list of veterinarians and their contact details, to facilitate
veterinary consultation.

Farmers are also asked to fill in a brief form through the ADIS platform whenever
disease outbreaks occur on the farm. The platform offers two forms for farmers to
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fill out. The first form, “Signs” is designed for reporting disease outbreaks, focusing
on documenting observed symptoms in poultry. If these symptoms have been
treated, farmers indicate the treatment, otherwise this selection is left blank. The
second form, “Treatment” is used when farmers have administered treatment to
their sick poultry. In this form, farmers provide details on symptoms, the
administered medicine, and the effectiveness of the treatment. This data will be
collected and analysed.

3.5 Data analysis

The pilot was launched in May 2023, five months prior to this study, and will run
until January 2024. In this study the disease and treatment data reported by the
farmers from the 10" of May to the 3" of October was extracted to a Microsoft
Excel file and analysed by descriptive statistics. The data was cleaned and
categorized regarding diseases present as well as categorizing the medicines used
and their effectiveness to further investigate AMU on the farms. The collected data
was also compared with the interview results that were collected in the baseline
study, to see if the medicines mentioned in the baseline study are being used in real
life.

3.6 Focus group interviews

This study had a cross-sectional approach through focus group interviews with the
farmers where their perception of the ADIS platform was discussed and recorded.
The interview guide is presented in appendix 2. The interviews were conducted in
English, the questions were asked by the moderator, who was also the primary
investigator and author of this thesis. During the interviews some additional data
about treatments was also collected. Two focus groups were summoned for a one-
hour long interview, 6 farmers in Machakos and 5 farmers in Kajiado participated.
Prior to the interview the farmers filled in a consent form agreeing to be voice
recorded. The farmers where then asked about their experience with the ICT
program, including what they found challenging, if they had any suggested
improvements, and if they found the disease information on the website helpful.
The questions also included inquiries about how farmers decide on what treatment
to give and what signs they look for when deciding if the treatment was effective.
Later the recordings were transcribed by the moderator.

Focus group interviews, a relatively recent qualitative method used in medical

sciences, encourages participants to freely share their perceptions on a research
matter. Group dynamics motivates deeper discussion, which leads to more profound
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insights about the topic. The discussion is meant to be open, but a moderator will
participate to guide it. However, there are also disadvantages with focus group
interviews, such as participants influencing one another and variations in individual
characteristics, with some participants being more talkative than others. Challenges
also includes participants having difficulties attending due to last minute issues like
transportation, health issues, or time constraints (Tausch & Menold 2016).

To encourage participation, the project provided a modest financial compensation
to farmers for the time devoted to the interviews.
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4. Results

4.1 Statistics gathered through the ADIS platform.

4.1.1 Symptoms reported.

Between May 10™ and October 3", a total of 79 reports were generated through the
“Signs” reporting form, with an additional 45 reports submitted from the
“Treatment” reporting form on the ADIS platform. The symptoms from the two
reporting forms were put together and are presented in Figure 2. The most common
symptoms reported were coughing (44) and bloody faeces (18). However, many
farmers did not specify what symptoms were seen. Instead, they were reporting in
vague terms such as “something” or “testing”. These reports were put in the
category “Unspecified”. In addition, as seen in Figure 2, there were 11 instances
where the farmers reported symptoms never seen before as “Something new”.

Symptoms Reported

Coughing

Bloody faeces
Unspecified
Something new
Parasites in faeces
Diarrhoea

Will not stand up
Deaths

Do not drink

Mot eating

Bad feathers
Coughing + Diarrhoea
Do not lay eggs
Gas

Lo faeces

Fail to grow

Lice

Amprolium

Biosol

0 2 4 6 B 10 12 14 16 18 20 22 24 26 28 30 32 34 36 30 40 42 44

Count of Symptom

Figure 2. Symptoms reported amongst poultry through the ADIS platform. Bar chart was made
using google sheets: https://docs.google.com/spreadsheets/
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4.1.2 Treatments reported.

Among 45 reports submitted trough the “Treatment” platform, three categories of
antimicrobial substances, shown in figure 3, were identified; antibiotics, antibiotics
combined with vitamins, and anthelmintics. Antibiotics was the most frequently
used.

Antimicrobials used
25
20
15

10

Anthelmintic Antibiotic Antibiotic + Vitamins

Figure 3. Column chart showing the three main categories of antimicrobials used by farmers. The
vertical axis shows the count for reported initiated treatments. The chart was made using google
sheets: https://docs.google.com/spreadsheets/

The category antibiotics and antibiotics + vitamins made up for 29 (64%) of the
reported treatments. Out of the 29 reported treatments, 10 (34%) involved products
containing multiple antibiotics.

There was a wide range of antibiotic substances being used, portrayed in Figure 4.
The most common antibiotic products were Tylonor 20, active ingredient tylosin,
and Ashoxy Chick formula, active ingredient oxytetracycline combined with
vitamins, making up for 13.3% of all the antibiotic treatments each. The most used
antibiotic substance was Tylosin, a type of macrolide, with 9 treatments
administered solely with Tylosin, and another 2 treatments combining Tylosin with
Doxycycline. Following closely was Oxytetracycline combined with vitamins.
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Antibioties used

Ampicillin + Colistin
3.4%
Amoxicillin
£.0%
Amoxicillin + Gentamicin
3.4%

Trimetoprim + Sulfadiazine

%

Penicillin + Streptomycine

3-4%

Oxytetracyeline + Vitamins
24.1%

Tetracycline

3.4%

Tylosin

31.0%

in

Tylosin + Doxyeycl

0%

[

Trimetoprim + Sultamethoxazole

Figure 4. Pie chart showing different antibiotics being used. The chart was made using google

sheets: https://docs.qoogle.com/spreadsheets/

Antibiotic treatments were also categorized into antibiotic classes to provide an
overview of which classes were used. The percentages for antibiotic classes were
determined based on individual active ingredients contained in each treatment. In
the case of combination drugs with multiple active ingredients, each ingredient was

accounted for separately in the calculation,
ensuring a comprehensive representation of
antibiotic class usage. The antibiotic classes
used were, in descending order, Macrolides
38%, Tetracycline 34%, Sulphonamides
17%, Beta lactams (Penicillin) 17%, Amino-
glycosides 7% and polymyxin 3%.

Anthelmintics made up for approximately
36% of all treatments, with the substance
ivermectin being present in all deworming
drugs. Ivermectin was commonly combined
with Albendazole as shown in figure 5.

Out of the total 45 treatments reported, using
including both antibiotics and anthelmintics,
37 were successful. However, there were
eight records of the treatment not working.
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Antihelmintics used
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10

Albendazole + Ivermectin
Ivermectin

Figure 5. Column chart showing different types
of anthelmintics used. The Vertical axis shows
the amount of initiated treatments. The chart
was made using google sheets:
https://docs.google.com/spreadsheets/
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Table 1 shows the symptoms treated and the corresponding medicines used in these
unsuccessful cases.

Table 1. Table showing unsuccessful treatments, as reported by Kenyan poultry farmers in a pilot
ICT reporting system.

Symptoms treated Type of medicine Substance used

Coughing Antibiotic Trimethoprim + Sulfamethoxazole
Coughing Antibiotic Tetracycline

Diarrhoea Anthelmintics Albendazole + lvermectin

Not eating Anthelmintics Albendazole + lvermectin
Something new Anthelmintics Albendazole + lvermectin
Unspecified Antibiotic Amoxicillin

Unspecified Antibiotic + Vitamins  Oxytetracycline + Vitamins
Unspecified Anthelmintics Albendazole + lvermectin

4.2 Focus group interviews

Eleven of the fifteen poultry farmers chosen for the MAD-tech-AMR pilot study
attended the interviews. In the Machakos focus group interview, 6 participants were
present, with one arriving late and subsequently interviewed separately. In the
Kajiado interview, three participants joined the initial focus group interview, while
two additional participants arrived late, leading to a separate interview with them.

All farmers had continued their poultry keeping practises from the start of the study,
with minor changes in flock size among some farmers. Out of the eleven, eight had
been using the ADIS platform on their own since it was introduced at the start of
the pilot in May. Three participants had not used the system due to technical issues.

4.2.1 Poultry farmers’ perception of the program

All poultry farmers that had been browsing the ADIS platform since its introduction
were generally positive about it and found it useful. One farmer praised the system
for gathering easily accessible information onto a single platform, reducing the
necessity to contact veterinarians. Another described it as eye-opening and that the
ADIS platform had been providing new insights in treatments of certain diseases;
“Before there were diseases where | would isolate and slaughter the chicken
directly and feed it to the dogs or something like that. Whereas now, for diseases
like infectious coryza, we know that there are accessible vaccines, thanks to this
project. ”. The farmers found the pictures and agrovet contact information on the
website useful. As described by one farmer, the project serves as a source of
income, providing compensation for participation and increasing profitability by
enhancing poultry health. However, several challenges where addressed.

30



Even though the farmers were positive about the website, the frequency of browsing
and reporting depended on the health status on the farm. Farmers who experienced
good health during the study period used the platform infrequently and reported no
treatments. Some farmers mentioned varying usage during the study, resulting in
unreported treatments when they were not actively using the system.

4.2.1.1. Challenges with phones and network

Technical issues were the most prominent problem reported by the poultry farmers
who had been consistently using the system. Concerns such as problems with phone
compatibility, issues with network and screen display, page only loading when
reporting treatments and extended login difficulties after logging out were
described. Two farmers could not access the system, preventing them from repor-
ting treatments or using the ADIS platform completely. However, many poultry
farmers received assistance from the project’s IT tech team promptly addressing
reported technical issues.

4.2.1.2 Challenges with reporting symptoms and treatment

Several farmers report challenges when filling in the treatment information on the
platform. The main problem was that the medicine list is hard to comprehend.
According to the farmers the medicine list only provides the active ingredients of
drugs without specifying the actual product names. The participants describe that it
can be difficult for farmers, who have no medical education, to determine which
active ingredient is used in a specific medicine. Particularly because many com-
panies sell the same active ingredient under different product names.

4.2.1.3 Suggested improvements

The poultry farmers were also asked to suggest improvements to the system. Some
of the improvements discussed were access to a wider range of disease information
with more in-depth details on the ADIS platform, having indigenous medicine
alternatives on the website and making the platform more accessible to iPhone.
Suggestions also included offering a list of medicines product names instead of
active ingredients and making it possible to add treatments manually. Many farmers
expressed a common desire for the ADIS platform to incorporate treatment
recommendation, helping them choose appropriate medicine for suspected
diseases; “It (the platform) could give a list of what medicine you could use for
specific diseases. We want to know that we're using the right medicine”. There
were also suggestions made about implementation of an interactive platform for
farmers on the website, where treatments and indigenous medicine could be
discussed, and advice could be exchanged.
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4.2.2 Treatment routines

All poultry farmers where asked a few questions on their routines when observing
and treating sick birds.

4.2.2.1 Isolation of sick birds

All farmers reported that they immediately isolate birds that show signs of sickness,
and the majority start treatment immediately. Some farmers report treating only the
isolated bird but observing the rest of the flock; “I don 't want to contaminate all my
eggs with the medicine, so I leave the others, if more start showing symptoms that’s
when | start giving them medicine.”, while the majority report treating the sick bird
and giving preventative medicine to the rest of the flock. One farmer mentioned
isolating the sick bird, but not initiating any treatments with modern medicine on
her birds.

4.2.2.2 Observing treatment results and treatment failure

Most farmers agreed that treatment results should be seen within the first 3 days of
treatment, while one farmer was willing to wait for up to 5 days. “If I notice that
my chickens are snoring, | start giving an antibiotic. After 3 days | go in (to the
chicken coop) and compare the snoring on the first day to the snoring on the 3d
day. Has the snoring gone down, is it the same or has it increased? That’s how |
know if the medication works. Either | finish the medication if there has been
improvement, or I consult the vet if it doesn’t work.”

Examples of observations indicating treatment failure include a lack of improve-
ment in symptoms or symptoms worsening, continued disease spread in the flock
or an increase in mortality. A disease reoccurring in the group shortly after
treatment was also interpreted as a sign of unsuccessful treatment. Farmers report
consulting an animal health professional if treatment is not working. Some farmers
consider contacting a local Agrovet store, where the agrovet can redirect to another
consultant if needed, whilst several farmers usually contact their local veterinarian.
Herbal/ indigenous medicine, often using aloe vera, was usually considered
amongst some farmers when modern medicine did not work.
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5. Discussion

AMU in agriculture is the key driver of AMR today. In Kenya and other LMICs,
agriculture is expanding due to a rising income and increased demand of animal-
based protein. This expansion leads to intensified production and elevated risk of
infection consequently contributing to increased AMU (Jibril et al. 2021).

Currently, there is no global surveillance system for AMU or AMR, making it
challenging to assess the extent of AMU and spread of AMR worldwide. In 2015,
the World Health Organization (WHO) initiated a global action plan on AMR,
emphasizing the need for an international surveillance system for AMR (WHO
2015). This system, adopting a One Health approach, aims to mitigate life-
threatening AMR issues in both human and animal medicine in the future. The
MAD-Tech-AMR project marks the first steps towards a national surveillance
system in Kenyan agriculture. This project, focusing on mapping AMU among
farmers and sales among Agrovet stores, contributes to the movements towards an
establishment of a regulated antimicrobial market in Kenya. Hopefully, local
projects like this will contribute to a national surveillance system on antimicrobials.

5.1 Difficulties with data collection

Technical challenges with the ICT program were a significant obstacle during our
study. All poultry farmers who browsed the platform experienced technical issues
such as slow webpage loading, difficulties with login procedures, and an inability
to report signs or treatment. Three participants were completely unable to use the
program because of technical issues.

These challenges, along with farmers sporadic browsing, contributed to a
significant data shortage throughout the pilot study. Only 45 treatments and 79
signs were reported by the farmers over 5 months. While efforts were made to
address the technical issues in collaboration with an IT team, they remain a
limitation to this study. The limited number of reported treatments makes it
challenging to draw reliable quantative conclusions. Consequently, the study
population is not a representative sample for accurately assessing the actual AMU
amongst poultry farmers in the counties Kajiado and Machakos.
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5.2 Treatment

5.2.1 Reported treatments through the ADIS platform

The limited data shows a frequent use of broad-spectrum antibiotics, treating
various symptoms in chickens, in both Kajiado and Machakos. Antibiotics made up
for 64% of the reported treatments, and none of these treatments were done with
narrow-spectrum antibiotics. This correlates to the AMU practice records collected
in the baseline study by Mutua during the spring of 2023, where a majority of
treatments also included broad spectrum antibiotics (Mutua et al. 2023).

In the baseline study, the farmers reported past treatments based on their memory,
whereas with the ADIS platform, treatments are recorded when initiated, making it
interesting comparing the two results. It is worth noting that none of the used
antibiotic products in the baseline study were found in the reported treatments in
this study. This could have many reasons, such as changes in product names, or
lower frequency of use within this smaller study population, given that the baseline
data was collected approximately two years ago. Another reason could be recall
bias, seeing that farmers may not remember the details of past treatments during an
interview, while in this study the treatments were reported when initiated.

Out of the reported antibiotic treatments, 34% were done with drugs that combine
multiple types of antibiotics. In the baseline study 65% of all treatments included
multiple ingredient antibiotic (Mutua et al. 2023), suggesting that the use of
multiple ingredient antibiotic amongst the chosen population could be lower than
predicted in the baseline. The baseline study shows that tetracycline was the most
common antibiotic class used (65%), followed by macrolides (39%), sulphon-
amides (31%), polymyxin (18%) and aminoglycosides (18%). The reports in this
study show that macrolides were the most used closely followed by tetracyclines.
One observation is the decrease in the use of polymyxin compared to the baseline,
here only one treatment was reported with polymyxin (3%). As described in the
literature overview, the over-usage of polymyxin in agriculture is a global problem
causing AMR (Kumar et al. 2020).

The use of broad-spectrum antibiotics among poultry will contribute to AMR.
Eventually, consequences of this AMU will be seen, such as hard-to-treat diseases
in both humans and animals. However, despite the limited and unreliable data, some
changes in poultry farmers AMU have been observed over the two-year period
between the baseline and this study. With any luck, this study may have influenced
some Agrovet stores to reduce sales, and farmers to decrease their use of broad-
spectrum antibiotics.
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5.2.2 Treatment routines

When asking farmers about their treatment routines, all farmers reported isolating
sick birds on symptom onset, a biosecurity measure that is described as essential in
prevention of disease spread (Conan et al. 2012). This also indicates that all farmers
have accessible quarantine facilities.

Most farmers report treating the isolated sick bird, many extend treatment to
involve the entire flock for disease prevention, which significantly increases the
overall AMU. Self-treatment raises concerns about potential misdiagnosis due to
the lack of veterinary consultation. Treating completely healthy poultry flocks
when just one individual is sick can lead to unnecessary AMU, contributing to
AMR. Another challenge with preventative flock treatments is ensuring that with-
drawal time is observed. Economic losses among egg producers increase drastically
when all eggs must be discarded (Kariuki et al. 2023), leading many farmers to
disregard withdrawal times. One farmer highlighted this concern, saying that she
avoids group treatment to not contaminate her eggs. On a more positive note, most
farmers consult a local veterinarian or seek help from an animal health professional
via a Agrovet store when treatment failed, indicating that some level of medical
engagement is taking place.

5.3 Results reported through the focus group
interviews

5.3.1 Perception on the ICT program

The general perception of the program was positive, most farmers had been using
the program and accessed the ADIS platform. They also described that the website
had contributed to further understanding of diseases. An illustrative example of this
is the newfound knowledge about vaccination against Coryza, a disease that usually
ends in production losses. This is a good example of when preventative measures
were acknowledged through the platform, which indirectly can help reduce AMU.

While the program demonstrates positive outcomes, challenges were also
addressed. During the interviews it became evident that most farmer did not use the
platform as much as anticipated. Instead browsing was done sporadically, primarily
when the farmers had health problems on the farm. Browsing was further decreased
due to the major technical issues many farmers experienced.
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5.3.2 Challenges with focus group interviews

As previously addressed in this thesis, focus group interviews creates open
discussions about a subject, allowing participants to express themselves freely, and
contributes to new insights (Tausch & Menold 2016). During the group interviews,
valuable insights were obtained on system functionality, improvement suggestions,
and treatment routines. However, challenges with this type of data collection were
noticed, such as ensuring punctuality. Several participants arrived late to the
interviews, and four did not attend. This led to separate interviews with three
farmers, without the free discussion seen in the group interviews.

Other challenges seen were that not all participants responded to every question,
since the inquiries were directed to the whole group. Consequently, difficulties to
quantify opinions were seen. Moreover, group dynamics also shaped the discussion.
In the initial focus group, all poultry farmers were quite reserved, providing concise
response without initiating in-depth discussions. In contrast, the second focus group
had more talkative participants, resulting in more thorough conversation, though
some steering was needed to keep the discussion on track. Additionally, one farmer
in the latter group assumed a more passive role, possibly because of the high level
of concurrent discussion. The two discussions were also influenced by the interests
of its participants, with the first group talking more about treatment routines, and
the second talking about indigenous medicine.

One farmer mentioned that the project contributes to some financial aid. Financial
compensation was crucial for the time interruption the interviews contributed to,
yet it posed a bias concern as participants might tailor responses to please the
moderator, fearing that they could lose the financial compensation if there is
disagreement. To minimize bias, the project only compensated for travel expenses
and the financial losses related to a day away from work.

5.4 Enhancing veterinary consultations amongst
poultry farmers

At the start of the project, a key objective was to encourage farmers to contact
veterinarians. The plan included providing veterinary contact information on the
website, enabling farmers to contact them through WhatsApp. This would facilitate
farmer-veterinarian interactions, providing an incentive to seek professional advice
when having a disease outbreak instead of relying solely on agrovets. While
agrovets typically have a university education and some medical knowledge, they
do not have an opportunity to examine the birds, which poses a challenge in
recommending the most effective treatments. Direct communication with
veterinarians would provide immediate guidance as well as a possibility to examine
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the birds, either on the farm or through a virtual consultation. This ensures a more
accurate diagnosis and treatment (Mutua et al. 2023).

However, in practice, this key feature initially envisioned on the website, has not
yet been implemented. The lack of veterinary contact information is a significant
drawback, as it undermines the study's intended purpose of facilitating interactions
between farmers and veterinarians. Paradoxically, during both interviews, several
farmers addressed the absence of advice on specific drugs on the website. They
suggested that a list of recommended substances should be provided through the
ADIS platform. The idea was that farmers could then ask agrovets directly for the
specific drug, without needing consultation, when suspecting a particular disease.
One farmer also said that the ADIS reduced the need for veterinary contact. The
outcome of these interviews, where farmers suggest a web-based answer to
diagnostics and treatment advice, is contradicting the projects’ objective. This
proposal could rather reduce interaction with veterinarians even more, as it
encourages farmers to self-diagnose. While farmers have a wide knowledge about
animals, they lack the medical education and tools necessary to accurately diagnose
animals on the same level as animal health professionals. This gap in expertise can
result in inappropriate AMU.

5.5 Suggested improvements to the ICT program

The technical issues need to be solved for the website to be used by a wider
audience. Technical issues have restricted the results reported in this study, making
it time consuming or even impossible for farmers to report. It has also contributed
to farmers not being able to browse the animal disease information. The IT team
will hopefully be able to address these technical issues to improve the platform.

Other suggested improvements include adding the contact details to veterinarians
to the website to facilitate consultation and making the platform accessible to
iPhone. Using previously filled in symptom options on the website could reduce
the likelihood of unrelated information being entered manually. During the
interviews, creation of an interactive platform for farmers was suggested. This
concept had been discussed during the platforms development and could increase
its usage among farmers. Additionally, there is a need to address issues with
treatment reporting. Farmers expressed challenges reporting treatments due to
having to fill in active ingredients instead of product names. Yet, the data collected
shows that they have filled in products name, indicating an unknown issue or
misunderstanding in reporting. However, when asked about future use, farmers
responded positively, mentioning that they found the platform helpful and that they
would strongly consider using it outside the project or recommending it to a friend.

37



6. Conclusion

Despite challenges in data collection, this study reveals a widespread use of broad-
spectrum antibiotics among poultry farmers in Kajiado and Machakos counties.
Technical issues with the platform were identified, hindering its integration into a
larger surveillance system of antimicrobial use among Kenyan livestock.

Farmers suggested improvements such as a communication-platform for farmers
and veterinarians, expanded Animal Disease Information, and streamlined
treatment reporting. These improvements aim to prepare the platform for utilization
beyond the study.
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Popular science summary

Infectious diseases caused by microorganisms has posed a threat to animal life
throughout history. Over the past few centuries, humans have found ways to treat
infectious diseases using antimicrobial drugs. There are several categories of
antimicrobial drugs such as anthelmintics that treat parasitic infections and
anticoccidial drugs that treat coccidiosis. However, the most revolutionary
advancement in infectious medicine is the discovery of the antimicrobial drug
antibiotics.

Antibiotics are vital in modern day medicine and are used to treat infections caused
by bacteria. They either kill bacteria or inhibit their growth. There are several types
of antibiotics, targeting different bacterial species. Antibiotics can be broadly
classified into two categories: narrow and broad spectrum. Narrow spectrum target
only a few bacterial species, while broad spectrum treats a wide range of different
bacteria. Unfortunately, due to their rapid evolution, bacteria have developed
resistance to antibiotics. This, along with resistance in other microorganisms is
known as Antimicrobial Resistance (AMR).

Imprudent and excessive use of antimicrobial drugs leads to antimicrobial
resistance. Broad- spectrum antibiotics are frequently used in excessive amounts in
agriculture to treat or prevent diseases and to boost growth, contributing to AMR
in livestock. The resistant bacteria can be spread between species through poor
hygiene practices in healthcare and agriculture, as well as unsanitary conditions in
the food chain. This resistance results in untreatable diseases in both animal and
humans, with potential predictions of 10 million human deaths in 2050 if no
measures to control imprudent antimicrobial use are taken.

In Low-and-Middle-Income-Countries (LMICs) like Kenya, urban farming is
essential for providing food and income. Poultry is a preferred choice for urban
farming due to its efficient protein production. Urban livestock are often kept in
crowded conditions with poor hygiene and inadequate housing leading to an
increased risk of infectious diseases, which contributes to excessive and imprudent
antimicrobial use. To combat these diseases, farmers resort to using antimicrobial
drugs. In many LMICs, the veterinary drug market is unregulated, allowing farmers
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to purchase antimicrobial drugs in veterinary drug shops without consulting a
veterinarian.

In Kenya, antimicrobials are sold in local Agrovet stores, a type of veterinary
pharmacy. Farmers usually visit Agrovet stores, describe their animals’ symptoms
and receive treatment recommendation based on the symptoms. Farmers can also
request a certain medicine that they have used before. This approach can lead to
incorrect treatment with antimicrobials due to the absence of an examination of the
animal by a veterinary health professional. Additional issues contributing to
antimicrobial resistance in Kenya include sharing antimicrobial substances between
species, treating entire livestock groups when only one is sick, incorrect disposal of
medical containers and problems with withdrawal time (the period between
treatment initiation until the animal products can be consumed). All these factors
contribute to the growing problem of antimicrobial resistance in Kenya.

An essential initial step in addressing antimicrobial use and antimicrobial resistance
is developing systems to monitor AMU on national and international levels.
Currently, Kenya lacks a standardized system for mapping AMU in livestock,
promoting the release of a pilot Information and Communication Technology (ICT)
platform in May 2023. This system targets a pilot study group of urban poultry
farmers in Kajiado and Machakos counties. The system provides access to a Animal
Disease Information System (ADIS), where farmers can find information about
poultry diseases, preventative medicine, and antimicrobial resistance. Over a 5-
month period, farmers logged symptoms and treatments on their poultry through
the ADIS platform. This study investigates the gathered data and farmers
perceptions of the platform through group discussions in focus group interviews.

Unfortunately, insufficient data was collected from the ADIS platform, making it
challenging to draw reliable conclusions about treatment. However, it can be
concluded that broad spectrum antibiotics are widely used in Kenyan poultry
production. Focus group interviews highlighted technical issues with the platform
such as slow webpage loading, difficulties with login procedures, and an inability
to report signs or treatments. An IT team is addressing these setbacks, as it is crucial
for the platform to run smoothly. During the interviews, farmers suggested system
improvements including communication platforms for farmers and veterinarians
and expanded Animal Disease Information section. The project aims to overcome
the addressed challenges and expand its reach to a broader community of farmers,
contributing to reducing AMU and AMR in Kenyan agriculture over time.
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Appendix 1

Consent form for Poultry farmers/ Agrovets engaged in the MAD-tech-AMR
project.

Good day. My name is , and | am a veterinary student
from The Swedish University of Agricultural Sciences currently working for the
International Research Institute (ILRI), in Nairobi. Thank you for finding time to
meet with us today. We are grateful. Our visit is part of the on-going poultry project
that ILRI is implementing in Kenya (in collaboration with the Swedish University
of Agricultural Sciences (Sweden), Makerere University (Uganda), and the
University of Nairobi (Kenya)). The project aims to develop a system (technology
intervention) that brings together key actors in the poultry value chain including
farmers, agrovet suppliers, and animal health providers, and engages them in
activities to improve production while protecting human health. The study was
designed to have a baseline data collection activity (already completed),
development of the project intervention (competed), testing/ piloting of the
intervention and a final data collection exercise.

The pilot part of the intervention (agrovets, farms) started in May 2023 and is
expected to continue to the end of the year. We are now in the middle of the pilot
and would wish to assess how the project is progressing. A meeting with farmers
and agrovets participating in the pilot has been arranged, to update them on the
project progress, as well as gather their thoughts and experiences while interacting
with the system. You have been invited given that you are actively participating in
the project. We have developed a checklist which we will use to guide the
discussions. There will be separate meetings for agrovet dealers and farmers. Your
contribution during this session is important in evaluating the success of the project,
and more importantly, in determining what needs to be done now, to make it easier
for you to engage with the system. Concerns reported during the meeting will be
addressed.

The meeting will take about an hour to complete, during which we will take notes
and record the discussion. All what you share with us will be treated with utmost
confidentiality and will only be used for project purposes. Please note that your
participation in the study is voluntary, and you can withdraw at any time during the
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interview. There are no risks associated with your involvement in this study. Failing
to participate in the project will not impact on your relationship with ILRI or UON,
now or in the future. A summary of the results will be shared with you at the end of
the project, together with other data that the project is collecting. Group results (and
not your individual data) will be published in science journals, and anonymized
data will be made open access. Your name will not appear anywhere in the
publication.

The study is funded by the Swedish International Development Cooperation
Agency (Sida) through a partnership with African Academy of Sciences (AAS).
We are happy to respond to any questions that you might have.

We now request you to give your consent to participate in the study by indicating
your name and signature in the space below.
[1 Contribute to the group discussions.
[1 Have a group picture taken —which the project may use to
explain/document data collection processes, when making
presentations.
1 Have your voice recorded which will allow us to listen to the
discussion again, and ensure the data provided is transcribed and
translated, and all captured. The records will be securely kept at ILRI,
in password- protected computers. Content in the recorder will be
deleted.

Date:
Name:
Signature:

We will leave a copy of this consent form with you in case you have any questions
or wish to contact us after this meeting. Thank you so much for your time, and your
continued collaboration with ILRI.

For more information about the study, please contact:

ILRI IREC Secretariat: Telephone: +254 711 033 887; Email address:
ILRIResearchcompliance@cgiar.org

Florence Mutua, ILRI Scientist; Telephone: +254733546859; Email address:

f.mutua@cgiar.org

48



Appendix 2

Questionnaire Farmers Focus Interview

We are conducting a focus group interview to catch up on the process with the
project this far. The purpose of this interview is to get a better understanding of the
farmer experiences of the system during this first half of the pilot. What do they
find challenging and what works well.

First, we’ll give a brief introduction of the interviewer and inform the participants
on how the project is progressing at our end. A consent form will be handed out
and filled in. Then we’ll start with the interview, the interviewer will ask a question
and then take a step back and observe the discussion, if there’s need the interviewer
can ask certain questions to keep the discussion on the right track.

Opinions on the MAD Tech AMR

What do you think about the project so far? Good/ bad? If bad, are there
any positive things?

Which areas do you find challenging? Questions to lead the discussion.

@)
@)
@)

Challenge with phones/ network/ website.

Time-consuming?

Hard to understand the forms? Hard to find medicines etc in the
system?

How does the contact with the project crew work when there’s
issues?

Do you find the information on diseases on the website helpful? Have you
used it when having sick birds?

We've received limited reports from farmers on the website. Is there a
specific reason for this? Have there been any challenges in reporting
treatments? If so, please let us know the reasons behind it.

Do you have any suggestions on how to make the system better?

Would you consider continuing working with the system after the project
is finished?
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Do you think this system can be of any help for poultry farmers outside of
the project?

Questions regarding treatment

How do determine when a treatment/ medicine is working?

What signs do you look for, that indicates that the treatment work?

How long do you wait before concluding that the treatment did not work?
How long do you wait before initiating a treatment.

Do you initiate it directly when observing a sick bird or wait to see if the
bird gets better first?
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