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Antimicrobial resistance (AMR) was found in an unexpectedly high prevalence in semi-domestic 

cats in Mararianta 2024. A suspected cause for this high prevalence of AMR in cats was milk from 

the Maasai dairy cows, because the milk is served to cats on a regular basis. The objective of this 

study was to investigate the prevalence of AMR against a number of antibiotic agents (Benzyl-

penicillin, Cefoxitin, Meropenem, Ciprofloxacin, Gentamicin and Tigecycline) using the disk 

diffusion test on S. aureus and E. coli isolated from milk. In this study a total of 124 cows were 

screened for subclinical mastitis (SCM) using the California Mastitis Test (CMT). In total 22 milk 

samples from udder quarters with SCM (CMT ≥ 3) and 10 swab samples from cat bowls and milk 

containers were collected for cultivation and bacterial typing. In the tested population, 12.1% of 

the cows had SCM and 1.6% of the population had S. aureus induced SCM. The scarce number of 

cultivated bacteria made it impossible to draw a conclusion on the prevalence of AMR in S. aureus 

and E. coli. Although, the unexpectedly low prevalence of SCM is an indication that the milk from 

the Maasai dairy cows is not likely the cause of high AMR prevalence in the semi domestic cats in 

Mararianta. Further research to establish the cause of high AMR prevalence in the cats is needed. 

Keywords: antimicrobial resistance, AMR, One Health, subclinical mastitis, E. coli, S. aureus, 

Maasai Mara, Kenya, milk, CMT, dairy cow 
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Antimicrobial resistance is an ongoing problem and one of the top causes of 

human death worldwide (Murray et al. 2022). With increased prevalence of 

antimicrobial resistant bacteria, infectious diseases will become more difficult, if 

not impossible, to treat. This will result in increased expenses for healthcare and 

suffering for both humans and animals, affecting livelihood and food security. In 

Africa, there is limited availability of data regarding use of antibiotics for live-

stock. This is likely due to deficient coordination and/or cooperation between 

national authorities and livestock keepers together with poor regulation and 

surveillance systems. Although the available data gives grave concern with high 

levels of antimicrobial use and high antimicrobial resistance (AMR) prevalence, 

which is of great concern for human and animal welfare (Kimera et al. 2020; 

Mshana et al. 2021). A number of final year degree projects linked to the Swedish 

University of Agricultural Sciences (SLU) have been carried out in Maasai Mara 

since 2022, as a part of a bigger project, The Mara Cat Project (Karen Blixen 

Camp Trust 2023). A master thesis from 2024 found an unexpectedly high pre-

valence of antimicrobial resistant Escherichia coli in semi-domestic cats (Dia-

manti Barredal 2024). The cats live in close proximity to the local human popu-

lation and are often fed milk from local cows (Byström 2023). Those results 

turned our interest towards the dairy cows and raised the question whether milk 

could be a source of AMR spreading to the cats. It is possible that a high pre-

valence of AMR in milk from dairy cows could spread further to the surrounding 

environment including wild animals and to the human population, thus making it 

of great importance for the One Health perspective. 

1. Introduction 
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2. Literature Review 

2.1 Antibiotics 

Antibiotics are substances of low molecular weight that in low concentrations 

kills or inhibits growth of microorganisms without causing substantial damage to 

the host (Giguère et al. 2013:3). If this substance is derived through another 

microorganism it is defined as an antibiotic, although these terms are in many 

cases used synonymously. Antimicrobial therapy is often an effective way to 

reduce severity of disease through decreased duration of infection as well as pain 

and further spread. Antimicrobial use is either therapeutical (treatment of illness), 

prophylactic (prevention of illness), metaphylactic (treatment of illness in both 

healthy and sick individuals to decrease infection spreading) or for growth pro-

motion, although the latter is rapidly declining globally due to increased aware-

ness of AMR development (Cockcroft 2015; WHO 2022). Antibiotics can be 

categorised through their spectrum of action, as bactericidal or bacteriostatic, and 

whether their effect is concentration dependent or time dependent (Mckellar et al. 

2004; Giguère et al. 2013:5). Further explanation of these terms comes from 

“Antimicrobial Therapy in Veterinary Medicine” and are presented in table 1. 

There are numerous classes of antimicrobial substances, and a summary of their 

effect is presented in table 2. 

Table 1: Categorization of antimicrobial behaviour. An explanation of the terms; spectrum 
of action, effect and relation between antimicrobial activity and drug concentration 
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Table 2: Summary of antibacterial categories* 

 

*Note that these are the main categories of antibacterial substances and a selection of agents within 

each classification and therefore this table does not cover every antibacterial substance. “Effective 

against” is generalized and should not determine clinical use without additional antimicrobial 

susceptibility testing due to bacterial resistance development (Giguère et al. 2013; EUCAST 2024b). 

Substances used for this study is marked in red. 

2.1.1 WHO’s list of essential medicines  

Antibiotics are classified under WHO into three groups; access group, watch 

group and reserve group antibiotics, as a tool to manage antibiotic utilization in an 

optimal manner (WHO 2023). The access group consists of antibiotics used daily 

in healthcare and a recommendation guide for these substances are provided by 

the WHO. The watch group consists of antibiotics that have the potential to select 

for AMR and is used for specific listed infectious syndromes. The reserve group 

is a last resort alternative for multidrug resistant pathogens and high priority 

pathogens, such as carbapenem resistant Enterobacteriaceae. The reserve group 

consists of quinolones, 3rd and higher generation cephalosporins, ketolides and 

macrolides, polymyxins and glycopeptides (WHO 2019). 
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2.1.2 Antibiotic substances used in this project 

Benzylpenicillin, Cefoxitin and Meropenem  

Benzylpenicillin, Cefoxitin and Meropenem are beta-lactam antibiotics. Beta-

lactam antibiotics are bactericidal and time-dependent (Mckellar et al. 2004). 

They inhibit cell wall synthesis in the bacteria through inhibiting enzyme activity 

(penicillin binding proteins; transpeptidases, carboxypeptidases) and by that the 

final stage of peptidoglycan synthesis. Therefore, only cells with ongoing cell-

wall synthesis will be affected (Blumberg & Strominger 1974). The effect of beta-

lactam antibiotics is dependent on its ability to attach to the bacteria, penetrate the 

cell wall and resist beta-lactamase enzymes. Beta-lactamases are bacterial enzy-

mes that break down penicillins and cephalosporins (Hall & Barlow 2004). Ben-

zylpenicillin is a narrow-spectrum penicillin antibiotic with effect against gram-

positive bacteria and moderate to good effect on gram-negative bacteria. Cefoxitin 

is a second generation cephalosporin and have a wide range of action against 

gram-positive and some gram-negative bacteria and it is resistant to most bacterial 

beta-lactamase enzymes. Meropenem is a carbapenem with a wide range of 

effects against gram-positive, gram-negative, anaerobic and aerobic bacteria and 

is resistant to most bacterial beta-lactamase enzymes (Bush & Bradford 2016).  

Ciprofloxacin  

Ciprofloxacin is a second-generation fluoroquinolone and is effective against 

aerobic, gram-negative and intracellular bacteria. The effect is bacteriostatic and 

bactericidal and concentration dependent (Roberts & Lipman 2006; Doble 2007). 

Fluoroquinolones is a synthetic antimicrobial agent that essentially blocks DNA 

replication through inhibition of DNA gyrase in the bacteria (Zhang et al. 2018).  

Gentamicin  

Gentamicin is an aminoglycoside. It has effect against aerobic, gram-negative 

bacteria and a selection of gram-positive bacteria, such as staphylococci. It has a 

bactericidal effect, and it is concentration dependent (Chaves & Tadi 2023). To 

assert effect, aminoglycosides must penetrate the bacteria, and they have a syner-

gistic effect in the presence of beta-lactam antibiotics who interferes with the cell 

wall synthesis. Inside the cell, aminoglycosides bind to the 30S ribosomal sub-

unit which causes a misreading of the genetic code which leads to interference in 

protein synthesis in the bacterium (Chen et al. 2014; Chaves & Tadi 2023).  

Tigecycline 

Tigecycline is a tetracycline which is a broad-spectrum antibiotic with effect 

against gram-negative, gram-positive, anaerobic, aerobic and intracellular bacteria 

and some protozoan parasites (Greer 2006). Its effect is bacteriostatic and time 
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dependent. Tetracyclines inhibit the protein synthesis in the bacterium through 

binding to the 30S ribosome which leads to an inhibition of tRNA to attach to the 

ribosome which ultimately disturbs the peptide synthesis and therefore bacterial 

growth. Tigecycline is especially interesting due to the wide use of tetracyclines 

among pastoralists in Kenya (Mburu et al. 2023). Tetracyclines are also one of the 

antibiotic agents that the WOAH classifies as a Veterinary Critically Important 

Antimicrobial Agent and it is reported to be the most utilized agent for animal 

health globally (WOAH 2022, 2024b). 

2.2 AMR 

2.2.1 Mechanisms and transmission  

 

The mechanisms of antimicrobial resistance can be classified in four main 

categories (Cockcroft 2015): 

1. Reduction of penetration of the antimicrobial agent into the bacterial cell. 

2. Ejection by efflux pumps of the antimicrobial agent out from the bacterial 

cell. 

3. Modification or degradation of the antimicrobial agent, before or after cell 

penetration, which inactivates it. 

4. The target protein on the bacterial cell can be modified by another 

molecule which makes it inaccessible to the antimicrobial agent. 

2.2.2 Antimicrobial resistance in Staphylococcus aureus and 

Methicillin-Resistant Staphylococcus Aureus (MRSA) 

Staphylococcus aureus is a gram-positive, facultative anaerobic bacterium with 

zoonotic properties. It can cause infections in the skin, preexisting wounds and 

joints and cause abscesses and septicemia in a number of animals, including 

humans. It can also cause food poisoning in humans from contaminated food. It is 

often isolated from the milk from cattle with mastitis. (Algammal et al. 2020; 

VetBact 2023d) 

The most common way for Staphylococcus spp. to become resistance against 

penicillin is through penicillinase formation. Penicillinase is an enzyme which 

breaks down penicillin and aminopenicillin (SVA 2024c). The combination of 

benzylpenicillin and cefoxitin is often used for screening, with disk diffusion 

tests, to determine if Staphylococcus spp. is sensitive to beta-lactam antibiotics or 

beta-lactamase producing and therefore resistant to benzylpenicillin and other 

narrow-spectrum penicillin (EUCAST 2024b). A majority of S. aureus strains are 

penicillinase producers, although if there is a susceptibility to cefoxitin they can 
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also be sensitive to beta-lactam beta-lactamase inhibitor combinations such as 

oxacillin. Unfortunately, penicillinase formation is not always discovered through 

a high MIC value or through a disk diffusion test and should therefore be 

evaluated through additional examination. Additional tests can be performed 

parallel to the AMR-testing, with for example a test with chromogenic 

cephalosporins (nitrocefin) (SVA 2024c). If the bacteria is resistant to cefoxitin or 

oxacillin according to the disk diffusion test, it is suspected to be methicillin-

resistant and therefore resistant to other penicillins and cephalosporins as well 

(EUCAST 2024b). Methicillin-resistance can be confirmed using other molecular 

methods. Methicillin-resistance implies that beta-lactam antibiotics are ineffective 

due to a change in the cell wall structure in the bacteria which makes the 

antibiotic unable to attach to penicillin binding proteins within the bacteria. 

2.2.3 Antimicrobial resistance in Escherichia coli and Extended 

spectrum beta-lactamases (ESBL) 

Escherichia coli is a gram-negative, facultative anaerobic bacterium with zoonotic 

properties. Typically, E. coli is a non-pathogenic bacterium that is a part of the 

normal microbiome in the intestines. However, if the bacteria enter other parts of 

the body, it can cause infection and there are sub-species that can cause gastro-

intestinal infections. Uropathogenic E. coli can cause infections in the urinary 

tract in all susceptible animals. E. coli have sub-species such as enterotoxigenic 

E. coli (ETEC), enteropathogenic E. coli (EPEC) and enterohemorrhagic E. coli 

(EHEC) that infect the gastrointestinal system in humans but are part of the nor-

mal microbiome in cattle. In cattle verotoxinogenic E. coli (VTEC) can cause 

mastitis in cows and acute disease in calves resulting in septicemia and death. 

(VetBact 2023c) 

Extended spectrum beta-lactamase (ESBL) are enzymes produced by bacteria to 

break down beta-lactams, subsequently making the bacteria resistant. The genes 

that code for ESBL can be transmitted to other bacteria which facilitates further 

spread. If a decreased susceptibility to cephalosporins with extended spectrum 

and/or carbapenems is exhibited in gram-negative intestinal bacteria such as 

E. coli, ESBL production should be suspected. (SVA 2024a; b) 

2.2.4 Statistics and spreading of AMR globally and in Kenya 

Antimicrobial resistance is, according to WHO’s criteria, one of the top 10 global 

health threats. Thus the organization have identified six specific pathogens 

(E. coli, S. aureus, Klebsiella pneumoniae, Streptococcus pneumoniae, Acineto-

bacter baumannii, and Pseudomonas aeruginosa) as priority pathogens because 

of their contribution to the burden of AMR in 2019 (WHO 2022). In 2019, an 

estimated 1.27 million human deaths were directly related to AMR and 4.95 
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million human deaths were associated to AMR globally, with the highest all-age 

death rate in western sub-Saharan Africa (Murray et al. 2022). Laxminarayan et 

al. (2016) point out that the low- and middle-income countries suffer the greatest 

loss due to AMR, although it is a problem in high income countries as well. They 

emphasize that the lack of access to antibiotics results in even more deaths than 

AMR. Providing access to appropriate antibiotics and restriction of inappropriate 

use of antibiotics remains a great challenge that requires alterations in finances 

and securing the ability to provide adequate healthcare (Laxminarayan et al. 

2016). As described by the World Organisation for Animal Health (WOAH 

2022), the global use of antimicrobial substances for food producing animals has 

declined over time (13% decrease from 2017-2019) with the exception of Africa 

(+45%) and America (+5%). It is not known whether the increase is due to an 

actual increase in use or increase in reporting the use, although it is worth noting 

that the use of antibiotics and prevalence of AMR is underreported in Kenya and 

other sub-Saharan countries in Africa (WOAH 2022; Sohaili et al. 2024). The 

greatest reduction is seen in the utilization of tetracyclines which still is the most 

utilized substance in animal health globally. Furthermore, tetracyclines is classi-

fied as a Veterinary Critically Important Antimicrobial Agent (VCIA) by the 

WOAH and is of great importance in the treatment of specific diseases with few 

alternative agents (WOAH 2024b). Data from a review article about antimicrobial 

use in food producing animals (Kimera et al. 2020) show that there is a high level 

of antibiotic use in animal production in Africa. The use of tetracycline, penicillin 

and aminoglycoside are especially high which most certainly makes a contribu-

tion to the continent’s currently high AMR levels. In addition, there is a lack of 

documentation of antibiotic use in Kenya. A study by A. Shitandi and Å. Sterne-

sjö found that, from a total of 500 herds, approximately 40% of dairy farmers had 

documented use of antimicrobial substances. They found that it was less likely to 

document drug use (<30 % ) if the dairy farms were small-scale producers (<50 

litres of milk per day) (Shitandi & Sternesjö 2004). Brown et al. (2020) states that 

in low-income countries, antibiotics can be used preventatively against livestock 

losses to disease. It is not uncommon for milk to be sold in informal food markets 

where there is little to no antibiotic regulation, enforcement of drug withdrawal 

periods or residue testing programs. The study investigated the presence of anti-

biotic residues and AMR bacteria in pasteurized and unpasteurized milk samples 

from shops, street vendors or vending machines in Nairobi, Kenya. Out of the 95 

milk samples, 74 pasteurized and 21 unpasteurized, 7.4% tested positive for beta-

lactam residues and 3.2% tested positive for tetracycline residues. Further, 67% of 

the unpasteurized milk samples contained E. coli, with a majority resistant to 

ampicillin and/or tetracycline (Brown et al. 2020). This is an example of how 

poor regulation and adherence control from authorities leads to the spread of 

AMR and exposure to antibiotic residues to consumers of milk from the local 
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markets in Kenya. Brown further emphasizes the difficulty to follow the existing 

recommended milk withdrawal period for ampicillin and oxytetracycline (two and 

four days) because of the economic loss for the financially vulnerable farmers. 

2.2.5 One Health and AMR 

One Health is a concept where the world is viewed as a unity between humans, 

animals and the environment. This means that we are dependent on each other and 

so is our health. Over 60% of pathogens causing disease in humans, derive from 

animals. Therefore, it is essential to work towards health not only in humans, but 

in the animal population as well (WOAH 2024a). WHO presents the importance 

of applying a One Health perspective regarding AMR development. The sprea-

ding of pathogens and AMR could occur between animals, human and the envi-

ronment which makes our health interdependent (WHO 2017). The World Orga-

nization for Animal Health states that it is crucial to collaborate between sectors 

in charge of human, animal and environmental health to fight increasing AMR in 

the following statement:  

“It is by reducing the overuse of antimicrobials in humans, animals, and plants that we will be 

able to achieve better global health.” (2024a).  

2.3 Milk in the local market 

Milk as a food product is of big importance to the Kenyan population. It is a 

source of nutrition and energy, especially for infants and children in low-income 

communities. On an average, people in Kenya consume milk every day to a majo-

rity of the weekdays. The milk is sold through both formal and informal channels, 

where informal channels constitutes a vast majority, channeling approximately 

86% of the total milk volume (Mtimet & Karugia 2020). To distribute milk in 

Kenya, there is a requirement to have a permit obtained from Kenya Dairy Board, 

which is a corporation under the Ministry of Agriculture and Livestock Develop-

ment. To receive this permit, the vendors and intermediaries are obliged to adhere 

to established standards regarding milk quality and safety (Kenya Dairy Board 

2023). According to a study from 2021 (Blackmore et al. 2022), a majority of 

operating milk vendors have not obtained a permit. A common reason for this, 

according to the vendors and intermediaries, was that it is too difficult to live up 

to the standards and recommendations required for the permit. This leads to the 

distribution of a high quantity of milk that is lacking information about its quality 

and potential health risks for the consumers as well as potential bacterial content 

carrying AMR. The informal market consists mainly of raw, unprocessed milk 

which often is bought directly from the producer or from small shops. The raw 

milk is often preferred by the consumers due to its taste, lower price, availability 
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and higher content of butterfat. It is often presumed by consumers that processed 

milk have lower nutritional qualities (Mtimet & Karugia 2020). The safety 

measures taken by the consumers when buying and storing milk include testing 

the milk for bad smell and taste, using a clean container, a close contact to the 

producer building trust and boiling milk before intake. The general assumption by 

consumers is that milk is totally safe after boiling. Consumers who have a 

refrigerator use this as safety measure.  

2.3.1 Clinical mastitis and subclinical mastitis 

Mastitis is an inflammatory response in the udder most commonly derived from 

infection. Visibly abnormal milk is seen in clinical mastitis and with the inflam-

mation there can also be changes in the udder (heat, swelling, redness, pain) and 

further systemic changes such as fever. Subclinical mastitis is an infection without 

visible signs of local or systemic inflammation. Subclinical mastitis causes losses 

in milk yield (Wieland 2024). There are two main groups of pathogens associated 

with mastitis: environmental and contagious pathogens. The major pathogens in 

the contagious group are S. aureus and Streptococcus agalactiae and the main 

pathogens in the environmental group are E. coli and Streptococcus uberis, 

although there are several other pathogens that could cause mastitis. The conta-

gious pathogens commonly derive from the teat skin or the udder and are spread 

during the milking process and migrate into the udder through the teat canal. The 

environmental pathogens are mainly spread through poor milking hygiene, for 

example contact between the teat canal and with contaminated objects either 

during milking, by inserting teat canulae or by passive penetration after milking 

e.g. laying down on a dirty foundation. After entering the teat, the pathogens 

migrate into the udder through the teat canal. Coliform mastitis is commonly a 

sign of poor hygiene (Scott et al. 2011). The clinical manifestation of mastitis 

caused by E. coli is often of acute character and resolves relatively fast over a few 

days. Mastitis caused by S. aureus is commonly less severe although it can remain 

for a longer period of time and become chronical (Schukken et al. 2011). 

2.3.2 Bovine udder health in Kenya – risk factors 

Although there is limited data on udder health in Kenya, existing data indicates 

that mastitis is very common and especially subclinical mastitis. According to a 

review regarding bovine mastitis in Africa, subclinical mastitis has a prevalence 

of 60-80% in Kenya (Motaung et al. 2017). This is high in comparison to Sweden 

which had a prevalence of 23-24% from 2017-2023 (VÄXA 2023). S. aureus is 

the predominant pathogen occurring in milk samples on the African continent and 

it has the highest prevalence in Kenya compared to the rest of the continent. The 

economic consequences and milk losses due to mastitis in Kenya are not well 
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documented but are believed to be of great importance. Reasons for the high pre-

valence of S. aureus could be explained through many adding risk factors. These 

risk factors are mainly associated with hygiene and management. According to 

the Food and Agriculture Organization (FAO) several principals of management 

are recommended to reduce the risk of microbial contamination and the spread of 

disease between cows and to humans via consumption. To reduce these risk fac-

tors, FAO points out the importance of hygiene during the milking procedure and 

specifically regarding the animal’s skin, the milking equipment, the milking per-

sonnel and the surrounding environment. If there are signs of illness in the animal, 

or in the milk, it should not be used for human consumption and the animal 

should be milked separately from the others or as the last one in line (FAO 2024). 

To prevent new infections with contagious bacterial mastitis, Moroni et al. (2018) 

recommend, in addition to the previously stated principals of management, the 

segregation of infected cows, dry cow therapy or culling of chronic carriers. They 

also emphasise the importance of udder hygiene and recommend washing and 

drying the teats with a separate towel for every animal and post milking dipping 

of the teats (Moroni et al. 2018). When evaluating risk factors for bovine sub-

clinical and clinical mastitis in central Kenya, a study found that farms that did 

not milk the mastitic cows last were 2.3 times more likely to have a higher masti-

tis occurrence in the farm compared to farms that had a milking order as described 

above (Mbindyo et al. 2020). The most common pathogen found in their study 

was from the contagious group, S. aureus, which demonstrates the importance of 

measurements to counteract risk factors and maintain high-grade hygiene to pre-

vent the spreading of mastitis. Other risk factors associated with mastitis preva-

lence in this study was a lack of a clean and dry udder towel for each cow and a 

previous history of mastitis.  

Information about mastitis prevalence and hygiene management within the pasto-

ralist system in the Maasai community is scarce, although a book by Garine and 

Ibrahim on the anthropological approaches on drinking (“Drinking: anthropolo-

gical approaches”), describes the hygienic procedures by the Maasai women. 

They state that the women clean the gourds, which are used to contain milk, every 

night. This is done by washing it with water and stick-brushes and then drying it 

by shaking glowing embers from a sacred tree (Olea Africana) in the gourds and 

then pouring it out. In the morning, the women wash their hands with water and 

then walk out to the cow. They further disinfect the gourd through rinsing it with 

cow urine. The first draws of milk are thrown from the gourd into the sky (Garine 

& Ibrahim 2001). Information from this book is possibly outdated and it does not 

give information whether any measurement is taken to reduce the risk of patho-

gens spreading between the cows being milked e.g. washing of the udder and 

washing hands before moving on to the next cow.  
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2.4 Maasai Mara  

Maasai Mara is a nature reserve located southwest in Narok County, Kenya. It is 

home to one of the world’s highest densities of wildlife including the big five 

(lion, leopard, elephant, rhinoceros and buffalo), zebra, wildebeest, cheetah, 

giraffe and many more. The Mara Conservancy is a nonprofit organization 

operating in the Mara Triangle, which consists of about one-third of the total 

Maasai Mara National Reserve area. The Mara Conservancy has a partnership 

with the local Maasai community and works towards a sustainable environment 

and wildlife conservation. With a commission from the Narok County Govern-

ment the Mara conservancy is to tackle all aspects of protected area management 

within the Mara Triangle which consists of development and maintenance of 

infrastructure, collection and distribution of revenue, security and management of 

tourism (Mara Conservancy 2024). 

2.4.1 Pastoralist lifestyle and cattle in Maasai Mara  

The Maasai population live in close proximity to their cattle and are dependent on 

their livestock for survival (Omondi et al. 2021). The Narok County population 

mainly consists of pastoralists. The main economic activities in the county 

consists of livestock management by the Maasai pastoralists, crop farming and 

tourism (Narok County Government 2024). There are three main categories of 

production systems in Kenya; small-scale dairy and meat, large-scale dairy and 

meat and small-scale dairy whereas the latter includes the Maasai pastoralists 

(Onono et al. 2013). The main cattle breed in Africa is Zebu (Bos indicus). Zebu 

cattle is well adapted to the harsh, hot climate and produce more than European 

breeds under these climate circumstances. Zebu cattle also endure insects and 

infectious diseases better than European breeds located in Africa (Hansen 2004).  

 

 

 

 

 

Figure 1: Maasai dairy cow with its 
calf in Mararianta. Picture by 
Patricia Östling Vildhede (2024).  
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Cattle and milk have a major social and cultural value for the pastoralists of the 

Maasai community. The diet of the Maasai community consists almost exclusi-

vely from animal produce such as milk, meat and blood of the livestock, and the 

food has a great meaning in many rituals (Århem 1989; Garine & Ibrahim 2001). 

The women have full control over the distribution of milk to the household, milk 

that is obtained from the livestock. It is by tradition the women’s responsibility to 

make sure the men and children receive milk according to their social values. 

Århem (1989) states that as tradition, men only drink cow’s milk, preferably 

fresh, and if the supply is scarce the women reserve fresh milk to men. In this 

case, the women and children could drink milk from small ruminants and milk 

mixed with water and maize flour that is boiled into a thick gruel. The milking is 

done by women and by hand, often two times a day, in the morning before 

grazing and in the evening when the cattle return from pasture. The calf is often 

separated from the cow when grazing. During the time of milking, the women 

often let the calf suckle from one or two teats before milking and then collect the 

milk from the remaining teats. How much milk the calf receives depends on 

various factors including the age and physical health of the calf. According to a 

study by Lindell (2013), reasons for not milking the cows were if the cows were 

physically ill or if the women decided that the calf needed the milk. A majority of 

the participants in their study stated that the milk production depended on the 

availability of good grazing areas. The herdsmen often decided the grazing area in 

advance (Lindell 2013). The Maasai pastoralists can move over large areas to 

search for water and pasture for their cattle (Omondi et al. 2021). The availability 

of good grazing areas is more challenging during the drought period. Several 

interviewed pastoralists in Oloitoktok sub county Kajiado County, Kenya, witness 

that they were obligated to walk a greater distance to search for water and grazing 

areas during drought periods (Mburu et al. 2023). Greater walking distances also 

leads to loss of livestock as prey to wild animals and gives way for transmission 

of diseases between the cattle and wildlife. During the dry-season there is usually 

an increase in disease, especially Foot and Mouth disease (FMD), Contagious 

caprine pleuropneumonia (CBCP) and lumpy skin disease which is thought to be 

due to the greater number of animals meeting when searching for water and 

pasture (Mburu et al. 2023). Livestock diseases are a part of the pastoralists’ life 

in Kenya and an increased mortality or reduction in live-stock productivity could 

be a great challenge for their economic situation and lead to poverty due to lack of 

resilience. The pastoralists use both traditional and conventional methods to treat 

illness although the typical treatment for various diseases in cattle are oxytetra-

cycline, penicillin and various dewormers through trial and error. Professional 

advice for treatment is rarely sought out. When modern medicine is used without 

regulation and education it is likely that the administration, dosing and storage of 
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the used substance, duration of treatment, hygienic measures and withdrawal 

period are not being adequately fulfilled.  
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3. Material and Methods 

3.1 Material collections 

The sample collection was performed in the Mararianta district, Mara North Con-

servancy, in the national reserve Maasai Mara, Kenya (Figure 2). A number of 

samples were collected and divided as follows; milk samples from cows with 

subclinical mastitis, swab samples from milk containers and swab samples from 

cat bowls. The material was collected from Maasai family farms where both cats 

and cattle lived. The farms were selected through accessibility by foot from the 

field laboratory at Karen Blixen camp, and therefore 18 Maasai family farms 

within walking distance where visited. All samples were collected during milking 

in the morning. All cows that were being milked when present, were tested for 

subclinical mastitis (SCM). Milk from individual cows without clinical sign of 

mastitis were tested with California Mastitis Test (CMT) which is a cheap, 

accessible, and simple test to give an indication of the number of somatic cells a 

milk sample contains(Cockcroft 2015:142). An equal volume of milk, from all 

udder quarters separately, and CMT-liquid is added to four wells of a plastic 

paddle which then is gently swirled by hand. Increased viscosity is interpreted as 

an increase in somatic cell count (Cockcroft 2015). It is interpreted on a scale 

from 0-5 where a result of ≥3 indicates a cell count of ≥400 000 cells/ml and the 

presence of SCM (SVA 2019). A total of 124 cows where CMT tested. Milk 

samples were collected in an aseptic manner for bacteriological examination from 

teats with SCM. This was done through washing hands and using new disposable 

gloves, thoroughly cleaning of the teat and especially the teat tip with surgical 

ethanol on cotton wool and discarding a minimum of two draws of foremilk 

before taking the sample (Cockcroft 2015). The milk samples were transported in 

a cooling bag back to the lab. Storing the milk sample in cold temperature, maxi-

mum 4 °C, when transporting is essential to prevent bacterial growth (Scott et al. 

2011). 

Antibiotic agents chosen to study in this project were cefoxitin, meropenem, 

ciprofloxacin, gentamicin and tigecycline for E. coli and benzylpenicillin, 

cefoxitin, ciprofloxacin, gentamicin and tigecycline for S. aureus. The antibiotics 

chosen for this project is based on EUCAST available cut-off values and on last 

year’s project regarding AMR resistance found in cats in Maasai Mara (Diamanti 

Barredal 2024) in order to be able to compare the results between studies. 
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Figure 2: Mararianta, Kenya, is marked with red dot. Figure created with Mapchart.net 
by Emilia Schultz (2023). 

3.2 Bacterial growth 

The milk samples were inoculated with a sterile 10 µl plastic loop onto a SELMA 

PLUS agar which is a selective cultivation plate for identification of growth of 

typical clinical mastitis pathogens. The SELMA PLUS agar plates were incubated 

for 18-24 hours in 37 °C aerobically. The bacterial growth on the SELMA PLUS 

agar plates were assessed according to an identification brochure from the Swe-

dish Veterinary Agency (SVA 2020). SELMA PLUS agar consists of four differ-

rent agar solutions on one plate: bovine blood agar with esculin, MacConkey agar, 

PGUA agar and Mannitol salt agar. On the SELMA PLUS plate, E. coli colonies 

grow on blood agar, MacConkey agar and PGUA agar. E. coli colonies are opa-

que and grey-white on blood agar. The colony size is approximately 2-3 mm, and 

some strains have a clear haemolysis zone. E. coli colonies are coloured red-violet 

on MacConkey agar and yellow-green on PGUA agar (SVA 2020; VetBact 

2023a). On the SELMA PLUS plate, S. aureus colonies grow on blood agar and 

Mannitol salt agar. S. aureus colonies are opaque and white or yellow on blood 

agar. The colony size is 2-3 mm and double haemolysis is often seen, consisting 

of a clear haemolysis zone near the colony and a diffuse haemolysis zone beyond 

the first. S. aureus colonies are coloured lemon yellow on Mannitol salt agar 

(SVA 2020; VetBact 2023b). Suspected colonies of E. coli and S. aureus cultures 

were re-cultured upon blood agar plates and incubated for 18-24 hours in 37 °C 

for further identification. 
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3.3 Typing of bacteria 

The suspected E. coli colonies were  confirmed with a positive potassium hyd-

roxide test (KOH) and a positive spot indole test (VetBact 2017b; c). A KOH test 

is used to identify gram-negative bacteria. Potassium hydroxide is mixed with one 

to two colonies of bacteria from the blood agar plate and stirred with a sterile 

inoculating plastic loop against a microscope slide. Potassium hydroxide dissolves 

the cell wall of gram-negative bacteria, releasing cell contents including DNA. 

The solution will then become viscous and stick to the plastic loop which 

represents a positive test result. The spot indole test is used to identify bacteria 

which expresses the enzyme tryptophanase, such as E. coli. Tryptophanase 

hydrolyses tryptophan to indole inter alia. A few drops of indole reagent (p-

Dimethylamino-cinnamaldehyde) are placed on filter paper. Bacteria from one 

colony from the blood agar plate is then rubbed on to the filter paper on the 

reagent with a sterile plastic loop. If indole is present the reagent produces a blue 

color within ten seconds which indicates a positive test result.  

The suspected S. aureus colonies were confirmed with a positive latex slide 

agglutination test and a positive catalase test (VetBact 2017a). The catalase test is 

used to identify bacteria that produces the enzyme catalase, such as S. aureus. 

Bacteria with the catalase enzyme produce oxygen in the presence of hydrogen 

peroxide. One drop of 3% H2O2 is put on a microscope slide and bacteria from 

one colony on the blood agar plate is rubbed in the solution with a sterile inocu-

lating plastic loop. If the test is positive, gas formation will be seen in form of 

bubbles. The latex slide agglutination test is used to differentiate S. aureus from 

other Staphylococci by detecting clumping factor, capsular polysaccharides and 

Protein A. The test was performed by using DrySpot Staphytect Plus, which is a 

“reaction card” with rabbit IgG and porcine fibrinogen coated on blue latex par-

ticles. One drop of saline solution is put on the reaction card but not onto the blue 

latex particles. Five colonies are dissolved in the saline solution with a sterile 

plastic loop until the suspension is smooth. The suspension is then rubbed on the 

test latex. The test is positive if agglutination is seen in the blue suspension within 

20 seconds (OXID 2012). 

3.4 Disk diffusion 

Disk diffusion is a quality method to test antimicrobial susceptibility on a great 

number of bacterial pathogens and it covers a large range of antimicrobial agents 

that can be tested. It requires no special equipment which makes it suitable for this 

project as it can be performed in a field laboratorial. The disk diffusion technique 

used in this project was the EUCAST method, which is a standardized method 
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(EUCAST 2024a). A few single colonies of S. aureus and E.coli, verified with the 

techniques described above, were separately mixed with a sterile inoculating 

plastic loop in sterile saline solution until the density of 0.5 McFarland (0.4 -0.6 

McFarland is acceptable) was achieved, measured with a photometric device. The 

inoculum was steaked with a sterile cotton swab upon Mueller-Hilton agar (MH) 

in six columns and then spread evenly over the whole surface of the agar plate in 

six directions. The inoculum suspension was used within 60 minutes. Antimicro-

bial discs were applied onto the inoculated agar within 15 minutes, with help from 

a template to ensure the same distance between the discs. The recommended incu-

bation conditions for Staphylococcus spp. and Enterobacterales are 35 ± 1 °C in 

air for 18 ± 2 h. The zone of inhibition was assessed using a ruler and measured to 

the nearest millimeter from the edges where bacterial growth were not present. 

The reading was done directly from above with a light source from above and 

with the plate against a dark background. If the measurement is below the refe-

rence value by EUCAST, it should be interpreted as resistant (EUCAST 2024b). 

Interpretation of benzylpenicillin inhibition is an exception and should be exami-

ned from the front of the plate while held up to a transmitted light. If the zone is 

measured to ≥ 26 mm and if the edges of the inhibition zone is sharp, it should be 

interpreted as resistant (EUCAST 2024a). 

3.5 Literature search and programs used 

Relevant literature was searched for in google schoolar, pubmed and primo using 

the search words: Mastiti*, SCM, Subclinical mastitis, Dairy, Cow, Cattle, Zebu, 

Milk, Udder health, CMT, Kenya, Africa, Maasai, Massai Mara, Masai, Pastora-

list, Grazing, AMR, Antimicrobial resistance, Resistance mechanism, Hygiene, 

Antibiotic, Data, Guidelines, Prevalence, Management, S. aureus, E.coli, and One 

Health in different combinations. Data was compiled in Microsoft Excel and 

KoboToolbox and the paper was written in Microsoft Word.  
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A total of 124 cows from 18 different farms were CMT tested. 109 cows had a 

CMT score of 0-2 on all udder quarters. 15 cows had one or more udder quarters 

with a CMT score of 3 or above. From the 15 cows, 22 milk samples were collec-

ted, three of them from quarters with CMT score 4 and 19 from quarters with a 

CMT score of 3 (table 3). Additionally, ten swab samples were collected from 

bulk tank containers and cat bowls from five different farms. Bacterial culturing 

was performed on 32 samples in total. 

 

In the tested population, 12.1% of the cows and 4,4% of the tested quarters, had 

subclinical mastitis (table 3). S. aureus was found to be the predominant bacteria 

for subclinical mastitis in 1.6% of the population (table 4). 

Table 3: CMT scoring among examined Maasai cows 

CMT score among 124 tested  Number of cows  Prevalence rate  

0-2 109 0.879 

3 15 0.121 

4 3 0.024 

5< 0 0 

Table 4: Bacterial isolates from milk samples 

Bacterial isolates Number of isolates  Prevalence rate amongst 

CMT tested cows 

Escherichia coli 0 0 

Staphylococcus aureus 2 0.016 

Mixed flora/ miscellaneous agents 15 0.12 

No growth 5 0.04 

Table 5: Bacterial isolated from bulk tank containers and cat bowls 

Origin  Bacterial isolates Number of isolates  

Cat bowl Escherichia coli 1 

 Staphylococcus aureus 0 

 Mixed flora/ miscellaneous agents 3 

 No growth 1 

   

Bulk tank container Escherichia coli 0 

 Staphylococcus aureus 0 

 Mixed flora/ miscellaneous agents 5 

 No growth  0 

4. Results 
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4.1 Inhibition of bacterial growth  

Three collected samples had growth of either E. coli or S. aureus and were ana-

lysed for antimicrobial resistance. The E. coli was isolated from a swab sample 

collected from a cat bowl and the S. aureus isolates came from cows suffering 

from subclinical mastitis. The reference values for the selected antimicrobials for 

respective bacteria is presented in table 6. The measured zone of inhibited growth 

for each tested bacterial isolate is presented in table 7. The E. coli isolate, and one 

S. aureus isolate were susceptible to all tested antimicrobial agents. One S. aureus 

was susceptible to all tested agents except Bensylpenicillin which indicates that it 

is penicillinase producing.  

Table 6: Reference values for zone inhibition in the Disk Diffusion test as published by 
EUCAST 

Reference values for Enterobacterales, 

including Escherichia coli, for chosen 

antimicrobial substances as published by 

EUCAST (EUCAST 2024b).  

 

A zone of inhibition below the reference 

value confirms resistance to this type of 

antibiotic. 

 

Reference values for Staphylococcus spp., 

including Staphylococcus aureus, for 

chosen antimicrobial substances as 

published by EUCAST (EUCAST 

2024b). 

 

A zone of inhibition below the reference 

value confirms resistance to this type of 

antibiotic.  

• Cefoxitin, FOX: 19 mm.   

• Ciprofloxacin, CIP: 22-25 mm. 

• Gentamicin, CN: 17 mm.   

• Meropenem, MEM: 16-22 mm 

• Tigecycline, TGC: 18 mm.   

• Bensylpenicillin, P: 26 mm 

• Cefoxitin, FOX: 22 mm 

• Ciprofloxacin, CIP: 17-50 mm. 

• Gentamicin, CN: 18 mm.   

• Tigecycline, TGC: 19 mm.   

Table 7: Antimicrobial susceptibility testing, result of isolated strains of E. coli and 
S. aureus 

Bacterial isolates                          Tested antimicrobial agents 

 S/I/R P FOX CIP CN MEM TGC 

        

E. coli (n = 1) S - 22 27mm 19mm 29mm 19mm 

        

S. aureus (n = 2) 

S. aureus 1  

 

S 

 

29mm 

 

32mm 

 

30mm 

 

23mm 

 

- 

 

20mm 

S. aureus 2 I 12mm 30mm 27mm 23mm - 21mm 

        

P = bensylpenicillin 

FOX = cefoxitin 

CIP = ciprofloxacin 

CN = gentamicin 

MEM = meropenem 

TGC = tigecycline 
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4.2 Prevalence of antibiotic resistance in milk from 

Mararianta  

The number of bacterial isolates were not sufficient to make a statement on pre-

valence of AMR in S. aureus and E. coli in milk from cows in Mararianta. Two 

isolates from milk samples were identified as S. aureus where one was resistant to 

bensylpenicillin and susceptible to all other tested antibiotics and the other isolate 

was susceptible to all tested antibiotics. E. coli was not found in the milk samples 

collected directly from dairy cows. One isolate from one cat bowl was identified 

as E. coli and this isolate was susceptible to all tested antibiotics. Due to the scar-

ce number of isolates, the AMR testing cannot be extrapolated to S. aureus or 

E. coli induced SCM in Mararianta.  
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The purpose of this study was to determine the potential risk of transmission of 

AMR bacteria from milk to the Maasai cats along with the Maasai human com-

munity and the nearby environment. This project has been among the first to 

examine prevalence of SCM and the potential spread of AMR bacteria through 

milk by the Maasai cows in Kenya. Among 124 CMT tested cows, 12.1% of the 

cows had SCM. This is a prodigiously low prevalence in comparison to the fin-

dings by Motaung et al. (2017) where 60-80 % of cows in Kenya had SCM. The 

predominant pathogen in their study was S. aureus. This project focused on AMR 

in isolated S. aureus and E. coli. 9,1 % of the analyzed milk samples had growth 

of S. aureus in this study, miscellaneous bacterial growth or growth of a mixed 

flora were much more common. These results indicate an overall better udder 

health status on the Maasai cows in comparison to cows held under other produc-

tion systems in Kenya. Although, the scarce number of isolates found in this study 

makes it hard to draw conclusions about AMR prevalence in S. aureus or E. coli 

found in milk or milk bulk tanks/cat bowls. This could indicate that the high AMR 

levels found in the Maasai cats derive from other sources than milk due to the lack 

of bacterial content. The source of high AMR presence in cats is yet to be 

investigated.  

5.1 Potential causes of SCM   

The prevalence of SCM found in this study was surprisingly low. The develop-

ment of SCM is influenced by many different risk factors including type of pro-

duction system, quantity of production, exposure to environmental pathogens, 

hoof health, energy balance, previous illness and genetics (Arnott et al. 2017; 

Cheng & Han 2020).The Maasai cattle herds that were investigated in this study 

were free roaming during the day and kept within a fence during the night. This 

way of keeping the cattle is most likely one part of the unexpectedly low preva-

lence of mastitis found. Dairy cows kept within a grazing production system have 

a lower frequency of mastitis than those kept within a confinement system (Wash-

burn et al. 2002; Arnott et al. 2017). More studies on a larger scale are desired to 

retrieve information about prevalence on SCM, bacterial contents and AMR in the 

Maasai cows. Likewise, it would be desirable to further investigate if and why the 

5. Discussion 
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prevalence of SCM is lower among Maasai pastoralist cows than cows held under 

other production systems in Kenya and learn from the protective management 

implemented by the Maasai. 

5.2 One Health – The risk of AMR spreading 

The risk of AMR spreading from the milk from Maasai cows is, based on this 

study, not a probable cause for the high prevalence of AMR among cats in Mara-

rianta. However, the studied population is a small portion of the total number of 

Maasai cows and restricted to a small area in comparison to the entire Maasai 

owned land and it cannot be excluded that prevalence of AMR bacteria in milk is 

higher in other parts of Mararianata. Based on the findings in this study and obser-

vations during sample collection a potential source of AMR bacteria previously 

found in cats was identified. During sample collection a sick lamb, with poor 

prognosis, was being treated with oxytetracycline by a local veterinarian. The 

animal was given one chance and if the treatment would prove un-successful, the 

meat would be given to the dogs and cats of the household. When asked if this 

was a common solution with severely sick animals, the answer was that it happens 

often. This is a possible contribution to how cats become carriers of AMR bacte-

ria. It is not known to which extent this occurs although it could be a basis for 

further research to examine to which extent withdrawal periods is being imple-

mented in the area, both for human and animal consumption. The exposure to 

antibiotic residues is high when milk and meat is consumed within the withdrawal 

period (Anika et al. 2019; Vougat Ngom et al. 2020). Antibiotic use is the main 

driver of the development of antibiotic resistance. With increased use of antibio-

tics the exposure to antibiotic residues increases as well. Antibiotic residues are 

easily spread as it is secreted through faeces and urine into the environment, con-

taminating the soil, water, plants and wildlife as a few examples. When consu-

ming meat and milk with a high content of antibiotic residues or being exposed to 

antibiotic residues from the environment, the microbiome within the gastrointesti-

nal system could be altered and a development of genes coding for AMR is a 

possible outcome. This may cause failure of antibiotic treatment if an infection 

develops (Polianciuc et al. 2020). This emphasizes the importance of avoiding 

misuse of antibiotic agents in order to impede the rapid AMR progression (Bar-

bosa & Levy 2000). In the Maasai community antibiotics are used without regula-

tion and prior to seeking professional advice (Mangesho et al. 2021; Mburu et al. 

2023). This lack of regulation represents a probable cause for selection of resis-

tance in the area which is of great concern regarding the One Health perspective. 

In the work towards a sustainable use of antimicrobial substances it is important 

to consider the effort that is put in by every community, sector and country. 



35 

 

5.3 Limitations and bias 

The largest limitation in this study was the unexpectedly low prevalence of cows 

suffering from subclinical mastitis and by that the low prevalence of S. aureus and 

E. coli in milk. The project was limited geographically to the area adjacent to 

Karen Blixen Camp due to lack of transportation availability. If a greater distance 

could be traveled, it would have improved the research’s applicability to a larger 

area. The time limit for the sample collection and culturation of bacteria was 16 

days, which made the total number of samples lower than desirable. The milk 

samples were collected in an as aseptic manner that was allowed according to the 

conditions. It could affect the result of bacterial growth with eventual contamina-

tion of the samples.  

5.4 Source of error  

No quality control bacterial strains were brought to the field laboratory due to 

regulations when transporting biological materials across country boarders. There 

was therefore no quality control testing when doing the disk diffusion test or 

Staphytect test. 
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The result of this study indicates that the Maasai cows within the studied area 

have a lower prevalence of SCM than cows in conventional farms in Kenya. 

Although 33% of the examined bacterial isolates were resistant to one or more 

antibiotics, the number of tested isolates were too few (n=3) to make conclusions 

about the importance of milk as a source of AMR bacteria. Based on the low 

prevalence of SCM and low prevalence of S. aureus and E. coli bacteria in milk it 

is not likely that resistant bacteria from milk is a major source of AMR in the 

region.  

 

 

 

 

6. Conclusions 
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One Health is a concept where the world is viewed as a unity between humans, 

animals and the environment. This means that we are dependent on each other and 

so is our health. The purpose of this study was to investigate if antimicrobial 

resistant bacteria occur in milk from the cows of the Maasai community in Kenya, 

using a One Health perspective approach. The study was done through the Mara 

Cat Project based on a previous master thesis from 2024, where an unexpectedly 

high prevalence of antimicrobial resistant Escherichia coli in semi-domestic cats 

was found. The Maasai cats live close to the local human population and are often 

fed milk from cows. Could milk be a source of antimicrobial resistance spreading 

to the cats? If this is the case, it is possible that a high prevalence of antimicrobial 

resistance in milk from dairy cows could spread further to the surrounding envi-

ronment including wild animals and also to the human population. This is one of 

the first studies investigating antimicrobial resistant bacteria in milk from the 

cows in the Maasai pastoralist production system. The Maasai cows are held very 

traditionally, being hand milked twice a day and walk great distances for grazing 

every day.  

Healthy udders are very important for a cow to be able to produce milk. One of 

the most usual diseases linked to the cows’ udder is mastitis. Mastitis is an in-

flammatory response in the udder most commonly derived from infection. Visibly 

abnormal milk is seen in clinical mastitis and with the inflammation there can also 

be changes in the udder (heat, swelling, redness, pain) and further systemic chan-

ges such as fever. Subclinical mastitis is an infection without visible signs of local 

or systemic inflammation although it causes losses in milk yield. The infection 

often derives from bacteria and one of the most common bacteria found in subcli-

nical mastitis in Kenya is Staphylococcus aureus (S. aureus). One of the most 

common bacteria found in clinical mastitis is Escherichia coli (E. coli). There are 

several other bacteria that cause mastitis, but these are the ones that this study is 

focused on. S. aureus is contagious and can spread between cows if there is poor 

hygiene when milking. E. coli is often spread when the cows’ surrounding envi-

ronment is of poor hygiene. In conclusion, hygiene management is very important 

to prevent mastitis, both clinical and subclinical.  

Popular science summary 
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Information about udder health and hygiene management within the pastoralist 

system in the Maasai community is hard to come by. There is some information 

about udder health to be found in Kenya, although this is from cows held under 

other production systems or other species of animals such as camels or goats. In 

Kenya there is limited data on how common mastitis is, although there have been 

studies that show pessimistic results, were subclinical mastitis has a prevalence of 

60-80%. This is very high in comparison to for example Sweden where the preva-

lence is approximately 23-24%. S. aureus is the predominant pathogen occurring 

in milk samples on the African continent and it has the highest prevalence in 

Kenya compared to the rest of the continent. There is limited documentation on 

how much this impacts the economy and how much milk is being lost because of 

mastitis, although it is believed to be of great importance. 

Antibiotics is in some cases used to treat mastitis in cows. Antibiotics is an anti-

microbial substance, meaning it is a substance that kills or inhibit the growth of 

microorganisms (bacteria). Treatment with antimicrobial substances is often an 

effective way to reduce severity, length and further spread of a disease. There are 

many different types of antimicrobial substances with different effects on differ-

rent bacteria. When treating a bacterial infection, it is important to use the “right” 

antibiotics, meaning one that will work on that specific bacteria for that specific 

infection.  

The antimicrobial substances used in this study were benzylpenicillin, cefoxitin, 

meropenem, ciprofloxacin, gentamicin and tigecycline. Benzylpenicillin, cefoxitin 

and meropenem are one of the more commonly used antibiotic groups for treating 

common infections. They inhibit cell wall synthesis in the bacteria. ciprofloxacin 

is a synthetic antimicrobial agent that essentially blocks DNA replication in the 

bacteria. Gentamicin works through interference in protein synthesis in the 

bacteria. Tigecycline is a tetracycline which is a broad-spectrum antibiotic and 

works through interference in protein synthesis in the bacterium. Tetracyclines are 

the most used antimicrobial agent for treating animals globally and it is also 

classified as a Veterinary Critically Important Antimicrobial Agent meaning it is 

of great importance in the treatment of specific diseases with few alternative 

options. 

Antimicrobial resistance is one of the biggest health threats in the world and is 

one of the top causes for human death worldwide every year. In 2019 there were 

approximately 1.27 million human deaths directly caused by antimicrobial resis-

tance globally, and as high as 4.95 million human deaths were associated to anti-

microbial resistance. The highest all-age death rate was in western sub-Saharan 

Africa. Antibiotic use is the main driver of the development of antibiotic resis-

tance which makes it important to only use antibiotics when needed and for the 
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right indication, meaning a bacterial infection that is susceptible to the antibiotic 

of choice. Antimicrobial resistance works through four main ways; the bacteria 

inhibits the antibiotics from penetrating it, the bacteria pushes the antibiotic out 

from the bacteria, the bacteria inactivates/destroys the antibiotic before or after it 

entering the bacteria or the bacteria changes it surface making it impossible for 

the antibiotic to attach to and affect the bacteria. Bacteria can sometimes spread 

this knowledge to each other through for example genes coding for antimicrobial 

resistance.   

Maasai Mara is a nature reserve located in southwestern Kenya. It is home to one 

of the world’s highest densities of wildlife including the big five (lion, leopard, 

elephant, rhinoceros and buffalo) and many more. The Maasai population, often 

called Maasai pastoralists, live among the wildlife with their livestock. Their 

cattle mostly consist of the Zebu breed (Bos indicus) which is a popular breed in 

Africa because of its endurance to the hot climate, infectious diseases and insects. 

Cattle and milk have a major social and cultural value for the pastoralists of the 

Maasai community. The Maasai diet consists almost exclusively of milk, meat 

and blood of the livestock. The milking is done by women and by hand, often two 

times a day, in the morning before grazing and in the evening when the cattle 

return from pasture. The calves get to suckle during the milking.  

The Maasai pastoralists can move over large areas to search for grass and water 

for their livestock. This is a crucial way of infectious diseases spreading between 

wildlife and the livestock because of a greater number of animals meeting. 

Livestock diseases are a part of the pastoralists’ life in Kenya and the loss of 

animals or the loss of production could be a great challenge for their economic 

situation and lead to poverty. The pastoralists use both traditional and conven-

tional methods to treat sick animals, although the typical treatment for various 

diseases are oxytetracycline (a broad spectrum antibiotics), penicillin and various 

dewormers through trial and error. They rarely seek guidance by veterinarians 

before treatment.  

The result of this study shows that the cows had an unexpectedly low prevalence 

of subclinical mastitis. Among 124 tested cows, 12.1% of the cows had SCM. 

This is a prodigiously low prevalence in comparison both to Swedish data (23-

24%) and other data from Kenya (60-80%). The number of bacterial isolates 

within this study were not sufficient to make a statement on prevalence of anti-

microbial resistance in S. aureus and E. coli in milk from cows in Mararianta. 

Two isolates from milk samples were identified as S. aureus where one was 

resistant to bensylpenicillin and susceptible to all other tested antibiotics and the 

other isolate was susceptible to all tested antibiotics. One E. coli was found in a 

cat bowl from which also is too low a number to make a conclusion. Ultimately, 
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the scarce number of bacteria found and the low prevalence of subclinical mastitis 

tells us that the risk of antimicrobial resistance spreading from the milk from 

Maasai cows, is not a probable cause for the high prevalence of antimicrobial 

resistance among cats in Mararianta. However, the studied population is a small 

portion of the total number of Maasai cows in a small area in comparison to the 

entire Maasai owned land. It cannot be excluded that prevalence of antimicrobial 

resistant bacteria in milk is higher in other parts of Mararianta. A different source 

to high antimicrobial prevalence in the cats was identified during sample collec-

tion.  A sick lamb, about to die, was being treated with a broad-spectrum antibio-

tic called oxytetracycline by a local veterinarian. The animal was given one last 

chance and if it were to die, the meat would be given to the dogs and cats of the 

household. It is not known how often this happens although it could be a basis for 

further research to examine to which extent withdrawal periods is being imple-

mented in the area. A withdrawal period is the amount of time were antibiotic 

residues is high within the animal. Within the withdrawal period, antibiotic resi-

dues are high in milk, meat, faces and urine. When consuming meat and milk with 

a high content of antibiotic residues or being exposed to antibiotic residues from 

the environment, the microbiome within the gastrointestinal system could be 

altered and a development of genes coding for antimicrobial resistance could 

occur. This may cause failure of antibiotic treatment if an infection develops. The 

lack of regulation regarding antibiotics represents a probable cause for selection 

of resistance in the area which is of great concern regarding the One Health per-

spective. In the work towards a sustainable use of antimicrobial substances it is 

important to consider the effort that is put in by every community, sector and 

country. Further research is needed to establish the prevalence of both mastitis 

and antimicrobial resistance on a wider scale in the Maasai community. It is 

important for the community to be able to make informed decisions regarding 

their livestock and veterinary treatment, both for their own sake and for the One 

Health perspective at large. 
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